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Abstract

The global herb and spice industry, valued at apprately US$4 billion, continues to grow.
This industry is continuously under threat frormanals dealing in economically motivated
adulteration. Opportunities for criminals to adtdte herbs and spices can occur at any point
along the long and complex supply chains. ThisawJuboks at the cases and effects of
adulteration in the herb and spice industry, aralytical methods being used to detect it and
ultimately prevent it. The economy and consumefidence can be negatively affected
following a food fraud scandal. Fraud may also ppéealth risk to consumers, even though
it is economically motivated, such as the case withprotein in cumin and paprika.
Therefore, for these reasons, rapid screening tggbs are required to detect and help
prevent fraud from occurring in the industry. Adeas in technology has resulted in an
increase in the use of spectroscopic techniquegyheied alongside chemometrics for the
detection of adulteration in the herb and spiceistiy. Also, improvements in DNA analysis
and mass spectrometry are providing faster andoelneaethods of adulteration detection.
These advancing techniques aim to protect the dreallspice industry and its consumers

from fraud by detecting, deterring and thereforevpnting adulteration.
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1. Introduction: The Herb and Spice Industry

According to the International Trade Centre, theldvanarket for herbs and spices is valued
at US$4 billion, and is expected to grow to US3glkbon in the near future. The Asia-
Pacific region is expected to have the fastest grgwarket in the world. Over the 2015-
2020 period, a Compound Annual Growth Rate of 7@reslicted for this region (CBI,
2016). In the EU, imports of herbs and spices arezlto 533 thousand tonnes, a value of
€1.9 billion in 2014, with a slow but steady margetwth (CBI, 2015a). Dried herbs and
spices are sold mainly in three main markets irBeretail, catering/food service, and the
largest category that accounts for 50-60% of tregifmod manufacturing (International
Trade Centre, 2006).

The consumption of herbs and spices in the EU asmé at a rate of 1.7% per year between
2010 and 2013, with the greatest of these consum&¥gstern Europe. There is an
increasing popularity for their use, with ready-madeals, health awareness and food
innovation on the rise (CBI 2015a). From a globaispective, the main consumers of herbs
and spices are Asian and European; however, theodSumers are also becoming
increasingly interested in herbs and spices (AMCHaM Trade USA, 2015). The supply is
not expected to keep up with future demand of hanasspices worldwide, therefore, prices
will rise (CBI, 2016).

The EU produced just 137 thousand tonnes of herthspices in 2013; however, it imported
over three times this amount. Just 2% of the wertarbs and spices are produced in Europe,
81% in Asia, 12% in Africa, and 3.7% in Latin Aneiand the Caribbean. North America
and Oceania produce <0.1% of global production (2BlI5a). The volume of imports of
herbs and spices in the EU grew by 3.8% betweefl 2adl 2014, even throughout the
economic recession. The value of imports increbgetD% per year in the same period, and
the volume of imports did not drop when prices r@&BI, 2015a). In the US, the increasing
demand is satisfied with imports also, as it istreditionally a producing market for herbs
and spices (AMCHAM and Trade USA, 2015).

Direct imports from developing countries (accordia@ECD DAC list) in 2014 amounted
to 57% of total EU imports with 302 thousand tonae€1 billion imported. China is the
largest supplier to the EU (35% of the total impdrom outside the EU), followed by India
(17%), Vietnam (11%), Indonesia (6.9%), Brazil (586 Peru (2.6%) (CBI, 2015a). Asian

exporters accounted for 90% of the US imports ib22@ith the leading exporters in
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descending order being, China, India, Turkey, SpathPeru (AMCHAM and Trade USA,
2015).

The imported volume of crushed and ground herbssaias in the EU increased from 23%
in 2010 to 31% in 2014. This increase can be dukdalesire for ready-meals and easy
cooking methods that are becoming more popular gy lifestyles. The processing of
these products allows suppliers in developing atesito add value and increase margins in
their products. Asian countries process these mtsduore than other countries. As Asia is
the largest global producer and has a large domestrket for its products, it is more
capable of investing in processing techniques. &tdpanies however, still dominate the
market for processed herbs and spices (CBI, 2015a).

There is a hesitance to buy such processed hedospares, as there is a higher risk of
opportunity for adulteration (CBI, 2015a). An inrfant reason for adulteration is economic
gain (CBI, 2015b) and the increase in demand fesdtproducts, along with the increase in
prices cannot be ignored as being a possible nimtivéor adulteration. The threat of fraud is

a concern in the growing herb and spice industith waluable products at risk.
2. Food Fraud and Economically Motivated Adulteration

The overall areas of concern with food protectimm@mbined in the model, ‘The Food Risk
Matrix’. The food risk matrix aids the understarglof the role of food fraud in the context
of other food protection issues such as food qualdfety and defence as seen in Figure 1
(Spink and Moyer, 2011). In this study of spiced aerbs, food fraud is the area of concern
being focused on. As can be seen from the foodmistix, food fraud is an intentional act
for economic gain. This is in contrast to food safesues and food quality issues, which are
unintentional acts that may cause harm, or foodraaf, which is an intentional act aimed at

causing harm (Spink and Moyer, 2011).

Along with the food safety issues such as micragmal, chemical and physical hazards in
the food chain (Bouzembrak and Marvin, 2016), the@n increasing need to combat the
rising threat of food fraud. Food fraud is a ‘cotige term used to encompass the deliberate
and intentional substitution, addition, tamperiogmispresentation of food, food ingredients,
or food packaging; or false or misleading statesemde about a product, for economic
gain’ (Spink and Moyer, 2011). Those who commé thime usually do not want to cause a

public health risk, but want to go unnoticed, andttue with their economic gain. It is also
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difficult to measure the occurrence of food fraasl the consumer is unlikely to notice the
product they have bought is fraudulent (Johnsofh4pdood fraud may also continue to
occur unnoticed until a public health incident asginowever, food fraud is never a
“victimless crime” (Elliott, 2014). As well as indtry, the consumer is the victim as they
purchase the food that is not what it claims toasewith the case of the oregano scandal in
2015 (Black, Haughey, Chevallier, Galvin-King antidi, 2016). This was an example of
the consumer being deprived of the product (1008¢amo) they thought they were buying.

Food fraud is a broad term that encompasses time‘éeonomically motivated adulteration’
(EMA) (Spink and Moyer, 2011). The US Food and DAdmministration (FDA) defined

EMA as “the fraudulent, intentional substitutionaaldition of a substance in a product for
the purpose of increasing the apparent value optbduct or reducing the cost of its
production, i.e. for economic gain” (FDA, 2009).€rh is more incentive to adulterate more
costly food products with cheaper alternatives @haki, 2012), and as herbs and spices are
valuable products, they are at high risk. The &etdolterating food products, although
carried out with economic or financial motivati@an have an effect that can often lead
unintentionally to a public health threat as a gBesadded substance may be unconventional
(Spink and Moyer, 2011). Adulteration can also niegéy affect the food industry and
consumer trust (Bo, 2010, Spink and Moyer, 2011).

3. Effectsof Food Fraud on the Economy and Consumer Trust

It is not known how common the occurrence of fo@difl is, although food fraud is
estimated to cost the global food industry US$4ibhidollars per year according to John
Spink, (PwC and SSAFE, 2016) and US$10 to 15 biltiollars per year according to
Grocery Manufacturers Association (GMA). The cdsbree incident to a company can be
between 2% and 15% of annual revenue (GMA and Ksa2010).

