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Background: Food fraud is the intentional deception carried out for gain, and is growing. Rice is the most used and
the staple cereal for more than half of the world. Because of the scale of the global rice industry, the opportunities
for fraud are large, of concern and threat to the economies and health of many.
Scope and approach: This review ouylines the complexities of the global rice industry and outlines current frauds.
Fraudulent actions can be on many levels such as: botanical and geographical origin, adulteration/substitution,
ageing, cultivation practices, aroma/flavour and amounts of microelements. To deal with new rice frauds, the
range of techniques to detect them is increasing.
Key findings and conclusions: Current research concerning rice fraud is mainly focussed on rice authenticity testing
for botanical/geographical origin or cultivation methods. In the case of Mass Specrometry, more advanced
techniques are increasingly applied due to their great untargeted analysis power. Spectroscopic techniques can
mainly provide screening, but rapid and non-destructive sample analysis, they are cost effective and once
established require little expertise. DNA assays are excellent tools to apply for authenticity testing of botanical
origin of rice. There is at present, no single analytical tool capable of providing an answer to all rice authenti
cation problems, thus it is necessary to use several approaches in profiling and identification of possible markers
and/or adulterants.

1. Introduction
Fraud in the global food system is a major and expanding problem.
Globalization and the rapid distribution systems are the major causes of
the increase in food fraud (Cavanna, Righetti, Elliott, & Suman, 2018).
The term food fraud or food crime, covers the intentional deception
carried out for gain (Spink & Moye, 2011). Cheating with food is not a
new concept, it dates back to antiquity, with examples of adulteration of
wine by addition of sweeteners, flavours and colours or dilution by
water. While this has all the hallmarks of food fraud, it was much smaller
in scale and localised within geographic areas (Handford, Campbell, &
Elliott, 2016; Shears, 2010). Food fraud encompasses many forms of
cheating: addition of chemicals, substitution of foods and their in
gredients or on food packaging making false or misleading statements
(Moyer, DeVries, & Spink, 2017; Spink, Vincent Hegarty, Fortin, Elliott,
& Moyer, 2019). All play a significant role in the global food system and
can pose threats to public health and/or catastrophic economic impacts
on companies or on entire countries (Spink & Moye, 2011). The large

profits obtained by food fraud have been compared to those of drug
trafficking, but with less risks (Esteki, Regueiro, & Simal-Gándara,
2019).
Recently, there have been a number of large scandals, massive eco
nomic losses and declines in consumer confidence in many parts of the
world. According to PwC (2016) food fraud costs the global food in
dustry US $40 billion per year. In 2004, the Sudan dyes scandal in spices
cost $418 million (Galvin-King, Haughey, & Elliott, 2018). In 2013 in
Europe, horsemeat was found in beef burgers and other meat products
(so-called ‘Horsegate’ scandal) (Walker, Burns, & Burns, 2013; Elliott,
2014). Following this scandal, it was believed that food companies and
retailers could only regain consumer confidence by providing clear and
accurate labels with truthfull information about the products nature and
sources (Barnett et al., 2016).
Food adulteration and fraud is often associated with high value/
volume products such as, wine (Holmberg, 2015), herbs (Galvin-King
et al., 2018) or milk (Handford et al., 2016). However, there is a
potentially even greater risk of food fraud with commodities consumed
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outer germ layers. Since milled rice is a poor source of micronutrients,
there are technologies to reduce losses during milling and/or to add
these components to milled rice to prevent risk of vitamin and mineral
deficiencies (VMD) (de Pee, 2014; Muthayya et al., 2014; Roks, 2014).

in large amounts such as cereal-derived products (Kowalska, Soon, &
Manning, 2018). Rice is the most widely used cereal, the staple food for
more than half the world (Van Nguyen & Ferrero, 2006). Because of the
high demand, it is very exposed to fraud globally. Due to the
ever-expanding scale and nature of fraud, it is necessary to use fast and
reliable methods to tackle authentication, product quality and safety
(Lohumi, Lee, Lee, & Cho, 2015).
This review outlines the complexities of the global rice industry,
current rice fraud practices, and an overview of methods to assess the
authenticity of rice, and highlights some new approaches to current
problems.

2.2. Global rice industry and consumption
Rice is third of the worldwide cultivated crops and grown in more
than 100 countries (Statista, 2018). In 2017 world paddy rice produc
tion amounted to 758.8 million metric tons (MMT) of which about 70%
is used to produce milled rice (FSA & Food Standard Agency, 2017). As
shown in Fig. 1, China is the world’s leading paddy rice producer with a
production of over 210 MMT in 2017, followed by India at 165.5 MMT.
Other major paddy rice producers are Indonesia, Bangladesh, Vietnam
and Thailand. The leaders in rice production outside of Asia are Brazil,
USA, Nigeria, Egypt, and Madagascar (Statista, 2018). Due to a number
of factors, governmental food production policies and the favourable
climatic conditions during the growing season, the output of rice in the
major producing countries has shown a slight increase from 2008/2009
to 2018/2019 by 10.6% (Statista, 2018).
In 2017/2018, total rice consumption worldwide was 482.7 MMT
and is growing (Statista, 2018). According to forecasts, rice consumption
would be above 490 MMT in 2018/2019. In 2017/2018, China and India
were the biggest consumers (respectively 142.7 and 97.35 MMT), ac
counting for 30% and 21% of the global market. Indonesia 7.8%,
Bangladesh 7.3%, Vietnam 4.6% and Philippines 2.7% are also signifi
cant consumers for rice (Statista, 2018). Whilst rice production areas
have remained relatively constant, the areas where it is consumed have
incresed. The demand for high-quality rice increases year on year, while
that of lower-end products decreased (USDA & United States Depart
ment of Agriculture, 2018). Driven by consumer choice and the ability to
purchase, high quality rice has become a main demand. As rice is mainly
consumed in the countries of production, over or under production
causes price instabilities. A number of Asian countries restrict the import
and export of rice in to achieve food security (Muthayya et al., 2014).
China is not only the biggest producer of rice but also its largest
importer. Other countries that also import large amounts of rice are
Philippines, Nigeria, European Union, Bangladesh and Ivory Coast
(Statista, 2018). India, Thailand, Vietnam, Pakistan, USA and Burma are

