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Abstract  
One of the main objectives of the current university educational systems is to guarantee that 
graduates are able to face real situations in the exercise of their profession. Fundamental and very 
useful tools to achieve this purpose are the practical classes. Experimental sessions, which are based 
on the application of theoretical concepts and knowledges acquired during their academic formation, 
allow the students to develop new skills and consolidate their professional competences to address 
real problems in their daily work. 

Nowadays, there is a huge social concern about the influence of human activities on the environment. 
In this sense, an important aspect at the pedagogical-practical field is the awareness-raising of 
students about environment preservation and which activities can be carried out to reduce the 
pollution by means of the minimisation of raw materials consumption and, subsequently, less residual 
materials production. The current trends in Analytical Chemistry are focused on preventing and 
reducing all the possible environmental impact following the principles of Green Chemistry. With this 
aim, in 2003 QuEChERS (quick, easy, cheap, effective, rugged, and safe) method emerged as an 
interesting greener alternative respect to traditional sample pre-treatments and since then, it has 
become one of the mostly used procedures for a great variety of applications, not only because of the 
versatility offered and the good results obtained, but also by the possibility of reducing the production 
of chemical residues. 

In this work, a new approach was proposed to introduce Chemistry Degree students into the green 
extraction techniques through the explanation and application of an alternative, simple and effective 
extraction procedure based on QuEChERS method for the resolution of a real problem of social 
interest. The developed educational strategy involves the familiarisation with an extraction procedure, 
widely applied in numerous routine laboratories, combined with chromatographic systems for the 
analysis of organic compounds. In this case, substances with oestrogenic activity were analysed in 
several dairy products highly consumed by the population. In addition, this is an opportunity to the 
students to deal with a real situation which constitutes a special concern for the scientific community 
and authorities as it is the determination of compounds that can produce negative effects in general 
population health. 

Keywords: Green Chemistry, Analytical Chemistry, research methodologies.  

1 INTRODUCTION  
The importance of the role of practice classes for training university students is an aspect widely 
recognised by the educational community owing to the capability of this strategic to engage the learner 
with his issue and increase his interest, passion and motivation in it, which, consequently, also 
enhances the quality of the outcomes [1]. In the last years, this aspect has been largely discussed due 
to the relation existing between the fundamental learning, based on theory and master classes, which 
is commonly developed at university level, and the lack of ability of the graduates to manage real 
situations and afford complex problems of relevance for the rest of population. Taking this aspect into 
account, important effort has been carried out by teachers and educational researchers to solve this 
problem and improve the quality of the university education at this point, favouring the use of active 
learning procedures and practice classes which avoid a passive role of the students become in simple 
recipients of knowledge that are not able to applied it properly [2].  

Among the topics that currently present special relevance at any educational level, environment and 
sustainable development, are two of the most important. In fact, they are included in the educational 
programs described by legal educational authorities to be worked in the different subjects at pre-
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school, elementary and secondary education, and particularly in the case of natural and scientific 
subjects such as Biology or Chemistry in different countries [3, 4]. In addition, the training in this kind 
of aspects of special concern for the general population should also be a cornerstone at university 
level, especially those degrees that are preparing and training the new generations of scientists.  

In this sense, in the field of Chemistry, the interest in the study of strategies based on the principles of 
the named “Green Chemistry” has sharply increased in the last years in different areas, including 
Analytical Chemistry [5]. Important efforts have been done in order to involve the students in this field 
and, at the same time, raise awareness of the future researchers and professionals in this issue. With 
this aim, novel methodologies based on miniaturised techniques and simple procedures focussed on 
the reduction of toxic solvents consumption or, hopefully, the use of non-toxics reagents have been 
included in the educational programs of most Chemistry Faculties. 

QuEChERS method (standing for quick, easy, cheap, effective, rugged, and safe) has been one of 
these techniques recently developed in the field of separation science and already added to the 
curriculum of Analytical Chemistry subjects. This procedure, developed by Anastassiades et al. [6] in 
2003 for the extraction of pesticides from fruit and vegetables, has been also largely applied for the 
evaluation of a great variety of compounds and matrices as a result of its particular features in terms 
of efficiency, simplicity, versatility and, as it has been previously highlighted, its environmentally 
friendly nature [7]. 