The economic effect of a food fraud scandal caddiemental to a company and the
industry in which it occurs. Many factors need &donsidered when accounting for
financial loss of a food fraud scandal. These coatsinclude the cost of a ‘product recall or
withdrawal, incident investigation, liabilities,dbsales, drop in share price’. These costs are
also driven by the ‘size of the product footprsttale of the incident, toxicity of the
adulterants, applicable regulations’ (GMA and Kegtr2010). In 2004, the scandal

involving Sudan dyes in spices cost US$418 mil[GMA and Kearney, 2010).
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Current costs for companies includes conductinmpd fraud vulnerability assessment plan
(PwC and SSAFE, 2016). A single food fraud scandalcause long-term industry wide
losses, destroy valuable brands, close export rtsagkel damage trust in public institutions.
Significant investment is required to obtain effeetstrategies for supply chain risk.
Addressing and preventing the food fraud risks amsomic growth, the movement of food

through supply chains, and consumer confidence (BmCSSAFE, 2016).

De Jonge et al. (2004) defines consumer confidéascéhe consumers’ general expectation
that food products will not cause any harm to thealth or to the environment”. Evidence of
good communication and risk management improvesuwoasr trust (de Jonge, Frewer, van
Trijp, Ja Renes, de Wit and Trimmers, 2004). Anaase in food safety issues has reduced

consumers’ confidence in the food industry (Grunze02).

Consumers want improved traceability, clear andexbdabelling, shorter supply chains, use
of local ingredients, more attention to personahownication and reassurance, and
information about the origin of products (Barnetak, 2016). There are regulatory bodies in
place to control the risks of fraud and to protbetconsumer from being a victim of food

fraud.

4. EU and US Regulationsto Control Fraud in the Herb and Spice
Industry

In the General Food Law Regulation (EC) 178/2002,(E002), the general principles and
requirements of food law and procedures of foodtygadre outlined. With regard to the
consumer’s interest, the General Food law aimsdwegnt, “fraudulent or deceptive
practices, the adulteration of food, and any ofinactices which may mislead the consumer”.
The European Food Safety Authority (EFSA) was distadd legally in 2002 under the
General Food Law, following a number of food crigethe late 1990s. EFSA provides
scientific advice and communicates risks within fin@d chain.
In the United States, the FDA and the US DepartraeAgriculture (USDA) are the
principle federal agencies working on food saf8tyrder protection and import authorities,
as well as food safety, food defence and food tyualithorities broadly look after food fraud
across a number of federal agencies (Johnson, 2084 primary food safety law
administered by the FDA is the Federal Food, Dmg) @osmetic Act (FFDCA) (FDA,
1938). This act tightened control over food, driagg] consumer protection, and gave the

government enforcement ability. The Food Safety &ozation Act was then passed by US
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congress (FDA, 2011). This Act amended Sectionafibe FFDCA with the aim to prevent
rather than respond to contamination and outbreaks.

Specific organisations have become involved inpitadection of the herb and spice industry.
The European Spice Association (ESA) is a non-poofjanisation made up of national
federations of the spice industry from the EU, |yrland Switzerland. It has an aim to
protect the industry and its members with reganarbzessing, packaging, quality assurance,
food safety and marketing in the herb and spicastrg. The American Spice Trade
Association (ASTA) works similarly in the US, tosene clean and safe spices, and enhance
the industry and the business interests of its neesnlihe ESA has a set maximum level of
2% w/w extraneous matter in herbs and 1% w/w marirtevel in spices in the Quality
Minima Document (ESA, 2015) whereas the ASTA hasdevel of extraneous matter at
0.5-1% w/w (ASTA, 2011a). One of the difficulties keeping the herb and spice industry

free from fraud, is the issue of long industry dypghains that can exist over many countries.

5. Herb and Spice Industry Supply Chains

Supply chains in the herb and spice industry terfaetlong, complex and can pass through
many countries. Such complexities present many ppities for criminals to carry out
EMA. The stages of the supply chain can includevgro collector, primary processor, local
traders, secondary processor, exporter, importet, processor/packager, food
manufacturer/retailer/wholesaler, and finally tlr@sumer (Figure 2). At any stage of this
supply chain, a number of fraud opportunities cecuo including misrepresentation,
adulteration and substitution (BRC-FDF-SSA, 2016).

“Fraud control measures” can be implemented in @omgs to detect fraud opportunities or
motivations that may occur either internally, otezrally of the company (PwC and SSAFE,
2016).The processing and manufacturing needs tatggully monitored to ensure food
protection. Cleanliness and protection of the pobdwm contamination and adulteration is
vital. The cost of maintaining these standardshmahigh. The blending and packaging stage
provides an early opportunity for adulteration awee@ds to be carefully monitored. In more
modern processing plants, the product is oftenosed during this process. In addition,
careful monitoring is required for the preparataneady meals i.e. precooked meals, and
other food products that have herbs and spicesdadddem towards the end of the supply
chain.
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The ESA Adulteration Awareness Document (ESA, 2@Hjses companies on ways to
prevent adulteration: 1. “Evaluation of the supgiain” (knowing the history of the supply
chain, adherence to legal requirements, traceglalitherence to HACCP (Hazard Analysis
and Critical Control Points) and adherence to alitagon standards), 2. “The nature of the
material” (whole or ground, botanical species amahmercial grade), 3. “Product testing”
(there is a range of methods being developed torapid and accurate detection of fraud). It
is important to have these precautions in placéddin industry and the consumer, however,
cases of adulteration continue to occur, and threrg be useful lessons in reviewing old

examples of adulteration.

6. Economically Motivated Adulteration in the Herb and Spice
Industry

A large global industry such as the herb and sgéo¢or is under constant threat from
fraudsters. With valuable condiments such as saffscegano, vanilla, turmeric and paprika,
substantial amounts of money can be made by carouhadulteration of these products at
the expense of the consumer and potentially thetatipn of food businesses. The long,
complex supply chains and the increase in crushddyeound herbs and spices provide
excellent opportunities for EMA. However, other meitabilities that may affect the chances
of adulteration include seasonality and availapibt the crop, weather events, cultural and
geo-political events, economic indicators, foocesafaws, prevalence of corruption and
advances in technology to mask fraud (BRC-FDF-SEAS6). The 2016 garlic crop had
potential to become vulnerable to adulterationofelhg severe weather events of heavy rain
and snow in late 2015, causing a surge in the pficarlic. (Terazono, Li and Hornby,
2016). This surge in the price caused stockpilihgaolic. Circumstances such as these can
all provide motivation for adulteration. Preventatmeasures can include; knowing product
specification, supplier assurance, product typeud and crushed and where did this
process take place), knowing the supply marketemg aware of vulnerabilities in the
supply chain. Verification and testing can be eatout to confirm the preventative measures
are effective. This can involve devising represévdéasampling and inspection programmes
for products, a suitable testing strategy that mebjectives, a test method in an accredited
laboratory, and supply chain verification measuvbhgh may include pre-delivery of
samples prior to purchase for approval, or evidei@ithenticity from an accredited
laboratory (BRC-FDF-SSA, 2016). The preventionratifl is not in detecting each
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individual fraud and controlling one type, but rethg the vulnerabilities, as the fraudsters

are always evolving and looking for their next cgi®pink and Moyer, 2013). The herb and

spice industry has been a victim of EMA on numermoesasions. Table 1 focuses on

examples where substitution adulteration occurrigd various herbs and spices.

