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Abstract

Honey is an extract of floral and secretions fromaaety of bees. Some honey manufactures
adulterate pure honey with industrial sugar, chatsjcand water either directly or indirectly.
Many methods have been developed to detect honelfeeahts including physicochemical
analysis, microscopy, chromatography, immunoasshixotropicity, DNA metabarcoding,
sensors, and spectroscopy. However, the most prgnisethods for the development of a
portable test kit for honey adulterant detectiom BLISA, electronic tongue, and NIR. The most
sensitive and accurate method is NIR. These methads shown satisfactory results when used
individually or combined. Further research is stéljuired to trial different combinations of
methods to improve accuracy and the ability to cetg a wide variety of adulterants
simultaneously. There is a need to develop a plertatney adulterant detection method, such as

NIR spectroscopy using a smartphone.

Keywords. Honey, stingless bee honey, adulterants, portddoieey adulterant kit, NIR

spectroscopy, smart phone, electronic tongue
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1. Introduction

1.1  Déefinition of honey

Honey is a yellowish liquid that acts as Newtonfand (Abu-Jdayil, Ghzawi, Al-Malah, &
Zaitoun, 2002). It consists of secretions of bess extracts of plant nectar. Several species of
bees visit plant nectar, collect the extract amdesthem as food. The classification of honey is
thus based on the source of the nectar. Basedlontbere are two types of honey; light and
dark. The dark honey is considered more nutritisush as richer in minerals (Anthony &
Balasuriya, 2016; White, 1978). Honey can also lassified as honeybedis mellifera) and
stingless bee (meliponini) honey (da Silva et 2013). The honeybee is bigger in size and it
sting while stingless honey bee does not sting iaremaller in size (Jalil, Kasmuri, & Hadi,
2017). Honeybee honey is sweet in taste while lstisgoee honey is a mixture of sweet and sour
taste (Aziz, Giribabu, Rao, & Salleh, 2017). Stesyl bee business is a potential and fast
growing in Malaysia. In 2014 Malaysian researchirgnd five species of stingless bee;
Hypotrigona scintillans, Trigona laevicepts, Trigona thoracica, Trigona Terminata and Trigona
itama. Among thisTrigona itama is the most widely used by farmers (meliponicjuiKelly,

Farisya, Kumara, & Marcela, 2014).

1.2  Composition of honey

Honey is nutritious and has medicinal value. Sugarsno acids, organic acids, and biologically
active compounds in honey make it nutritious andlioieally beneficial (Ahmed, Prabhu,
Raghavan, & Ngadi, 2007). In the honey, main ctunestits are carbohydrate (70-80% w/w) and

water (10-20% wi/w). Other varieties of minor comeots such as free amino acids, proteins,
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phenolic compounds, minerals, vitamins and orgaums are also recorded in the honey
(Ouchemoukh, Louaileche, & Schweitzer, 2007b). Amactid content in honey is about 1%
among which proline is dominant (50-80%) (Hermosi®hicon, & Cabezudo, 2003).
Carbohydrate content in honey by dry weight is rded as 95% w/w and include mainly
glucose and fructose (65-80% w/w), and sacchanos@’se (disaccharides such as glucose and
fructose bonded by glycosidic bonds) (de la FueBtmz, Martinez-Castro, & Sanz, 2006).
Propolis is one of the natural honey products #rat waxy and resinous (Jalil et al., 2017).
Physicochemical analysis revealed that propoliscts in carbohydrates (49%) and crude fibre
(44 %). It also consists of 23% moisture, 21% criaded4 % ash and 3% crude protein (Ibrahim

et al., 2016).

1.2.1 Honey composition standard

Codex Alimentarius (CODEX STAN 12-1981) standardizbe composition of honey. Honey
should have a moisture content not be more than, 20¢ar content not less than 60 g/100g,
sucrose not more than 5 ¢g/100g, free acidity notemtban 50 milliequivalents acid/100g,
diastase activity not less than 8 Schade unitsydxythethylfurfural (HMF) content not more
than 40 mg/kg, electrical conductivity not morertlfta8 mS/cm and water-insoluble content not

more than 0.1 g/100g (Codex Alimentarius, 2001).

1.3  Honey quality

Honey quality is decided based on physicochemiaedipeters; water, sugar, HMF, acidity, ash
(mineral content), density, electrical conductiyitinvertase activity and diastase level

(Bogdanov, 1999; Bogdanov & Gallmann, 2008; Olugjzer& Obasanmi, 2014; Pasias,



67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

Kiriakou, & Proestos, 2017). The honey with hightevacontent, low density, and high electrical
conductivity easily ferments and degrades the tuadisulting in a reduced shelf life. Water
content indicates the honey density, extractionhotktand is also related to the maturity of the
honey. The increase of water content decreasdwotiey density (Ouchemoukh et al., 2007b).
Sucrose content of the authentic honey is less3BaOuchemoukh, Louaileche, & Schweitzer,
2007a). Therefore, honey that contains more titAnsbcrose maybe unripe; sucrose is not
converted completely into glucose and fructose myeitase enzyme (Ouchemoukh et al.,
2007a).

Invertase activity, diastase, and HMF are qualitgigators that indicate freshness and
overheating of honey (Bogdanov et al., 1999; Pasiaa., 2017). Lower diastase content may
also indicate that the honey contains naturally fomylase content (Ouchemoukh et al., 2007a).
HMF also indicates the purity of honey; a higher HMalue indicates that the honey has been
overheated, aged or stored under poor for too |Bnginstance, honey samples stored for more
than 12-24 months contained 128-1131 mg/kg of HMiictv is greater than the recommended
standard (80 mg/kg). Honey should be consumed nvithie year of storage (Khalil, Sulaiman,

& Gan, 2010).

Electrical conductivity (EC) increases as the mah@nd acid content of the honey increases.
Honey mineral contents were found significantly retated (P <0.05) to EC. Yemeni and
Egyptian honey had 4.18 and 1.98 ms/cm EC, res@bgtiSaudi and Kashmiri honey had 0.53
and 0.67 ms/cm, respectively. Therefore, Saudikaghmiri honey is within the standard limit
(not more than 0.8 mS/cm) while Egyptian and Yentemey exceeds the limit (>0.8 mS/cm)
(El Sohaimy, Masry, & Shehata, 2015). The acidityhe honey is due to organic acids such as

gluconic acid, esters, lactones and inorganic @hehloride and phosphate. Besides that, the
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extraction season varies the pH of a honey. Theeywanith pH below 3.5 is susceptible to
spoilage (Bogdanov et al., 1999; El Sohaimy et2415). EI Sohaimy et al. (2015) found that
the honey samples they tested were fresh as te aalues (pH 4.1-4.6) comply with standard
limits (pH 3.4-6.1) (Codex Alimentarius, 2001). Whéhe acidic value exceeds the standard
limit it indicates fermentation of honey sugar intoganic acids. The acidity controls the

microbial spoilage and maintains the honey flaBwgdanov & Gallmann, 2008).

1.4 Storage stability

During storage, honey is fairly stable. Howevernéy adulterated with water will deteriorate
faster. Besides that honey adulterated with chdmioaver the medicinal value as well as may
harm the consumers (Anthony & Balasuriya, 2016pédiez et al. (1994) investigated storage
stability of honey for 2 years at 4-7°C and 28°@e Thanges in pH, colour, sugar composition,
water content, yeast and mould counts of honey \weedyzed. Over two years of storage the
color of the honey darkened, sugar content charlgetdthe total yeast level increased
significantly (P<0.05). However, there was no mimab growth and pH was found stable.
Maltulose and turanose increased during storagdewdiucose, fructose, sucrose kojibiose,
maltose, trisaccharides and isomaltose decreasetie Tyeast identified were
Schizosaccharomyces, Zygosaccharomyces, andSaccharomyces. The moulds isolated were from
the genera of Aspergillus, Fusarium, Alternariagd &enicillium (Jiménez, Mateo, Huerta, &

Mateo, 1994).

