National Science and Technology Commission

YOUNG SCIHBENTIST FORUM

GHAPTER 06

&

FLAVORING

FOOD AUTHENTICATION FOR FOOD SAFETY
AND NUTRITIONAL SECURITY IN
SRI LANKA

Food Authentication for Food
Safety....

Environment Sustenance and Food Safety: need of more vibrant policy initiatives for Sri Lanka

85



Food Authentication for Food
Safety....

Food Authentication for Food Safety and Nutritional Security in
Sri Lanka

K.M.R.U. Gunarathna* and J.M.N. Marikkar

Abstract Safety and nutritional security of food and agricultural products have
become a major concern and challenge in Sri Lanka. The increasing demand, coupled
with shortages in food supply, leads to food safety issues and nutritional insecurity.
As food quality issues like adulteration and other forms of fraudulent practices are
rampant in today’s world, sound scientific approaches are required to tackle them.
Deliberate or in-deliberate addition of foreign materials and removal of value-added
food substitutes frequently takes place in the food supply chain. Hence, international
and local regulatory control measures are required to be implemented to safeguard
the quality and safety of food commodities. In this backdrop, food authentication can
play a crucial role to ensure the quality and safely of food produces in compliance with
the standard guidelines. Food authentication throughout the food production and
supply lines would aid not only to ensure food safety among the general public but
also increase the competitiveness of our local products in the international market.
Further, establishing comprehensive data bases on nutritional compositions of locally
available agro-food products would help to address nutritional insecurity prevailing in
the Sri Lankan Society.
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Introduction

Product quality, particularly in relation to foods, has gained importance over
the past several years worldwide. In many countries, food quality control has
become an essential part of the supply chain line from farm to table. Almost
all foodstuffs in the market pose quality-related problems in various aspects.
The quality issue would become more serious if the food product had a high
intrinsic commercial value. In this connection, monitoring of food adulteration
or contamination of food with undesirable substances has become a crucial
task to ensure the quality of food. Thus, certification of product quality has an
added value for product marketing within a competitive system.

Consumers around the world have increasingly become cautious about the
guality of the food they consume. Speculative reports of food adulteration in
the social media pose a growing challenge to the food manufacturing sector.
Owing to this, food manufacturers are at times compelled to confirm the
authenticity of their finished products or ascertain the source of origin of the
ingredients used in the formulations. Determining the authenticity of food
and other agricultural produces has been an ever-increasing challenge. This
can help to prevent false descriptions or incorrect labelling, substitution of
cheaper ingredients, and other adulteration issues. This increased demand for
authenticity comes amid various legislative and regulatory pushes that increase
the level of regulation imposed on the food supply worldwide.

Food Quality Issues in the Agro-food Sector

Because of the growing public awareness of food quality and safety issues, the
authentication of food commodities has become a rapidly advancing field of
study. Scientific community, law enforcement authorities, food manufacturing
companies, and personnel involved in supply chain management are interested
in keeping an update on the developments taking place in this arena. A quick
review of the literature reveals how many different analytical approaches
have been investigated by researchers all over the world to cross—check the
authenticity of various food items. As there are numerous practices of a
fraudulent nature taking place, it has become essential to take steps to monitor
food quality at different stages of production.
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What is Food Adulteration?

Food adulteration is a global concern that adversely impacts the quality and
safety of foods. Generally, it refers to the deliberate or inadvertent substitution
of inferior foreign materials into food or the removal of value-added food
substitutes from the primary food commodity [1]. The practices of adulteration
include dilution, unauthorized enhancements, counterfeiting, substitution,
concealment, grey marker production, mislabelling, etc. [2]. This process
can actually either reduce the nutritional quality or subsequently cause an
injurious impact on the consumers or can cause both [3]. An elevated risk of
food adulteration can emerge when a country faces a low food supply, leading
to an imbalance between the supply and demand. Furthermore, the likelihood
of food adulteration would be high in developing countries due to insufficient
policies and monitoring mechanisms [4]. This topic is actually contemporary
and would be very much relevant to the present economic situation in Sri
Lanka in the wake of shortages of commodities in fulfilling the demands of the
food sector.

