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ABSTRACT

The chemical profiles of Tasmanian Leatherwood and Manuka honeys from Tasmania and

New Zealand have been compared by a combination of GC-MS analysis of volatiles and

semi-volatiles, RP-HPLC-DAD analysis of phenolics and flavonoids and HPLC-DAD

analysis of derivatised dihydroxyacetone, hydroxymethylfurfural and methylglyoxal. This

study found that Tasmanian and New Zealand Manuka honeys have high concentrations of

methylglyoxal. However, syringic acid was only detected in Manuka honeys grown in New

Zealand. The Tasmanian honeys can be distinguished by the higher concentration of 3-

phenyllactic acid in Manuka compared to Leatherwood floral sources.
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1. INTRODUCTION

All honeys exhibit antibacterial activity due to their hygroscopic nature, mildly acidic pH and

generation of hydrogen peroxide [1]. In a clinical study of cancer patients with malignant

wounds, median wound reduction was 15 cm2 for wounds covered with Activon Medical

Manuka (Leptospermum scoparium) Honey impregnated gauze dressings and only 3 cm2 for

wounds covered with silver coated primary dressings [2].
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Honey has a high sugar concentration including: glucose, fructose, maltose and sucrose [3].

Honey also contains lower concentrations of potentially beneficial compounds [4]. Phenolic

compounds in honeys have been linked to numerous biological properties of honeys [5], for

example: methyl syringate has been identified as a strong superoxide scavenger, which

inhibits the inflammatory cascade [6]; syringic acid is hepatoprotective through suppression

of immune-mediate liver inflammation [7]; and 3-phenyllactic acid totally inhibits the growth

of Aspergillus fumigatus and Penicillium roqueforti fungi at concentrations ≥ 7.5 mg/mL [8].

New Zealand Manuka honey is known to exhibit non-peroxide antibacterial activity caused by

the active ingredient methylglyoxal (MGO) which arises by chemical conversion from

dihydroxyacetone (DHA) during honey maturation [9, 10].

DHA has to-date only been found in Leptospermum nectar [11]. DHA converts to MGO over

time and are marker compounds for Leptospermum honey [9]. Honeys can be artificially aged

by heat treatment, but this also increases the concentration of potentially harmful compounds

present in honey, for example hydroxymethylfurfural (HMF) [12]. The main concern

surrounding HMF intake by humans is that sulfotransferase metabolise HMF to its mutagenic

derivative sulfomethylfurfural (SMF) by sulfonation of the hydroxyl methyl group [13].

However, differing views persist about the risk HMF and its metabolite SMF pose to human

health [14]. For example, genotoxic and mutagenic effects were not observed in in vitro

experiments of mammalian cells, except at high (≥1500 ppm) HMF concentrations [15].

Despite the debate over the potential harm HMF poses to humans, the International Honey

Commission (IHC) has stated that after processing and/or blending, HMF levels shall not

exceed 40 ppm, unless the honey originates from regions with tropical ambient temperatures,

in which case levels shall not exceed 80 ppm [16].

No study has as yet compared the chemical profiles of New Zealand and Tasmanian Manuka

honeys. Another premium Tasmanian honey, Leatherwood (Eucryphia lucida), overlaps both

in geographic range and flowering season with Manuka. Potentially, bees and honey

processing can mix these floral types. An oxygen radical absorption capacity assay performed

on Leatherwood (Eucryphia lucida) honey yielded 7.25 µmol Trolox equivalents per gram of

honey (TE µmol/g) which is classified as high (>5 TE µmol/g) antioxidant activity [17]. High

quality honeys retail for premium prices, but these honeys are increasingly being

counterfeited or substituted with cheaper imitations. Fair legislation requires accurate

descriptions on labels, especially food products [18]. Consequently, there is an urgent need to

develop robust protocols to chromatographically fingerprint floral sources and geographic

origins of honeys.
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Chemical profiles generated by solid-phase extraction and high performance liquid

chromatography (HPLC) analysis and liquid-liquid ethyl acetate extraction and gas

chromatography mass spectrometry (GC-MS) analysis have previously been used to

distinguish between two floral sources in Malaysia. Ferulic and cinnamic acids were detected

in Gelam (Melaluca spp.) honeys, but not detected in Coconut (Cocos mucifera) honeys. The

concentration of gallic acid was higher in Gelam honeys (3.3 ± 0.1 ppm) than in Coconut

honeys (0.82 ± 0.05 ppm) and the concentration of benzoic acid was lower in Gelam honeys

(0.80 ± 0.04 ppm) than in Coconut honeys (1.8 ± 0.1 ppm) [19]. Gallic acid concentration was

also a distinguishing feature of Algerian bee pollen from Tlemcen (407 ± 2 ppm) compared to

bee pollen from other regions of Algeria (range: 321 ppm to 354 ppm) as evidenced in the

methanolic extracts of pollen analysed via HPLC in a recent study [20].