Other of the objectives of the development of this kind of practice classes is the adequate application 
of the previously commented techniques to solve real problems for the population as it is the 
exposition of toxic compounds present in the environment or food that must be controlled in order to 
avoid the developed of undesired diseases. In this regard, the presence of plastic migrants in products 
highly consumed by the population, as a consequence of their use to improve the quality of the plastic 
materials increasingly used as food container and coatings, has become an issue of special concern 
for the scientific community, general population and responsible authorities [8]. 

The aim of this work is to present a pedagogical alternative that allow the involvement of chemistry 
students in the field of separation techniques reinforcing their knowledge in such area and offering 
them the possibility of applying an environmentally friendly analytical procedure making use of active 
learning strategies based on practice classes. The students can criticise and discuss the application of 
different approaches of the method QuEChERS to solve a real society concern as it is the over-
exposition of the population to endocrine disruptors largely consumed by infant population, as are milk 
and milk derivatives. With this purpose, they are supervised by the tutor in the searching of 
bibliography that supports their choices as well as in the experimental development, and application of 
the methodology. 

2 METHODOLOGY 

2.1 Standards and reagents 
In this work, analytical standards of biochanin A (5,7-dihydroxy-4′-methoxyisoflavone), daidzein (4′,7-
dihydroxy-isoflavone), DES ((E)-3,4-bis-(4-hydroxyphenyl)-3-hexene), DS (3,4-bis-(4-hydroxyphenyl)-
2,4-hexadiene), E1 (1,3,5(10)-estratrien-3-ol-17-one), 17α-E2 (1,3,5(10)-estratriene-3,17α-diol), 17b-E2 

(1,3,5-estratriene-3,17β-diol), 17b-E2-D5 (17b-E2-2,4,16,16,17-d5), E3 (1,3,5(10)-estratriene-3,16α,17β-
triol), 17α-EE2 (17α-ethynyl-1,3,5(10)-estratriene-3,17β-diol), enterolactone (trans-α,β-bis-(3-
hydroxybenzyl)butyrolactone), enterodiol (3,3′-[2,3-bis-(hydroxymethyl)butane-1,4-diyl]diphenol), 
formononetin (7-hydroxy-4′-methoxyisoflavone), genistein (4′,5,7-trihydroxyisoflavone), glycitein (4′,7-
dihydroxy-6-methoxyisoflavone), HEX (4,4’-(1,2-diethylethylene)diphenol), prunetin (4′,5-Dihydroxy-7-
methoxyisoflavone), ZAN (2,4-dihydroxy-6-(10-hydroxy-6-oxoundecyl)benzoic acid μ-lactone), α-ZAL 
(2,4-dihydroxy-6-(6α,10-dihydroxyundecyl)benzoic acid μ-lactone), b-ZAL (2,4-dihydroxy-6-(6β,10-
dihydroxyundecyl]benzoic acid μ-lactone), ZEN (F-2 toxin), α-ZEL (2,4-dihydroxy-6-(6α,10-dihydroxy-
trans-1-undecenyl)benzoic acid μ-lactone), b-ZEL (2,4-Dihydroxy-6-(6β,10-dihydroxy-trans-1-
undecenyl)benzoic acid μ-lactone) from Sigma-Aldrich Chemie (Madrid, Spain) and b-ZAL-D5 from 
Witega Laboratorien Berlin-Adlershof GmbH (Berlin, Germany) were used without further purification 
(purity ≥ 95 %).  

Stock solutions of the analytes were prepared in methanol (ACN) at a concentration of 500 mg/L and 
stored in the darkness at -18°C. Working mixtures of the analytes were daily prepared by the student 
by dilution with the appropriate volume of mobile phase. All chemicals were of analytical reagent grade 
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(unless otherwise indicated) and used as received. Acetonitrile (ACN) of high performance liquid 
chromatography (HPLC) grade from VWR International, ACN and MeOH of liquid chromatography 
(LC)-mass spectrometry (MS) hypergrade were from Merck (Darmstadt, Germany), magnesium 
sulphate monohydrate (97 %) (MgSO4), sodium chloride (NaCl, purity > 99.5 %), ammonium 
hydroxide solution (≥ 25 %) for trace analysis, and Supel QuE Z-Sep (zirconium oxide-based sorbent) 
were from Sigma-Aldrich Chemie (Madrid, Spain) and octadecylsilane (C18) sorbent was from 
Macherey-Nagel (Dürem, Germany). Distilled water was deionised by a Milli-Q gradient system A10 
from Millipore (Bedford, MA, USA). 