2. Global rice industry and current fraud activities
2.1. Rice cultivation and processing
The term rice refers mainly to two species of the grass family Poaceae
important for human consumption: Oryza sativa (Asian rice) and Oryza
glaberrima (African rice). Oryza sativa is grown globally (in many regions
including Asia, North and South America, the European Union, the
Middle East and Africa) while Oryza glaberrima is cultivated only in West
Africa. However Oryza glaberrima is being replaced by Oryza sativa due
to its adaptation to a range of ecological niches and climatic regimes.
Oryza sativa has three sub-species: indica, japonica, and javanica, the first
two are the most common. The main differences between them are the
appearance of the grain and in the origin/climatic growth conditions.
The indica variaties are grown mostly in tropical and subtropical areas of
Asia, their grains are long and non-sticky. Japonica rice is characterized
by short/medium-grained and sticky grains, the optimal places to
cultivate it are in dry fields and temperate climates (Japan and northern
China). The javanica varieties are medium-grained and grown in tropical
and mountainous areas of Madagascar and Indonesia (Cheajesadagul,
Shiowatana, Siripinyanond, & Szpunar, 2013; Muthayya, Sugimoto,
Montgomery, & Maberly, 2014; Vlachos & Arvanitoyannis, 2008).
The end-product of harvesting and threshing of rice is “paddy rice”,
with an outer husk layer, germ and bran layers, and the endosperm. The
next stages of processing from paddy to brown and later to white, are
dehulling, milling, polishing. These processes contribute to significant
loss of vitamins and minerals, which are predominantly in the bran and

Fig. 1. The global paddy rice production in 2017 (in million metric tons). (Statista, 2018).
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the top of six exporters, accounting for about 80% of global exports
(Statista, 2018).
According to the Food and Agricultural Organisation (FAO), the
price of rice has increased as demand has grown and the major exporting
countries increased profits. In many countries, the price of rice has
increased due to droughts or floods (common in Southeast Asia) (FSA &
Food Standard Agency, 2017). Factors such as the increased demand for
rice and the global price rises are all drivers of rice fraud and are
recognized by the industry.

Thai Rice Miller’s Association surveyed the shortage of Thai Jasmine
rice, and found the production had fallen to 7.1 million tons, less than
projected. Consequently, a rise in its price (Thai, 2018). As with all
commodity price spikes, this increased fraud, most caused by illegal
cross-border movement and mis-declaration of origins.
2.4. Research concerning evaluation authenticity of rice
In Europe, the main issue in the assessment of food authenticity is
determining the origin of products. Regulations exist concerning the
protection of geographical indications, very specific designations of
origin for certain food products. Such products are classified by the
following indications: as protected designation of origin (PDO), pro
tected geographical indication (PGI), and traditional specialities guar
anteed (TSG). These standards were created to protect customers against
mislabelling of food.
There are three main directions of research concerning the authen
ticity of rice: botanical (variety) and geographical origin and also
management practices (in the context of organic rice). Table 1 sum
marizes recent research of rice taking into account the above division.

2.3. Fraud in the global rice trade
In the global rice trade, most fraudulent practises are by adultera
tions and fraudulent labelling of varieties (Zhang & Xue, 2016). The
International Rice Research Institute (IRRI) and British Retail Con
sortium (BRC) have established standards and regulations for rice (BRC,
2017). IRRI recognizes around 5000 rice varieties (Nader, Brendel, &
Schubbert, 2016, pp. 7–33). In order to ensure the correct labelling of
Basmati rice, a standard definition of Basmati rice has been agreed by
India, Pakistan and Europe. The European Regulations are EC
1549/2004 and EC 1234/2007 (European Commission, 2004, 2007).
Unfortunately, divergences between and within legislation in different
countries cause problems, which may require regulators to be able to
identify and quantify various rice varieties in complex mixtures. For
example, UK and French Code of Practice have set a 7% (w/w) permitted
threshold for mixing various Basmati rice varieties and non-Basmati
(BRC, 2005; Nader et al., 2016, pp. 7–33). On the other hand, EU cus
toms legislation set the threshold at 5% (w/w) (European Commission,
2010).
Despite the regulations, frauds appear regularly via incorrect label
ling. The most common adulteration of Indian and Pakistan Basmati
(premium quality rice based on its characteristic aroma) is related with
mislabelling by using cheaper varieties such as non-aromatic indica long
grain rice instead of the cultivars as on the label. A survey by the Food
Standards Agency (FSA) in the UK found 63 samples with significant
amounts of non-Basmati type rice contained in 196 retail Basmati rice
samples (Nader et al., 2016, pp. 7–33). Another type of adulteration is
the addition of artificial flavour to mask the use of non-flavoured rice
varieties. This was the case with rice from Wuchang, China in 2010, the
‘Wuchang scandal’ (Deepalakshmi, 2017). Wuchang rice is cultivated
only in the northern Heilongjiang province and is recognized by its
aroma (Chen, Zhao, et al., 2016). In addition to the adulteration of rice
flavour, dilution by lower quality rice and other types of artificial
enhancement has been noted by The Food Protection and Defense
Institute (2017). The Food and Drug Administration (FDA) in India
recovered rice granules and bran that were intended to be mixed with
turmeric, and carcinogenic substances, lead chromate and Sudan dyes.
These are added to curries to achieve the appropriate yellow and red hue
(Forsyth et al. 2019). The Indian FDA found factories operating without
permission for up to 25 years, showing that they were ill equipped to
detect and deal with these criminal actions (FPDI & The Food Protection
and Defense Institute, 2017). In China the term ‘Toxic Rice’ or ‘Poison
Rice’ refers to rice coated with paraffin to increase marketability but
with negative health effects because of added carcinogens (Feng, Zhang,
Cong, & Zhu, 2013). Since 2016, rumours have appeared in the media
about fake rice called ‘plastic rice’ in many countries (Bhaskaran, 2017;
Subedar, 2017). However, none were confirmed, it is believed since that
so called ‘plastic rice’ was very old, poor quality rice that has been
processed to give the appearance of high quality. However, in 2017 the
FSA found fake so-called ‘plastic rice’ rice made with potato and sweet
potato held together with industrial resins and sold in China and other
Asian markets, including India, Indonesia and Vietnam. Fake rice pro
duction is an emerging potential health hazard (FAO, 2017).
There are other causes of rice fraud in some Developing Countries.
These relate to government subsidies, quotas, leading to illegal trading
and smuggling. In 2017 in Thailand, The Department of Rice and the

