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Abstract — Elemental composition of food is of
great importance, since food is the main source of
essential, major and trace elements for humans.
Some potentially toxic elements may contaminate
food, entering the food chain from the
environment, processing, and storage. Therefore,
the elemental analysis of food is fundamental for
safety assessment. Fast and sensitive analytical
techniques are required as a result of the increasing
demand on multi-elemental analysis and product
screening. Total reflection X-Ray Fluorescence
(TXRF) is suitable technique, since it provides
simultaneous multi-elemental identification in a
wide dynamic range of concentrations. In this
review, several different matrices such as drinks,
beverages, vegetables, fruits, cereals, animal
derivatives and dietary supplements are analysed
by TXRF for food quality monitoring. The obtained
results reveal a good precision and accuracy,
highlighting TXRF as a competitive technique with
atomic absorption spectroscopy (AAS) and
inductively coupled plasma mass spectrometry (ICP-
MS).
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1. INTRODUCTION

Food security is a growing global issue because
human health is strongly dependent on its quality
Therefore, it should guarantee the absence of
contaminants and the presence of nutrients. World
Health Organisation (WHO) reports the maximum
accepted guideline limits for heavy metals
concentration in foodstuff. Elements like K, Ca, Mg,
P, Na are considered as indispensable for growth
and health, while microelements (Mn, Fe, Cu, Zn,
Se, Mo) are essential for human nutrition, but

excessive quantities may be toxic [1]. Other
elements, like Cd, As, Hg and Pb, are toxic even in
trace and thus must not enter in the food chain [2].
In this frame, elemental chemical analysis needs to
be applied at different steps of production and
storage process in order to ensure the food safety.

Multi-elemental chemical analysis of foodstuff
samples is a difficult process, due to the
contemporary presence of organic and inorganic
substances. For this reason, most of the analytical
techniques for heavy metals analysis require sample
pre-treatment procedures such as microwave acid
digestion [3], dry ashing [4] wet digestion [5]. The
elemental determination is performed by atomic
absorption spectroscopy (AAS) [6], and inductively
coupled plasma mass spectrometry (ICP-MS) [7].

Nowadays, there is a great interest on analytical
methods  which  offers a  multi-elemental
information, less or without pre-treatment sample
preparation, lower limit of quantification, higher
repeatability, reproducibility, and recovery. Total
reflection X-Ray Fluorescence (TXRF) spectroscopy
fulfils the above mentioned requirements and it is
already proved as a suitable technique for food
screening [8].

Furthermore, TXRF offers some advantages with
respect to other spectroscopic techniques such as
low amount of sample to perform the analysis (few
pL or ng), fast and easier quantification by internal
standardization and no matrix effects [9, 10].
Besides, new low power benchtop TXRF systems are
really cost-effective since they do not require gas or
cooling media.

The aim of this study is to demonstrate the
successful applications of TXRF in food quality
monitoring and provide a critical outlook on the
developments and improvements required to
transfer these methods from research to the
industrial and analytical laboratories contexts.
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2. FIELDS OF APPLICATIONS

In this study TXRF application for food analysis,
comprising drinks and beverages, is considered.
Figure 1 shows TXRF field of application and their
percentages, respectively.

Animal tissues
12%,

fruits
23%

Fig. 1. Percentage of the foodstuff classes analysed by
TXRF technique.

In Table 1 are reported the food matrixes and
sample preparation procedure followed for TXRF
analysis.

Table 1. Foodstuff samples analysed by TXRF.

Food Matrix Samples Sample Preparation

Drinking water

. Direct Analysis
Wine

Drinks & Beverages

Alcoholic beverages
Soft beverages
Milk
Coffee
Tea

Dry Ashing
Direct Analysis
Acid Digestion
Direct Analysis
Direct /Infusion

Vegetables &

Fruits &

Cauliflower, onions
cucamber, lettuce
Pineapple, apple
Medical Plants,

Acid Digestion

Ultrasound Extraction

Direct Analysis

Ultrasound Extraction

Herbs & Spices Herbs. Suspension
Rice Acid Digestion
Cereals Wheat Flour Direct Analysis
Porridge Flour Wet Ashing
Fish Tissue Acid Digestion
Animal Tissues Mussels Direct Analysis
Hen eggs Wet Ashing
Honey Acid Digestion
Pollen
Dietary Supplements Bee pollen & Tissue Direct Analysis
cﬁi:g:::e Acid Digestion

2.1. Drinks and Beverages

Successful applications of TXRF in drinking water,

milk, wine, tea, soft and alcoholic drinks are already
reported. Indeed, drinks and beverages numbered

the highest percentage of TXRF analysis (37%) and
are classified as the easiest sample because of the
fast and simple preparation. Direct analysis of
mineral water is strongly recommended. In case of
very low element concentration, suitable pre-
concentration and microextraction methodologies
have been developed. Precipitation of Chlorine as
AgCl was proposed as a suitable method for total Cl
determination [11], while perchlorate analysis was
achieved through application of selective
membrane on the sample carrier surface [12].