A number of food commodities are known to be victims of either adulteration
or mislabelling by the unscrupulous. Milk, butter, honey, olive oil, virgin coconut
oil, gee, spices, and tea are some of the common examples of commodities
having a high vulnerability to adulteration. Many studies have been carried
out in the past to provide insight into potential adulterants in different food
commodities. Just a few examples include palm oil in olive oil or rapeseed oil
[5], low-grade rice in good quality rice [6], starch, melamine, and water in milk
[4-7], invert sugar or jaggery in honey, chicory in coffee powder, brick dust in
chili powder, metanil yellow in pulses and turmeric [8], and so on. Over the
years, scientific literature has discussed the detection of these adulterants in
various food items, emphasizing the need for quality control in the food sector.
Some of the most common adulterants that can be found in several food items
are shown in Table 1.
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Table 1: Some common adulterated foods and the respective adulterants
Food Adulterant Target parameters and  References
action
Ammonium Preservation action to
Milk increase the lactometer [9], [10]
sulphate .
reading
To maintain the density of
NaCl 9], [10
milk, Increase solid-not-fat (9], 110]
Sodium Act as a neutralizer,
bicarbonate, suppress the microbial [10]
sodium hydroxide growth, enhance shelf life
Starch
arch, sugar, Increase solid-non-fat [9]
sulfate salts
To | -protei
Urea 9 ncrease non-protein (9]
nitrogen content
Melamine, To Increase protein
. . [9], [11]
Dicyandiamide content
Formalin, Benzoic
acid, Salicylic Preservation action, (9]
acid,Hydrogen enhance shelf life
peroxide
ToC te the fat
Vegetable oil © Lompensatethe fa [9]
content
Emulsification and dissolve
Detergents o [9]
the oil in water
Artificial sweeteners:
High fructose corn . ,
To adjust the sweetness in
Honey syrup, sugar, maltose . [12]
) low quality honey
syrup, inverted beet
syrup
Foreign diastase and To falsely indicate the
& 4 [13], [14]

amylases

freshness of honey
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Olive pomace oil,
rapeseed, soybean oil,
corn oil and sunflower
oil

Olive oil To increase the bulk [15], [16]

Starch, chalk dust,
wheat or rice flour
Turmaric  dyed with colorants To increase the bulk [17]
like tartrazine, metanil
yellow,lead chromate

Sunflower oil, soybean

C t
Oi(Tconu oil, corn ail, palm oil, To increase the bulk [18], [19]
fried coconut oil
Lard, mustard oil,
Virgin palm kernel oil,
coconut  palm oil,paraffin oil, To increase the bulk [20], [21]
oil mustard oil, re-refined
deep- frying palm oil
Tea Cashew nut husk To increase the bulk [22]
Starch, caffeine, china .
. To conceal the quality
clay, sand, chicory, defect and falsely make
leather flakes, french y [23], [24]
. s the product more
chalk, iron filings, i
attractive
talcum powder
Azo dyes: tartrazine,
sunset yellow, To conceal the damage 23]
carmosine, indigo and inferior quality tea
carmine, brilliant blue
G T h ight |
reen Sibutramine .qgn ance weight loss [24]
tea illicitly.
Glutinous rice flour To Improve the flavour [25]

Milk is reckoned as one of the foods most frequently subjected to fraud. It
downgrades the overall nutritional quality of the milk and can cause numerous
human diseases [9-10]. Vegetable protein, whey, milk from other species and
water are reckoned as some of the common adulterants found in milk that
do not pose serious health issues [9]. Meanwhile, adulterants like sodium
bicarbonate, sodium hydroxide, detergents, ammonium sulfate, formalin, urea,
melamine, boric acid, salicylic acid, hydrogen peroxide, and benzoic acid are
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reported to have a drastic negative impact on human health [9-11].

Honey is a sweetening agent that has good nutritional value and health
promotion benefits. After olive oil and milk, honey has the highest likelihood of
becoming adulterated in the commercial fraudulent process [12]. Adulteration
of honey is reported to have different facets and is categorized as both direct
and indirect. The addition of sugar syrups after production and the blending
of high-priced honey with inferior quality honey are examples of direct
adulteration, whereas overfeeding of bees during the main nectar period is
an example of indirect adulteration [13-14, 26-27]. Ferreiro-Gonzdlez et al.
[12] stated that the addition of inexpensive sweeteners to pure honey is the
most commonly practiced adulteration method. Among the different types of
sweeteners, high fructose corn syrup is used often due to its low cost as well
as its compositional similarities to honey [12]. Honey proteins are reported as
an important compound associated with honey properties [13]. The diastase/
amylase activity serves as one of the quality parameters of honey that is
indicative of the freshness and overheating of honey [14]. Therefore, their loss
in activity is indicative of the inferior quality of the honey. In this matter, foreign
amylases are being added to honey to mask the quality loss of honey [13].