2.5. Botanical origin (including aging and aroma quality)
The aroma profile of rice is directly connected with botanical origin.
The price of aromatic rice is several times more than non-aromatic rice,
due to consumer preferences, and as it is low yielding and less disease
resistant, it is frequently adulterated (Wei, Handoko, Pather, Methvena,
& Elmore, 2017).
2.5.1. Basmati rice
Basmati is the most popular botanical origin of rice and is the most
tested and evaluated in terms of authenticity. This is due to strong in
dustry and reputation of its specialty as a premium product.
Akram, Vincent, Siddiqui, and Musharraf (2017) studied the
metabolite profiles of Basmati and non-Basmati rice by HILIC Orbitrap
LC-MS. Among the 1752 identified compounds, 329 metabolites were
chosen following statistical analysis for each group of rice, and by the
use of ANOVA fifty metabolites from Basmati and non-Basmati rice were
identified. For the classification of these rice varieties PCA and LDA,
were used by Akram, Vincent, Siddiqui, & Musharraf, in 2017.
In addition, there are simple methods to detect Basmati adulteration
such as smelling after boiling in water and chromatography of flavour
compounds, PCR-based methods are effective for authenticity assess
ment (Colyer, Macarthur, Lloyd, & Hird, 2008). Many examples were
given by Vemireddy, Satyavathi, Siddiq, and Nagaraju (2015) and by
Nader et al. (2016) so, only a selection are given herein.
Archak, Lakshminarayanareddy, and Nagaraju (2007) showed a
high-throughput multiplex microsatellite marker was effective to detect
and quantify Basmati adulteration using traditional Basmati (TB) and
envolved Basmati (EB), non-Basmati (NB) of both long and short-grain
varieties. Colyer et al. (2008) obtained accurate quantification of the
adulteration, with a linear regression of ratio of peak area ratios to
content ratios using calibration curves by slab-gel and a single micro
satellite marker RM222 and a detection limit of 7% of non-Basmati. Jain,
Jain, and McCouch (2004) evaluated the genetic relationships among
Indian aromatic and quality rice germplasms, showing that of thirty SSR
markers, twenty allowed distinguishing traditional Basmati rice vari
eties and eight markers between premium traditional rice, cross-bred
Basmati and non-Basmati rice. The subset of eight markers, RM1,
RM5, RM103, RM135, RM171, RM174, RM222, RM252 can distinguish
high-quality traditional Basmati, hybrid Basmati and non-Basmati rice
varieties (Archak et al., 2007). The insertion/deletion (InDel) markers as
alternative to microsatellites, were used by Steele, Ogden, McEwing,
Briggs, and Gorham (2008) for distinguishing Basmati from other vari
eties. Another approach, Inter-Simple-Sequence-Repeat (ISSR) markers
are based on the PCR amplification of the regions between adjacent and
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Table 1
Summarizes research concerning the authenticity of rice.
Technique/Method
Botanical origin
Basmati rice
HILIC Orbitrap LC-MS
SRR
SRR
SRR
SRR
Indel
ISSR
ISSR
ISSR
TaqMan
ddPCR
HRM
PPLMD
Italian rice
HS-SPME GC-MS
Jasmine rice
HS-SPME/GC-TOFMS, e-nose
GC x GC–TOF-MS,
sensory evaluation
Other varieties
HS-SPME GC-MS
NIRS
NIRS
UPLC-HR-Q-TOF-MS
CE, SSR
Geographical origin
Rice from Asia
HS-SPME GC-MS
ICP-MS and E-nose
DI-ESI-MRM-MS
DI-MRM-MS
DI- MRM-MS
DI-MS, DI-MS-MS
EA-IRMS, ICP-MS
LA-ICP-MS
ICP-AES
Raman Spectroscopy
Transmission Raman
spectroscopy (TRS)
Technique/Method
Q-ICP-MS, MC-ICP-MS

Chemometric
method

References

PCA, LDA
–
–
–
–
–
–
–
–
–
–
–
–

Akram et al. (2017)
Colyer et al. (2008)
Vemireddy et al. (2007)
Archak et al. (2007)
Jain et al. (2004)
Steele et al. (2008)
Nagaraju et al. (2002)
Nader et al. (2016)
Sasikumar et al. (2016)
Lopez (2008)
Bucher and Köppel (2016)
Ganopoulos et al. (2011)
Voorhuijzen et al. (2012)

PCA, PLS-DA,
ANOVA

Griglione et al. (2015)

PCA, SVM, BPNN

Timsorn et al. (2017)

PCA, OPLS-DA

Daygon et al. (2016)

ANOVA
PLS-DA, k-NN,
SIMCA, SVM, RF
PCA
PCA, OPLS-DA
-

Akhoundzadeh et al. (2018)
Kong et al. (2013)

PLS-DA
ANOVA, PCA, LDA
PAM, PCA, heatmap
analysis
SVM
PCA, PLS-DA
PCA, PLS-DA
ANOVA, LSD, PCA,
LDA
LDA
PCA, PLS-DA
PCA, SIMCA, PLSDA, k-NN, SVM
PCA, LDA

Lim et al. (2017a)
Du et al. (2018)
Long et al. (2017)

Chemometric
method
Correlation analysis,
paired t-test
LSD, PCA
–
PLSR
PCA, SVM
PCA
PCA, LDA

References

IRMS
IRMS
VNIR
LIBS
2-D NMRS
1NMRS
Rice from South America
ICP-MS
SVM, RF, MLP
LIBS
XGBoost, k-NN
Evaluation of rice from different countries
UPLC-HR-Q-TOF-MS
PCA, OPLS-DA
HR-ICP-MS
PCA, DA
HR-ICPMS
NIRS
Cultivar methods
NIRS
IRMS
q-ICP-MS

ANOVA, PCA, LDA,
SIMCA, k-NN
MSC, PCA, k-NN,
SVM
MSC, PCA, k-NN,
SVM
LSD
SVM

Table 1 (continued )
Technique/Method

Chemometric
method

References

ICP-MS

PCA, SIMCA, k-NN

Photographic camera

CNNs

Borges, Gelinski, de Oliveira
Souza, Barbosa, and Batista
(2015)
Izquierdo et al. (2020)

ANOVA: Analysis of Variance, PLS-DA: Partial Least Squares-Discriminant
Analysis, PCA: Principal Component Analysis, SVM: Support Vector Machines,
BPNN: Back Propagation Neural Network, SIMCA: Soft Independent Modelling
of Class Analogy, OPLS-DA: Orthogonal Partial Least Squares Discriminant
Analysis, HCA: Hierarchical Clustering Analysis, LDA: Linear Discriminant
Analysis, PAM: Partitioning Around Medoids Clustering Analysis, RF: Random
Forests, MLP: Multilayer Perception, k-NN: k-Nearest Neighbours, LSD: Least
Significant Difference, XGBoost: Extreme Gradient Boosting, MPLS: Modified
partial least square, LDA: Linear Discriminant Analysis, ICA: independent
component analysis, SIMCA: Soft Independent Modeling of Class Analogy, FDA:
factorial discriminant analysis, PLSR: Partial Least Squares Regression, CNNs:
convolutional neural networks.