In 2003, Yao and co-workers [21] observed that the total amount of phenolic compounds was

generally lower in Jellybush (Leptospermum polygalifolium) honeys than in Manuka honeys

via Amberlite XAD-2 extraction with HPLC analysis. A more recent study has specified these

earlier generalisations via head space solid phase microextraction (HS-SPME) and GC-MS

analysis: the concentration of 2-methoxyacetophenone is notably lower in Jellybush honeys

than in Manuka honeys; and the concentration of cis-linalool oxide and 3,4,5-trimethylphenol

are substantially higher in Jellybush honeys than in Manuka honeys [22]. This recent study

also determined that lumichrome and p-anisic acid are important distinguishing criteria in the

Manuka (not detected) / Kanuka (detected) comparison via solid phase extraction and ultra

high performance liquid chromatography – photo diode array – mass spectrometry / mass

spectrometry (UHPLC-PDA-MS/MS) [22]. This recent study also identified four compounds

unique to Manuka honeys: 2-methylbenzofuran, 2-hydroxyacetophenone, acetyl-2-hydroxy-4-

(2-methoxyphenyl)-4-oxobutanate and 3-hydroxy-1-(2-methoxyphenyl)-penta-1,4-dione [22].

The variability of syringic acid concentrations in New Zealand Manuka honey have

previously been observed by diethyl ether liquid-liquid extraction and GC-MS analysis: 32 ±

23 ppm [23]. This variability has since been assigned to a specific geographic origin of New

Zealand Manuka honey. Via solid phase extraction, liquid chromatography and mass

spectrometry it was determined that high contents of syringic acid was typical of Manuka

honeys originating from the East Coast of New Zealand [24].

This study compared the chromatographic fingerprints of honeys from Leatherwood and

Manuka floral sources originating from Tasmania and Manuka honeys originating from

Tasmania and New Zealand. For robustness, the protocol involved three different extraction

and analysis techniques. Volatile and semi-volatile compounds were obtained from the honey
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matrix by liquid-liquid ethyl acetate extraction and trimethylsilyl (TMS) derivatisation and

tentatively identified and semi-quantified by GC-MS analysis. Volatility was imparted to

semi-volatile compounds in the ethyl acetate extract by conversion of hydroxyl groups and

carboxylic acid groups to TMS ethers and esters, respectively, with the derivatising agent

N,O-bis(TMS)trifluoroacetamide (BSTFA) [25]. Repeated ethanol extractions were used to

isolate the non-volatile phenolic compounds from the honey matrix and tentative

identification was made via reverse phase – high performance liquid chromatography – diode

array detection (RP-HPLC-DAD) analysis. DHA, HMF and MGO concentrations were

determined by aqueous extraction, O-(2, 3, 4, 5, 6-pentafluorobenzyl) hydroxylamine

(PFBHA) derivatisation and HPLC analysis.

2. MATERIALS AND METHODS

Nine Tasmanian Leatherwood honey samples were provided by Blue Hills Honey, Tasmania,

Australia. This company also supplied three Tasmanian Manuka honey samples. A further

three Tasmanian Manuka honey samples were provided by Daybreak Apiaries, Tasmania,

Australia. Six New Zealand Manuka honey samples were supplied by Comvita, New Zealand.

All honeys were produced in the 2012 flowering season and analysed in the University of the

Sunshine Coast (USC) laboratories in 2013. All honey samples were stored at 4 °C at USC

until 12 hr prior to analysis, at which time the honey samples were kept at room temperature

in a dark cupboard.

HPLC MilliQ grade water was used for analysis in this project. HPLC Chromasolv gradient

grade acetonitrile, absolute ethanol, ethyl acetate and acetone were purchased from Merck,

Kilsyth, Victoria, Australia. The reagents PFBHA and BSTFA were purchased from Sigma-

Aldrich, Castle Hill, New South Wales, Australia.

The chemical standards that were used for this project were supplied by Comvita, New

Zealand and the University of Waikato, New Zealand. The standards that were supplied by

Comvita were purchased from Sigma-Aldrich, except for 4-methoxybenzoic acid which was

purchased from BDH, Auckland, New Zealand and 4-methoxyphenyllactic acid which was

synthesised by Hangzhou Sage Chemical, Hangzhou, China. The standards were reconstituted

in acetonitrile at a concentration of 1.5 mg/mL.