Table 1: Examples of Substitution Adulterationhie Herb and Spice Industry

N

Ingredient Adulterant Reference
QOll, rice flour, bran (The Express Tribune, 2016)
Chill - o (Dhanya, Syamkumar, Siju and Sasikumal
Ziziphus nummularidruits 2011a)
Plant husks, rice powder, sawdust, stone powder e Hihdu, 2008)
Sumac, olive leaves (Choice Magazine, 2016)
(Black, Haughey, Chevallier, Galvin-King
Olive leaves, myrtle leaves and Elliott, 2016)
Oregano (Marieschi, Torelli, Bianchi and Bruni,
Satureja montan&. andOriganum majorand.. 2011a)
Cistus incanu4.., Rubus caesius.landRhus (Marieschi, Torelli, Poli, Bianchi and Bruni
coriaria L 2010)
Almond, peanut, tree nuts, peach and cherry (@abal., 2016)
Cumin Fennel seeds (John, 2012)
Peanut shell (Agres, 2015)
(Parvathy, Swetha, Sheeja, Leela,
Black pepper Chilli Chempakam and Sasikumar, 2014)
Buckwheat or millet (ASTA, 2011b)
Papaya (Lakshmi, 2012)
Cinnamon Coffee husk (ASTA, 2011b)

Chinese star
anise

Japanese star anise

(Perret, Tabin, Marcoz, Llor and Cheseau
2011)

d

a’,

U

Nutmeg Coffee husks (ASTA, 2011b)
Almond (Whitworth, 2015)
White pepper, curcuma, barium sulphate, brick
powder (Lead Action News, 1995)
Defatted paprika (ASTA, 2011b)
Paprika Paprika of inferior quality substituting paprika
from the Protected Designation of Origin (PDO)| (Hernandez, Martin, Aranda, Bartolome ar
‘La Vera’ region. Cordoba, 2007)
Falsely declared Szegedi paprika substituted for (Brunner, Katona, Stefanka and Prohaska
Szegedi FlszerpaprikgkDO 2010)
Saffron of unknown origin labelled as being (Rubert, Lacina, Zachariasova and Hajslo
cultivated in the PDO region in Spain can be 2016)
used for substitution.
(Heidarbeigi, Mohtasebi, Foroughirad,
Beet, pomegranate fibres, dyed corn stigmas, redshasemi-Varnamkhasti, Rafiee and Reza
Saffron dyed silk fibres, safflower, marigold to red stigma2015)
Safflower, gardenia, meat fibres, gelatine fibres
curcuma, sandalwood, campeche wood powder, (Soffritti et al., 2016,Saffron in Europe-
stigmas of other saffron types, flowers, starch, | White Book,)
glucose
Turmeric (Dhanya, Syamkumar, Siju and Sasikumal

Curcuma zedoaria, Curcuma malabarica

2011b)

r!

Chalk powder

(Nallappan, Dash, Ray and Pesala,)2013
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The addition adulteration of colour to spices tpiove their value is a common occurrence.
Colour can influence the perception of food andhstate appetite, therefore, increase the
value of a product (Downham and Collins, 2000). &tdition of colourants to foodstuffs
dates back to at least 1500 BCE, and up until tidelle of the 18 century, ingredients such
as the spice saffron was added for a decoratieetefi certain foodstuffs (Downham and
Collins, 2000). Natural dyes were commonly usefbod around this time, however, as the
1900s began, the use of synthetic dyes becamelbering of choice with ease of
production, less expense and superior colourinifyafibownham and Collins, 2000).

As with other types of food adulteration, thera iskelihood that certain synthetic dyes may
be a threat to public health, and historical resaidow that injuries and even death occurred
following ingestion of toxic colourants (Downhamda@ollins, 2000). Allergic and asthmatic
reactions as well as DNA damage have also beemtegp(iray et al., 2016). Therefore, the
use of most synthetic dyes is forbidden in Eurdpeay et al., 2016). The two main types of
dyes that may be illegally added to food include dyes and triphenylmethanes (EFSA,
2005). Examples of these illegal azo dyes inclugda8 |, Il, Ill, IV, para red, orange II,
methyl yellow and rhodamine B. Malachite green asdnetabolite leucomalachite green are

examples of triphenylmethane dyes considered ggroamd/or carcinogenic (EFSA, 2005).

In May 2003, Sudan 1 was found to be illegallyser& in chilli powder and foods
containing chilli powder in the EU (EFSA, 2005)ollewing this event, in 2005 and 2006,
numerous tests were carried out for the presentlegél dyes by the UK Food Standards
Agency (FSA) (Oplatowska-Stachowiak and Elliott12R Regulatory legislation was put in
place following the scandal, and member states vegpgired to monitor high risk products
and provide analytical reports for the presencabsence of Sudan dyes as an emergency
measure in the European Commission Decision 20QBHD(EU, 2005). This legislation
was later repealed in the European Commission Ragual(EC) No. 669/2009 (EU, 2009) to
a less intensive testing regime due to a reduatidhe presence of Sudan dyes.

Legislation varies in different countries, whiclhazause problems for importers and
exporters (Oplatowska-Stachowiak and Elliott, 201In)the EU, Regulation (EC) No.
1333/2008 (EU, 2008) on food additives was devaldpewith a view to... ensuring a high
level of protection of human health and a high l@feonsumer protection ....” With regard
to food colours, there are currently 25 naturat] 45 synthetic dyes on Annex Il of this
regulation that can be allowed in food (OplatowSktaehowiak and Elliott, 2017). The US



256  FDA regulates food additives in the US. To indiddie variation between countries, three
257  synthetic dyes approved in the US are not appravéte EU, and nine synthetic food

258  colours in the EU are not approved in the US (@piaka-Stachowiak and Elliott, 2017).
259  There is still a continued risk of adulterationtwityes in spices.

260 The results in Table 2 summarises reported casagultieration of spices with dyes from
261 2013 to 2017 in the US. In this work the most comrdges reported were Sudan 1 and
262  Sudan 4. These results indicate that adulteratiindyes is ongoing. Continued

263 surveillance of spices to detect and prevent aduite with dyes is vital to the herb and
264  spice industry as well as the safety of consuntégalth risks can occur alongside both
265  substitution and addition adulteration. They camseamore than an economic threat to the

266 consumer.

267 Table 2 Adulteration with Dyes as reported by T&etirand Sheridan (2014) and by
268  Tarantelli (2017).

Spice Adulteration
Sudan 1, Sudan 4, Metanil Yellow, Sudan 3, Oil Qm8S,
Red Pepper ChiliRhodamine B, Auramine O, Orange Il, Dimethyl Yellgw
powder Fast Garnet GBC, Malachite Green, Allura Red
Paprika powder Sudan 1, Sudan 4, Acid Black 1, @gdh Annatto
Turmeric powder Sudan 1, Mentanil Yellow, Orangd_#ad Chromate
Sumac Amaranth Red, Basic Red 46
Curry powder Auramine O, Chrysoidin (Basic Oranie |
Acid Orange II, Mentanil Yellow, Sudan |, PonceaR, 4
Saffron flower Ponceau 6R
Cayenne pepper Crystal Violet
Five spice powder Auramine O
269
270
271
272

10



273
274
275
276
277
278
279

280
281
282
283
284
285

286
287
288
289
290
291
292
293
294
295
296

297
298
299
300
301
302
303

7. Public Health Risks and Impact Due to Economically Motivated
Adulteration
The main motivation for the addition to, or suhstdn of the authentic product is for
economic reasons, however, with the cases outim@&dble 3, a number of health risks were
a detrimental result of this criminal behaviourefdis an increasing concern over the
introduction of hazards from food fraud. It is anstant and growing concern in the food

industry, with greater actions needed to be pplace to detect it.