2.2 Samples 
Nineteen different dairy products, including four types of cow milk (skimmed, semi-skimmed, whole 
and lactose free), semi-skimmed goat and sheep milk and three kinds of skimmed infant milk, four 
types of yogurt (represented by Greek type whole cow milk, semi-skimmed sugary lactose free cow 
milk, goat and sheep milk), two white cow cheese (skimmed and semi-skimmed) and one white goat 
cheese, and three kinds of kefir with cow (one ecological lactose free) and goat origin, were acquired 
in a local supermarket in Tenerife, Spain, and stored in the darkness at 4ºC until their use. 

2.3 Experimental methodology 

2.3.1 Student workflow 
In this work, the student carried out the partial optimisation and application of an analytical 
methodology for the extraction and analysis of oestrogenic compounds in dairy products. The 
workflow in this case was based on five main steps: 

1 Revision of the literature most relevant to carry out the proposed project. In this first step, the 
student could acquire a global view of the studied QuEChERS method, as well as the different 
reagents and solvents applied in this procedure depending on the kind of sample to which 
would be applied. Finally, the student presented the tutor the different options and justified the 
selected sorbents that should be tested in the study. 

2 Introduction of UHPLC-MS/MS determination. Despite the fact that the study of liquid 
chromatography is not the main objective of this work, the tutor gave the student some basic 
tips about the use of chromatographic techniques hyphenated to mass spectrometry for the 
analysis of organic compounds in order to provide an adequate understanding of the whole 
analytical methodology. 

3 Familiarisation and optimisation of the QuEChERS procedure. Once selected the sorbents that 
should be evaluated, the student carried out a set of experiments with the aim of select the most 
suitable to remove matrix interferences during the evaluation of endocrine disruptors in the 
selected dairy samples . 

4 Samples analysis. After selecting the most adequate sorbent, the student applied the 
QuEChERS method for the extraction of the selected dairy products prior to their analysis by 
UHPLC-MS/MS. 

5 Data analysis and conclusions. Finally, the student evaluated the data obtained regarding the 
content of oestrogenic compounds in the analysed samples. Additionally, the tutor took 
advantage of this part of the workflow to encourage the student to think about the obtained 
results and propose alternatives to avoid the presence of this kind of compounds in products 
widely consumed by the population such as milk and derivatives. 

2.3.2 UHPLC-MS/MS separation 
Chromatographic separation analyses were performed using a Waters ACQUITY UPLC® H-Class 
(Milford, MA, USA) equipped with a quaternary solvent manager and a sample manager with flow-
through needle (FTN). The UHPLC system was hyphenated with a MS Xevo TQD detector (Waters 
Chromatography). Control of the LC system and MS parameters, as well as the collection and process 
of spectra data were developed using MasslynxTM software from Waters Chromatography.  

Separations were carried out in an Acquity UPLC BEH C18 column (50 mm x 2.1 mm, 1.7 µm) using 
an Acquity UPLC BEH C18 pre-column (5 mm x 2.1 mm, 1.7 µm), both from Waters Chromatography. 
The mobile phase used for the analysis of phyto- and mycoestrogens was constituted of MeOH (A) 
and water (B), while for natural and synthetic oestrogens MeOH/ACN (50/50, v/v) (A) and 2 mM 
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ammonium hydroxide (B) were used. The gradient applied was the same for all groups of analytes. 
The initial composition of the mobile phase was 10 % A with a flow rate of 0.3 mL/min that was 
changed to 40/60 (A/B, v/v) in 0.5 min. This composition was changed to 99.9 % A with an increase of 
flow until 0.4 mL/min in 7.5 min and maintained for 2 min. Finally, the initial mobile phase was again 
stablished in 2 min. The injection volume was 5 µL at 10 ºC and the separation was performed at 40 
ºC. 

