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Preface

Deliberate tampering of foods (food adulteration, changes to originality and composi-
tion, etc.) for whatever purpose, be it for ensuring unfair business advantages in winning
markets for economic gain, or unlawful tendencies that result in trespassing on legal
binding standards, and crimes harming other human beings, are on the increase. The
tendencies to either add or subtract food components, replace food ingredients with
inferior ones, or label inferior food products with those of higher grade components,
have become a serious problem and are affecting people in various ways almost
everywhere.

In some cases, food adulteration has involved the deliberate introduction of harmful
substances into foods (chemical and biological poisonous agents), where foodstuffs
such as fruits, seafood, milk, dairy products, and water have been poisoned and there-
fore have directly affected the health of consumers either individually or as a large part
of the community, causing disease and illness, abnormalities such as neurological
impairment, allergies, and even death. There is a heavy penalty to be paid by criminals
who cause food poisoning by food adulterations, as there are now laws that govern
the quality of foods, together with standards, guidelines, and regulations that have to
be adhered to by food producers, food processing industries, vendors, and food
distributors.

This book covers different types of cases that encompass food forensics and food
toxicology. The book also surveys different methods and techniques that are useful in
providing the evidence required to be presented in food forensics cases. The book will
be of relevance to colleges and universities where forensics science modules are being
taught, or to academics who are involved in research activities in food forensics or food
toxicology. The book may also be useful in food forensics laboratories, to researchers in
food forensics, and government departments that deal with health and the general
public at large.
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Food Forensics: Introduction

“Forensic” is derived from the Latin, with its meaning referring to law. Hence the
definition of forensic science hinges on this meaning as a branch of science that applies
scientific principles and methods to public domain cases related to criminology and
civil law. It deals with the whole process of gathering and examining information that
can be presented as evidence in courts of law, to enable the execution of law enforcement
in relation to criminal or civil laws.

The application of science and scientific principles to point beyond reasonable doubt
to criminals and crimes has been in existence for centuries. In the past, the strategy to
catch and deal with criminals had many limitations, mainly due to the lack of standard-
ized methods, which led to numerous flaws that allowed criminals to evade punishment
due to lack of sufficient evidence. In those ancient times, criminal acts were investigated
based on the testimonies of witnesses and from personal confessions. There was no
application of any of the scientific methods and techniques which make use of the
scientific principles and concepts that are available to us today. In these modern times,
forensic science, as it is applied in a diverse number of fields, employs highly sensitive
and selective methods and techniques in analyzing evidence obtained at a crime scene,
even where the specimen presented as evidence is at the trace level. Among the areas of
disciplines which make use of scientific principles to investigate foul play are in foods
and foodstuffs.

Given its importance to life, food will remain the most fundamental of our needs,
because it is the source of all the energy needed to carry out life’s activities, including
those which define the very characteristics of life. Food is essential to our physical well-
being, and it is the main item that all the cares of the day are invested towards. Food is
the source of energy needed for tissue repair, muscle movement and also plays an
important role in the whole process of growth. One may dare to say that without food
there is no life! On the other side of the same coin, food that is unfit for human
consumption may be used to target and terminate life. For this reason, food is one of the
items prone to be used or abused to threaten life.

There are many ways and instances where food composition has been compromised
or tampered with, bringing negative effects to consumers. Normally the introduction/
incorporation of either microbial (bacterial, fungal or viral) metabolites or chemical
agents, compromises the safety of food that is meant for consumers and this constitutes
a food fraud case. There are two main types of fraudulences as far as food is concerned.
One such example involves a complete replacement of the entire authentic food

Food Forensics and Toxicology, First Edition. Titus A. M. Msagati.
© 2018 John Wiley & Sons Ltd. Published 2018 by John Wiley & Sons Ltd.
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product with a substitute product. This kind of fraud is termed as “crude fraud” and in
many cases it involves expensive, highly moveable items such as alcoholic beverages.
Another type of fraud that is practiced within the food business/industry is known as
“sophisticated fraud’, in which some food components are manipulated by either substi-
tuting quality ingredients with inferior ones or the entire food product is subjected to
dilution (e.g. addition of water to milk, brine to frozen meat, glycerol to wine, etc.).