There are three types of food fraud risks that @oeeat to the public: 1. Direct: The
consumer is put at immediate risk from a short-tekposure leading to acute toxicity or
lethality, 2. Indirect: The consumer is put at risler long-term exposure with potential
chronic effects, 3. Technical: Food documentati@y mot be representative of the food
content (Spink and Moyer, 2011). A serious exanople technical fraud risk could be an

allergic reaction to an unknown product that hassbheen outlined in the label.

The detection of undeclared nut protein in cumid paprika in 2015 was one case where
adulteration did not result in just economic los&earber et al., 2016). This crime had
serious consequences for public health and strengththe demand for food protection.
With food allergies affecting approximately 3-4%tbé& adult population, an estimated 0.6%
are allergic to peanut and 0.5% allergic to treie(8icherer and Sampson, 2006). All
products that come into contact with nut proteiach® be labelled accurately as the risk of
an unsuspecting sensitive individual coming intotaot with this can be fatal. In a study by
Bock, Muioz-Furlong, and Sampson (2001), it wasbtinat out of 32 fatal cases of
anaphylaxis from 1994-1999, 94% of the cases wausexl by peanut or tree nuts, indicating
that the vast majority of food induced anaphylasisaused by these foodstuffs. The

adulteration of spices with nuts is a serious ulbéialth risk for susceptible individuals.

Chinese star anisdllicium verum) is infused in teas to relieve the symptoms oiccol

children. The adulteration of Chinese star anigl @apanese star anisigium anisatun)

has in previous years resulted in the intoxicatibohildren. Japanese star anise looks similar
to Chinese star anise, and they are often even diifiilt to distinguish as they can be sold
in broken or ground form. Therefore, chemical asialys required to distinguish them.
Japanese star anise contains neurotoxins and sahirea child having neurological and

gastrointestinal problems (Perret, Tabin, Marcdar and Cheseaux, 2011).
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Papaya seeds have been used to adulterate anbldckikpepper. However, these papaya
seeds can cause liver and stomach problems, areddteepose a health risk to the

unsuspecting consumer (Lakshmi, 2012).

Turmeric can contain various adulterants that tierepublic health. Yellow chalk powder

has been used to add bulk to turmeric as it issaginaterial (Nallappan, Dash, Ray and
Pesala, 2013, Food Safety and Standards Authdrltyda, 2012). This adulterated product
however can cause swelling of the face, loss oétigp nausea and vomiting (Nallappan,
Dash, Ray and Pesala, 2018urcuma zedoariaan be used to adulterate turmeric (Dhanya,
Syamkumar, Siju and Sasikumar, 201 Hrdwas found to have toxic effects in rats and
chickens by Latif et al. (1979) if not processedgarly. Lead chromate added to turmeric
was used as a dye as well as a bulking powder. ©ymrsure to lead can cause delayed

mental and physical development (Food Safety Ne@&6).

In a case reported in the Times of India (John220door grade fennel seeds were coated
with waste marble dust and dye, and mixed in withd¢umin product. In this case, it was the
treatment of the fraudulent product that causedgthsic health risk rather, than the fennel

seeds themselves.

The use of other plant cuttings such as olive Ised@vehe adulteration of oregano (Black,
Haughey, Chevallier, Galvin-King and Elliott, 20X&n also pose a health risk to the
consumer. As these leaves are not produced fouagptson, it is unknown how these

cuttings may be treated. In the case of olive Isanearticular, evidence of pesticides can be
found (Elliott, C- personal communication). Pest&cresidues pose a health risk, and hazards

such as toxicity, carcinogenicity and mutagenieity associated with them (WHO, 2010).

There are many possible risks with food adulteratidherefore, it is vital that there is
adequate policing of the supply chains and the foddstry to deter and try to prevent any

fraud before it is too late.
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Table 3: Examples of Economically Motivated Adudiieon with Possible Health Impact

Possible Health Type of Food
Herb/Spice | Adulterant | Impact Reference Fraud Risk
(Sicherer and
Sampson, .
Cumin, 2006,Garber et Direct
Paprika Nut protein| Anaphylaxis al., 2016)
Neurological and (Perret, Tabin,
Chinese star Japanese | gastrointestinal Marcoz, Llor and | Direct
anise star anise | problems Cheseaux, 2011)
Black Papaya Liver and stomach Direct
pepper seeds problems (Lakshmi, 2012)
Yellow Face swelling, loss of| (Nallappan, Dash
chalk appetite, nausea, and Ray and Pesala, | Direct
powder vomiting 2013)
Turmeric (Latif, Morris,
Curcuma Toxicity in rats and Miah, Hewitt and | Direct
zedoaria chickens Ford, 1979)
Lead Delayed mental and | (Food Safety Indirect
chromate | physical development News, 2016)
Fennel
seeds
coated with | Possible health risk Indirect
marble dust| from the use of dye
Cumin and dye and marble dust (John, 2012)
Presence of
pesticides-Toxicity, Indirect
carcinogenicity,
Oregano Olive leavesmutagenicity (WHO, 2010)

lllegal dyes are a constant threat to the inteonalifood industry and are found

intermittently, as indicated by the alerts in Rafldrt System for Food and Feed (RASFF).

Examples from RASFF and the possible health impzanrtshe seen in Table 4.

It is vital that authentication testing is carrimat to detect cases of economic fraud and to

verify that preventative measures are effectivelplace (BRC-FDF-SSA, 2016). This

prevention not only maintains quality and consutngst, but also helps to prevent the
possibility of public health risk (Lohumi, Lee, Laaed Cho, 2015).
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Table 4 The Possible Health Impacts of Common dll&yes

Common Illegal Dyes

Possible Health I mpact

Examples of Spices

Genotoxic and carcinogenic in

Cayenne pepper,
Turmeric, Chilli, Paprika

Sudan 1 rats Curry

Potentially genotoxic and Curry, Turmeric, Chilli,
Sudan 4 possibly carcinogenic Paprika, Sumac

Potentially genotoxic and Chilli, Cayenne pepper,
Para Red possibly carcinogenic Paprika

Potentially genotoxic,

insufficient data on Chilli, Safflower, Sumac
Orange |l carcinogenicity Paprika

Possibly carcinogenic to humans
Methyl Yellow (IARC, 1975) Curry

Rhodamine B

Potentially genotoxic and

potentially carcinogenic

Sumac, Chilli, Paprika,
Turmeric, Curry

(RASFF portal, EFSA, 2005)
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8. Analytical Methodsfor the Detection of Adulteration in Herbsand
Spices
Fast, reliable and competent analytical techniguesvhat is required to confirm the
authenticity of food with this increasing trendfobd adulteration (Lohumi, Lee, Lee and
Cho, 2015).