inversely orientated SSRs, has been used to evaluate genetic relation
ships in fingerprinting rice varieties (Nagaraju, Kathirvel, Kumar, Sid
diq, & Hasnain, 2002; Nader et al., 2016, pp. 7–33; Sasikumar, Swetha,
Parvathy, & Sheeja, 2016, pp. 585–624).
Lopez (2008) applied a TaqMan based real time PCR method for
detection of non-Basmati rice content in Basmati samples using betaine
aldehyde dehydrogenase 2 (BAD2) gene specific primers and probes.
“Basmati” rice authenticity was achieved by Bucher and Köppel (2016),
using duplex digital droplet PCR (ddPCR). The newer form of PCR
named High resolution melting (HRM) was used for detection and
quantification of adulterants in mixtures of powdered Basmati and
non-Basmati rice (Ganopoulos, Argiriou, & Tsaftaris, 2011).
The padlock probe ligation and microarray detection (PPLMD) tool,
as a DNA-based multiplex detection tool, for the traceability of Basmati
rice products was investigated by Voorhuijzen et al. (2012), p. 5%
Basmati rice was detected in non-fragrant rice mixtures (Vemireddy
et al., 2015).

Chen et al. (2018)
Zhu and Nyström (2015)
Chen, Gao, et al. (2016)

Lim et al. (2017b)
Lim et al. (2017c)
Lim et al. (2017d)
Liu et al. (2019)

2.5.2. Italian rice
In Europe, only varieties of Italian rice are labelled with Protected
designation of origin (PDO) such as: Carnaroli, S. Andrea, Baldo, Arborio,
Balilla, Loto, Gladio. These varieties have been the subject of research by
Griglione et al. (2015). In 2015, they reported the chemical composition
associated with, seed age and the quality of aroma in aromatic and
non-aromatic high quality Italian varieties by headspace solid-phase
microextraction coupled with gas chromatography (HS-SPME GC-MS).
Twenty five volatiles were utilised to evaluate variations in the finger
prints. They showed that 2-(E)-octenal was a good marker of ageing for
aromatic cultivars (Apollo and Venere) and non-aromatic cultivars
(Carnaroli, Carnise, Cerere and Antares) and heptanal, octanal and 2-ethyl
hexanol, 2-pentyl furan, 1-octen-3-ol and 2-(E)-decenal were cultivar
markers. Additionally, the ratios of 2-acetyl pyrroline/1-octen-3-ol for
Venere cultivar, and 3-methyl butanol/2-methyl butanol for Apollo
cultivar were found be to indicators of the ageing stages. In addition,
heptanal/1-octen-3-ol and heptanal/octanal were markers for aroma
quality of Italian cultivars (Griglione et al., 2015).

Promchan et al. (2016)
Chung et al. (2015)
Feng et al. (2013)
Hwang et al. (2012)

Lagad et al. (2017)
Chung et al. (2016)
Chen, Zhao, et al. (2016)
Guo et al. (2019)
Yang et al. (2018)
Chae and Kim (2016)
Huo et al. (2017)
Maione et al. (2016)
Pérez-Rodríguez et al. (2019)
Zhu and Nyström (2015)
Cheajesadagul, Shiowatana,
et al. (2013)
Ariyama et al. (2012)

2.5.3. Jasmine rice
Due to the high price of Jasmine rice (long-grain variety of fragrant
rice), fraudsters mix it with low grade rice. Timsorn, Lorjaroenphon, and
Wongchoosuk (2017) identified twenty-five aroma compounds in pure
Jasmin rice and white rice (adulterant) by the use of HS-SPME
GC-TOF-MS. They showed that 2-butatnone was a marker for the
quantitative determination of Jasmin rice adulteration. Jasmin rice has
been investigated by volatile/metabolite profiling by two dimensional
gas chromatography with time of flight mass spectrometry (GC ×

Teye et al. (2019)
Teye et al. (2019)
Chung et al. (2017)
Barbosa et al. (2016)
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GC-TOF-MS). Daygon et al. (2016) identified one hundred nineteen
compounds by GC × GC-TOF-MS and used all in analysis with PCA and
oPLS-DA. Using oPLS-DA, seventeen markers, including 2-acetyl-1-pyr
roline, 2-acetylpyrrole, indole, limonene, 1-hexanol and 2.3-butadiene
allowed to discriminate indica and japonica rice (Daygon et al., 2016).

Mo, Na, P, Pb, Rb, S, and Zn) distributed in the core endosperm. LDA
data showed that it is possible to differentiate rice according to their
origins, with an overall correct classification and cross-validation of
more than 90% (Promchan, Günther, Siripinyanond, & Shiowatana,
2016). Elemental fingerprinting allows discrimination the origins of
brown rice from Korea, China and Philippines using inductively coupled
plasma atomic emission spectroscopy (ICP-AES) with PCA, PLS-DA
(Chung, Kim, Lee, & Kim, 2015).
Feng et al., examined rice from regions of China by Raman Spec
troscopy coupled with chemometric methods (PCA, SIMCA, PLS-DA,
kNN and SVM). This allowed the identification of paraffin added to in
crease marketability (Feng et al., 2013). Comparison of back scattering
and transmission measurements by Raman spectroscopy (TRS) were
used to discriminate between rice from Korea and that imported by
Hwang, Kang, Lee, and Chunga (2012).
The origins of Basmati rice was studied by Lagad, Singh, & Rai, 2017
who found that 87Sr/86Sr ratios differentiated Basmati rice from Uttar
akhand, Uttar Pradesh, New Delhi, Haryana, and Punjab states by
MC-ICP-MS.
IRMS permits the determination the origin of rice from Korea, China,
Philippines (Chung, Kim, Prabakaran, Yang, & Kim, 2016); Cambodia,
China, Japan, Korea, Philippines, Thailand (Chen et al., 2018). Chen,
Gao, et al. (2016) reported on the authenticity of Daohuaxiang rice from
Wuchang. This rice is many times more expensive than standard rice,
due to its quality and unique aroma. Growing this variety in other re
gions and labelling it Wuchang Daohuaxiang rice is fraud. Guo et al.
(2019) studied the adulteration Wuchang rice by visible near infrared
(VNIR) hyperspectral imaging system coupled with PLSR (partial least
squares regression) method. The pure Wuchang rice, certified as Chinese
Geographical Indication, were found to be adulterated with rice from
Jiangxi province.
Yang et al. (2018) used LIBS with PCA and SVM for the evaluation of
sample preparation and differentiation of origins.They found that sim
ply pouring into an aluminium container was fast and suitable when
classifying rice from regions of China and Thailand (Yang et al., 2018).
NMR spectroscopy coupled with chemometrics was succesfull
applied for metabolite profiling of rice from Korea (Chae & Kim, 2016).
Huo, Kamal, Wang, Liu, and Zhang (2017) identified sucrose, fructose,
glucose, succinate, polyphenols, trigonelline and asparagine as markers,
for origins of rice from China based of their concentrations due to var
iations in latitudes, temperatures and rainfall.