Spices hold great economic value in both local and export markets. As their
trading process goes through a complex supply network, they pose a high
risk of vulnerability to adulteration. The increasing demand and high prices
of spices appeared to have fueled the temptation to engage in fraudulent
practices [17, 28-29]. Turmeric (Curcuma longa) is a famous spice that has
been extensively used in traditional cuisine and medicinal applications. In an
attempt to increase the bulk of turmeric, dyed materials such as rice flour,
starch, wheat flour, and chalk dust, pre-extract rhizomes, low-quality spices,
and cheap natural ingredients are commonly added to turmeric powder [17].
In this regard, metanil yellow, tatrazine, and lead chromate are reckoned as
some of the most frequently used colorants [17]. Black pepper is reckoned
as the “King of spices,” which claims its demand for a great economic value
among different spices. Cheaper bulking materials such as papaya seeds, non-
functional pepper substances like defatted pepper materials, pepper husks,
and pinheads are some of the common adulterants in pepper [29-30].

Tea is a globally famous beverage, being consumed abundantly around the
world and coming in different types and grades. Some of the high-grown teas
are expensive and commanding a high price in the market. Various adulterants,
like plant-based materials and inorganic substances, are being added to tea in
fraudulent practices. Among those, cashew nut husk is reported to be used
more often as a plant-based tea adulterant [22]. Furthermore, starch, caffeine,
china clay, sand, chicory, leather flakes, french chalk, iron filings, talcum powder,
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are some other potential adulterants of tea [23-31]. Low-grade black tea is
often dyed with artificial colorants like azo dyes to cloak its inferior quality or
damage [23-32]. Green tea is scarce in production and reputed for its claimed
health benefits. lllegal adulterations of tea with sugars and glutinous rice flour
[25] and synthetic slimming substances like sibutramine may pose adverse
impacts on human health, leading to strokes and heart attacks [24].

Olive oil is well known for its extensive sensory, nutritional, and health
characteristics. It is a fundamental ingredient of the reputed Mediterranean
dietary pattern [16]. Generally, olive oil comes in different grades as they
fall under different quality categories based on their fatty acid composition,
degree of acidity, peroxides, spectrophotometric index, and sensory attributes.
Amongst, the alkyl esters of fatty acid composition of olive oil are reckoned
as an important quality parameter where the quality of the oil would decline
when their value is higher than the legislative recommendations [33]. Among
the different grades of olive oil, extra virgin olive oil is reckoned as a premium
product with a high tendency to be adulterated due to its high commercial
value and supply shortage [34]. Adulteration of olive oil could take place in
a number of ways where the most primary way of adulteration refers to the
partial replacement of the oil with other low-priced commercial oils like low-
grade olive oil, pomac oil, rapeseed, soybean, corn, and sunflower oils [15-16].

Coconut oil is frequently used in oil-based culinary practices both in the industry
and households. Moreover, it might act as a functional food pertaining to its
unique saturated nature that comes with small-to medium-chain fatty acids
[18]. Owing to the body of knowledge-based evidence, the commercial value
of virgin coconut oil is undergoing rapid growth and is becoming a valuable
source of nutrition, similar to olive oil [20-35]. As there is a high demand in
the market place for coconut oil, this triggers the profit-motive adulterations
by the traders in the oil business. Some common adulterants of coconut oil are
palm oil, other low-priced vegetable and seed oils, or fried recycled coconut
oil [18-19]. In several Asian countries, coconut oil is reported to be adulterated
with palm olein and sold as a “genuine” product [34]. Palm kernel oil, palm oil,
paraffin oil, mustard oil, re-refined deep-frying palm oil, and low-cost animal
fats can be reckoned as other common adulterants of virgin coconut oil [20-
21]. These kinds of fraud and falsification could not only ruin the organoleptic
properties of virgin coconut oil but also its health outcomes.

Food safety Policy Gaps in Agro-food Sector

Food authentication exercises would help in many ways to ensure food safety
among the general public of a country. Food safety issues are multifarious based
on the nature of different food systems. Outbreak of food-borne diseases is a
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particular concern as the economic costs associated with foodborne diseases
can be severe on people, food companies, and a country’s reputation. They can
cause short-term symptoms, such as nausea, vomiting, and diarrhea (commonly
referred to as food poisoning), but can also cause longer-term illnesses, such
as cancer, kidney or liver failure, brain and neural disorders. These diseases
may be more serious in children, pregnant women, elderly people, and those
who have a weakened immune system. The causes are unhygienic practices
in food production, harvesting, and preparation. A lack of accurate data on
the full extent and cost of foodborne diseases has been a major obstacle to
address food safety issues. In order to fill this data gap, research institutions
and regulatory authorities could make necessary contributions through specific
programs of action.

With the advancement of technology, various food additives are increasingly
being used in processed food items wich demand long shelf life. Often times,
additives are used as preservatives, colorants, flavour enhancers, stabilizers and
taste and texture improvers, etc. Some of these additives might have negative
consequences for the health of the consumers, being associated with possible
carcinogenic effects [36]. Nevertheless, additives, which are toxic in nature,
would not pose any hazard to human health if they are present below certain
limits according to regulatory guidelines. Hence, updated national level policies
and guidelines are required to implement the regulatory control over the use
of these additives in commercial food production. Frequent amendments and
revisions are required to be carried out for regulatory control guidelines with
the advancement of scientific knowledge.