According to the database records collected by klo8pink and Lipp, (2012) from 1980 to
2010, the top two methods used for detecting fabdteration were liquid-chromatography
and infrared spectroscopy. Visual inspection andeacopy are common methods used to
detect adulteration in herbs and spices as repbytéle British Retail Consortium, the Food
and Drink Federation, and the Seasoning and Spmsedation in ‘Guidance on Authenticity
of Herbs and Spices’ (BRC-FDF-SSA, 2016). Howeiteequires highly trained analysts
and analysis can take a long time, therefore rekaarcontinuously being carried out to
develop new methods for the detection of adultenaith herbs and spices. Fraudsters tend to
be one-step ahead of the food safety agencieddmyttachniques for food adulteration are
becoming more and more advanced (Lakshmi, 2012emeanalytical methods for the
detection of adulterants are listed in Table 5.

8.1 DNA Analysis

DNA analysis is increasingly being used in the fighainst food fraud as advances in
methods provide cheaper, more efficient and aceura&tans of detection of fraud. It can be
seen from Table 5 that DNA analysis plays an ingrartole in the detection of substitution
adulteration in herbs and spices. In recent y&aguence Characterised Amplified Region-
Polymerase Chain Reaction (SCAR-PCR) and DNA bancpare becoming desirable

methods for the detection of food adulteration.

SCAR-PCR is an advancement on the use of Randonlifed@Polymorphic DNA (RAPD)
markers in DNA analysis. RAPD analysis is considexeiseful starting point as it has low
operating cost and can distinguish between botbwirgeties (Marieschi, Torelli and Bruni,
2012, Marieschi, Torelli, Poli, Sacchetti and Br2009). Although RAPD markers are a fast
and cheap method, their downfall is that repeatghsl low and exchanging results between
laboratories creates difficulties (Babaei, Taleld 8ahar, 2014). This problem with RAPD
markers was corrected with the development of S@ARers and this increased specificity
and reliability (Paran and Michelmore, 1993). Tise of SCAR-PCR was observed by

15



395
396
397
398
399

400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415

416
417
418
419
420
421
422
423
424
425
426

Marieschi, Torelli & Bruni (2012) for the detectiah bulking agents in saffron, where, the
method screened large batches with a fast, relgisitive and low cost screening method.
The detection of adulteration of oregano wWiistus incanus.., Rubus caesiuk., andRhus
coriaria L., was carried out by Marieschi et al. using RA2D09) and subsequently with
SCAR-PCR (2010) to improve the robustness of thiéhate

Other SCAR-PCR methods include the detection ekdeaves,Satureja montana., and
Origanum majoranaih. in oregano (Marieschi, Torelli, Bianchi and Bru2011a,Marieschi,
Torelli, Bianchi and Bruni, 2011b) , the presen€€arcuma zeodoari€urcuma
malabaricain turmeric (Dhanya, Syamkumar, Siju and Sasiky@@t1b) and the presence
of plant based materials in chilli (Dhanya, Syamlun$iju and Sasikumar, 2011a). The
development of a SCAR and Internal Transcriber 8pdgS) region multiplex PCR method
allowed the detection of both the adulterant saffloand the spice saffron in the one
analysis (Babaei, Talebi and Bahar, 2014). It idevt that the use of SCAR-PCR has
potential for EMA adulteration detection in a numb&herbs and spices. SCAR-PCR is a
sensitive method with detection limits at 1% foe #idulteration of oregano wi@istus
incanusL., Rubus caesiuk., andRhus coriarialL. (Marieschi, Torelli, Poli, Bianchi and
Bruni, 2010), 1% for the detection of olive leave®regano (Marieschi, Torelli, Bianchi and
Bruni, 2011b) and a limit of detection (LOD) of 1Kg for the presence @urcuma
zeodoari#Curcuma malabarican turmeric (Dhanya, Syamkumar, Siju and Sasikymar
2011b) indicate this. However, a limitation of SCARR is the need for sequence data for
the PCR primers design (Ganie, Upadhyay, Das aasbBrSharma, 2015).

DNA barcoding is a relatively new method that wiestly developed by Hebert et al. (2003).
It is based on the variability within a standardioa of the genome, the ‘DNA barcode’
(Hebert, Cywinska, Ball and deWaard, 2003). It Ib@some increasingly used since its
development, and there is successful evidencaonththod in the detection of adulterants
in herbs and spices. This method has been us¢lealetection of adulterants in saffron
(Huang, Li, Liu and Long, 2015, Jiang, Cao, Yuahef, Jin and Huang, 2014), and chilli
adulteration in black pepper (Parvathy, Swethagfhéeela, Chempakam and Sasikumar,
2014). DNA barcoding is a fast, reliable sensitivethod for a wide range of food
commodities, and even strongly processed foodsr(Batti et al., 2013). There is also the
possibility of building reference databases to iowerthe chances of it becoming a routine

test for food quality, and traceability (Galimbestial., 2013).
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DNA purity and integrity are concerning with regaodDNA barcodes, which, can be a
limitation of the test. Poor quality DNA may redusaplification success of DNA barcodes.
(Huang, Li, Liu and Long, 2015). DNA barcoding ateties on the availability of sequence
libraries to reference against (Ellis, Muhamadallien, Elliott and Goodacre, 2016).

Whole genome sequencing is becoming a possibititiiahas potential for the detection of
food adulteration with Next Generation SequencM@$). However, so far, little work in
this area has been carried out with the complexwWwow and high costs associated with this
method (Burns et al., 2016).

The methods for the detection of adulteration irbBe@nd spices using DNA analysis
described are qualitative. Quantitative methodsrofesult in high measurement uncertainty,
although advancements in PCR technologies are wimgan this way (Burns et al., 2016).
Overall, the limitations with DNA analysis may inde poor integrity and purity of the DNA,
poor efficiency of the extraction, and the riskcohtamination is a concern with these
methods (Burns et al., 2016). Also, low level deatal contamination can be misinterpreted

as intentional substitution.

8.2 Mass Spectrometry

Mass Spectrometry (MS) is a powerful tool in thghfiagainst food fraud, and in many
industries, it is considered the gold standardrigglre. Methods include Gas
Chromatography (GC-MS), Liquid Chromatography (LGMIsotope Ratio (IR-MS) and
Inductively Coupled Plasma (ICP-MS). Once a targj@ethod is developed, mass
spectrometry can provide a highly specific and gimesechnique that can quantify known
analytes to sub-ug concentrations (Ellis, MuhamaHaughey, Elliott and Goodacre, 2015).
Although an expensive technique that requires Bagmt expertise and laboratory

surroundings, it is highly regarded as a confirmatechnique.