2.5.4. Other varieties
The botanical variety of rice from China (Kong, Zhang, Liu, Nie, &
He, 2013) and untargeted identification of brands of black rice (Chen,
Lin, & Tan, 2018) were successfully authenticated by the use of NIR
combined with chemometrics. Akhoundzadeh, Gholami, Masoum, and
Moazeni Pourasil (2018) used headspace solid-phase microextraction
(HS-SPME) coupled with GC-MS for identification of the aroma profile
Champa rice from the south Iran.
Zhu and Nyström (2015) reported a targeted approach by
ultra-performance liquid chromatography with high-resolution quad
rupole time-of-flight mass spectrometry (UPLC-HR-Q-TOF-MS) for
botanical origins of brown (cargo) and wild rice based on minor
amounts of bioactive lipids, using six cargo rice cultivars Camargue,
S. Andrea, Baldo, Perfume, Basmati, and Jasmine. They identified as a
markers: 24-methylenecholesteryl ferulate 24-methylenecholesteryl
ferulate (Basmati versus Camargue; Jasmine; Perfume; S.Andrea.), cam
pesteryl ferulate (Basmati versus Jasmine; Perfume.); sitosteryl ferulate
(S.Andrea versus Basmati; Jasmine; Perfume. Basmati versus Jasmine),
sitostanyl ferulate (Baldo versus Basmati), cycloartenyl ferulate
(Camargue versus Basmati. S.Andrea versus Basmati; Jasmine; Perfume.
Baldo versus Basmati; Jasmine; Perfume.).
Chen, Gao, et al. (2016) used an efficient codominant functional
marker system (including Wx, ALK, Chalk5, and fgr genes) with geno
typing based on automated capillary electrophoresis (CE) for improving
recognition of the quality traits in indica rice varieties.
2.6. Geographical origin
Many publications are concerned with the geographical origins of
rice, especially rice from Asia. This is due to the highest production and
consumption in these countries. Additionaly, there are more evidences
about fraud rice actions.
2.6.1. Rice from Asia
Lim et al. (2017a) reported a GC-MS profiling of volatile fractions for
differentiation of white rice from different regions of Korea and China.
With PLS-DA it was possible to differentiate white rice from both
countries using twelve markers. Concentrations of hexanal and 1-hexa
nol, were found to be associated with environmental factors as well as
storage times. Du et al. in 2018 profiled for geographical origins using
ICP-MS together with an electronic nose and a multi-dimensional
discriminant method, which combined mineral elements and volatile
compounds to identify rice from different areas in China. Lipids were
used for distinguishing rice origins from Korea and China by direct
infusion mass spectrometry (DI-MS) by Lim et al. (2017b), Lim, Mo,
Long, Kim, and Kwon (2017c), Lim, Mo, Long, Lim, and Kwon (2017d),
Long, Lim, Mo, Kim, and Kwon (2017).
Liu et al. (2019) distinguished rice from different regions in China
and from Southeast Asia (Thailand and Malaysia) by combining induc
tively plasma coupled mass spectrometry (ICP-MS) data and elemental
analysis-isotopic ratio mass spectrometry (EA-IRMS) with chemometric
methods (Liu et al., 2019). It was shown that multi-variate analysis (PCA
and LDA) of seven stable isotope ratios (δ13C, δ15N, δ2H, δ18O, 87/86Sr,
207/206
Pb and 208/207Pb) and twenty five multi-element concentrations
(Na, Ca, Fe, Zn, Rb, Ag, and Cd, etc) correctly assigned the origin of rice
from different regions of China. They also distinguished Chinese rice
from imported Southeast Asian rice with a discriminantion above 93.1%
and 82.6%, respectively. Thai rice was classified as being from the north
and south parts of the country by the use of LA-ICP-MS using twenty
elements (including: Al, As, Br, Ca, Cd, Cl, Co, Cu, Fe, Hg, K, Mg, Mn,

2.6.2. Rice from South America
Maione, Batista, Campiglia, Barbosa, and Barbosa (2016) described
determination of the origin of rice from south and mid-west regions of
Brazil, based on the concentrations of twenty elements (Cu, Zn, Mg, B, P,
Mo, As, Pb, Cd, Mn, Se, Co, Cr, Ba, Rb, Fe, K, Ca, La, Ce). They used
ICP-MS with three data mining technologies (support vector machines,
random forests or neural networks) for element evaluation and selec
tion. Cd, Rd, Mg, and K were the major discriminants (Maione, Batista,
Campiglia, Barbosa, & Barbosa Jr, 2016). Pérez-Rodríguez et al. (2019),
used LIBS for determination of origins of Argentine brown rice, using
extreme gradient boosting (XGBoost) and a kNN algorithm for data
evalation.
2.6.3. Evaluation of rice from different continents
The studies by Zhu and Nyström (2015) mentioned previoulsy
examined the origins of brown and wild rice from France, Italy,
Thailand, India and Canada, using UPLC-HR-Q-TOF-MS and PCA and
OPLS-DA. The differentiation of rice from Thailand, France, Japan,
India, Italy and Pakista, was reported by Cheajesadagul, Shiowatana,
et al. (2013) using High Resolution Inductively Coupled Plasma-Mass
Spectrometry (HR-ICP-MS) coupled with PCA and DA based on twenty
one elements (B, Co, Sr, Mo, Cd, Cs, Ba, Pb, Ti, V, As, Se, Mn, Cu, Rb, Mg,
Al, Cr, Fe, Ni and Zn) (Cheajesadagul, Arnaudguilhem, Shiowatana,
Siripinyanond, & Szpunar, 2013). This method was also used for
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measurement of multi-element concentrations (Al, Fe, Co, Ni, Cu, Rb, Sr,
and Ba), and Sr and Pb isotope ratios in rice from Japan, USA, China and
Thailand by (Ariyama, Shinozaki, & Kawasaki, 2012).
Teye, Amuah, McGrath, and Elliott (2019) applied of hand-held NIR
spectrometry coupled with chemometrics for rice authenticity and
quality. Using 520 samples, they characterized different quality grades
(high, mid and low quality) and origins (Ghana, Thailand, and Vietnam).
The data processing model contained multiplicative scatter correction
(MSC), PCA and k-NN and showed more than 90% correct classification
of samples (Teye et al., 2019).