Again, of late, there have been many food scares, scandals and fraud cases reported
widely that not only pose a large risk but have also caused loss of life globally. For exam-
ple, the advent of genetic engineering technology in food as well as in food industries
has introduced genetically modified foods/organisms (GMO), which could pose a
potential risk to human existence, though not yet proved scientifically. Apart from the
GMO issue, there have been plenty of other incidences, such as the outbreak of bird/
avian and swine flu (HIN1, H5N1, H7N3, H7N7, H7N9, HON2, etc.), and the outbreak
of foot-and-mouth disease and bovine spongiform encephalopathy (BSE), also known
as Mad Cow Disease. Other microbes, such as the strain of Escherichia coli (E. coli
0157), are harmless resident flora in the gut of cattle but can cause disease in humans
through the consumption of meat and meat products containing this bacteria strain.
Clostridium botulinum, a spore-forming bacterium, produces botulism toxins that are
fatal to consumers of food items containing this toxin.

There have also been numerous reports linking the incorporation of illicit food addi-
tives (which in some cases are not listed on the labels properly) in food products, and
other malpractices by food producers and food industries. These reports have alerted
the public and raised the awareness of the composition of food products, thus the high
demand for tighter scrutiny, guidelines and regulations on additives in foods.

Incidences related to foul play in foods in terms of processing, labeling, distribution,
food poisoning and intoxication, etc., have signaled law enforcers, nutritionists and health
bodies to introduce more laws, set regulations and draw up guidelines to safeguard the
health and well-being of consumers. Due to this, foodstuffs and food products are now
analyzed and investigated to see if they comply with the requirements set for quality,
nutritive contents, adulteration, compliance against legally set guidelines and regulations,
and also whether the labeling requirements are accurate. These considerations are also
meant for research and development purposes to improve the quality of food products.

All governments, as well as national and international agencies, have set regulations,
guidelines and recommendations in place to ensure the quality and safety of foods and
food products. Such regulations, guidelines and recommendations have to be observed
and adhered to by all suppliers and food industries responsible for providing consumers
with foods. The enforcement of rules and regulations ensure the wholesomeness and
safety of foodstuffs, and satisfy the public need which insists that food suppliers and
food industries inform consumers about the state and nutritional composition of their
food products, to enable individuals make their choices with regard to their preferences
or to provide an environment with fairness, in cases where there is more than one com-
peting company or entity, to avoid any possibility of economic fraud.

Food regulatory bodies, and national and international agencies, have specified some
standards to be observed by food suppliers and food industries with regard to quality
and compositions of food products. Some of these standards are legally extremely strict
and it is mandatory that they are adhered to by all responsible parties, while some others
tend to be more flexible.



Food Forensics: Introduction

The strict standards which are mandatory include the quality standards in which
quality specifications regarding stability, types and classes of color, mass/or volumes,
tenderness, etc are being considered. Standards of identity are also mandatory by regu-
lations and specifications regarding type, composition, ratio and amounts of various
ingredients required for a specified food product, which must be made known so that
where a threshold limit is set, the guidelines should be clear that it has not been vio-
lated. For example, in some foodstuffs, levels of fats are controlled by law and should
not exceed certain specified levels. The standards of fill-of-containers are also manda-
tory, in which case a measure of fill/mass has to be known to avoid fraud or treachery of
any sort. In this category of standards, the means or how to ascertain the fill/mass has to
be made known as well. Flexible standards may as well include grading of food products.

Authorities responsible for food regulations also enforce a requirement that the ori-
gin and authenticity of food products be correctly included in the labeling, together
with the labeling specifying food ingredients and their composition. This information is
vital for the prevention of economic fraud and for ensuring that the correct type of food
is supplied to the target people. For example, people of a particular religious group, or
those who need food with certain ingredients, for instance, fat, sugar, salts, etc., at
certain amounts. For this reason, food and food products need to be analyzed and
ascertained for their safety and quality.