The perception of consumers regarding the intake of foods containing high
levels of chemical additives has changed considerably over the last few decades.
Owing to the adverse side effects of some of the chemical preservatives on
consumers’ health, food suppliers have demanded foods to be microbiologically
safe with no chemical preservatives in them [36]. As a result, research on
alternative antimicrobial strategies and systems should begin using knowledge
of the physiological responses expressed by various microorganisms [37-38].

Process-induced toxicants are becoming big food safety issues in the food
manufacturing sector. Acrylamide is one such example of a process-induced
contaminant occurring in fried products like French fries. The toxic nature of
acrylamide has been well established by now [39]. Frequent monitoring of food
supply outlets in Sweden, the UK, and Denmark has led to the detection of
acrylamide contaminated foods. As this kind of surveillance is hardly operational
in Sri Lanka, the exposure of these contaminants is not known in detail. Food
control authorities should therefore make this a national priority by allocating
funds for the development of analytical methods for routine cross-check in
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major cities.

Food irradiation is the treatment of foods by ionizing radiation in the form
of beta, gamma or X-rays [40]. It has been increasingly becoming a means of
reducing the microbial load in herbs, spices, potatoes, flour, packed pork and
beef, etc. Although this technology provides many benefits to the food industry
in terms of shelf-life extension, certain segments of society do not like to eat
irradiated foods on the grounds of perceived health risks. Some improvements
are therefore necessary to revise the food labelling practices in Sri Lanka for
consumers to identify irritated foods easily. Regulatory agencies in Sri Lanka
should also develop necessary legal policies to determine ways to identify and
label irradiated foods using appropriate terminology.

Need for Comprehensive Food Data-bases

Establishing comprehensive food compositional databases is essential for
various food commodities to facilitate their food authentication. This should
be done by national level bodies responsible for upholding standards. This
kind of initiative would not only help to curb fraud by unscrupulous practices
happening in the local trade, but also facilitate the enhancement of the
superior quality of local produces in the competitive marketing system.
The Department of Agriculture, Sri Lanka recently compiled the proximate
composition and mineral composition of various bean varieties locally grown
in the country [41]. Likewise, the systematic data compilations for several other
food commodities should be encouraged in the future by allocating funds for
research, infrastructure facilities, and other resources. This can be further
strengthened by efficient information sharing through networking among
different government agencies.

Food compositional data bases play a significant role in food authentication
and quality assurance. Hence, accuracy and reliability in food compositional
databases are of prime importance. Accomplishment of this task should be
done through accredited laboratories having validated methods of analysis.
These databases should contain information about macronutrients and
micronutrients. Macronutrients are required in larger quantities and include
carbohydrates, lipids, and proteins. Micronutrients are those that required in
smaller quantities and include vitamins and minerals.

In classical authentication, the proximate compositional data of food samples
can be used as references for cross- checking the suspected sample to see if
its values deviate significantly from the range found in the reference [42]. This
approach has been successful in many cases as it is remarkably sensitive to
adulterations. When using this method, detecting adulteration becomes more
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difficult if the composition of the adulterant and the authentic material become
too similar. In such cases, alternative strategies proposed by various research
groups need to be adopted by regulatory bodies [43]. In this regard, some
examples from the oil and fat sectors could shed some light on the issues to get
better clarification. Coconut and palm kernel oils are two examples of lauric oils
with similar fatty acid profiles. Despite some differences due to the country of
origin, the fatty acid compositions of olive oil and canola oil were similar [44].
Likewise, fatty acid profile similarities were noticed in cocoa butter and cocoa
butter substitutes [44-45].

Thermal analysis by differential scanning calorimetry (DSC) has been a
potentially useful technique in food authentication. In a pioneering effort, Dyzel
and Baish [46] demonstrated the use of DSC in the identification of various
edible vegetable oils. This study triggered the curiosity among the research
community to investigate the use of DSC to establish the standard reference
curves of several plant oils [44-45], and animal fats [47-48]. The DSC output,
coming in the form of melting and cooling curves, could serve as fingerprint to
identify different oils and fats. If any significant deviation is detected in the DSC
curve of a particular oil or fat with respect to the standard reference curve, it can
be taken as preliminary evidence of adulteration. Food control authorities in a
country should encourage the use of this modern authentication technique for
quality assurance of locally produced oils, dairy products, spices, and essences.