The MS system was operated in multiple reaction monitoring (MRM) mode using 1 precursor and 2 
product ions [9]. The typical source conditions for maximum intensity of precursor ions were as 
follows: capillary voltage 2.6 kV, source temperature 150 ºC, desolvation temperature 150 ºC, cone 
gas (N2) flow rate 150 L/h, desolvation gas (N2) flow rate 550 L/h, collision gas (Ar) pressure 0.5 bar. 
MS/MS experiments were performed by fragmentation of the deprotonated molecule [M−H]− or 
protonated molecule [M−H]+, depending on each compound, which was selected as the precursor ion. 

2.3.3 QuEChERS sorbent evaluation 
Initially, bearing in mind the possible co-extracted matrix components that could interfere in the correct 
determination of oestrogenic compounds in the samples selected, different clean-up sorbents such as 
C18, Z-Sep and its mixtures C18/Z-Sep were tested. The extraction procedure was carried out following 
the method described in Section 2.3.4 changing the type of sorbent while the other parameters were 
kept constant. All experiments were performed in duplicate using each kind of matrix spiked with the 
selected analytes at a middle concentration level. 

2.3.4 QuEChERS application in sample analysis 
Once the sorbents employed in the clean-up step were optimised, the QuEChERS method was 
applied for the analysis of the dairy products selected. General extraction procedure is shown in Fig. 
1. All samples were previously homogenised using a T10 basic Ultra-Turrax from IKA (Staufen, 
Germany) for 3 min at a speed of approximately 11500 r.p.m. Briefly, 10 g of spiked or non-spiked 
yogurt, cheese or kefir were weighed into a 50 mL polypropylene (PP) centrifuge tube and 5 mL of 
Milli-Q water were added and shaken by vortex for 1 min. In the case of milk samples, 15 mL was 
used without water addition. After that, 15 mL of ACN were added and shaken again for 1 min. Then, 
6 g of MgSO4 and 1.5 g of NaCl were added, manually-shaken during 1 min, sonicated for 5 min and 
centrifuged at 5 ºC and 4400 r.p.m for 15 min in a 5810R centrifuge from Eppendorf (Hamburg, 
Germany). The supernatant (14 mL) was transferred to a new PP centrifuge tube of 50 mL containing 
180 mg of C18 sorbent and 1.8 g of MgSO4, shaken for 1 min and centrifuged again in the same 
conditions. In the case of cheese samples, 500 mg of C18 sorbent was required to remove the fat of 
the matrix. Then, 8 mL of the supernatant were evaporated at 40 ºC and 165 mbar using a Rotavapor 
R-200 equipped with a V-800 vacuum controller, and a V-500 vacuum pump, all of them from Büchi 
Labortechnik. Finally, the residue was re-dissolved in 500 µL of MeOH/H2O (50/50, v/v), filtered 
through a Chromafil® PET-20/15 filter from Macherey-Nagel and injected in the UHPLC-MS/MS 
system. 

 
Figure 1. Diagram of the QuEChERS-UHPLC-MS/MS procedure. 

3 RESULTS 

3.1 UHPLC-MS/MS separation  
After carrying out the explanation of both basic theoretical and practical concepts about LC, including 
knowledges about retention, selectivity and resolution factors, columns, stationary phases, column 
efficiency, distribution and separation capacity or fluidic concepts, among others, as well as the use of 
UHPLC-MS/MS system and its software, the student checked the suitable separation of a spiked milk 
sample after the application of the developed QuEChERS procedure. 
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With the conclusion of this step, the student was able to obtain a basic initial understanding for the 
correct development of the proposed work. In addition, it has been possible for the student to establish 
the necessary basis to carry out rational and logical thinking focused on the analysis of organic 
compounds by chromatographic techniques coupled to latest generation detectors. 