1.5  Production of honey
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In the world, 1.5 billion kg honey is produced pear from 2005 to 2010. Worldwide twenty
countries produce honey of which China is the Istrgeoducer (436000 Mt) followed by Turkey
(88162 Mt). India is the"7largest honey producer (6100 Mt) while Centrali¢én Republic is
the least producer (1600 Mt) (FAOSTAT, 2016). Homegduction is declining due to high
labor costs and low profits from the honey busind$erefore, to overcome this decline pure
honey is adulterated with chemicals and water (8nyh& Balasuriya, 2016). According to
Codex Alimentarius, the honey intended for humansocmption should not have any food
ingredient other than honey thus must be free fimpd additives, organic and inorganic matters
that are foreign to its original constituents (Epgan Commission, 2001). Therefore, for honey
to remain complied with international food standaltbney adulteration need to be identified
and enforced. For identification of honey that bagn adulterated various methods need to be
explored and developed. Thus the aim of this reveete explore the possibility of developing a
portable test kit, which would detect adulteranthoihey on the spot, for the consumers or
regulatory authorities to check before buying aeompapproval of honey to be sold in the market.
Therefore, honey adulteration methods and potehtimley adulterant detection methods are

briefly described for exploring into a kit developnt possibility.

2 Adulteration of honey

Adulteration alters the quality and safety of han&pr instance, honey adulterated with
chemicals lower the medicinal value as well as mayn the consumers (Anthony & Balasuriya,
2016). Honey adulterants are mainly starch symyeried syrup, starch or inverted syrup fed to
bees and low-quality honey added to high-pricedelgoAdulteration methods (See Figure 1) of

honey can be direct or indirect (Zabrodska & Vo#lp2015). Direct adulteration is the direct
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addition of a substance into honey. Indirect mesha when the honeybee is fed with honey,
chemicals and industrial sugars (Figure 1) and ttiekection of indirect adulteration is a
challenge (Zabrodska & Vorlova, 2015) comparediteat contamination.

Honey is adulterated directly; adding industriaj@uor honey into ready-made honey (Figure
1). Main adulterants of honey are sugar such asattéition of high fructose corn syrups
(HFCS), high fructose inulin syrups (HFIS), investrups (IS) and corn syrups (CS). Syrup or
invert sugar constituents are same as the natarstituents in the honey thus these adulterants
are not easily detected; a challenge for the dsisriib discover a new method of distinguishing
the differences of pure and adulterated honey (Wh$ Esmaiili, 2011).

Most honey is produced from plants such as ricesavland beet (C3), and as well as maize and
sugar cane (C4). Honey adulterated by plant solacegategorized as C3 and C4 as per their
carbon metabolism. Plants that are categorized3aBxCcarbon dioxide via Calvin (C3 cycle)
which has a low 13C/12C ratio to that of C4 plditsg carbon dioxide using the Hatch-Slack

(C4) cycle (Zabrodska & Vorlova, 2015).

3 Adulterant detection methods

Traditionally, honey adulterants are detected bysmochemical methods. Adulteration of
honey by crystallized cane sugar, invert sugargyand cane sugar syrup can be detected with
chemical determinations including HMF, glucose, rese, fructose, and diastase (Codex
Alimentarius, 1989; White, 1979). Geographicallye thoney can be categorized by
physicochemical parameters such as HMF, fructaserose, glucose, electrical conductivity,
free acidity, moisture and color (Siddiqui, MusladrChoudhary, & Rahman, 2017). Also, the

botanical origin of the honey can be identifieddbgctrical conductivity (Bogdanov et al., 1999).
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Besides, uni-floral honey has been characterizeéldstrical conductivity, water content, color,
fructose, and sucrose (Bogdanov et al., 1999; M&tBosch-Reig, 1998).

As the honey adulteration detection is complex namreanced methods of adulterant detection
have been developed constantly. For example, @gbsrides of the honey were adsorbed and
fractionated by activated charcoal to prepare draptes for analysis. Then, high-performance
anion-exchange chromatography-pulsed amperomestiection (HPAEC-PAD) was used to
detect high fructose corn syrups (HFCS) and coropsy(CS) adulterants in the sample which
identified adulterants down to 5% (Morales, Co&&anz, 2008).

Methods used until 2014 for detection of adultesdram honey were summarized by Yilmaz et
al (2014) as electrochemical analysis, enzymatithaus, thin layer chromatography (TLC),
carbon isotopy, flow injection analysis, gas chrtogeaphy (GC), high-performance liquid
chromatography (HPLC), anion-exchange liquid chrogeaphy (LC), Fourier transform
infrared spectroscopy (FTIR), differential scanninglorimetry (DSC), mid-infrared, near-
infrared (NIR) transfectance spectroscopy, gas mhtography-mass spectrometry (GC-MS),
high performance (HP) anion exchange chromatograpitly pulsed amperometric detection
method (HPAEC- PAD), high performance thin layerathatography (HPTLC), isotope ratio
mass spectrometry coupled with an elemental anglyaed low field nuclear magnetic
resonance (Yilmaz et al. 2014). For interestedeesadould refer Yilmaz et al. (2014) paper for
the details of the mentioned methods. Methods tsedetect honey adulterants also include
microscope combined with real-time PCR (Kast & Rokt, 2017; Siddiqui et al., 2017), three-
dimensional fluorescence spectroscopy (3DFS) cdupligh multivariate calibration (Chen et
al., 2014), electronic honey quality analyzer (Amth & Balasuriya, 2016), fiber optic

displacement sensor (FODS) (Bidin et al., 2016¢ctebnic tongue (Gan et al., 2016), and
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nuclear magnetic resonance (NMR) (Siddiqui et 2017). However, none of the methods to
date could be used to identify all the adulterantthe honey simultaneously. Instead of going
into details about all the honey adulteration didecmethods, this work focused on methods
that have the potential for developing a portabéthod for honey adulterant detection.

Wu et al. (2017) thoroughly reviewed sugar basedltacnt detection methods including
SCIRA, GC, HPAEC, HPLC, IR-based analysis, NMR, Ranspectroscopy and Q-TOF-MS
that differentiate C3 plant honey adulterants, HFC$ and C4 starch and rice syrups. However,
the authors did not address the potential of thesthods to develop a portable detection method
that could be used on-site. The main differencevéen this present review and that of Wu et al
is that the authors focused on sugar-based hondyeeghts and detection methods while the
present review focuses on potential portable ha@uyterant detection methods using classical
and advanced adulterant detection methods. Thiswealso includes recent studies that have
been published after the publication of Wu et 201(7). Figure 1 illustrates the types of honey
adulteration and the continuous development of hWaakilterant detection methods and the need

for to focus on portable honey adulterant deteatotsts.

4 Potential for the development of honey adulterant detection kits

Since available methods of adulterant detectiomoimey are complex and not portable to use for
on the spot inspections a kit needs to be develbgea similar purpose which with one drop of
honey may change the color and qualitatively detiethe honey is adulterated or not. For
exploring the best fit method for honey adulteramalysis it is important to know the details of
the pure honey compositions as stated in sect@®mslich as moisture content, sugar content and

others. When the honey has adulterated some chémgas composition will occur which could

10
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be used as indicators for developing methods farltednts detection in honey. Honey
adulterant detection methods are briefly discussedection 4 to explore for a potential
development of a rapid detection or portable hasdylterant detector. Table 1 summarizes the

various honey adulterant detection methods andlghisss of portable test kit development.
4.1  Spectroscopy

Infrared (IR) spectroscopy can detect many aduiteren food and is regarded superior to other
methods. Sample preparation is nil or minimal aath@e size needed for the analysis is small.
Moreover, the method is considered low-cost, fagh-destructive and easy to use (Wu et al.,
2017). Thus the equipment has potential to be plerta carry to the field for on-site analysis of
adulterants from honey. Raman spectroscopic arsalysilso a potential method to use on-site as
the equipment can be made portable and is simoldRtspectroscopy in terms of low-cost,
simple and rapid, requiring minimal sample preparatind is non-destructive. One advantage
over IR is that the samples do not receive anyfertence by fluorescence (Wu et al., 2017).