environmentally friendly compared to conventional rice, hence the
higher prices (Hazra et al., 2018) and it can be a target of fraud.
Xiao, Liu, Zhang, Ma, and Ngadi (2019) published a NIR study to
discriminate rice grown under organic and conventional cultivation, in
field trials in Heilongjiang Province, China. PCA and PLS regression
were used to evaluate the data. They found NIR classifed 87.5% of the
two groups (Xiao et al., 2019). Organic, pesticide-free and conventional
rice from South Korea were tested by IRMS to see if they could be
differentiated (Chung et al., 2017). According to Ministry of Agriculture
Food and Rural Affairs (MAFRA) in Korea, organic rice by cultivation
without use of synthetic pesticides and chemical fertilizers, while the
pesticide-free rice produced used up to one third of the normal level of
chemical fertilizers (Chung et al., 2017). Chung et al. (2017) demon
strated that analyses of δ13C and δ15N levels allowed the authentication

2.7. Cultivation methods
Organic rice, is regarded by many as healthier and more
Table 2
Overview of analytical tools used for determination of rice authenticity.
Mass spectrometry
techniques

Abbreviation

Technique/Method

Advantages

Disadvantages

GC-MS

Gas Chromatography-Mass
Spectrometry
Gas Chromatography-Time of FlightMass Spectrometry
Two Dimensional Gas ChromatographyTime of Flight-Mass Spectrometry
Liquid Chromatography-Mass
Spectrometry
Ultra-Performance Liquid
Chromatography-Quadrupole-Time-ofFlight-Mass Spectrometry
Ultra-Performance Liquid
Chromatography -High-ResolutionQuadrupole-Time-of-Flight-Mass
Spectrometry
Ultra-High Performance Liquid
Chromatography-Quadrupole-Time-ofFlight-Mass Spectrometry
Direct Infusion-Mass Spectrometry
Direct Infusion-Electrospray IonizationMultiple Reaction Monitoring-Mass
Spectrometry
Direct Infusion-Tandem Mass
Spectrometry
Inductively Coupled Plasma-Mass
Spectrometry
quadrupole-Inductively Coupled
Plasma-Mass Spectrometry
Laser Ablation-Inductively Coupled
Plasma-Mass Spectrometry
High Resolution-Inductively Coupled
Plasma-Mass Spectrometry
Multicollector-Inductively Coupled
Plasma Mass Spectrometry

high sensitivity, resolution, reproducibility and good
identification potential, equipped with a library of
compounds

limited to small volatile molecules,
the possibility of rapid
contamination of the columns

capability of separating complex samples, high
sensitivity, good mass accuracy and resolution, ideal
for the quantitative analysis of small molecules, large
selection of detectors

time consuming analysis comparing
GC

great potential to targeted analysis,
provides more concise raw data than LC-MS

matrix
effects due to the lack of prior
separation

high sensitivity, multi-element capability, wide linear
dynamic range, high sample throughput, and ability to
discriminate between isotopes, large selection of
detectors

polyatomic interferences through
interactions of the carrier gas,
atmospheric gases and matrix ions

Abbreviation
LIBS

Technique/Method
Laser-Induced Breakdown Spectroscopy

Advantages
possibility of simultaneous multi-elemental analysis

NIRS

Near-Infrared Spectroscopy

VNIR
NMRS

Visible Near-Infrared Spectroscopy
Nuclear Magnetic Resonance
Spectroscopy
Raman Spectroscopy

no time consuming analysis, minimal sample
preparation, perfect to fingerprinting analysis

Disadvantages
the excitation conditions are
sensitive to variations in laser
output and sample characteristics
high cost of equipment (not
including portable NIR)

GC-TOF-MS
GC × GC-TOFMS
LC-MS
UPLC-Q-TOFMS
UPLC-HR-QTOF-MS
UHPLC-Q-TOFMS
DI-MS
DI-ESI-MRMMS
DI-MS/MS
ICP-MS
q-ICP-MS
LA-ICP-MS
HR-ICP-MS
MC-ICP-MS

Spectroscopy
techniques

DNA-based
analysis

Raman
Spectroscopy
SRR
ddPCR
HRM
PPLMD
ISSR
TaqMan
CE

Simple Sequence Repeat
digital droplet PCR
High Resolution Melting
Padlock Probe Ligation and Microarray
Detection
Inter Simple Sequence Repeat
TaqMan based real time PCR
Capillary Electrophoresis

targeted and untargeted analysis, higher information
content, greater resistance to degradation, specificity
and sensitivity
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of environment-friendly rice sold in Korea where pesticide residue an
alyses alone were insufficient discrimination.
The authenticity of Brazilian organic rice was investigated by Bar
bosa et al. (2016) using the combination of quadrupole-Inductively
Coupled Plasma-Mass Spectrometry (q-ICP-MS) and SVR for identifica
tion of organic rice based on nineteen trace elements gave 98% reli
ability. ICP-MS coupled with Hierarchical Cluster Analysis (HCA) and
K-nearest neighbours (KNN) showed that among twenty elements
measured, K, Ca, Mo, Rd and Se had higher concentrations in certified
organic rice than in standard rice (Borges, Gelinski, de Oliveira Souza,
Barbosa Jr., Böhme, Calo-Mata, Barros-Velázquez, & Ortea, 2019).
Spanish organic and non-organic rice was studied by Izquierdo et al.
(2020) using photographic images of five different varieties of rice
(Oryza sativa L.), and then processed the images by convolutional neural
networks (CNNs). The best results were obtained using flours instead of
grains (Izquierdo et al., 2020).