Nutritional Insecurity

Nutrition insecurity can be defined as the inability to access adequate quantities
of nutritious foods required for optimal growth and development. It has been
recognized that well-nourished people are healthier, better learners, and more
productive in life. Although Sri Lanka performs well in most health indicators,
child nutrition among those below 5-years is still a major challenge. Severe
vitamin A deficiency is one of the major public health problems in rural Sri Lanka,
causing increased susceptibility to infections and permanent damage to both
eyesight and development. According to multiple reports, the most vulnerable
groups are children younger than five years and women of reproductive age
[49].

There has been a close link between nutritional insecurity and food adulteration.
There are a host of fruits that are low in supply due to their existence in
particular regions of the world. In such cases, adulteration of fruit products by
some manufacturers and suppliers is inevitable, as they usually add cheaper
substitutes to highly valued fruit products. This practice can affect the nutritional
value, sensory attributes, and chemical composition of the authentic products,
violating consumer’s rights and expectations. Therefore, monitoring of the
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authenticity of food products, including fruit juices, represents a demanding
and necessary task to be performed by regulatory agencies.

In general, there has also been a close link between nutritional insecurity
and climate risk all around the world. Experts believe that climate change
accompanied by extreme weather patterns is a concern for the productivity of
all arable crops in Sri Lanka. The nutritional qualities of various foods may be
at risk due to factors that affect plant nutrient uptake. This kind of climate risk
would lead to nutritional insecurity across many developing countries in Asia
and Africa.

Food authentication could lend a helping hand to assess nutritional losses caused
by various food processing operations. Generally, the nutritional composition,
bioactivities, and functional properties of raw food items are affected by the
application of different food processing methods such as freezing, thawing,
baking, drying, frying, etc. [50]. Remedial measures to retain essential nutritional
attributes of foods may be taken if food authentication is carried out to cross-
check the short fall in nutritional quality due to processing.

Conclusions

The rising prevalence of fraudulent practices in the food sector has become a
critical concern in terms of food quality and safety. Exercises of profit-motivated
and nutritional insecurity related food adulteration with cheap substances and
hazardous materials would not only impact on the quality of food but also
on consumer health. Thus, regulator bodies have made establishments to
control food falsification by making guidelines for different food parameters.
Therefore, food authentication is crucial and must be implemented throughout
the production process of food and agricultural produces. However, the
authentication process could vary based on the type of the adulterant and
the commodity type, and interestingly, a number of analytical methods have
been developed to accomplish this aspect. Meanwhile, the development of
accurate and descriptive nutritional data bases on macro and micronutrients
of different food commodities would greatly assist the food authentication
process. Therefore, food authentication practices accompanied by generating
nutritional databases are essential in order to ensure the overall food quality.
However, further and fine-tuned authentication practices are warranted

Environment Sustenance and Food Safety: need of more vibrant policy initiatives for Sri Lanka

96

Food Authentication for Food
Safety....

Acknowledgement

Authors gratefully acknowledge NIFS, Kandy for funding.

Conflicts of Interests

The authors declare that there is no conflict of interest.

References

[1]

(2]

3]

[4]

(5]

6]

(7]

8]

S. Bansal, A. Singh, M. Mangal, A.K. Mangal, and S. Kumar. “Food adulteration:
Sources, health risks, and detection methods,” Critical Reviews in Food Science and
Nutrition, vol. 57, pp. 1174-1189, 2017, doi:10.1080/10408398.2014.967834.

Y. He, X. Bai, Q. Xiao, F. Liu, L. Zhou, and C. Zhang. “Detection of adulteration
in food based on nondestructive analysis techniques: a review,” Critical
Reviews in Food Science and Nutrition, vol. 61, pp. 2351-2371, 2021, doi:
10.1080/10408398.2020.1777526.

L. Manning and J.M. Soon. “The value of product sampling in mitigating food
adulteration,” in A Handbook of Food Crime: Immoral and lllegal Practices in the
Food Industry and What to Do About Them, Policy Press,2018, pp. 129.
S.D.Silva, K. N. Chandrasekaran, K.H. Fernando, W.T.G.S.L. Withana, and A.M.M.H.
Athapaththu. “Molecular detection of pork adulteration:A study based on dairy
products in Sri Lanka,” International Journal of Innovative Science and Research
Technology, vol. 6, pp. 1536-1540, 2021. Scribd : https://bit.ly/3wKOFr5

I. Strashnov, J.D. Gilmour, A. Cannavan, G. Chen, C. Dissanayake, B.R. Fernando,
S. Kelly, S.A. Muhammad, D.K. Singh, and Z. Xu. “Atmospheric pressure chemical
ionisation (APCI) and photoionisation (APPI) mass spectrometry for detection
of unsaturated fatty acids: Potential for rapid detection of adulteration of
vegetable oils,” Analytical Methods, vol. 11, pp. 3819-3828, 2019, doi: 10.1039/
c9ay00977a.