In some cases, microbial attack on food not properly stored leads to the presence of
toxic metabolites. Therefore, storage conditions and techniques are some of the issues
that are scrutinized, especially for the types of foods and food products that need to be
transported to distant places or those which are not to be consumed immediately.

The presence of undesirable chemical and biological molecules prompts the enforce-
ment of monitoring schemes to ensure safety and quality of foods and food products.
The monitoring scheme has to have scientific methods and techniques in place that are
sensitive and selective enough to exclude all other undesirable or non-targeted matrix
molecules as well as to enrich the analytes of interest. The enrichment step is necessary
because. in many instances, the target analytes are in trace amounts or dissolved/incor-
porated into a larger mass/volume of food products which causes the analyte to be
highly diluted.

Normally, the analytical strategy involves the development of highly selective and
sensitive methods that are capable of thorough clean-up and pre-concentrate the
analytes before their introduction into the analytical system, such as HPLC, GC, AAS,
ICP, etc. The data obtained from these analyses are meant to provide information
regarding the safety of the foodstuffs or if a particular food item contains harmful
microbes such as Salmonella or their metabolic by-products, or the presence of chemi-
cal molecules such as pesticide residues, or even the presence of some other foreign
contaminants. Foodstuffs for human consumption imply that they are free from all such
things, and food manufacturers as well as suppliers have a duty to ensure food safety by
carrying out routine analysis of food products. Moreover, food industries are at all times
faced with stiff competition from each other and are thus obliged to perform these
routine checks to remain competitive and win more markets.

Generally, strict regulations and guidelines necessitate food industries to use meth-
ods and techniques that are reliable and which are capable of providing low detection
and quantification limits to be able to comply with guidelines and regulations. Testing
and analysis should normally be done strategically, before, during and after the
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manufacturing and in some cases, long after the manufacturing to ensure stability
under different sets of storage conditions, such that the final food product possesses the
same properties and qualities including shelf life, appearance (color), flavor and texture
in addition to chemical, physical and biological properties.

However, naturally foodstuffs do undergo deterioration and spoilage over time and
under some conditions where the chemistry of raw material ingredients unpredictably
changes, thus affecting the whole food product. Under such circumstances, what is
required is to understand the chemistry of the ingredients and the mechanism by which
each plays its role in relation to the final food product. This knowledge helps to predict
the behavior of various ingredients under different sets of conditions and thus control
the production processes accordingly, in order to avoid unnecessary food deterioration.
For example, food color of some products, such as chips made from potatoes, is highly
dependent on the concentrations of reducing sugars present in the potatoes during the
manufacturing processes. If the reducing sugars are present at high concentrations in
the potatoes, it will cause more browning of the potatoes as time goes on (Msagati,
2012). This implies that those responsible in the preparation have to ensure that the
potatoes used have the required concentration of reducing sugars to avoid color changes
with time or during the frying process.

Currently, the global trend with respect to attitudes towards foods has been highly
shaped by the opinion of consumers, due to changes in consumer preferences towards
the types of foods that are seemingly healthier. In some cases the origin of food, cost or
those seen as exotic, have been an important factor for consumer preference. This trend
has shaped the whole food industry, which has to conduct research and development
for either the improvement of the existing products or formulate new food products
that satisfy the changing demand of consumers. In this scenario, food industries engage
in research activities that investigate the mechanisms of how various food ingredients
and components work and also the roles they play individually or when introduced to
others. The investigation process also encompasses the whole industrial processes that
take place or occur during food manufacturing and how they affect the quality and
composition of food, even after a long period of time when subjected to various physi-
cal/environmental conditions such as temperature, humidity, storage, etc. In other
words, food development of new products always requires the knowledge of the food
ingredients as well as the processing operations and how they interact to give food the
desired quality.