In the study by Black et al. (2016), Liquid Chroography coupled to High Resolution Mass
Spectrometry (LC-HRMS) was used as part of a t@pdapproach to detect the presence of
adulterants in oregano with LC-HRMS used as a cwfiory technique. The analysis was
untargeted, and with the use of Principal CompoA@atlysis (PCA) and Orthogonal Partial
Least Squares- Discriminant Analysis (OPLS-DA) chamatrics, biomarkers specific to the
classes (oregano and various adulterants) werdéfiddnThe identification of such
biomarkers allowed further developments in the ctede of adulteration with targeted mass

spectrometry (Wielogorska et al., 2018). Wielogarskal. used targeted FTIR (Fourier
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Transform Infrared) and LC-MS/MS to quantitativelgtect adulteration in oregano. The
studies by Black et al. (2016) and Wielogorska .ef2818) were an improvement on the
work of Bononi and Tateo (2011) as they identifieoimarkers for a number of adulterants,
as well the development of a quantitative methodhé work by Bononi and Tateo, a
targeted method was developed for the detecti@abiaracteristic marker of olive leaves,
the phenolic compound oleuropein, in both oregarmbsage with the use of Liquid
Chromatography-Electrospray lonization Mass Speuttoy (LC-ESI-MS/MS). This
compound oleuropein was later found to be alsogotes myrtle leaves by Wielogorska et
al. (2018). Similarly, the use of untargeted Uktigh Performance Liquid Chromatography
coupled to High Resolution Mass Spectrometry (UHFHRMS) merged with
chemometrics, OPLS-DA proved to be a successfulpioitool in determining products
from the PDO of saffron (Rubert, Lacina, Zachanasand Hajslova, 2016). Falsely declared

saffron from a PDO can be used in substitutiorhefduthentic product.

GC-MS is another method that has been used totdqeissible adulterants. This was the case
with the study carried out by Ma et al. (2015) wirarestigating detection methods for

known fruit adulterants in fennel seed. Esseniialaf fennel seed and two adulterants were
profiled, and distinct differences between fenma&ldsand two of its adulterants were
observed. Bononi, Fiordalise and Tateo (2010) wabte to use GC-MS to detect olive leaves
in oregano and sage by using GC-MS with a deteditiihof 1%. The benefits of this

method included the ease of use and reproduciloiitiie results. However, with regard to
the detection of adulteration in herbs and spiaesssue that may occur with the use of GC-
MS is that, only the volatile oils are investigat@&tierefore, the addition of volatile oils to a
product may cheat the GC-MS adulteration detectethod.

ICP-MS along with PCA and Canonical Discriminantadysis (CDA) was the method used
by Brunner et al. (2010) to detect falsely decleBedgdi paprika (PDO). The Sr isotopic
composition and the multi-elemental analysis isdative of paprika from the region.

Upgrades in mass spectrometry involve the useatftirae analysis of samples by directly
introducing the samples to the mass spectrometehiént mass spectrometry is a relatively
new analytical technique that gives comparablelt®su conventional techniques without
complex sample preparation (Black, Chevallier alidtE 2016). Examples of its use
include the detection of the adulterant Japanesenise in Chinese star anise using Direct
Analysis Real Time-High Resolution Mass Spectrom@ART-HRMS) (Shen, van Beek,
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Claassen, Zuilhof, Chen and Nielen, 2012) by detgt¢he presence of anisatin. Advances
on this method involves the use of direct planagmombined with orbitrap-HRMS (Schrage
et al., 2013). This method can detect between ¢eatoxic Japanese star anise and the
Chinese star anise in seconds, and without sam@lergatment. DART ionisation has
slightly higher selectivity, no solvents added #imel absence of high voltages when
compared to direct plant spray. The benefits adaliplant spray over DART ionisation
include the low cost, lower standard deviations sintplicity. Direct plant spray and DART
ionisation techniques are more successful qualgatiethods than quantitative methods
(Schrage et al., 2013).

Currently the disadvantages of mass spectrometrgnmparison to spectroscopy is the cost
and the requirement of a laboratory setting andliittained analysts. However, advances to
overcome this are ongoing with aims to miniatutlee instrumentation, and for the data to be
presented so that it is easily interpreted. Howethese developments require further
optimization and are not readily available (EIMyhamadali, Haughey, Elliott and
Goodacre, 2015). Similarly to spectroscopy, thedation procedure for non-targeted
methods in mass spectrometry have not been stasedrdThis can reduce consistency

between laboratories.

8.3 Spectroscopy

Vibrational spectroscopies, along with chemometthese become well known as rapid,
non-destructive, fingerprinting techniques andwaleable screening tools in the detection of
adulteration/authentication in the food industryralige of spectroscopic analytical
techniques used in the food industry include FH&jrier Transform Near infrared (FT-
NIR), Raman, Hyperspectral Imaging (HSI) (Lohumegel.Lee and Cho, 2015) and Nuclear
Magnetic Resonance (NMR) (Petrakis, Cagliani, Badis and Consonni, 2015).

In the detection of adulteration of herbs and spfoe economic gain, a number of
spectroscopic methods continue to be developedkWas been carried out to develop
competent models to detect cornstarch in garlicgavy FTIR (Lohumi, Lee and Cho,
2015) and onion powder by FTIR and NIR (Lohumalet2014). Raman has also been used
to detect cornstarch in onion powder and garliginger powder (Lee et al., 2015, Lee,
Lohumi, Cho,Z14d and©]4=3], 2014). Starch may be added to white powders asch
garlic and onion powder to add bulk to the producthese studies, a quantitative model was

built using the algorithm Partial Least SquaresrBggjon (PLSR) in chemometrics. The
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Raman, FTIR and NIR spectral data based modelsideddere are capable of detecting

adulteration in onion powder, garlic and gingerhwatarch up to 35%.

In a study by Black et al. (2016) on the detectbadulteration in oregano, FTIR was used
alongside the confirmatory technique LC-HRMS. Railog the identification of biomarkers
for both oregano and its adulterants, and the deweént of spectroscopic classification
models using the unsupervised PCA and supervis&b @A chemometric algorithms, a
rapid screening method and confirmatory method dea®loped. The benefit of this method
was that a number of different adulterants coulddided to the database that was used to
build the model. The developed screening technilyeeefore was robust and could identify
numerous adulterants at each screening in the stimaéwas subsequently carried out. The
results of the survey indicated that adulterati@s wngoing, but also, it displayed the use of
a rapid screening technique to help the fight agjdood fraud. Further development on these
analytical techniques was carried out by Wielogarskal. (2018) with the development of
targeted quantitative methods using FTIR with Plz®ig LC-MS/MS for the detection of

adulteration in oregano.

Raman and FTIR methods analyse the sample in ttienfnared region of the
electromagnetic spectrum. The spectral data cooksdtarp bands representing inelastic
scattering, or information on the fundamental viloras of the sample respectively. This is in
comparison to the vibrational overtones and contlingeaks of the NIR, which does not
provide as much information (Ellis, Muhamadali, ighay, Elliott and Goodacre, 2015).
However, in the detection of starch in onion powddR with PLSR chemometric algorithm
was determined the most suitable method by Loharml. €2014). NIR has the ability to
penetrate deeper into the sample and thereforeris suitable for bulk samples that have
little or no sample preparation (Lohumi et al., 2D Raman has advantages over NIR and
FTIR as it is not affected by water, and inorganaterials can be analysed more easily.
Analysis through packaging or glass is also a pdggi(Lee et al., 2015). Recent
improvements to Raman also include the use of Saifamhanced Raman Scattering (SERS)
and Spatially Offset Raman Spectroscopy (SORS)whas shown its ability to detect
counterfeit products through packaging (Ellis, Mulaaali, Haughey, Elliott and Goodacre,
2015).