it is often chosen for detection of food adulteration due to its identifi
cation powers. With regard to rice fraud analysis, MS has been mainly
used for classification and determination of botanical or geographical
origins using different coupled chromatographic - MS approaches such
as, gas chromatography (GC-MS), liquid chromatography (LC-MS),
inductively coupled plasma (ICP-MS); direct infusion (DI-MS); and
isotope ratio (IR-MS).
3.2.1. 1. Gas and liquid chromatography
Rice preference by consumers is closely related to aroma and flavour.
One-dimensional gas chromatography coupled with mass spectrometry
(GC-MS) is frequently used for authenticity assessment of rice by identi
fication and fingerprinting of the volatile contents (Medina, Perestrelo,
Silva, Pereira, & Câmara, 2019). Solid phase microextraction (SPME) has
also been employed to concentrate the volatile fractions. Akhoundzadeh
et al. (2018) used headspace solid-phase microextraction (HS-SPME)
coupled with GC-MS for identification of the aroma profile rice of different
varities. To select the most appropriate SPME fibre, four different types
were compared, polyacrylate (PA), carboxen/polydimethylsiloxane
(CAR/PDMS), polydimethylsiloxane/divinylbenzene (PDMS/DVB), and
divinylbenzene/carboxen/polydimethylsiloxane
(DVB/CAR/PDMS).
Due its higher numbers of peaks detected, DVB/CAR/PDMS was selected
and 123 compounds identified in the aroma profiles (Akhoundzadeh et al.
2018). The same SPME fibre coating was used in a HS-SPME GC-MS
method for profiling of the volatile fractions of white rice from different
regions (Lim et al., 2017a). The operation of GC × GC-TOF-MS with high
resolution and sensitivity by using two columns with orthogonal separa
tions and a modulator to in turn focus small pulses of the effluents has been
developed (Almstetter, Oefner, & Dettmer, 2012). This system has been
used successfully used for quantitative and qualitative analysis especially
in detection of hundreds compounds in foods such as: honey (Cajka,
Hajslová, Cochran, Holadová, & Klimánková, 2007), wine (Soares et al.
2015) and liqueurs (Śliwińska, Wiśniewska, Dymerski, Wardencki, &
Namieśnik, 2017). Laguerre, Mestres, Davrieux, Ringuet, and Boulanger
(2007) and Timsorn et al. (2017) reported comparisons of rice volatile
fractions by the use of different types of electronic noses. Laguerre et al.
(2007), compared the volatile profiles of scented and non-scented rice by
SPME/MS with chemometrics (PCA and SIMCA) using mass fragments
intensities from 40 m/z to 199 m/z (Laguerre et al., 2007). Timsornet et al.
in 2017 used an electronic nose system based on eight metal oxide sensors
to distinguish volatile fractions of rice mixtures (Timsorn et al., 2017).
Such equipment offers fast detection and identification of gaseous mix
tures from food samples, most devices consist of several types of sensors
(Śliwińska, Wiśniewska, Dymerski, Wardencki, & Namieśnik, 2016).
However, there are also electronic noses that employ a mass spectrometer
where the spectra, without chromatographic separation are the input data
for statistical examination (Śliwińska, Wiśniewska, Dymerski,
Namieśnik, & Wardencki, 2014).
GC-MS has high sensitivity, resolution, reproducibility and good
identification potential using currently available libraries, but is limited
to small volatile molecules. For metabolomic analysis LC-MS is the most
widely used technology (Theodoridis, Gika, Want, & Wilson, 2012; Ch
et al., 2021).
Direct infusion mass spectrometry (DI-MS) has been applied to
samples for the analysis of lipids for rapid, targeted metabolite analyses.
As DI-MS does not require prior chromatography, it has high throughput
and more concise raw data than the classic LC-MS approach (Lin et al.,
2010). However, in the case of a very complex mixture, prior separation
by chromatography is recommended.

3. Analytical tools for the detection of adulteration in rice
The main components of rice are starch, protein, lipids, vitamins,
minerals and some volatile compounds. However, many factors influ
ence the chemical composition of rice, such as cultivation environment,
processing stages (brown or white rice) and the varietal diversity (Zhou,
Robards, Helliwell, & Blanchard, 2002). These factors and the complex
matrix of rice have an impact on the choice of analytical tools and
development of methods for detection of rice fraud. As fraudsters are
constantly developing new ways of falsifying foods, the techniques to
detect them and to confirm the authenticity of products need to become
more sensitive and selective.
Herein, the current analytical approaches are divided into three
groups, mass spectrometry, other spectroscopic techniques and DNAbased methods (in particular PCR methods). Table 2 summarizes
analytical tools used for determination of rice authenticity.
3.1. Targeted and untargeted approaches
Food fraud analyses and adulteration detection can be divided into
targeted and untargeted methods. Targeted methods are relatively
straightforward, because they concern the use of selected compounds
and univariate statistics (Cajka, Showalter, Riddellova, & Fiehn, 2016,
pp. 171–200). This is a serious weakness, as food fraudsters often know
the current food testing methods, thus devise ways to avoid detection of
fraud (McGrath et al., 2018). The untargeted (non-targeted) analysis,
known as ‘food fingerprinting’, has rapidly become the best approach to
detect food fraud. For non-targeted methods, diverse analytical tech
niques have been developed, which required the use of appropriated
multivariate statistic methods for profiling and classification of samples.
In an untargeted approach, the sample preparation has important effects
on the accuracy and reproducibility of the results. Consequently, the
most appropriate method of analysis is one which does not require any
sample preparation or that the number of steps is minimum, as every
manipulation influences the results (Cavanna et al., 2018). Application
of an untargeted approach allows for the identification of food fraud by
the detection of unexpected compounds or by the presence of known
adulteration markers (Dunn, Bailey, & Johnson, 2005; McGrath et al.,
2018; Gao et al., 2019).
3.2. Mass spectrometry
Mass spectrometry is a selective and rapid technique and has led to
the development of a number of methods for food fraud detection, by
targeting specific compounds or by untargeted approaches (Cajka et al.,
2016, pp. 171–200). Mass spectrometry provides high versatility due to
the variety of ion sources which allow the ionization and measurement
of different compound classes (Gerbig, Neese, Penner, Spengler, &
Schulz, 2017). Whilst MS is expensive and requires significant expertise,

3.2.2. Inductively Coupled Plasma-Mass Spectrometry
Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) is used for
the identification and quantification of metals (Gallo & Ferranti, 2016).
High Resolution Inductively Coupled Plasma-Mass Spectrometry
(HR-ICP-MS), due to its high resolution and mass range (up to 10,000). It
has been applied to rice authenticity and shown to be useful for
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resolving interferences found with traditional ICP-MS (Mattusch, 2016).
Accurate isotope ratio and isotope ratio analysis is a second type of
HR-ICP-MS, with a double-focusing mass spectrometer and an electro
static zoom lens (Mattusch, 2016). Laser Ablation Inductively Coupled
Plasma Mass Spectrometry (LA-ICP-MS), a modification of ICP-MS,
provides highly sensitive elemental and isotopic analyses using solid
samples needs little sample preparation (Limbeck et al., 2015). The main
adventages of ICP-MS are low detection limit, low sample volume and
simple sample preparation. However, it should be taken into account
when applying this technique is its high equipment and operation cost
and interferences that need to be controlled (Wilschefski & Baxter,
2019).