On the other hand, the analytical procedures required by food analysts need to
establish factors that will reveal the information about composition, physico-chemical
properties of food, etc. This is due to the fact that food components (composition) tell
how safe or nutritious the food is. The composition of many foods is complex, being
made up of many different ingredients (vitamins, proteins, carbohydrates, fats, fibers,
minerals, etc.) and in different ratios, both in terms of the types of atoms (e.g. C, H, N,
O, S, Na, Se, etc.) and molecules (e.g. H,O, sugars, essential fatty acids such as omega-3,
essential amino acids, etc.). For food manufacturers and distributors to comply with
regulations, they are thus obliged to declare compositions, ratios, levels and types of all
the ingredients in their products.

Similarly, the attributes of foods in terms of their physical characteristics as measured
by their rheological properties (stability, taste, color/optical, flavor, etc.), are very
important to consumers, as they affect their appeal and choices. This shapes the food
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industry since it requires that foods and food products be designed to contain the quali-
ties that will appeal to consumers and at the same time comply with regulations and
guidelines. The design and operating conditions must also ensure food stability under
all conditions without affecting attributes such as color, smell/odor, feel or texture.
Moreover, the design and operation processes during food manufacturing have to be
such that they maintain the structure of the food and food products.

Food analysis will therefore require different types of analysis, methods and
techniques, due to a variety of information and measurements that may be needed to
ascertain the quality and safety of a particular food product. There are many sources
where the information for the appropriate technique for measuring or ascertaining a
particular food property can be obtained. For instance, there are specific books, journal
publications and suppliers of instruments, reagents, chemicals and materials used in
the analysis of foods. There are also official methods and techniques published by
authorized bodies that deal with food analysis and quality assurance, as well as public
domains such as the World Wide Web (internet).
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Food Provenance and Food Fingerprinting: Authentication
and Traceability of Foods and Food Products

Is it important to know the origin of the food we eat? This may be a question to
which some insist on concrete answers, though for some it may not matter whether
the food they eat comes from west, east, north, or south. Generally speaking, there
has been an interest in where food comes from, and how it reaches the consumers
(knowledge of mechanisms and routes of distribution and supply chains). Some
food products are in demand throughout the year, thus necessitating a well-known
supply chain and this requires the knowledge of the origin of such food items be
provided. Moreover, with concerns arising from environmental pollution, which
directly negatively affects the whole of food safety, the food preference for many
consumers is tilting towards organic foods (those that are grown with no applica-
tion of long-lasting agrochemicals and fertilizers). All these factors have prompted
authorities to introduce rules and regulations to govern the traceability mecha-
nisms of food products, which will give confidence to consumers about the authen-
ticity, quality, integrity, safety, and provenance of the food products of interest.
At this juncture, there is a need to define the term ‘origin” as far as food provenance
is concerned. The origin of the food’s location refers to the geographical location
where the food in question is either produced/obtained/found. In cases where the
same food product is found in more than one geographical location, then the loca-
tion where the last substantial transformation is recorded will be considered to be
its geographical location of origin for that particular food product.

Introduction

In the modern day, consumers of various foodstuffs and food products demand to be
provided with clear, accurate, precise, and succinct information and data about the
origin and specification of the food products they consume. Authorities have put in
force strict regulations that such information be outlined in the labels and labeling,
which should adhere to the rules and regulations set by describing properly the
geographical origin and authenticity of all that is claimed in terms of quality and com-
position on the packaging labels. The rules, guidelines, and regulations that have been
set speak volumes about the legality of the whole issue about food provenance and
fingerprinting, with laws being enacted to prosecute the culprits, offenders, and
transgressors.

Food Forensics and Toxicology, First Edition. Titus A. M. Msagati.
© 2018 John Wiley & Sons Ltd. Published 2018 by John Wiley & Sons Ltd.
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Food Fraudulence and Adulteration