The idea of IR spectroscopy to be made portableraimiaturized was recently designed and
prototype released by a mobile company. Oh January 2017, a UK online newspaper
(dailymail.co.uk) published that Changhong releaaebreakthrough design of a smartphone
(H2) that can detect chemical composition of a pobdThe phone possesses SCiO’s material
sensing technology that is a tiny NIR spectromeéitglt into the phone that emits a light and
records the reflection where latter has a spectrased on the product. These spectra are sent to
the cloud for analysis and the detail of the matsris given to the owner of the phone. This
technology can detect molecular properties of faod body metrics. The authenticity of the

food can also be detected. Viagra and an idenimegétion pill were used to demonstrate the

11
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ability of the smartphone to distinguish fake VagMacdonald, 2017). Similar technology can
be used to identify the adulteration of honey forsite inspections. Since, as previously
described, NIR is the method that can detect maséties of adulterants of honey, this could be

a potential solution to design a test similar ® simartphone system described.

4.2  Electronictongue

Food for mankind relies on perception through oemsges that help judge the quality and
acceptability of the product. Biomimetics involvesmicking human senses to design such
things as an electronic tongue and is an emergaognblogy that will advance science.
Nanotechnology is used to minimize the size of é¢h@sstruments (Twomey, de Eulate,
Alderman, & Arrigan, 2009). The performance of #hegnsors is enhanced with computers and
its software using calibration techniques (Ghas€amamkhasti, Mohtasebi, & Siadat, 2010;
Lenau, 2009). The electronic tongue mimics the ajosy systems of the mankind. The
effectiveness of the sensor depends on the absoratid catalysis of the materials into ions.

A taste sensor is a low selective sensor whichtifilesi components in a solution mixture. The
identification is through pattern recognition andltivariate calibration by computer software
for data processing. The sense of taste contriiatesnami’, sweet, bitter, sour and salty tastes
which are the basic tastes identified in differeméas of the human tongue with specific
receptors on the tongue, papillae. Once the foddr&rthe mouth the information from the
olfactory receptors are combined to judge the tatSthe food. Sensing principles applied in the
electronic tongue include voltammetry and potengtmn which are electrochemical methods.
The electronic tongue takes the fingerprint offtned and then chemometrics tools attached to it

are used to process the data. Methods to prepaasta sensing system include the use of
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materials that have electrochemical sensing prigseaind semiconductors. For example, radical
lanthanide bisphthalocyanines are intrinsic sendactors that can be used to improve the
sensitivity of taste sensors and electrical measentés (Ghasemi-Varnamkhasti et al., 2010).
The electronic tongue detects and identifies thepdex material in the liquid, even if the
different components are very similar by pattercegnition and by multivariate calibration
techniqgue and qualitatively and quantitatively idignthe target materials (Vlasov, Legin, &
Rudnitskaya, 2002). These sensors are in the stadyes of its technology but their applications
in the food analysis are already established.

In recent years the electronic tongue has beentosaohlyze various beverages, water, and food
components after modification of the sensor to theget analysis (Deisingh, Stone, &
Thompson, 2004). These applications include aralyssensory attributes of beer (Rudnitskaya
et al., 2009), analysis of palatability, sournessl ditterness of nutritive drinks (Kataoka,
Miyanaga, Tsuji, & Uchida, 2004), analysis of tomakste (Beullens et al., 2008), salt
prediction from minced meat (Labrador et al., 2010hami taste flavor of food (Yang et al.,
2013) and identification of honey (Wei, Wang, & ©ja2009). Although many food analyses
have been carried out using an electronic tongye studies have applied this to the analysis of
honey. For instance, electronic tongue was usesh&dyze geographical and floral origins of
honey (Wei et al., 2009), physiochemical charasties and botanical origin of honey (Escriche,
Kadar, Domenech, & Gil-Sanchez, 2012; Major et2011), and adulterants of honey (Gan et
al., 2016).

Electronic tongueg-Astree ET, with seven potentiometric chemical sesisand an Ag/AgCl
standard electrode was used to analyze honey ig#cfor its geographical and floral origins

(Wei et al.,, 2009). Another electronic sensor wagduin 2011 to analyze honey. This
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commercial electronic tongue oAstree, Alpha M.0.S) was employed to identify
physicochemical characteristics and botanical orafi honey; chestnut, acacia, and honeydew.
The equipment was equipped with seven potentiomegnsors that contained an Ag/AgCl
reference electrode. The physicochemical analysiglify, water content, invert sugar, total
sugar, and electrical conductivity) was quantifiesing Artificial Neural Network (ANN)
modeling and the reference value for these parametas obtained from the traditional
methods. The botanical classification was obtaiinech Principal Component Analysis (PCA),
Canonical Correlation Analysis (CCA) and ANN modegli ANN modeling was found to be the
best (100% accurate). The authors concluded tleagldttronic tongue could be a potential tool
to characterize honey (Major et al., 2011). In 2@lDotentiometric electronic tongue with
metals and metallic compounds was developed toyamahoney. The sensor successfully
identified the botanical origin and physiochemiparameters of honey. The data obtained was
modeled using PCA and ANN. The authors suggestedlaiging a new system of the electronic

tongue for the honey sector (Escriche et al., 2012)

In 2016 adulterants of honey were tested usinglestrenic tongue. Gan et al (2016) analyzed
honey samples using sensors (electronic nose amgléd and spectra and compared and
concluded that the most effective method to anafywesy to be an electronic tongue. Adulterant
and pure honey are divided into 3 groups and thitexrdnt honey is easily distinguished from

pure honey. The electronic tongue (ET) was alsadoio be more sensitive to minerals, mono
and disaccharides, amino acids, and phenols ihahey and the gustatory difference was easily
observed by pure and adulterated honey using theTB& adulterant was more accurately
identified when the ET-Partial Least Squares Dmsgrant Analysis (ET-PLS-DA) model and

ET-PCA models were combined. However, many moreareh studies are required as few
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studies have to date have focused on honey aduitenalysis using electronic tongues (Gan et
al., 2016).

More research on the taste sensor systems nebédsexplored as they are in the early stages of
development. Scientists are now trying to advamzk expand the technology of the electronic
tongue (Twomey et al., 2009). Since honey may hdtadhted with multiple adulterants a
multisensory system such as electronic tongue itatde for honey adulterants detection. This
electronic tongue development could focus on whally honey and how to detect added
adulterants. Therefore, an electronic tongue ibealeveloped for all the adulterants of honey

and the equipment must be miniaturized and portablen-the-spot inspection.

43 Immunoassays

Immunoassays are based on antibody and its antigemraction and are an analytical technique
having the concept of immunology. The antibody)yeaprotein, is produced in the body when

it is exposed to a foreign body substance, antigem favorable environment, these antigens
induce antibodies production. Immunoassay is usedetect foreign bodies (antigens) in a

sample matrix and these antigens could be a protetnsmaller molecule. The antibody is used
to locate and capture the antigens in the samptexnd@he antibodies can be used as probes.
When the antibody reacts with its antigen the amigntibody complex is formed and measured
to identify and quantify the amount of foreign badythe samples. In enzyme immunoassay, an
enzyme label is used that can change the colohefsample matrix for easy detection and
guantification (Hsieh & Ofori, 2017). Honey adulet kit development based on honey proteins

and enzymes is discussed in sections 4.3.1, 408.2.8.3.