Homogenised and subsampled honey (2 g) was weighed into a 16 mm x 100 mm test tube.

Ethyl acetate (2 mL), which contained n-hexadecane internal standard (107 µg/mL), was

added to the honey. The test tube was covered with aluminium foil and placed into a 50 °C

water bath for 5 min. The sample was vortexed with a Ratek VM1 Vortex Mixer vigorously
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for 3 min and returned to the water bath for 5 min. This was repeated a further two times. The

sample was settled for 15 min.

The ethyl acetate supernatant was collected with a Pasteur pipette and transferred to a vial and

dried with anhydrous Na2SO4 (50 mg). One ethyl acetate supernatant (100 L) was

transferred to a 300 L insert in a new 2 mL vial for GC-MS analysis. A second 100 L of

ethyl acetate supernatant was transferred to a 300 L insert containing 50 μL of BSTFA in a 2

mL vial and heated at 65 °C for 1 hr prior to GC-MS analysis.

GC-MS analyses were performed on a PerkinElmer Clarus® 580 GS coupled to a

PerkinElmer Clarus® SQ 8 S MS. The column was a PerkinElmer Elite-5ms 30 m × 0.25 mm

internal diameter × 0.25 μm. The carrier gas was constant flow 1.0 mL/min He. The injection

port was 280 °C The injection operated at a split ratio 10:1, from -1.00 to +1.00 min then

opened to 50:1. The oven program operated at 50 °C for 0.5 min, ramping at 6 °C/ min until

300 °C. Compound ionisation was at 70 eV electron impact, analysing m/z+ 50–300, with a 5

min solvent delay. Peaks were tentatively identified by a combination of their retention index

and mass spectrum [26] and semi-quantified relative to an n-hexadecane internal standard

(eluting at 20.54 min in the GC-MS traces) and a response factor of unity was assumed for

compound quantitation.

Each chemical standard (1.5 mg/mL) was analysed by GC-MS with the same method as the

samples except that the split ratio was 100:1. Each standard was derivatised with 10 μL of

BSTFA and re-analysed by the same GC-MS method as the underivatised standard.

The non-volatile phenolic extracts were obtained by repeated extraction and separation steps.

Approximately 100 g of honey was homogenised in 80 mL of absolute ethanol at 50 °C.

This was cooled slowly to 4 °C and transferred to -18 °C for 2 hr. The ethanol supernatant

was removed from the sugars. The remaining sugars were re-extracted with 40 mL of absolute

ethanol. The combined ethanol supernatant was rotor evaporated to approximately 15 g

with a Buchi™ Rotavapour R-205 set to 40 °C at 100 rpm. This semi-concentrate was

processed twice more with proportionate volumes of absolute ethanol. When required for

analysis, the absolute ethanol was evaporated from the aliquot with nitrogen gas.

The analytical RP-HPLC/DAD analysis of the phenolic extracts were performed on a Perkin

Elmer Series 200 Pump and Autosampler with a Flexar® Photo Diode Array detector set for

205 nm, 260 nm, 290 nm and 340 nm wavelength detection. The column was a Synergi

Fusion polar embedded Reverse Phase (RP) column (75 mm x 4.6 mm, 4 μm particle size).

The concentrates (~2 mg) were dissolved in 1.0 mL of 50:50 MilliQ water: acetonitrile in a 2
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mL HPLC glass vial. Mobile Phase (MP) A was MilliQ water: acetonitrile: formic acid,

89.9:10:0.1, v/v/v and MPB were MilliQ water: acetonitrile: formic acid 10:89.9:0.1, v/v/v.

The flow rate was set to 1.2 mL/min. The gradient program was: 100 % MPA for 2.5 min,

graded to 30 % MPA : 70 % MPB over 20.0 min, graded to 10 % MPA : 90 % MPB over 2.0

min, isocratic at 10:90 for 2.0 min, graded back to 100 % MPA over 2.0 min, isocratic at

100 % MPA for 3.0 min. The chemical standards were analysed by the same RP-HPLC/DAD

method as phenolic extracts. Peaks were identified by comparison of retention times and

Ultra-Violet / Visible spectra with authentic standards.

The methods for the PFBHA derivatised aqueous extraction and HPLC analysis [12, 27] were

applied honeys originating from Manuka floral source grown in Tasmania and New Zealand.