Food fraudulence refers to deliberate and intentional actions and tendencies to illegally
tamper by substituting, adding, or mislabeling of foodstuffs, food ingredients, or even
food packaging for whatever gain (Elliot, 2013). Food fraudulence involves all practices
that lead to an intentional or pre-meditated addition or substitution of an ingredient in
order to either raise its value or lower production/processing costs (Shears, 2010; Spink,
2013). Practices such as dilution of food products to levels that reduce their nutritive
value or to an extent that risks the health of consumers and/or masking the effects of
dilution by adding other inferior substances or replacing quality ingredients with either
weaker/inert ones, false branding/misbranding or mislabeling, etc., are all part of food
fraudulence (Ellefson et al., 2013; Elliot, 2013). This term “food fraudulence” also
encompasses other tendencies, such as giving false, inaccurate, or misleading informa-
tion or statements regarding a particular food product (Ellefson et al., 2013). In the
context of this topic, food fraudulence will not deal with other forms of food fraudu-
lency tendencies such as those that deal with economically motivated kinds of fraudu-
lency, misbranding, smuggling, tax evasion, and food counterfeiting practices. This
topic will only deal with intentional food fraudulency tendencies with motivations that
affect food quality and food safety, which endangers the health of consumers.

For any food product to be considered fraudulent or adulterated it must contain the
following:

e any substance or ingredient, or an added ingredient, that may cause a health hazard
to consumers;

e an ingredient or component (added externally or internally) that is regarded as
spoiled/decomposed, regardless of whether this ingredient was formed during
processing, handling, or storage, or it came from a disease that has affected the plant
or animal from which the food originated, from the container/packaging, or stores
where the foodstuff was kept/stored;

o does not contain any valuable component whether omitted, damaged, concealed,
abstracted, or present in an inferior form;

o harmful ingredients such as additives (coloring agents, flavor enhancers, etc.);

o wrong measure of fill (volume, mass/weight, bulkiness) or strength (e.g. color intensity,
flavor sharpness, etc.);

e does not contain proper information, such as food items sold under a different
identity (origin, type of food, etc.) and foods imitating others or foods with wrong
definitions.

However, caution should always be taken when defining the cause of the incidences in
food fraudulence cases. In the scenario where it is proved beyond reasonable doubt that
there has been an unintentional and deliberate action of food contamination or adul-
teration through either improper food handling, or during processing, or spoilage by
microorganisms or addition of ingredients that will poison the food products, all these
will constitute what is termed as issues related to food safety. The situation will only
be regarded as food fraudulence when it has been proven that there has been an inten-
tional cause for the presence of adulteration in the food for whatever reason, especially
the economic gain.



Food Fraudulence and Adulteration

The common aspect between the two terms is that both food fraudulence and food
safety result in health risks to consumers. When there has been an incidence of either
food fraudulence or food safety endangering consumers’ health, efforts are normally
invested to address (prevent or reverse) the effects of intentional or deliberate adultera-
tion that was caused for whatever motive, and this is defined as food defense. On the
same note, cases that involve unintentional food adulterations (food spoilage or deterio-
ration), which result in economic losses for the individuals or industry, constitute what
can be termed as food quality issues. Food quality can be caused by various physical and
chemical properties of the food. Now the efforts to prevent or measures put forward
as intervention or responses to address food quality phenomena are known as food
protection.

Bearing in mind the consequences of all these phenomena, authorities normally
devise strategies and plans to prevent food adulteration incidences well before they take
place. Among the strategies that are put in place are the enforcement of effective
programs of risk-based intervention strategies well in advance and also the institution
of rapid reaction measures to address effects that can be caused by food fraudulence
once it is discovered. For convenience, food fraudulence can generally be categorized
into a number of groupings as follows:

o counterfeiting: in which case the perpetrators infringe the legal owners’ Intellectual
Property, and produce a similar food product and package using similar packaging
and without adhering to the standards;

o simulation: is another food fraudulence category that is similar to counterfeiting,
where the design and formulation of simulated food products gives them a similar
look of the real food product, but in reality it is similar and may have slightly different
formulas or ratios of ingredients, and in most cases the simulated food products fail
the compliance test in terms of quality assurance;

o adulteration: also a food fraudulence category that involves the addition of a foreign
ingredient to a finished food product, for example adding brine to frozen meat and
products, or adding melamine in milk;

e tampering: another category of food fraudulence that involves misusing either legiti-
mate food products or food packaging, e.g. by changing the information, such as
expiry period.