3.2 QuEChERS method optimisation 
Initially, the student carried out an exhaustive revision of the literature, supervised by the tutor, in 
which could evaluate the advantages of the selected technique for the extraction of organic 
compounds in comparison with other extraction techniques usually applied to solve real society 
concern. In this sense, it could be highlighted its simplicity, extraction efficiency, versatility as well as 
reduction of analysis time and solvent consumption, which are associated with the principles of Green 
Chemistry. Then, and after the familiarisation with the most relevant aspects related to the 
QuEChERS method and the main factors that could affect the extraction efficiency, the student could 
come up with the necessity of use a clean-up sorbent that has the capacity to reduce or remove the 
co-extracted lipids and other lipophilic matrix components that could interfere in the correct 
determination of selected oestrogenic compounds in dairy products. Taking this fact into account, 
several materials such as C18, Z-Sep and their possible combination were presented by the student to 
the tutor as the most adequate sorbent for testing to carry out the matrix clean-up. C18 is effective for 
lipids removal while Z-Sep for its part, is a recently introduced sorbent based on silica particles coated 
with zirconium dioxide and C18 groups which have demonstrated its potential to eliminate fatty and 
pigments [10]. After that, the student could applied the procedure following the indications of the tutor, 
as described in the Section 2.3.4, evaluating the extraction efficiency of the method comparing 
samples spiked at the beginning and at the end of the methodology. As can be seen in Fig. 2, and 
after carrying out an extraction in Milli-Q water (without matrix influence) the best results were 
obtained when C18 was used, since Z-Sep and C18/Z-Sep retained a high percentage of the target 
analytes onto the sorbent. During this step, in which the selection of the most suitable sorbent to carry 
out the clean-up was performed, a deeply discussion of the benefits and drawbacks of the use of 
certain types of sorbents that could harm the process of extraction, for example causing the 
degradation of the compounds or their retention on the surface of the material, was carried out with 
the student. In this way, it has been possible to emphasize the importance of such aspect in the 
development of the methodology, as a critical step for the correct performance of the analysis. 

 
Figure 2. Evaluation of different clean-up sorbents for the extraction of representative group of the selected 
oestrogens by QuEChERS (n = 2). Extraction conditions: 15 mL of spiked Milli-Q water, 15 mL of ACN, 6 g 

of MgSO4, 1.5 g of NaCl 180 mg of sorbent and 1.8 g of MgSO4. 

3.3 Sample and data analysis 
Based on the excellent and inherent advantages, as well as the results provided by the QuEChERS 
sample preparation, according to the literature consulted, and with the aim of determining the 
presence of selected oestrogens in dairy product samples, a group of nineteen real samples from 
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diverse commercial brands and animal origins purchased in different supermarkets of Tenerife, were 
analysed using the developed QuEChERS-UHPLC-MS/MS method. This group included nine samples 
of milk, four of yogurt and three samples of cheese and kefir. The results are summarised in Table 1. 
From the 22 target compounds, only five phytoestrogens (daidzein, glycitein, enterolactone, 
formononetin, and genistein) were found at concentrations above the limit of quantification of the 
method while no mycoestrogens, natural or synthetic oestrogens were observed in any of the samples 
analysed. The most abundant compounds quantified in all dairy products at the highest concentrations 
were daidzein and genistein, founded at 0.7-30.1 µg/kg and 21.3-50.1 µg/kg, respectively, 
fundamentally in infant formulas. The samples with the highest number of analytes detected were the 
infant milk products with 4-5 compounds while the phytoestrogen quantified in a greater number of 
samples was enterolactone (5 of 19 samples, including all yogurt samples and sheep milk) in the 
range 1.5-5.6 µg/kg.  

This data is very remarkable, not only because four out of five quantified estrogens are present in 
infant samples, but also because the concentrations found are relatively high, as in the case of 
daidzein and genistein. Based on these results, and on the bibliography previously revised by the 
student, where he/she has known the endocrine disrupting capacity of the compounds studied, which 
can entail to the development of hormonal disorders as well as the appearance of certain types of 
cancers, the student was able to make a critical assessment of the consequences that the 
consumption of this type of food with high estrogenic levels can lead, especially in a particularly 
vulnerable sector of the population such as newborn babies and children. Therefore, taking into 
account these aspects, the student can communicate these results to the population and the health 
sector, highlighting the importance of the analysis and control of this type of organic compounds, in 
samples that constitute one of the main nutritional contributions to the diet, such as dairy products, 
from many population sectors. In addition, the overall vision that the student has acquired during the 
study, development and application of the methodology, was able to conclude that, although the 
results obtained are of great importance in order to lead know population about the risks to which it is 
subjected when consuming this type of food, a broader analysis, with a greater number of samples, 
would correspond to a better approximation towards more relevant information. 