4.3.1. Honey protein

15
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Honey contains very low amounts of protein (0.1%).5 Honey protein originates from
hypopharyngeal glands and salivary glands of bedsfieom the enzymatic reaction of pollen
and saliva of the bee (Baroni, Chiabrando, Costsyuhderlin, 2002). Early researchers (1900s)
reported that honey contains protease, albumintopepand globulin. Specific protein found in
most honey is royal jelly protein (Simath, Bilikgviiov&ova, Kuzmové, & Schroder, 2004;
Won, Lee, Ko, Kim, & Rhee, 2008). For example, Koreand European honey contain
glycoprotein as a major protein (MRJP1, identicahpalbumin-1), one of the royal jelly proteins
(Won et al.,, 2008). New Zealand honey was founcatdntain proteins such as apalbumins,
arabinogalactan protein (AGPs) and apisimin (Gaatialta et al., 2017). In 2013 a review was
published regarding the extraction methods of hgm®yein using mass spectrometry (Chua,
Lee, & Chan, 2013). Honey from different regionsswavestigated for the presence of royal
jelly protein using Western-blot that used poly@bmntibodies. The protein identified was
apalbumin-1 with the size of 55 kDa, the most daninprotein among royal jelly proteins
(Simath et al., 2004).

Honey protein can also be isolated and identifisthgi LC-MS/MS (Liquid chromatography-
mass spectrometry/mass spectrometry) after sepgrdem using electrophoresis; SDS-PAGE.
For instance, electrophoresis is used to detedeiprq19 protein bands) in Australian honey
using silver stain containing methylamine, followbg SDS-PAGE (Marshall & Williams,
1987). Honeybee protein is used as chemical matkedentify the floral origin of honey as the
protein is common regardless of the type of hon&ycombination of SDS-PAGE and
immunoblot assays with anti-pollen antibodies miem pollen extracts were used to identify

the floral origin of honey (Baroni et al., 2002).
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Few tests have been used to identify adulteratet pume honey using the honey protein.
Biological tests developed for identification of rpu and adulterated honey include
immunological methods such as the development ¢fb@e serum and rabbit anti-serum
(White, 1957). The major protein of honey, apalbwhi was proposed as a marker for
immunochemical testing to detect adulterants inelyo(Simuath et al., 2004). In light of these
suggestions, it is feasible to develop a testdtihibney adulteration test similar to pregnancy tes
kits. The principle of pregnancy test kits is tleeattion of human chorionic gonadotropin (hcG)
with the use of antibodies. The hcG rises rapidlyiry early pregnancy and thus is easily
detected in the urine of a pregnant woman (GnotloBnson, 2014). However, the drawback is
honey protein is present in low concentrationskenhcG in pregnant women. Therefore, unless
a better option using the protein as a marker \@ldped, a honey adulterant test kit based on

lateral flow devices such as the pregnancy testriaty not be practical.

4.3.2. Honey enzymes

Enzymes found in honey include glucose oxidase,laseyu-glucosidasep-glucosidase (Won

et al., 2008) and proteases (Rossano et al., 2Bt@jeases were first discovered from honey in
2012. Bidimensional zymography (2-DZ), a very sevisimethod for enzyme identification as it
detects the enzyme in the order of nanograms, wed to analyze proteases where proteases
were isolated using isoelectric focusing (IEF) dmd SDS-PAGE (sodium dodecyl sulfate
polyacrylamide gel electrophoresis). Proteolytizyenes affect the quality and nutritional value
of honey as they aid in the degradation of honeygms (Rossano et al., 2012). Using enzymes
few scientists have developed biosensors to qyaotimpositions of honey such as fructose,

phenols, and glucose.
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Fructose in honey was quantified using an ampenmiendétiosensor based on D-fructose
dehydrogenase that is immobilized on the electsagttace. The biosensor was developed using
a CNTP electrode that is modified using 3,4-dihygtenzaldehyde, an electropolymerized
film. The probe was then optimized by optimizing,geimperature, enzyme immobilization and
a lifetime of the probe. The biosensor reading waportional to D-fructose content and the
detection limit was 1 xI® mol/L. After analyzing the fructose content of kgrthe biosensor
was validated using a commercial enzymatic kit {@cttia, Lavagnini, & Magno, 2004).

A label-free potentiometric biosensor was develofedjuantify total phenols in honey. The
sensor was immobilized with tyrosinase via a cavaleond on a solid contact transducer
surface. This transducer had two layers in whic$t fayer itself had two layers; the first layer
consisting of poly(vinyl)chloride carboxylated, pesium permanganate and graphite and to this
layer 2 layer was deposited using a mixture of graphit goly (vinyl chloride) carboxylated.
The second layer was immobilized with tyrosinaseyare using N-(3-dimethylaminopropyl)-
N’-ethylcarbodiimide hydrochloride. The biosensetettion limit was 7.3 xIOM. The results
obtained from the biosensor reading was validagdguthe Folin-Ciocalteu method (Draghi &
Fernandes, 2017).

The screen-printed carbon electrode was used totifjuglucose in honey. Bulk and surface
modified screen-printed carbon electrodes were gregp using multiwalled carbon nanotubes
and palladium and the surface of the electrode® wamobilized with glucose oxidase. The
electrodes were characterized in a 7.5 pH solubyprhydrodynamic chronoamperometry and
cyclic voltammetry. Gold nanoparticles were alsaet! into the electrodes biolayer. The

detection limit of the electrode was 0.07 mM glueoshe electrode (GOx/Pd-MWCNT-SPCE)
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was used to quantify glucose in multi-floral horemd the results obtained were validated using
commercial equipment for glucose quantification Z&any et al., 2017).

Although biosensors have been developing for hamegposition detection, to our knowledge
no biosensor was developed to quantify adulteremtsoney. Honey enzymes may be used to
develop a biosensor that could detect adulteraftdiomey. However, to determine the
authenticity of honey, active enzymes in the howewuld be needed. Honey enzymes do become
inactive during storage or when honey is heateah§8i et al., 2004) and therefore may not have
the adequate enzyme to depend on for biosensologevent. Another alternative approach
could be to use an enzyme from another source nwbilize onto a biosensor that could detect
honey adulterant. For example, fructose dehydraggenas immobilized on carbon nanotubes to
develop a nano-biosensor to detect fructose in yavith a detection limit of 1 x I8 mol/L
(Verma, 2017; Zhao et al., 2007). Nanotubes maiynpeobilized with various enzymes that are
able to detect adulterants simultaneously, this @@ biosensor could be used to detect several

adulterants.

4.3.3. Enzyme-linked immunosor bent assay

Enzyme immunoassay is named as enzyme-linked imsanbent assay (ELISA) and is
pioneered by Engvall and Perlmann (1971) in whighctants are bound to a 96-well plastic
microtiter plate and is separated by unbound nadtefHsieh & Ofori, 2017). An ELISA test kit
method was successfully used in the detection mps&imycin residues in honey (Cara,
Dumitrel, Glevitzky, Mischie, & Silaghi-Perju, 2013 Streptomycin, an aminoglycoside
antibiotic, is used to protect bees from a var@tprood diseases during apiculture. MaxSignal

® Streptomycin ELISA test kit has 10 mg/kg as aedgon limit and was used to test
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streptomycin in honey samples. The ELISA plate svelere coated with a conjugate protein of
streptomycin. The streptomycin is detected based aompetitive reaction; anti-streptomycin
antibody is added into the reaction and this coewgetith free streptomycin and the conjugate
streptomycin antibody and the unlinked antibodiesrgmoved during washing. The ELISA test
depends on the reaction between an antigen andtéiody (Cara et al., 2013). A similar ELISA
test kit could be produced for the detection of l@dants in the honey. For this, specific
adulterants would need to be targeted for the dewetnt of an appropriate kit. Using ELISA

method, for each adulterant specific kit may beettgyed.
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4.4. Microscopy

Microscopic analysis on honey could reveal somdtants present in it in addition to the

geographical and botanical origin of the honey.