2.2. Vegetables, fruits, herbs and spices

In literature are reported successful application
of TXRF for the food quality control of fruits,
vegetable leafs, vegetable roots, herbs and spices.
Thanks to high sensitivity of the technique, even
trace quantities of toxic metals were detected. Acid
digestion, suspension and extraction are considered
as the most useful sample pre-treatment methods.
The mineralization is reported as the preferred
method, giving the best results in terms of
reproducibility, accuracy, and precision. On the
other hand, the suspension is faster and simpler,
avoiding contamination and loss of material.
However, sample homogenization is critical and
high background may be present. Comparison of
TXRF data with those obtained by other
spectroscopic techniques like FAAS, flow injection
atomic absorption spectroscopy (FIAAS) and
hydride generation atomic absorption spectrometry
(HG-AAS) reveals that TXRF may be a reference
technique for the elemental analysis.

Statistical test such as Principal Component
Analysis (PCA) or Linear Discriminant Analysis (LDA)
are successfully applied. LDA was wused to
distinguish the anatomical part of herbs: flower,
leaf and fruit [9].

2.3. Cereals

Cereals are the most important and essential

foodstuffs for human diet. Although TXRF
analysis of cereals is not so common, studies have
developed methodologies for analysis of rice, wheat
and porridge flour. The achieved detection limits for
trace elements are suitable for the precise and
accurate determination in cereals. Cluster analysis
was applied to distinguish brown from white rice. It
was found that brown rice contains higher content
of Cu, Zn and the lower concentration of Ca, Fe.

.
IMEKD

FCDDS e

www.imekofoods.org




2" IMEKOFOODS
Promoting Objective and Measurable Food Quality & Safety
October, 2"-5" 2016 Benevento (Italy)

Based on the reported data, the analysed
samples respect the WHO guideline limit
concentrations for all the essential nutrients,
ensuring the food safety [13].

2.4. Animal Tissues

Although, fish and other animal tissues are
known as rich products with proteins and nutrients,
they may accumulate toxic elements, depending on
the environment conditions and dietary intake [14].
Meanwhile, these organisms may be used as
indicator of environmental pollution. Acid/wet
digestion and direct analysis were the suggested
procedures for TXRF analysis. Both the proposed
sample preparation procedures gave precise and
accurate results, allowing the determination of
metals accumulation. A correlation between the
tropic levels of system and metal concentration was
observed. Indeed, higher metals content was met in
the highest tropic level. Results of different studies
highlighted that most of the studied samples
exceeding the maximum tolerance levels and
muscle was the target organ [15, 16, 17]. Elemental
chemical analysis of eggs samples coming from
poultry farm and supermarket was performed after
total mineralization. It was found a correlation
between the element concentration in eggs and
seasonality. Macronutrients concentration was
higher in egg albumen and yolk samples produced
in the winter season, while the highest amount of
micronutrients was detected in egg yolk samples
collected in summer.

2.5.Dietary Supplements and others

Dietary supplements are defined as products
that increase the total intake of minerals, amino
acids, vitamins. Honey, pollen, candies and different
dietary supplements for | and Se determination are
considered.

Honey studies deal with multi-elemental
determinations in bee honey, pollen and bee tissue
to obtain useful information about the environment
conditions and the variety of honeys. Comparison
between TXRF and AAS or ICP-AES results figured
out the advantages of TXRF for simultaneous multi-
element analysis. Moreover, the elemental analysis
of honey by means of TXRF is a good source of data
for chemometric statistical tests, with aim to
distinguish between the botanical and geographical
origin. In Figure 2 is shown PCA performed for

honey samples. Six groups can be clearly
distinguished, corresponding to the six botanical
origins of the honey. Main contributing elements
are K and Mn for the first principal component, Zn
and P for the second principal component.
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Fig. 2. PCA Scatter plots of TXRF and other spectroscopic
techniques data found in the literature with different
botanical and geographical origins. AC: acacia, OR:
orange, CH: chestnut, RS: rosmarinus, HE: heather, EU:
eucalyptus.

Great attention is focused on supplements
consumed by children like candies and chocolate.
TXRF analysis was performed after mineralization in
a mixture of acids such as HNO;+HCI+H,0,. Results
of candies samples revealed higher concentration of
Pb than the recommended maximum accepted limit
[18], while Ni and Br amount were lower than the
guideline levels.

TXRF analysis was successfully applied in other
dietary supplements samples for | and Se
determination.  Sample  pre-treatment  was
proposed for | analysis. A digestion procedure using
concentrated nitric acid, followed by extraction
with ammonia was employed before the analysis
[19]. Direct analysis was used for Se determination
by means of TXRF, and detection limit around 0.2
mg/kg for dietary supplements was achieved [20].

3. CONCLUSIONS

This work, through different examples,
demonstrates the suitability of TXRF for elemental
chemical analysis of foodstuff and beverages.
Advantages and limitations of sample preparation
procedures are outlined. Recent technological
improvements of TXRF allow an accurate and
precise determination of major, minor and trace
elements in foodstuff samples. Although, TXRF is
still limited to research because of the lack of
standards methods, great effort is devoted to the
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development and optimization of protocols, inter-
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