The use of Proton Nuclear Magnetic ResonafideNMR) combined with chemometrics
(PCA, OPLS-DA, O2PLS-DA) was investigated and wams/pn successful at determining
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555 the quality and authenticity of saffron (Petrakisgliani, Polissiou and Consonni, 201'%)-

556 NMR was shown to give reproducible results rapititjywever, sample pre-treatment, was
557  more time consuming than required for other spectipic techniques, and this pre-treatment
558  would require a laboratory setting and trained gengl. Therefore, further work carried out
559 by Petrakis and Polissiou (2017) using DRIFTS otRFfinimized the process of sample

560 preparation and sample destruction and proved subeessful along with PLS-DA

561 classification and quantitative PLSR models atdetg six known saffron adulterants

562  (Petrakis and Polissiou, 2017).

563  Although these spectroscopy methods are often ssftden their own, further
564 developments are being made to improve the metbygdk) combining data, 2) increasing

565  sensitivity or 3) developing ways to analyse thitopgckaging.

566 1) Combining data: Wang et al. (2014) carried ostiualy that improved FTIR and NIR

567 results for the detection of the adulterantium lanceolatum A.C. SmithLACS) in Chinese
568  star anise. This method involved combining the ldifd FTIR spectral data and the use of
569 PCA and Linear Discriminant Analysis (LDA) chemometechniques. Although the FTIR
570 performed better than NIR in this study when aredyseparately, the classification results

571  from the combined approach proved to be even mareessful.

572  2) Increasing sensitivity: Vermaak et al. (2013 dibyperspectral imaging with PCA and
573  PLS-DA to distinguish between the neurotoxic Japarstar anise and Chinese star anise.
574  This emerging method incorporates spectroscopyraading to produce both spatial and
575  spectral data from a sample (Gowen, O'Donnell,élDowney and Frias, 2007). This

576  method is also non-destructive and rapid with théed advantage that with the acquisition
577  of several predictions on the sample, the stasistie better (Vermaak, Viljoen and

578  Lindstrom, 2013). The quantification of adulterarmisckwheat or millet, in ground black

579  pepper was carried out using FTIR and NIR with mgpectral imaging with PLSR

580 chemometrics. NIR with hyperspectral imaging waange produce the best calibrations

581  which, in this case was largely to do with the é&argample area used with NIR, and the

582  spatial information from the imaging system usethwi(McGoverin, September, Geladi and
583  Manley, 2012). Galaxy Scientific’s Classical Le&guares (CLS)-based Advanced-ID

584 algorithm has been developed to detect screenimglsa to a level as low as 0.01% (Galaxy
585  Scientific, 2016). When it was used to detect fg@padulterants, it detected Sudan 1 dye at
586  0.1%, tomato skin at 0.5% and brick dust at 5%.
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3) Analysis through packaging: Terahertz spectrpgdxry Nallappan et al. (2013) was used
to overcome the barrier of common packaging mdsesiach as plastics and papers. This
method is a promising non-intrusive technique thas used for the detection of yellow chalk

powder in turmeric.

It is apparent that further improvements and dgvalents are ongoing with the use of
spectroscopy. Developments seen in benchtop sgeopit instruments are also being
transferred to handheld devices. An added beagfiiscussed by Ellis et al. (2015) would
be to use the advantages of the NIR and FTIR cosdbiand developed into a handheld
device. Overall, the ability to transfer this teology to portable and handheld devices
allows the user to determine authenticity in tieddfi and can focus on vulnerable points of
the supply chain. This not only allows improvementgaceability and detection of fraud,
but at a basic level, it can also act as a deterifeiood fraud criminals are aware of this

possibility, they may be less likely to take theks of committing a crime in the first place.

Limitations of spectroscopy must not be overlookgplectroscopy is used as a rapid
screening technique and therefore, further invagbgs may need to be carried out by
confirmatory techniques that require more expertisge and cost more, such as mass
spectrometry. This is also true when building medeling chemometrics, the purity of
samples needs to be assured in order to build @ecorodels. Another limitation of
spectroscopy, as a non-targeted method, is theolaglstandardised validation procedure for

all laboratories.

Following a review of more than sixty scientifictpications, Reinholds et al. (2015) found
that spectroscopic techniques are the major analytechniques used to determine
adulteration of herbs and spices in high concentrat Overall, these techniques provide a
good first point of control in the fight againsofibfraud. Although the use of other
confirmatory techniques such as mass spectrometgylra required in some circumstances,

the bulk of screening herbs and spices for EMAoissible with spectroscopy.

Although not a spectroscopic technique, an anallysicreening technique called the
‘electronic nose’, capable of detecting aroma fipgeats, was used alongside PCA and
Artificial Neural Networks (ANN) to detect adultéi@n in saffron (Heidarbeigi, Mohtasebi,
Foroughirad, Ghasemi-Varnamkhasti, Rafiee and Re2@#&5). This technique was found to
be promising, as detection was possible at higraar 10% adulteration, enough to detect
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EMA (Heidarbeigi, Mohtasebi, Foroughirad, Ghaserarmyamkhasti, Rafiee and Rezaei,
2015).

8.4 Combination of Detection Methods

In some circumstances, there is a need to use tm@neone technique to verify results. Along
with the combination of methods already describg@lack et al. (2016) the combination of
microscopy and GC-MS was also carried out for ttection of adulteration of fennel seeds
(Ma, Mao, Zhou, Li and Li, 2015). Screening tests aften carried out with rapid
techniques, but they have their limitations. In20the USA recalled over 675 products due
to the presence of undeclared nut protein in cumia.study carried out by Garber et al.
(2016), it reported failings in the antibody-asbkaged technologies involved in screening
products for allergens. Although these methodsaast, and can detect as little as 1pg of
allergen, they are not always specific to the géerthey are developed to detect. Therefore,
with this analytical weakness, DNA and mass spauttoy based tests are often used for
further investigations. With the use of DNA and sapectrometry analysis, additional
allergens were detected; however, further workhendevelopment of biomarkers for
accurate analysis of a range of possible allergemsimprove detection (Garber et al.,
2016). This case indicates the limitations of scireg methods with single analyte testing in

some cases, and the need for multiple testing rdsttounderstand the adulteration further.

8.5 Chemometrics

Chemometrics is used to improve the chemical datairmed from analytical instruments and
to correlate the properties of samples with theaiseathematics and statistical methods
(Lohumi, Lee, Lee and Cho, 2015). Chemometricsbieas used in the calibration analysis
of spectroscopic and spectrometric data. It has beed with both targeted and untargeted
methods to detect the presence of fraud in fodd determine authenticity (Reinholds,
Bartkevics, Silvis, van Ruth and Esslinger, 201Bhe use of pre-processing is carried out in
chemometrics to amplify desirable information freemv data and reduce the effects of
undesirable information in the spectra. There lareet key stages in the use of chemometrics,
data pre-processing, development of a robust madelthe validation of a model and the
analysis of results (Lohumi, Lee, Lee and Cho, 20I%0 commonly used pre-processing
techniques include scatter correction methods saedtral derivatives. Scatter corrective
techniques can include Multiplicative Scatter Cotien (MSC), Standard Normal Variate

(SNV) and, normalisation to reduce the effectstofgical variability caused by scattering
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(Rinnan, Berg and Engelsen, 2009). The two comynosed spectral derivatives are Norris-
Williams (N-W) and Savitzky-Golay (S-G) (Rinnan,i§eand Engelsen, 2009). The spectral
derivatives aim to smooth the spectra without redythe signal to noise ratio in the spectra
too much (Rinnan, Berg and Engelsen, 2009).