use the specific amplification of one or more DNA marker fragments by
means of a polymerase chain reaction (PCR), targeting for genetic
discrimination. These methods are fast, higly sensitive and specific
(Maestri & Marmiroli, 2016, pp. 285–309; Mafra, Ferreira, & Oliveira,
2008).
Microsatellite or simple sequence repeat (SSR) markers are the most
informative in terms of reproducibility, genetic data and applicability
for varietal identification. Microsatellites markers have been applied to
rice cultivar identification and quantification (Archak et al., 2007;
Vemireddy, Archak, & Nagaraju, 2007). This analysis has been referred
to as ‘the gold standard’ method for detection of long grain adulterant
rice in Basmati rice (Colyer et al., 2008). However, it is highly expensive.
Microsatellites analysis can be performed by allele size identification
using polyacrylamide gels or by capillary electrophoresis. Vemireddy
et al. (2007) evaluated agarose gel electrophoresis, slab gel electro
phoresis, and capillary electrophoresis techniques for their efficiency in
the detection and quantification of adulteration in Basmati samples. It
was found that capillary electrophoresis was superior in quantification
of adulterants compared to the others (Vemireddy et al., 2007).
A new form of PCR named digital droplet PCR (ddPCR) consists of
running the amplifications in nanoliter-size samples, which are encap
sulated into oil droplets. ddPCR outperforms qPCR in sensitivity and
precision, measuring the targeted-DNA content directly (Bö;hme,
Calo-Mata, Barros-Velázquez, & Ortea, 2019). TaqMan based real time
PCR method proved to be a very accurate with 1% detected limit and
economical for Basmati adulteration assessment (Lopez, 2008). Another
molecular tool i.e. high resolution melting (HRM) is an interesting
approach for food authenticity testing. It involves amplification of the
target of interest in the presence of a saturation dye by PCR and sub
sequent melting of the amplicons by gradually increasing the tempera
ture (Druml & Cichna-Markl, 2014) and has been examined for the
rapid, sensitive detection of adulterants in rice (Ganopoulos et al.,
2011).
In summary, DNA based methods have been widely employed for
food authenticity assessment, but are expensive, complex, timeconsuming and destructive.

3.3. Spectroscopy techniques
Spectroscopies, other than MS, have been applied in food authen
ticity assessment due to the advantages of speed, reliability, being nondestructive and in some cases are portable (Gayo & Hale, 2007). Addi
tionally, coupled with chemometrics results are known as “finger
printing”, and allow the detection of fraud in a range of products (Reid,
O’Donnell, & Downey, 2006). For rice authenticity, these include
laser-induced breakdown spectroscopy (LIBS), Raman spectroscopy and
nuclear magnetic resonance spectroscopy (NMR), their applications are
summarised in Table 1.
3.3.1. Laser-induced breakdown spectroscopy
Laser-induced breakdown spectroscopy (LIBS) can provide qualita
tive and quantitative analysis of multi-elements in samples (Santos Jr.,
et al., 2012), using the plasma generated by a laser pulse to excite the
sample in a single step. The main advantage of LIBS compared with
other emission techniques, is that it has less sample preparation
compared with ICP-MS and possibility of simultaneous multi-elemental
analysis. The major disadvantage is that the excitation conditions are
sensitive to variations in laser output and sample characteristics
(Cremers, Yueh, Singh, & Zhang, 2000).
3.3.2. Vibrational spectroscopy
Vibrational spectroscopies such as near-infrared (NIR) and Raman
are rapid and non-destructive and have been shown to be efficient for
monitoring and controlling food products, in the range of 780–2500 nm.
The spectra can be recorded in three modes, namely, reflection, trans
mission, and interactance and provide information on the bond vibra
tions of compounds in samples (Qu et al., 2015). NIR is easy-to-use and
nondestructive (Eisenstecken et al., 2019). Miniaturized or portable NIR
spectrometers have been used for rice authenticity assessment (Teye
et al., 2019). Raman spectroscopy (RS) has been applied to study rice
authenticity. It has minimal interference from water and high selectivity
to inorganic substances (Reid et al., 2006; Yang & Ying, 2011; Śliwińska
et al., 2016). RS and IR spectroscopy are in many ways complementary
(Rodriguez-Saona, Giusti, & Shotts, 2016, pp. 71–116). In recent years,
nuclear magnetic resonance (NMR) spectroscopy has become important
by identifying specific markers or entire metabolite profiles (Reid et al.,
2006; Sobolev, Circi, Capitani, Ingallina, & Mannina, 2017). NMR needs
minimal sample preparation and has short analysis times (Fang, Goh,
Tay, Lau, & Li, 2013). However, it is less sensitive than MS and has
complicated data evalution and be expensive (Monakhova, Kuballa, &
Lachenmeier, 2013). In summary, the most exciting advances are likely
to be in the development and application of handheld techniques that
will offer low cost, easy to use techniques which can be applied across
rice supply chains.

4. Conclusions
Currently, research is mainly focused on rice authenticity for its
botanical and geographical origins or cultivation methods. Cases of
fraud have negative impacts on industry, consumer confidence and may
be linked to health risks. Parallel to the development of new ways to
perpetrate rice fraud, the number of analytical techniques used to detect
them is also increasing. Over the past 20 years food authenticity analysis
have become more selective, sensitive and reliable. The development of
new statistical data examination methods give for better classification of
samples than by the use of basic Principal Components methods.
Research on the application of different analytical tools in the rice
authenticity field is developing dynamically, a selection of which are
reviewed herein. In the case MS, the more advanced techniques are
being increasingly applied due to greater power of untargeted analysis.
It is possible qualitatively analyse a complex matrix that contain hun
dreds of compounds. However, these need highly trained analysts.
Spectroscopic techniques can provide screening, rapid and nondestructive sample analysis, they are cost effective and require little
expertise once set up. But the marker cannot be identified with these
techniques. DNA-based methods are relatively fast compared to MS and
they can determine rice species. However these methods are not useful
for the unambiguous detection of adulteration and identification of
geographical indication. Adulterants must be known in advance and
specifically targeted by dedicated probes. There is at present no single
analytical tool capable of providing an answer to all rice authentication
problems, thus it is often necessary to use several approaches in profiling
and identification of possible markers and/or adulterants.

3.4. DNA-based methods
DNA-based methods are often applied to detect adulteration in food
(Nader et al., 2016, pp. 7–33) and feed products (Maestri & Marmiroli,
2016, pp. 285–309). Most molecular approaches for food authenticity
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