Currently, there is an ongoing fight against food fraudulence that is ever growing and
expanding, covering almost all parts of the world. There is a widespread tendency of
adulterations where foods, foodstuffs, food additives, and food supplements have been
found to be contaminated or without the expected quality or labeling. The results of
food adulteration cost the food industry greatly and affect consumers both health-wise
and economically. The sources of adulteration may be traced from the geographical
identity of the place of origin of that particular food product, the brand name and
method of food processing, or even the time it has been stored. Food fraudulence is
currently attracting the interest of many stakeholders, both in private as well as public
sectors, as an emerging risk that is threatening society. This is partly due to the complex
nature, trends, and principles that govern distribution and global food supply chains.
Unscrupulous food manufacturers and distributors entertain the practice of tampering
with the ingredients of foodstuffs by cutting down levels or replacing altogether some
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of the ingredients in order to maximize profit (Elliot, 2013). The availability of numer-
ous reports and publications suggests that there are major and serious food adulteration
and contamination practices occurring, frequently and regularly (Ellefson et al., 2013).

For example, according to an article that appeared in the Washington Post on Tuesday,
30 March 2010; A01, which was entitled “FDA pressured to combat rising ‘food fraud”
by Lyndsey Layton, Washington Post Staff Writer, reports on fraudulence involving
sheep’s milk cheese that was later discovered to be cow’s milk; another case was sturgeon
caviar that was later proved to be Mississippi paddlefish (source: http://phe.rockefeller.
edu/news/wp-content/uploads/2010/04/FDA -pressured-to-combat-rising-food-fraud.
pdf; accessed 11 September 2014). This article also pointed to instances where some
honey-makers tended to dilute honey products with either sugar beet or corn syrup.
Other instances involved the sale of frozen catfish fillets claiming to be other brands
such as red snapper, etc. but they were actually from Vietnam (source: http://phe.
rockefeller.edu/news/wp-content/uploads/2010/04/FDA-pressured-to-combat-rising-
food-fraud.pdf; accessed 11 September 2014).

In general, deception in the food industry has been around for a long time, although
the extent of its impact on consumers’ health or the economic sector is difficult to
ascertain. There are contributing factors such as the current trend toward urban migra-
tion, as well as globalization that play a role in its widespread increase, both in terms of
magnitude and extent (Ellefson et al., 2013). These factors (urbanization and globaliza-
tion) encourage a special trend of food supply chain to sustain the huge population
concentrated in urban centres. To control such a complex food supply chain in the
current global economy with limited resources, creates room for criminals to practice
unscrupulous business deals with food products. As time goes by, they come up with
new ways of practicing fraudulence, which creates more challenges to deal with the
problem.

Scientific Methods and Strategies for Verification
of Food Fraudulence Cases

There are a variety of profiling methods that generate useful data (those chemical
signals obtained from analytical instruments that can be de-convoluted to give the com-
position of food), as well as many other chemical and biochemical techniques that are
available to food forensic scientists, to ascertain any of the already mentioned food
fraudulence cases. The advantage of profiling methods is that they can be applicable to
complex samples such as foods and are also capable of performing a wide range of
scientific measurements simultaneously. Among the chemical and biochemical tech-
niques that are used to verify food adulterations or fraudulence are chromatography
(e.g. liquid chromatography (LC), gas chromatography (GC), etc.); mass spectrometry
(MS); nuclear magnetic resonance (NMR); infrared spectroscopy (IR); enzyme-linked
immunosorbent assays (ELISA); and polymerase chain reaction (PCR), etc.) (Pomeranz
and Meloan, 1994). Data from these techniques can further be subjected to statistical
analyses, using multivariate techniques such as partial least square (PLS) or principal
component analysis (PCA), to provide more in-depth information and variability of
parameters that can reveal abnormal trends of behavior or lack of consistency.
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Scientific Verification of Geographical Indications
and Designation of Origin of Foods

There are three main types of geographical description or schemes for foods that play a
significant role to protect the identity and names of foods, as well as other agricultural
products. There is a scheme known as “Protected Designation of Origin” (PDO), which
applies to those foodstuffs and food products originating/produced and/or prepared/
processed in a particular geographical location using acceptable/known and standard-
ized methods and techniques (Gonzalez et al., 2009).