4.4.1. Microscopic detection of pollen grains

Palynology (early branch called Melissopalynology}he study of pollen grains and spores in
geological deposits (Ohe, Oddo, Piana, Morlot, &rtiia 2004). For survival honeybee require
natural resources such as resin, nectar, water,pafidn (Seedley, 2001). Pollen contains
protein, minerals, vitamins, and fats and is cozr®d as a protein source of honey (Haydak,
1935). Honey contains pollen grains, and honeydements such as algae, fungal spores, and
wax tubes. The pollen grain is from nectar whictsgato honey as honeybee collect nectar.
These pollen and honeydew elements are fingerptintscate the geographical and botanical
origin of honey (Ohe et al., 2004). The pollen ta&nidentified under microscopic observation.
Although pollen analysis is traditionally used fguality analysis of the honey it is tedious
(Hermosin et al., 2003).

For pollen analysis, the honey samples are mix@dy df honey in 20 ml warm water (40°C),
and centrifuged twice at 2000 rpm for 10 min. Tkdisent is dried, mounted on a slide with
glycerine gelatine and stained with fuschin- aldadw@ution. The slides are then observed under
the microscope for the pollen identification (Keky, Shrestha, Tuladhar, & Manandhar, 1995;
Louveaux, Maurizio, & Vorwohl, 1970).

For the details of how pollens are detected andntified under the microscope refer to
Louveaux et al (1970). Pollen grains are not idematito genus or species level by this method

but identified to in shape and morphological cheastics. The pollen grain is analyzed based
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on frequencies; 45% of pollen grain means veryuead, 16-45% is frequent, 3-15% is rare and
less than 3% pollen grains found means sporadedd?ninant pollen means that the sample
contains more than 45% of pollen grains, secongemjen means 16-45%, 3-15% means
important minor pollen and minor pollen is whenlgolgrain present in the sample is less than
3%. The pollen grains are expressed in percentgegial or greater than 1200 pollen grains
identified. Pollen grains of 1% are referred ifapex or equal to 1200 pollens are identified in the
sample materials. Pollen studies reveal the gebgralporigin of the honey but not the country
of origin. The pollen spectrum of honey provideformation about forest and floral agricultural
conditions. The pollen also detects the botanidgiroof honey. The frequencies of pollen types
in honey can be used to identify the botanicaliorigouveaux et al., 1970).

Pollen studies can be used for identification & ¢eographical and botanical origin of honey.
Floral origin of the honey is traditionally iden&él by pollen analysis (Hermosin et al., 2003).
Honey samples from Algeria were identified by polbpuantity and pollen spectrum. The pollen
grains present in samples were rich, greater th&s @0,000 to 24, 832, 000) (Ouchemoukh et
al., 2007a). In another study, pollen detectiohaiey samples from Austria, Canada, Germany,
Pakistan, Saudi Arabia, America, and Australia weaeied out and revealed that pollens were
from 15 plant species. The pollen spectra identifiectarless and nectariferous sources bees
visited. The pollen identifies climate, geographicgation of the beehive and their vegetation.
The composition of the pollen exposes the floraior For exampleEucalyptus fibrosa pollens
were detected mostly from Saudi Arabian, Pakist@ermans and Austrian honey (Bibi, Husain,
& Malik, 2008).

In summary, pollen detection provides informatidroat the geographical and botanical origin

of the honey and it does not provide informationwtlthe adulterants of the honey. This method
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along with the physicochemical analysis of the lyooan be used for identification of honey
quality for trade purposes. The pollen detectiothimugh microscopy which is tedious and in
need of replacement with a more efficient methodalt ttould be made portable. There is
potential to use pollen detection as an indicatdramey adulteration as honey from a particular

region will have expected pollen profiles that kkely to be altered with adulteration.

4.4.2. Microscopic detection of adulterants

A microscopic (polarization microscope) proceduraswised to detect cane sugar and acid-
hydrolyzed can sugar syrup, honey adulterantsdedibhey bees. Cane sugar contains particles
from the cane stem such as epidermis cells, simgigs of ring vessels, sugar cane starch, and
sclereid (Kerkvliet et al., 1995). Supplementargtdaused with the microscopic characterization
of the honey can include HPLC to analyze glucosetase, fructose, and HMF. Moreover, the
honey pH, water content and electrical conductigan also be measured. This combination of
methods was used to identify 10 adulterated horewyptes from Nepal and Philippines
(Kerkvliet et al., 1995). Chemical analysis of t#helsoney highlighted that samples were
adulterated or heated.

Another combination of methods is the use of micopy and real-time PCR assay to detect
sugar, adulterants of honey usiBagcharomyces cerevisiae (baker’'s yeast) as an indicator of the
sugar adulterant (Kast & Roetschi, 2017; Siddiquale 2017).S. cerevisiae (baker’'s yeast) is
added into the sugar paste prepared to feed theyHmees. However, this yeast does not multiply
in the honey and will only multiply in the presenmiesugar adulterants in the honey. Within 10
days after the honey bees are fed with baker'stydafe yeast has multiplied in adulterated

honey, they can easily be detected by microscofy@ai-time PCR assay.
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In summary instead of the use of only microscopialygsis for adulterants, it is more accurate to
combine it with other methods such as physicochainainalysis, HPLC, and PCR. Microscopic
methods may be most useful in developing countsilesre alternative methods are impractical

due to high cost.

45. DNA metabarcoding

Botanical and entomological origin of honey hasrbé#entified using DNA metabarcoding
(Prosser & Hebert, 2017). Three gene regions wesed uo analyze pollen components;
mitochondrial cytochrome c oxidase subunit (COI)identify bee species and to classify
entomological source of honey (Prosser & Heberf,720rao et al., 2010), nuclear ITS2 (for
honey pollen signature identification to discrimialant species) (Yao et al., 2010) and pollen-
free plant material plastid gene (rbcLa) to recagrany plant DNA in honey (Prosser & Hebert,
2017). Nuclear ITS2 is present in all pollen graitsle plastid markers are not always present
(Bell, Burgess, Okamoto, Aranda, & Brosi, 2016)p9%er and Hebert (2017) discovered that the
indirect adulteration of honey with low quality lbbney can be detected by DNA metabarcoding
without a study of pollen. This study revealed tfflavored or dark-colored honey is not
accurately identified by this method and this coblel due to interference from secondary
metabolites on PCR. A change in the buffer usethdudNA extraction may solve the problem
of PCR inhibition. The authors suggested the pakntse of this method require various
modifications in the future for the detection otifidrants in honey (Prosser & Hebert, 2017).
The current limitation to the DNA metabarcoding tisat the genetic markers used for
identification affect the taxonomic resolution betassay (Prosser & Hebert, 2017). The other

drawback of DNA metabarcoding is when honey isffadiby filtration to remove impurities the
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pollen is also removed. The method does not workreamed, flavored and darker honey. For
darker and flavored honey, a new genetic markeds¢e be developed. The accuracy and
reliability of DNA metabarcoding depend on the effeeness of the genetic markers. The
genetic markers for problematic analysis could leeetbped through research on a wider
analysis of honey authentication. Also for bettetentification, a combination of
melissopalynology and DNA metabarcoding is reconueen

DNA metabarcoding could be a potential method twatld identify all the adulterants in the
honey, however, there are challenges in developingprtable kit; need more research and

expertise in the different field that requires kiteo become reality.