K. Timsorn, Y. Lorjaroenphon, and C. Wongchoosuk. “Identification ofadulteration
in uncooked Jasmine rice by a portable low-cost artificial olfactory system,”
Measurement: Journal of the International Measurement Confederation, vol.
108, pp. 67-76, 2017, doi: 10.1016/j.measurement.2017.05.035.

B. Sezer, S. Durna, G. Bilge, A. Berkkan, A. Yetisemiyen, and I.H. Boyaci.
“Identification of milk fraud using laser-induced breakdown spectroscopy
(LIBS),” International Dairy Journal, vol. 81, pp. 1-7, 2018, doi: 10.1016/].
idairyj.2017.12.005.

S. Awasthi, K. Jain, A. Das, R. Alam, G. Surti, and N. Kishan. “Analysis of food quality
and food adulterants from different departmental & local grocery stores by
qualitative analysis for food safety,” Journal of Environmental Science, Toxicology
and Food Technology, vol. 8, pp. 22-26, 2014, doi: 10.9790/2402-08232226.

Environment Sustenance and Food Safety: need of more vibrant policy initiatives for Sri Lanka

9



Food Authentication for Food
Safety....

(9]

(10]

(11]

(12]

[13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

T. Azad and S. Ahmed. “Common milk adulteration and their detection
techniques,” International Journal of Food Contamination, vol. 3, 2016, doi:
10.1186/s40550-016-0045-3.

M. Chakraborty and K. Biswas. “Limit of detection for five common adulterants
in milk: A study with different fat percent,” IEEE Sensors Journal, vol. 18, pp.
2395-2403, 2018, doi: 10.1109/JSEN.2018.2794764.

PW. Hansen and S.E. Holroyd. “Development and application of Fourier
transform infrared spectroscopy for detection of milk adulteration in practice,”
International Journal of Dairy Technology, vol. 72, pp. 321-331, 2019, doi:
10.1111/1471-0307.12592.

M. Ferreiro-Gonzalez, E. Espada-Bellido, L. Guillén-Cueto, M. Palma, C.G.
Barroso, and G.F. Barbero. “Rapid quantification of honey adulteration by visible-
near infrared spectroscopy combined with chemometrics,” Talanta, vol. 188, pp.
288-292, 2018, doi: 10.1016/j.talanta.2018.05.095.

T. Erban, E. Shcherbachenko, P. Talacko, and K. Harant. “A single honey proteome
dataset for identifying adulteration by foreign amylases and mining various
protein markers natural to honey,” Journal of Proteomics,vol. 239, pp. 104157,
2021, doi: 10.1016/j.jprot.2021.104157.

A. Naila, S.H. Flint, A. Z. Sulaiman, A. Ajit, and Z. Weeds. “Classical and novel
approaches to the analysis of honey and detection of adulterants,”Food Control,
vol. 90, pp. 152-165, 2018, doi: 10.1016/j.foodcont.2018.02.027.

T.K. de Lima, M. Musso, and D.B. Menezes. “Using Raman spectroscopy and
an exponential equation approach to detect adulteration of olive oil with
rapeseed and corn oil,” Food Chemistry, vol.333, p. 127454, 2020, doi: 10.1016/j.
foodchem.2020.127454.

F. Tsopelas, D. Konstantopoulos, and AT. Kakoulidou. “Voltammetric finger
printing of oils and its combination with chemometrics for the detection of extra
virgin olive oil adulteration,” Analytica Chimica Acta,vol. 1015, pp. 8-19, 2018,
doi: 10.1016/j.aca.2018.02.042.

W.G.C. Bandara, G.W.K. Prabhath, D.W.S.C.B. Dissanayake, V.R. Herath, G.M.R.LI.
Godaliyadda, M.P.B. Ekanayake, D. Demini, and T. Madhujith. “Validation of
multispectral imaging for the detection of selected adulterants in turmeric
samples,” Journal of Food Engineering, vol. 266,pp. 109700, 2020, doi: 10.1016/j.
jfoodeng.2019.109700.

M.D.G. Neves and R.J. Poppi. “Monitoring of adulteration and purity in coconut
oil using raman spectroscopy and multivariate curve resolution,” Food Analytical
Methods, vol. 11, pp. 1897—-1905, 2018, doi: 10.1007/s12161-017-1093-x.

A.R. Jamwal, S. Kumari, S. Kelly, A. Cannavan, and D.K. Singh. “Rapid detection of
pure coconut oil adulteration with fried coconut oil using ATR-FTIR spectroscopy
coupled with multivariate regression modelling,” Lwt- Food Science and
Techonology, vol. 125, p. 109250, 2020, doi: 10.1016/j.lwt.2020.109250.