The second type of scheme or geographical description of foods is known as a
“Protected Geographical Indication” (PGI), which signifies that there is a connection
with the geographical location or area in at least one step of either production, prepara-
tion, or processing of a particular foodstuff (Gonzalez et al., 2009). This second descrip-
tion of the geographical description (PGI) seems to be of more importance than PDO,
due to the fact that it associates the food with a particular geographical location.

The third scheme is known as “Traditional Speciality Guaranteed” (TSG), which
reveals the traditional nature or character in terms of either ingredients (composition)
or the procedures followed during production.

Processes, Steps and Procedures to Distinguish
the Geographical Origin of Foods

The identification of the origin of foods or the effects of different food production
processes is not straightforward. The process must involve the identification of specific
markers that distinguish food products, in order to ensure that there is no possibility
of having either a false negative or a false positive. There must also be in-depth scien-
tific knowledge of the chemical composition of foods, effects, or contribution of
environmental factors (biological and physico-chemical factors), and other important
differences between the target food items of interest to other similar food products
found in other geographical locations. This calls upon the presence of analytical chem-
ists who will establish procedures of correct identification of the exact discrepancy
that defines the fraudulence in question (fraudulent food product and the type of
fraudulence).

Analytical chemists will need to play an important role in developing appropriate
methods that will reveal the exact chemical composition, as well as isotopic abun-
dances of the elemental composition of that particular food product or other specific
chemicals/molecules, spices, or flavors that may form part of the composition of the
food products in question. Analytical chemists will also need to develop methods
and strategies to identify products that may be formed during food processing or
production, thus fingerprinting products by using appropriate analytical and
bio-analytical techniques, including chromatography, spectroscopy, or mass spec-
trometry. Measurements of this kind of work require large sample sizes, as well as the
application of statistics for validation, otherwise the results may not be considered
authentic enough.

11



12

Food Provenance and Food Fingerprinting: Authentication and Traceability of Foods and Food Products

Geographical Identification, Quality Verification
and Authentication of the Origin for Fruit Nectars, Fruit
Juices, Vegetable Juices, and Non-alcoholic Beverages

The term “fruit juice” refers to a liquid derived from a fruit, while “fruit nectar” refers to
an unfermented food product obtained by adding water to a fermentable food product.
Generally, fruit nectars may contain additives such as sweeteners or honey. On the
other hand, the general term “non-alcoholic beverages” includes products such as soft
drinks, energy drinks, bottled water, carbonated drinks, and sports and isotonic drinks.
Fruit juices, vegetable juices, fruit nectars, and other non-alcoholic beverages are
normally verified on the basis of the composition of the additives incorporated for the
purposes of adding or enhancing color and those that are added as flavoring or flavor
enhancers. Also, these food products are verified on the basis of water content that
forms part of the naturally derived fruit juice. Generally, for nectars and juices prepared
from fruit, there are regulatory standard requirements that are supposed to be adhered
to before the certification of the product for commercialization (sale). These include the
requirement that they should possess and retain the same characteristic qualities of
aroma (flavor and flavor sharpness), as well as the appearance (color and color intensity)
to that of the fruit from which the product (fruit or nectar) was processed.

Another decisive factor that is crucial in the authentication or identification of the
origin of fruit juices, vegetable juices, and nectars, is the measure of the main quality
parameters that are normally required to be displayed on the label (showing composition).
Verification of the measure of various ingredients in the fruits juices, vegetable juices,
and nectar as claimed in the labeling, is always mandatory in order to prove compliance
with the regulations. For instance, with some adulterations involving fruit juice blend-
ing, where a high-quality juice can be blended with an inferior one (adulteration for
economic gain), the information as well as the measure and quality of ingredients as it
may appear on the labels may be different from the actual chemistry of the juice.

The problem of food adulteration related to juices and nectars has prompted the need
for the development of analytical methods, techniques, and regimes to analyze and
verify the identity and authenticity of fruit juices and fruit nectars.