4.5.1. Thixotropicity

Thixotropicity (stickiness or rheology) of honeyutd be explored for the possibility of
developing a honey adulterant test kit. The follogvisection provides details on this
methodology. Honey adulterated with carbohydratas igdentified based on the nitrogen content
of the honey. For example, nitrogen content less thO mg/100g honey in Venezuela honey
was considered adulterated with carbohydrates @mkl1998; Olivier, 1987). Another method
to detect adulterated carbohydrates in honey ihbglogical methods. For instance, adulterants
such as fructose and saccharose syrups in honepeatetected using rheological methods

(Yilmaz et al., 2014).

Yilmaz et al (2014) adulterated natural honey va#itcharose and fructose syrups at different
levels (0-50% by weight) and then tested these ywogecreep, dynamic and steady shear tests.
For steady shear analysis, the samples were sheateden 0.1-100sat 25°C. The viscosity

was analyzed as a function of shear rate. The dynstmear analysis was conducted in the strain
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range of 0.1-100% using the amplitude sweep tedt Hz and the linear viscoelastic region
(LVR) was determined. The frequency of the sweep weas also investigated between 0.1-10
Hz at 25°C using 1% strain, and this strain is iobth from amplitude sweep test. The storage
modulus and viscous or loss modulus are viscoelastiameters. Temperature sweep test at a
50s! shear rate and 1 Hz and between 5-50 °C was aigtucted to test any variation between
dynamic and steady shear parameters. Creep andergdests were conducted using constant
stress at 0.1 Pa within the LVR. Within a givendimat steady state, the viscoelastic material
deformation was analyzed and then stress appliededeased to examine for recoverable shear.
This method was validated using parameters suchnearity, sensitivity, and repeatability.
Statistical analysis was conducted to see therdiiteadulterant levels on dynamic and steady
shear parameters and bivariate correlations wendumed to check the relatedness between
sugar composition and Pearson’s test was carriédooanalyze rheology parameters of the
adulterated honey and principle component anal{BSA) was used to categorize honey

between sugar composition and rheological parasmé¥eimaz et al., 2014).

Rheological properties vary during the manufactyrprocesses such as mixing, filtering,
heating, bottling and hydraulic transport. For eplanthe viscosity of the honey is one of the
rheological parameters influenced by the qualitypcpssing steps, and honey processing
equipment design. Viscosity also depends on m@istantent, colloids and crystals and other
materials in the honey. The rheological paramed#ss depend on time, stress, shear rate and
temperature which are also important factors during manufacturing processes and its
equipment design. Moisture content and the temyperaif the honey influences the viscosity.
The viscosity decreases with moisture increas® U®% moisture with less effect with a further

increase in moisture content. The viscosity desggavith increase in temperature up to 30°C
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with less effect at higher temperatures. Viscoaisp varies depending on the botanical origin of
the honey (Yanniotis, Skaltsi, & Karaburnioti, 2006

The physicochemical analysis reveals that the adutd honey is brighter in color while the
pure honey is more reddish. The pH of the adukdrbney decreases when the adulterant level
increases while the water activity of the aduledatoney increases compared to that of the pure
honey. The steady shear stress and viscosity valee®ase with increase in the adulteration
level (Yilmaz et al., 2014). The adulterants ire thoney can be detected between the
temperatures of 5-50°C. Steady shear analysis lesl/élaat the samples adulterated with 10%
sucrose and fructose syrups could be detected eetBe20°C. Dynamic shear properties
revealed that the adulterated honey is not eldsticviscous in nature. Also adulterated honey
decreased in resistance to deformation and the dweavi model parameters that describe shear
properties of the samples could be used to det&btz0% level of adulterated sugar content in
honey. The creep-recovery analysis is suggestbd topotential approach to detect fructose and
saccharose as the adulterated honey structuresilg daformed and this behavior can be picked
up by creep-recovery analysis. The method is tepaand the limit of detection of rheological
parameters for adulteration ratio in honey is ntben 4%. The study results revealed that the
behavior of the natural honey such as its flowgprand viscoelasticity was notable and pure.
However, when the honey is adulterated with sythe, viscosity loss and storage modulus
values and deformation was prominent compared tiraahoney. HPLC-RID was used to find
the composition of the syrups. A significant coatiEln (P<0.05) was found between sugar
composition and the rheology parameters (dynameeusitreep and steady shear) of the honey
when Pearson’s correlation test was conducted @4let al., 2014). The study concluded that

these rheological parameters; creep and dynamicseatly analysis is a novel approach for
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detecting fructose and saccharose syrups as ahtbenf honey (Yilmaz et al., 2014). The use
of rheological parameters in combination with HPR@ is a promising method for the
identification of fructose and saccharose syrupltathited honey. However, the method is a
challenge to make it portable for on-sight usenasetis no portable rheological method.

Honey crystallization is based on storage time,pemature as well as the botanical origin
(Smanalieva & Senge, 2009). Below 30°C honey isnknto crystallize (Venir, Spaziani, &
Maltini, 2010). Although glucose and fructose conte the honey are approximately same, due
to the lower solubility of glucose the latter celzes (Venir et al.,, 2010; Young, 1957).
Parameters that affect honey crystallization avetfise and glucose concentration and water
content (chemical composition) as well as mecharpoacessing and the storage temperature
(Smanalieva & Senge, 2009). Crystallization afféhtsrheological properties of honey and the
crystallization rate of the honey can be determimgthe ratio of fructose and glucose, F/G. The
glucose ¢-D-glucose monohydrate) crystallizes below 50%:D¢glucose anhydrous) while
remains stable in the anhydrous forms between 35Q0-8nhd above 80°Cp (-D-glucose
anhydrous form) (Venir et al., 2010; Young, 195Me crystal size produced in the honey is
determined by the F/G ratio and its storage coowlitlTo remain stable, the F/G ratio must stay
above 1.33 and below this value, it crystallizeh{f@/ 1978). In natural honey the F/G ratio is 1-
1.2 and the addition of adulterated glucose ortése will change this ratio (Puscas, Hosu, &
Cimpoiu, 2013). Rheological properties of honey affected by temperature and the natural
honey making process. The temperature and the &G is used to determine the size of the
crystal formation in the honey (Smanalieva & Serf}¥)9). Smanalieva and Senge (2009) tested
39 German honey to identify the botanical originowing behavior of honey depends on

botanical origin and temperature (Smanalieva & #$er2009). Natural honey behavior is
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generally considered as Newtonian (Abu-Jdayil et 2002). However, all non-floral German
honey demonstrated the non-Newtonian flowing bedra(iSmanalieva & Senge, 2009)
indicating they may be adulterated. However, fagaoned honey in its natural form, the flow
behavior is non-Newtownian (Karasu, Toker, Yilm&araman, & Dertli, 2015). Honey from
Eucalyptus spp also exhibits non-Newtonian behavior (Tr&ek & Fridal, 2017). Adulterated
honey with fructose and saccharose is Newtonialm@ et al., 2014).