4 CONCLUSIONS 
In this work, a practical teaching proposal has been presented and developed to initiate the students 
of Chemistry Degree in green chemical extraction procedures, including the field of separation 
techniques, allowing them the possibility to apply their previously acquired knowledge in the use of 
novel chromatographic and extraction techniques. In addition, the students are able to carry out a 
critical and logical discussion about which sorbents are best suited to test to perform the optimisation 
of some of the critical steps that are carried out during the extraction procedure, such as the clean-up. 
In this way, they obtain some basic and useful tools with which can be able to solve a global social 
concern, from a rational and critical approach, such as the determination and monitoring of 
compounds with disrupting endocrine activity in samples widely consumed by the population. The 
selection and optimisation of the QuEChERS-UHPLC-MS/MS methodology, as an environmentally 
friendly analytical procedure, has been objectively carried out following the main principles of Green 
Chemistry and looking for a higher simplicity, low cost, reduction of the solvent and time consumption. 
The optimised methodology was successfully applied for the analysis of real samples finding the 
presence of some phytoestrogens, including daidzein, glycitein, enterolactone, formononetin and 
genistein, in nine of nine of nineteen dairy products, in concentrations between 0.7 and 50.1 μg/kg, 
while the presence of mycoestrogens, natural or synthetic oestrogens was not observed in any of the 
samples. 

The presentations and discussions performed during the experimental development allowed the 
student to acquire some expertise to optimise an analytical procedure as well as to obtain a critical 
vision of most of the main factors related to the analysis of organic compounds in real samples of 
interest.  
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Table 1. Results of the analysis of different dairy products using the developed QuEChERS-UHPLC-MS/MS 
method.  

Sample 
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WCM n.d. n.d. < LOQ n.d. n.d. SC n.d. n.d. < LOQ n.d. n.d. 
s-SCM n.d. n.d. < LOQ n.d. n.d. GC 0.7 ± 0.4 n.d. < LOQ n.d. n.d. 
SCM n.d. n.d. < LOQ n.d. n.d. GK < LOQ n.d. < LOQ n.d. n.d. 
LFCM n.d. n.d. 2.6 ± 2.9 n.d. n.d. CK n.d. n.d. n.d. n.d. n.d. 
GM < LOQ < LOQ < LOQ n.d. n.d. ELFCK n.d. n.d. n.d. n.d. n.d. 
SM < LOQ n.d. 5.6 ± 2.9 n.d. n.d. LFY n.d. n.d. 2.0 ± 1.1 n.d. n.d. 
IM1 24.3 ± 0.4 4.6 ± 1.2 < LOQ 1.0 ± 0.8 33.1 ± 0.7 GWCY n.d. n.d. 3.1 ± 2.9 n.d. n.d. 
IM2 16.7 ± 0.4 3.5 ± 1.2 < LOQ < LOQ 21.3 ± 0.7 SY n.d. n.d. 2.8 ± 1.1 n.d. n.d. 
IM3 30.1 ± 0.4 5.2 ± 1.2 n.d. 1.0 ± 0.8 50.1 ± 0.7 GY n.d. n.d. 1.5 ± 1.1 n.d. n.d. 
WC n.d. n.d. < LOQ n.d. n.d.       

a) n.d.: not detected. LOQ: limit of quantification. WCM: whole cow milk; s-SCM: semi-skimmed cow milk; SCM: skimmed 
cow milk; LFCM: lactose free cow milk; GM: goat milk; SM: sheep milk; IM: infant milk; WC: whole cheese; SC: skimmed 
cheese; GC: goat cheese; GK: goat kefir; CK: cow kefir; ELFCK: ecological lactose free cow kefir; LFY: lactose free yogurt; 
GWCY: Greek whole cow yogurt; SY: sheep yogurt; GY: goat yogurt.r 
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