The development of analytical procedures for this purpose has been faced with
challenges due to the complex nature of these food products, as well as the variability of
fruit juices and nectars in terms of their composition. Another challenging considera-
tion comes from the fact that the analysis requires skilled personnel as well as advanced
analytical instruments. For fruit/vegetable juices and fruit nectar, the detection of
identity, adulteration, and authenticity involve the detection of mainly the types and
ratios of organic acids, amino acids, sugars, or other sweeteners, antioxidants such as
polyphenols and flavonoids, as well as inorganic elements, and these compounds can
thus be used as indicators of adulteration.

For example, one of the nutritive compositions in fruit is sugars, which is one of the
components that actually impart to the fruit and juices the characteristic taste, aroma,
and flavor. Sugars also play other roles, including the role of an indicator of the condi-
tions for storage. The abundances and ratios of these sugars is characteristic to fruits,
such that if there is any significant difference, then the situation will represent a possible
scenario of adulteration. This is because any attempt to add either a sweetener, syrup,
sugar, water, or an inferior type of juice blend, will alter the ratios of various sugars and
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their abundances, thus confirming a fraud scenario. Sucrose (glucose and fructose), as
well as sorbitol (a sugar alcohol), are the main types of sugars that are normally analyzed
to confirm a fraud situation for fruit juices, vegetable juices, and nectars. The abundance
and ratios of these sugars are qualitatively and quantitatively different for different types
of fruit or vegetable juices and are dependent on a number of factors such as species,
variety, geographical location where the fruits are grown (environment), and the matu-
ration level of the fruit at the time of harvest. For example, pineapples, grapes, oranges,
and apples from the same geographical location and maturation will have different
profiles and ratios of sucrose, glucose, and fructose. Normally, glucose and fructose are
found in higher levels in grapes and at the same time, sucrose in grapes is generally
lower. The situation is the opposite in the case of apples, pineapples, and oranges.
Sorbitol is generally lower in many fruits and fruit juices and where needed can only be
added, in which case it has to be within the regulations and guidelines or else this will
constitute an act of adulteration.

Sugars are the building molecules of carbohydrates and thus when analyzing sugars,
methods used for carbohydrate analyses are normally applicable for sugars as well.
The most common method involves the use of a high performance anion exchange
chromatographic system equipped with a pulsed amperometric detector (HPAEC-
PAD). Where necessary, this can further be confirmed by the use of stable isotope
methods to ascertain the results for authenticity and identification of adulteration. This
type of chromatography is normally preferred for the separation of anionic species,
which can either be anions in their natural form or those that can be ionized at high pH
values, for example sugars and carbohydrate. Where species that ionize at high pH are
analyzed using HPAEC, the mobile phase for such kinds of species will constitute
mainly hydroxide-based eluent solutions, because they are capable of producing anions
from these analytes (e.g. sugars), which can form charges in neutral pH environments.
The stationary phases (column packing materials) for HPAEC are normally prepared
from non-porous resins, in which microbeads with anion-exchange moieties are
attached to cation exchange resin particles to impart stability at all pH values. Moreover,
the preference of non-porous polymeric resins as stationary phases for HPAEC comes
from the fact that they minimize band broadening in chromatograms, thus highly
improving the separation of analytes.

After separation, they can be detected without the need for derivatization using a
pulsed amperometric detector (PAD) in which various (specific) electrochemical
potentials are applied to a working electrode for a period of time, causing oxidation-
reduction processes of the sugar’s hydroxyl groups at the surface of the working
electrode. The redox processes at the electrode surface will cause losses in protons,
which will result in currents being generated and the resulting current will be propor-
tional to the magnitude of the hydroxyl groups of the sugar samples.

Stable Isotope Ratio Analysis (SIRA) of Sugars in Fruit Juices
and Fruit Nectars: Isotope Signature

By definition, stable isotopes are the non-radioactive atoms, with nuclei having the
same number of protons but a different number of neutrons. Chemically, isotopes
behave like other major elements such as carbon, hydrogen, oxygen, nitrogen, and
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