Adulterants in honey lower viscosity. For exampldyen saccharose and fructose syrup were
added to natural honey, viscosity decreased anddbeease was enhanced as the concentration
of the adulterants increased. Shear stress of dhkesated honey decreases as the adulterant
content increases which results in the decreaseobsity of the honey. These results highlight
that the adulterants of honey, saccharose andofectyrups, can be successfully detected by
steady shear rheological analysis. The temperatunge that honey adulteration can be detected
using rheology is reported to be 5-20°C. Honey wgsaous liquid that is non-elastic in nature
and possesses liquid-like behavior. The resistamdeformation of the adulterated honey is low
compared to the natural honey. Thus total resistémcleformation could be a good indicator for
adulterant (10-50%) detection in the honey. Theéhanst indicate that with the inclusion of
adulterants in honey, the viscoelastic nature efitbney changes as the deformation is enlarged.
The authors suggest that viscosity is also a goddtator to detect fructose and saccharose
adulteration in honey. The researchers concludatthie adulteration between 0-50% level with
saccharose or fructose was detected by a changeey, flow and viscoelastic behavior of the
pure honey (Yilmaz et al., 2014).

In summary, using thixotropicity honey adulterasiieh as carbohydrates; glucose, fructose and

saccharose syrups, could be detected using vistmedend flow behavior, change of creep, shear
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stress, crystal formation, and nitrogen content $torage time, temperature, and solubility are
factors that effect in the detection of adulteraimshoney. However, the sensitivity of the

adulterant detection using viscoelastic behaviauestionable although it is good detecting the
presence and absence of carbohydrate adulterahisney. For quantification, more advanced
detection methods are required. Further studyiiisr&teded to explore the thixotropicity of

honey with other adulterants before selecting ahotkthat could be considered feasible for a
honey adulterant kit. Adulterants of fructose, s@atose syrup and glucose could be identified

after developing a carbohydrate adulterant detedio

5. Conclusion

In conclusion, for honey adulterant detection theme many methods that have been developed.
However, none of the methods are portable to userfesite inspection. The methods used for
honey adulterants include physiochemical analysigroscopic methods, ELISA methods,
rheological analysis, chromatographic methods, PCRIA-metabarcoding, sensors, and
spectroscopic methods. The most promising methoasng these for the development of a
portable test kit are ELISA test kits, sensors saglan electronic tongue and NIR spectroscopy.
These techniques may be very effective particuldrlgoupled with appropriate statistical
analyses. These promising methods also need touttteef researched for various honey
adulterant detection and need to be miniaturizedoatable honey adulterant detectors or kits,
ideally compatible with smartphone technolo@gnvenience and growing applications through
smart phones would suggest that in the future, sanadytical tests could be conducted using

this technology.
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6. Abbreviations

Differential scanning calorimetry (DSC)

Fiber optic displacement sensor (FODS)

Electronic tongue (ET)

High-Performance Liquid Chromatography (HPLC)

Isotope ratio mass spectrometry (IRMS)

Nuclear magnetic resonance (NMR)

Polymerase Chain Reaction (PCR)

Fourier transform infrared spectroscopy (FTIR)

Gas chromatography-mass spectrometry (GC-MS)

Near Infrared Spectroscopy (NIR)

3-dimentional fluorescence spectroscopy (3DFS)

High-performance anion-exchange chromatographyepgulsmperometric detection (HPAEC-

PAD)

Thin layer chromatography (TLC)

Gas chromatography (GC)
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Mid-infrared NIR transflectance spectroscopy

Liquid chromatography-tandem mass spectrometry MSIMS)

Food and Agriculture Organization (FAO)

Hydroxymethylfurfural (HMF)

High fructose inulin syrups (HFIS)
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Figure 1. Honey adulteration and detection research gap




Table 1. Summary of potential adulterant detection methasiportable kits

predicted using
PLSR

Detection Adulterant No of Sample M easur ement Precision Accuracy Detection Ability as References
technique marker samples  preparation range limit portable test
kit
NIR Beet invert 83 Irish honey Raw spectra  Correlation Most accurate Bl and After (J. D. Kelly,
transflectance syrup (BI) and pre-treated: coefficient  prediction; BlI- HFCS: 20% miniaturizing  Petisco, &
spectroscopy  high fructose adulterant multiplicative of with a wiw the equipment  Downey,
(sample corn syrup solution scatter and determinati multiplicative possible to 2006)
scanned: 1100- (HFCS) adjusted to second on; Bl = scatter develop a
2498 nm) 70° Brix with derivative 0.79, HFCS correction pre- portable test
distilled =0.72 treatment, kit
water spectra
analyzed: HFCS- second
18 honey  unusual spectra derivative
samples detected using calculated from
adulterated; 8 PCA model pre-treatment
with BI
(7,10,14.21,  adulterants
30,50, 70%  identified and
wiw; n=56), quantified using
10 with SIMCA
HFCS (10,
30, 50, 70%
WAW: 1 =40) adulterants




Detection Adulterant No of Sample M easur ement Precision Accuracy Detection Ability as References
technique mar ker samples  preparation range limit portable test
kit
FT-NIR HFCS, 102 Natural and PLS-LDA and Actual and  Accurate for NIR After (Lietal.,
spectrometer  Maltose syrup adulterated CARS-PLS- predicted adulterant combined miniaturizing 2017)
(sample (MS) honey LDA used to adulterant detection; with CARS-  the equipment
scanned adjusted to 60 analyze data level at PLS-LDA- PLS-LDA possible to
between °Brix with coefficient of 88.5% classified MS develop a
10,000-4000 distilled PLSR model determination detection portable test
cm) water predicted and ~ Of datasets CARS-PLS- better kit
quantified ranged: LDA92%  compared to
honey adulterated 0.902-0.992 HFCS. The
adulterated honey and 0.901- prediction for
with HFCS 0.981, MS
(n=180) and respectively adulteration
MS (n=180) was
at 10%, 20% satisfactory
and non-

and 40% w/w

satisfactory
for HFCS




Detection Adulterant No of Sample M easur ement Precision Accuracy Detection Ability as References
technique mar ker samples  preparation range limit portable test
kit
NIR High fructose 4 artifisanal PLSR model RMSE.y = 1300-1800nm NIR After (Bézér et al.,
Transflectance  corn syrup Robinia developed 1.48 spectral combined miniaturizing 2016)
spectroscopy  (HFCS; 40% honey based on pre- intervals with the equipment
(1100- 2500  fructose, 33% adulterated  treated spectra coefficient of  identified  aquaphotomic  possible to
nm) glucose) with HFCS determination adulterants is satisfactory = develop a
(0-40%; n Leave-one-  (R’cy=0.987  and water to use for portable test
:40) honey out adulterant kit
cross-validation detection

used to quantify
adulterated
honey




Detection Adulterant No of Sample M easur ement Precision Accuracy Detection Ability as References

technique mar ker samples  preparation range limit portabletest
kit
spectrometer  Jaggery syrup 4 honey PLSR was used Calibration coefficient of  The honey After (Kumaravel
NIR samples to build a error = determination adulteration  miniaturizing u & Gopal,
spectroscopy mixed with calibration 0.00751 (R?) = was predicted the equipment 2015)
(XDS™ Optipro jiggery syrup model 0.9924 satisfactorily possible to
be analyzer at various develop a
reflection type) ratios and portable test
with total 160 kit
Chemometrics spectra
collected
using the
XDSTM
Optiprobe
NIR filter-based jaggery syrup 56 Indian honey PCA used to adulterants R*=0.81 determined After (Mishra,
technique (NIR adulterated at compress data predicted at adulterants  miniaturizing Kamboj,
transflectance different ratio standard error successfully the equipment  Kaur, &
method at with jiggery PSLR model ©f calibration possible to Kapur,
different wave syrup developed of 4.55 develop a 2010)
length)

portable test
kit




Detection Adulterant No of Sample M easur ement Precision Accuracy Detection Ability as References
technique mar ker samples  preparation range limit portabletest
kit
NIR Fructose:gluc 68 Natural and Spectra WT better in LSSVM After (Zhu et al.,
transflectance  ose mixtures authentic adulterated pretreated using variable model is miniaturizing 2010)
spectroscopy honey SNV and selection better in WT-LS-SVM the equipment
(10,000-4000 67 samples were compared to  generalizing model possible to
cm?) adulterat Setto 70 Brix WT PCA. Best  than others;  gyitable for develop a
ed model was SVM, BP-  the adulterant Portable test
adulterated  gpectradata  -o-oYM- ANN, KNN, detection kit
Total 135 honey compressed The_t_ and LDA
spectra ~ samples  ysingPCAand €co9ntion
prepared in WT ratio of
distilled 95.2% and
water at Five classical the area under 4544
different level : the receiver  _ * \rac
modeling used operating y
(7,14, 21, to detect 2. (95.1%) and
and 28% characteristic b
adulterants: LS- ¢, ryes (AUC) etter
wiw) SVM, SVM), of 0.952 by generalization
BP-ANN, LDA  \yT.[ssym  USing WT-
and KNN model LS-SVM