B. Xu, P. Li, F. Ma, X. Wang, B. Matthaus, R. Chen, Q. Yang, W. Zhang, and

Q. Zhang. “Detection of virgin coconut oil adulteration with animal fats using

Environment Sustenance and Food Safety: need of more vibrant policy initiatives for Sri Lanka

98

Food Authentication for Food
Safety....

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

quantitative cholesterol by GC x GC-TOF/MS analysis,” FoodChemistry, vol. 178,
pp. 128-135, 2015, doi:10.1016/j.foodchem.2015.01.035.

R.A. Jamwal, S. Kumari, A.S. Dhaulaniya, B. Balan, S. Kelly, A. Cannavan, and D.K.
Singh. “Utilizing ATR-FTIR spectroscopy combined with multivariate chemometric
modelling for the swift detection of mustard oil adulteration in virgin coconut
oil,” Vibrational Spectroscopy, vol. 109, p. 103066, 2020, doi: 10.1016/j.
vibspec.2020.103066.

G. Lagiotis, E. Stavridou, |. Bosmali, M. Osathanunkul, N. Haider, and P. Madesis.
“Detection and quantification of cashew in commercial tea products using High
Resolution Melting (HRM) analysis,” Journal of FoodScience, vol. 85, pp. 1629—
1634, 2020, doi: 10.1111/1750-3841.15138.

X. Li, Y. Zhang, and Y. He, “Rapid detection of talcum powder in tea using FT-
IR spectroscopy coupled with chemometrics,” Scientific Reports, vol. 6,pp. 1-8,
2016, doi: 10.1038/srep30313.

A. Deb Pal, and T. Das. “Analysis of adulteration in black tea,” International Journal
of Biological Research, vol. 3, no. 1, pp. 253-257,2018.

N. Cebi, M.T. Yilmaz, and O. Sagdic, “A rapid ATR-FTIR spectroscopic method for
detection of sibutramine adulteration in tea and coffee based on hierarchical
cluster and principal component analyses,” Food Chemistry, vol. 229, pp. 517-
526, 2017, doi: 10.1016/j.foodchem.2017.02.072.

L. Li, S. Jin, Y. Wang, Y. Liu, S. Shen, M. Li, Z. Ma, J. Ning, and Z. Zhang.“Potential
of smartphone-coupled micro NIR spectroscopy for quality control of green tea,”
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, vol. 247,
p. 119096, 2021, doi: https://doi.org/10.1016/j.saa.2020.119096.

A. Guler, H. Kocaokutgen, A. V. Garipoglu, H. Onder, D. Ekinci, and S. Biyik.
“Detection of adulterated honey produced by honeybee (Apis mellifera L.)
colonies fed with different levels of commercial industrial sugar (C3 and C4
plants) syrups by the carbon isotope ratio analysis,” Food Chemistry, vol. 155, pp.
155-160, 2014, doi: 10.1016/j.foodchem.2014.01.033.

R. Fakhlaei, J. Selamat, A. Khatib, A.F.A. Razi, R. Sukor, S. Ahmad, and A.A.Babadi.
“The toxic impact of honey adulteration: A review,” Foods, vol. 9,pp. 1-21, 2020,
doi: 10.3390/foods9111538.

V.A. Parvathy, V.P. Swetha, T.E. Sheeja, and B. Sasikumar. “Detection of
plant-based adulterants in turmeric powder using DNA barcoding,”
Pharmaceutical Biology, vol. 53, no. 12, pp. 1774-1779, 2015, doi:
10.3109/13880209.2015.1005756.

A.S. Wilde, S. A. Haughey, P. Galvin-King, and C. T. Elliott. “The feasibility of
applying NIR and FT-IR finger printing to detect adulteration in black pepper,”
Food Control, vol. 100, pp. 1-7, 2019, doi: 10.1016/].foodcont.2018.12.039.

P.K. Sahu, J. Panda, YV.V. Jogendra Kumar, and S.K. Ranjitha. “A robust RP-
HPLC method for determination of turmeric adulteration,” Journal of Liquid
Chromatography and Related Technologies, vol. 43, pp. 247-254, 2020, doi:
10.1080/10826076.2020.1722162.

Environment Sustenance and Food Safety: need of more vibrant policy initiatives for Sri Lanka

99



Food Authentication for Food
Safety....

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]
(40]

[41]

[42]

(43]

[44]

[45]

L. Wei, Y. Yang, and D. Sun. “Rapid detection of carmine in black tea with
spectrophotometry coupled predictive modelling,” Food Chemistry, vol. 329, p.
127177, 2020, doi: 10.1016/j.foodchem.2020.127177.

E. Kakouri, P. K. Revelou, C. Kanakis, D. Daferera, C. S. Pappas, and P. A.
Tarantilis. “Authentication of the botanical and geographical origin and
detection of adulteration of olive oil using gas chromatography, infrared and
raman spectroscopy techniques: A review,” Foods, vol. 10, 2021, doi:10.3390/
foods10071565.