The analysis of adulteration using spectroscopyiaiséme cases mass spectrometry
requires further investigation with chemometriceeTmost common algorithms used for the
determination of authenticity or the detectionraiuid are the classification/discrimination
algorithms such as the unsupervised PCA, and thergised LDA, PLS-DA or OPLS-DA.

For the quantification of adulterant in a sampleSR analysis is used frequently.

8.6 Detection Methods for the Addition of Illegay&s

An extensive review of detection methods for illedyges has been carried out by
Oplatowska-Stachowiak and Elli¢2017).Liquid Chromatography is the most common
method of detection of illegal dyes. Other chrorgeaphy techniques were used with various
detection methods including voltammetric, spectatpmetric and capillary electrophoresis.
The use of Enzyme-Linked Immunosorbent Assay (ELDISAlso a common method of
detection in this field (Oplatowska-Stachowiak &illibtt, 2017).
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Table 5 Examples of Detection Methods for SubstituAdulteration
Ingredient Adulterant Reference Detection M ethods | Chemometrics
Carthamus tinctorius,
Chrysanthemum x morifolium, (Huang, Li, Liu and
Saffron Zea mays, Nelumba nucifera| Long, 2015) DNA barcoding
(Parvathy, Swetha,
Sheeja, Leela,
Black Chempakam and
pepper Chilli Sasikumar, 2014) DNA barcoding
(Babaei, Talebi and SCAR and ITS
Saffron Safflower Bahar, 2014) Multiplex PCR
(Jiang, Cao, Yuan,
Chen, Jin and Huang, | Barcoding Melting
Saffron Saffron 2014) Curve
Dried red beet pulp and (Dhanya, Syamkumar,
powderedZiziphus Siju and Sasikumar, PCR-SCAR
Chilli nummulariafruits 2011a) markers
(Marieschi, Torelli,
Satureja montana. and Bianchi and Bruni,
Oregano Origanum majorand.. 2011a) SCAR-PCR
(Marieschi, Torelli,
Bianchi and Bruni,
Oregano Olive leaves 2011b) SCAR-PCR
(Marieschi, Torelli,
Cistus incanus., Rubus Poli, Bianchi and
Oregano caesiud.. andRhus coriarial | Bruni, 2010) SCAR-PCR
Arnica montand.., Bixa
orellanal., Calendula
officinalis L., Carthamus
tinctorius
L., Crocus vernug..,
Curcuma longd.., and (Marieschi, Torelli and
Saffron Hemerocallissp. Bruni, 2012) SCAR-PCR
(Dhanya, Syamkumar,
Curcuma zedoaria/Curcuma | Siju and Sasikumar,
Turmeric malabarica 2011b) SCAR-PCR
DNA analysis,
Antibody based
technology,
Almond, peanut, tree nuts, Microscopy, Mass
Cumin peach and cherry (Garber et al., 2016)| spectrometry
Saffron of unknown origin
labelled as being cultivated in (Rubert, Lacina,
the PDO region in Spain can| Zachariasova and
Saffron be used for substitution. Hajslova, 2016) LC HRMS PCA, OPLS-D
Light microscopy,
Anethum graveolerfsuit fluorescence
(AGF) andCuminum cyminum (Ma, Mao, Zhou, Li microscopy, GC-
Fennel seed | fruit (CCF) and Li, 2015) MS

Chinese star
anise

Japanese anise

(Schrage et al., 201

Plant spray DART-
PHRMS

Chinese star
anise

Japanese anise

(Shen, van Beek,
Claassen, Zuilhof,
Chen and Nielen,
2012)

DART-HRMS

Oregano

Olive leaves, myrtle leaves,

(Wielogorska et al.,

hazelnut leaves, sumac

2018)

LC-MS/MS, FTIR

PLSR
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(Bononi, M., Tateo, F.,

Oregano Olive leaves 2011) LC-ESI-MS/MS
(Bononi, M., Tateo, F.,
Sage Olive leaves 2011) LC-ESI-MS/MS
(Bononi, Fiordaliso ang
Oregano Olive leaves Tateo, 2010) GC/MS
Falsely declared Szegedi (Brunner, Katona,
paprika substituted fd8zegedi| Stefanka and Prohaska,
Paprika FuszerpaprikdPDO 2010) ICP-MS PCA, CDA
(Black, Haughey,
Olive leaves, myrtle leaves, | Chevallier, Galvin-
Oregano cistus, hazelnut leaves, sumacKing and Elliott, 2016) | FTIR , LC-HRMS | PCA, OPLS-DA
(Lohumi, Lee and Cho
2015,Lee, Lohumi,
Cho, H =73 and
Garlic Cornstarch o]=3], 2014) Raman, FTIR PLSR
(Lee, Lohumi, Cho,
A7 ando] 53],
Ginger Cornstarch 2014) Raman PLSR
(Lee et al.,
Onion 2015,Lohumi et al., Raman, FT-NIR,
Powder Cornstarch 2014) FTIR PLSR
(Petrakis, Cagliani,
Crocus sativustamens, Polissiou and PCA, OPLS-
Saffron turmeric, safflower, gardenia | Consonni, 2015) "H-NMR DA, O2PLS-DA
Crocus sativustamens,
calendula, safflower, turmerig, (Petrakis and Polissiou,
Saffron buddleja, and gardenia 2017) DRIFTS-FTIR PLS-DA, PLSR
Chinese sta (Wang, Mei, Ni and
anise ILACS Kokot, 2014) NIR/MIR LDA, PCA
Chinese star (Vermaak, Viljoen and
anise Japanese star anise Lindstrom, 2013) SWIR-HIS PCA, PLS-DA
(McGoverin,
Black September, Geladi and NIR hyperspectral
pepper Buckwheat or millet Manley, 2012) imaging, FTIR PLSR
FT-NIR &
Advanced-ID
Paprika Tomato skins, brick dust (Galaxy Scientific) | algorithm
(Nallappan, Dash, Ray| Terahertz
Turmeric Yellow chalk powder and Pesala, 2013) spectroscopy
(Heidarbeigi,
Mohtasebi,
Foroughirad, Ghasemi
Varnamkhasti, Rafiee
Saffron Safflower dyed corn stigma | and Rezaei, 2015) Electronic Nose PCA, ANN
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Conclusion

It is evident that EMA is a constant threat in ¢itewing herb and spice industry. Cases of
fraud have an economic impact on the industry dsasgeducing consumer confidence.
Potential public health risks following adulteratjsuch as the case of nut protein in cumin
and paprika, are a major concern in the industduahces in DNA analysis include the use
of SCAR-PCR and DNA barcoding provide faster anelagder methods of analysis. Further
advancement may include the use of NGS as it mioveshe area of food fraud. Mass
spectrometry, commonly used for the detection ofifraud is also improving by becoming
faster and cheaper with the introduction of ambieahniques. Spectroscopic methods along
with chemometric techniques are increasingly beised in the fight against food fraud and
offer a rapid, robust screening technique thabs effective and requires little expertise.
There is an increasing need for screening techaitha can detect EMA over a range of
products in the growing herb and spice industry.
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Captions
Figure 1 The Food Risk Matrix
(Spink and Moyer, 2011)

Figure 2 The Supply Chain Stages and Vulnerabilities within it for Herbs and Spices
(BRC-FDF-SSA, 2016)
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