Detection Adulterant No of Sample M easur ement Precision Accuracy Detection Ability as References
technique mar ker samples  preparation range limit portabletest
kit
sensors Rice syrup 35 pure  Pure honey Adulterants ET-PLSDA Total ET ismore  Further work (Gan et al.,
(Electronic honey adulterated determined model; The  accuracy for suitable for needed as few 2016)
Tongue, ET; a- cornsyrup total 259  with syrup using PLSDA total calibration detecting studies on ET
Astree ET samples (5%, 10%, and LS-SVM  discriminant and honey use to detect
(105 pure  20%, 40%) model accuracy of prediction adulteration adulterants
with seven and 154 calibration sets: above and compared
potentiometric adulterat For ET: 120s  -raw data =98.43%  96%InNIR,  gpectrais to sensors
chemical ed for each pretreated; for Prediction = MIRand ET  more accurate  Spectra are
sensors- with an honey)  evaluation  sensor- SNV 100% by PLSDA  than sensors Mmore accurate
Ag/AgCl and data model. Sensor-
standard recorded smoothing, NIR: LS- sample
electrode) and every 1s. auto-scale and SVM model needed
spectra (NIR- a Mean value derivatives  total accuracy pretreatment
FTNIR system; recorded = 95.1%. but sensor
Mid Infrared between 110- better than
spectrum, MIR- 120 s. Sﬁ:gtsrgr(zrllg traditional
FT-IR equipped MIR) results, methods. ET,
W|th an NIR: Samp|es Optimized Using NIR and MIR
Attenuated Total scanned at  SVMDA and successfully
Reflection 10000-4000 iPLS detected
(ATR) cmt adulterants in
data dimensions honey.
MIR: reduced using
samples PCA
scanned at

4000-650 cm
1




Detection Adulterant No of Sample M easur ement precision Detection Ability as References
technique mar ker samples  preparation range limit portable test
kit
Honey protein: Marker: N =46 Honey honey and bee apal used as The limit of  more research (Bilikova,
ELISA kit apalbuminl samples pollen contain a protein detection for on other Kristof
developed using (apal), the vortexed at RJ proteins of standard for based onthe apal was 2 ng adulterants Krakova,
polyclonal anti-  major royal room molecular mass ELISA substrate type mL*? needto be Yamaguchi,
apalbuminl jelly (RJ) temperature  from 3 to 90 analysis tested. &
antibody for protein with water kDa concentration Possible for  Yamaguchi,
immunochemical (1:2, wiv) for apal: 55 kDa of apal in the 2015)
quantification of  Adulterant: 5 min Diluted  western-blot  protein with honey below development
apalinhoney  corn syrup, samples analysis using  N-terminal 50ug g* of portable kit
high-fructose filtered polyclonal anti- amino acid would be
corn syrup through a 0.8 apa1 antibodies sequence N-I- indicative of
Hm L-R-G-E = the presence
membrane of industrial
ﬁlter to g|ucose
obtain Pollen- syrups in
free honeys honey or
dilution of
floral honey
with the
honey
obtained by
feeding the
honeybee
colony with

sucrose syrup




Detection Adulterant No of Sample M easur ement Precision Accuracy Detection Ability as References

technique mar ker samples  preparation range limit portabletest
kit
Honey enzyme: Marker: N =15 The model hydrolytic Diastase Results for  Diastase level Potential (Voldrich,
detection of activity of samples of activity is number same honey varied in the method to Rajchl,
foreign amylase diastased-, honeys with  expressed in g quantify the differed in samples and make portable Cizkova, &
addition based B-, v- addition of of starch/100g general both methods  variation but further Cubhra,
on the amylase) foreign honey when enzyme and thus existed in research 2009)
comparison of amylase hydrolysed for activity in reliability is both Schade  required to
diastase Adulterants: (Aspergillus 1h at 40C honey, poor and Phadebas improve the
determination sucrose, oryzae) were expressed as method detection
using the Schade hydrolysed analysed amylase The results  although in accuracy
and Phadebas starch: activity on also differed  general there
procedures, HFCS- Adulterant standardised  jithin the isa
increase of detection is substrate. results of correlation
Diastatic activity ~ adulterant based on the Schade test- between the
was determined  decrease substrate Amylase variability of results.
spectrophotomet  diastase specificity of ~ activity differ  substrate also
rically by Schade  number- enzymes in substrate observed
and Phadebas addition of specificity
method foreign selection of
amylases (eg substrate is
bakery mould the principal
amylases) factor that
compensate affect the
this decrease result

and mask it




Detection Adulterant No of Sample M easur ement Precision Accuracy Detection Ability as References
technique mar ker samples  preparation range limit portabletest
kit
DNA Markers: 7 Honey Plant and insect fail to honey Satisfactory Sample (Prosser &
metabarcoding to gene prepared for sources identify crystallization  to identify preparation Hebert,
detect indirect regions; DNA identified in5  when honey  effect the plant and tedious. 2017)
adulterants, and 1TS2, rbclLa, extraction samples isrichin analysis insect sources Various field
identify botanical COl polyphenoli Detail study of research
and entomological DNA Two samples € compound need to be need to be
origin of honey  adulterants: extraction  only identified doneononly  joined to
indirect botanical or focusing to provide
adulterant- PCR insect sources identify and portable
low quality amplification quantify method for
honey fed to Two samples dhtl)ney dadultgraqt
bees Sequencing  Misrepresented adulterants h‘?ﬁg?g(;?

easy




Detection Adulterant No of Sample M easur ement Precision Accuracy Detection Ability as References
technique mar ker samples  preparation range limit portabletest
kit
Thixotropicity: ~ Fructose and  Not saccharose or Steady, dynamic Change in significant  Use of steady, The (Yilmaz et
rheological saccharose  stated fructose and creep tests  viscosity, correlations dynamic and  equipments al., 2014)
analysis; syrups syrups mixed conducted using flow and were creep analysis that test the
rheometer, HPLC- with water  a stress or strain creep observed satisfactorily  rheological
RID and adjusted controlled behavior of between detect parameters
to 75 °Brix at rheometer natural sugar adulterants need to be
60°C equipped witha honeywas composition made portable
adulterated peltier system. clear and rheology and possibly
honey sugar parameters made as one
prepared by  composition of  gqulterated equipment
mixing syrup adulterants honey Suggesting testing all the
with natural ~ analysed using showed that these parameters
honey (0, 10, HPLC-RID decreased parameters Simultaneously
20, 30, 40 viscosity, could be to use this
and 50%, storage, loss  prominent method.
w/w). Then modulus  indicators for Currently not
samples values and  presence of easy to apply
stirred and obvious  saccharose or
centrifuged deformation  fructose
at 2500 rpm Syrups

for 3 min