J. M. N. Marikkar, M. E. S. Mirghani, and . Jaswir. “Application of chromatographic
and infra-red spectroscopic techniques for detection of adulteration in food
lipids: A review,” A Review. Journal of Food Chemistryand Nanotechnology, vol.
2, pp. 32-41, 2016, doi: 10.17756/jfcn.2016- 008.

Amit, R. Jamwal, S. Kumari, A. S. Dhaulaniya, B. Balan, and D. K. Singh. “Application
of ATR-FTIR spectroscopy along with regression modelling for the detection
of adulteration of virgin coconut oil with paraffin oil,” Lwt- Food Science and
Techonology, vol. 118, pp. 108754, 2020, doi: 10.1016/j.lwt.2019.108754.

M. C. S. Campelo, J.M.S. Medeiros, and J. B. A. Silva. “Natural products infood
preservation,” International Food Research Journal, vol 26, pp. 41-46, 2019.

P.S. Negi. “Plant extracts for the control of bacterial growth: efficacy,
stability and safety issues for food application.” International Journal Food
Microbiology, vol. 156, pp. 7-17, 2012.

C.M. Gracia, C.A. Gonzalez-Bermudez, A.M. CabelleroValcarcel, M. Santaella-
Pascual, and C. FrontelaSaseta. “Use of herbs and spices for food preservation:
advantages and limitations.” Food Science, vol. 6, pp.38—43, 2015.

T. P. Coultate. Food- the Chemistry of Its Components. The Royal Society of
Chemistry: Cambridge, UK. 2009

De Man. Additives and Contaminants, in Principles of Food Chemistry. (3™edn.).
Springer Science+Business Media, Inc. New York. 1999, pp. 33-110.

DOA 2016. Important nutritional information of popular grain legume
varieties of Sri Lanka. Agriculture Publication Unit, Department of Agriculture,
Peradeniya, Sri Lanka.

Codex Alimentarius Commission (2001). Codex Standard for Named
Animal Fats, Codex-Stan 211-1999. Volume 8. Rome: Food and Agriculture
Organization of the United Nations, World Health organization (WHO).

V.G. Dourtoglou, T. Dourtoglou, A. Antonopoulos, E. Stefanou, S. Lalas, and S.C.
Poulos. “Detection of olive oil adulteration using principal component analysis
applied on total and regio FA content.” Journal of the American Oil Chemists’
Society, vol. 80, pp. 203—-208, 2003.

J. M. N. Marikkar, “Adulterations in oils and fats industry”, In: Recent Advances
in Fats and Oils Technology; Lee Y.,-Y et al. (Editors). Publisher:[Springer-Nature,
Singapore. 1st ed., pp. 463-480, 2022.

N.A.M. Yanty, J.M.N. Marikkar, and M. Shuhaimi. “Effect of fractional
crystallization on composition and thermal properties of engkabang (Shorea

Environment Sustenance and Food Safety: need of more vibrant policy initiatives for Sri Lanka

100

Food Authentication for Food
Safety....

[46]

[47]

[48]

[49]

[50]

macrophylla) seed fat and cocoa butter.” Grasas Y Aceites, vol.64, pp. 546— 553,
2013.

S.M. Dyszel, and S.K. Baish. “Characterization of tropical oils by DSC.”
Thermochimica Acta, vol. 212, pp. 41-49. 1992.

A.N. Nina Nagiyah, J.M.N. Marikkar, M.E.S. Mirghani, A.F. Nurulhidaya,and N.A.
M. Yanty. “Differentiation of fractionated components of lard from other animal
fats using different analytical techniques.” Sains Malaysiana, vol. 46, pp. 209—
216, 2017.

M.T. Yilmaz, and M. Karakaya. “Differential scanning calorimetry analysisof goat
fats: comparison of chemical composition and thermal properties”. Journal of the
American Oil Chemists’ Society, vol.86, pp.877—883, 2009

World Health Organization (2019). Childhood malnutritionin SriLanka: a road map
for the last mile: A review of literature, analysis of correlates of undernutrition, a
gualitative inquiry. Contributors: Lalini C. Rajapaksa and Upul Senarath. Colombo:
World Health Organization.

M.B. Reddy, and M. Love. “The impact of food processing on the nutritional
quality of vitamins and minerals” in Advances in Experimental Medicine and
Biology, vol 459. L.S. Jackson, M.G. Knize, J.N. Morgan (eds), Springer, Boston,
MA, 1999. https://doi.org/10.1007/978-1- 4615-4853-9 7

Environment Sustenance and Food Safety: need of more vibrant policy initiatives for Sri Lanka

101