Statistical analysis was performed on IBM SPSS Version 21. The significance level was set to

P < 0.05. The Levene’s test for equality of variances was performed on group compound

concentrations: Tasmanian Leatherwood versus Tasmanian Manuka and Tasmanian Manuka

versus New Zealand Manuka. When equality of variances in concentrations could be assumed,

independent samples t-tests were used to find differences in mean compound concentrations

between groups. When equality of variances in concentrations could not be assumed, Mann-

Whitney U tests were performed to find differences in the distribution of compound

concentrations between groups. When differences in the distribution of concentrations were

found, independent samples median tests were used to find differences in median compound

concentrations. Statistically significant differences between mean (reported as x̅ ± sx ppm)

and median (ppm) compound concentrations between groups are reported in the results.

3. RESULTS AND DISCUSSION

1. Honeys originating from Leatherwood and Manuka floral sources grown in Tasmania

The concentrations of gallic acid and benzoic acid have previously been used to distinguish

between honeys originating from Gelam and Coconut floral sources grown in Malaysia which

have undergone solid-phase extraction and HPLC analysis and liquid-liquid ethyl acetate

extraction and GC-MS analysis [19]. The concentrations of 2’-methoxyacetophenone, cis-

linalool oxide and 3,4,5-trimethylphenol have previously been used to distinguish between

Australian Jellybush and New Zealand Manuka which have undergone HS-SPME and GC-

MS [22]. Similarly in this study, statistically significant differences are observed in the mean

concentrations of 4-methoxybenzoic acid (P=0.004), 4-hydroxybenzoic acid (P<0.001) and 4-

decene-1,10-dioic acid (P<0.001) between honeys originating from Leatherwood and Manuka

floral sources grown in Tasmania which have undergone liquid-liquid ethyl acetate extraction,
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TMS derivatisation and tentative identification and semi-quantification by GC-MS (see Table

1). The concentration of 4-methoxybenzoic acid is higher in Leatherwood honeys (5 ± 2 ppm)

than in Manuka honeys (1 ± 1 ppm) from Tasmania. The concentrations of 4-hydroxybenzoic

acid and 4-decene-1,10-dioic acid are lower in Leatherwood honeys (1 ± 1 ppm and 1 ± 2

ppm, respectively) than in Manuka honeys (5 ± 1 ppm and 13 ± 3 ppm, respectively) from

Tasmania.

Statistically significant differences are also observed in the median concentrations of benzene

acetic acid (P=0.021), mandelic acid (P=0.021), 3-phenyllactic acid (P=0.021), 4-

hydroxyphenylacetic acid (P=0.001), 5-hydroxy-2-hydroxymethyl-4H-pyran-4-one (P=0.001),

2,3,4-trimethoxymandelic acid (P=0.021) and oleic acid (P=0.021) between honeys

originating from Leatherwood and Manuka floral sources grown in Tasmania (see Table 1).

The median concentrations of benzene acetic acid, mandelic acid, 3-phenyllactic acid, 4-

hydroxyphenylacetic acid, 5-hydroxy-2-hydroxymethyl-4H-pyran-4-one, 2,3,4-

trimethoxymandelic acid  and oleic acid are lower in Leatherwood honeys (1 ppm, 0.05 ppm,

16 ppm, 0.03 ppm, 0.02 ppm, 0 ppm and 1 ppm, respectively) than in Manuka honeys (18

ppm, 10 ppm, 1294 ppm, 3 ppm, 6 ppm, 86 ppm and 8 ppm, respectively) from Tasmania.

In a prior investigation, ferulic and cinnamic acids were detected in Gelam honeys, but not

detected in Coconut honeys via solid-phase extraction and HPLC analysis and liquid-liquid

ethyl acetate extraction and GC-MS analysis [19]. It has also previously been determined that

lumichrome and p-anisic acid are important distinguishing criteria in the Manuka (not

detected) / Kanuka (detected) comparison via solid phase extraction and UHPLC-PDA-

MS/MS [22]. This study determines that lilac aldehyde, 4-(1,1-dimethylpropyl)-

cyclohexanone, 2-isopropyl-3-hydroxy-but-2-enoic acid, 3,4-dimethoxybenzaldehyde, 2-

deoxy-3,5-bis-hydroxy,-lactone, 1,4-dimethylindanyl acetate, catechin hydrate and ellagic

acid are important distinguishing criteria in the Leatherwood (detected) / Manuka (not

detected) comparison.
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Table 1 Detection of compounds in Tasmanian Leatherwood versus Tasmanian Manuka honeys via GC-MS

Tasmanian honey concentration (ppm) Retention Leatherwood Manuka

Time

(min)

Index x̅ sx n range x̅ sx n range

Benzene acetaldehyde 7.57 1042 0 0 9 0 2 1 4 1-3

Lilac aldehyde 10.33 1148 0.4 0.04 9 0.3-0.4 0 0 4 0

2,6-Dimethyl-3,7-octadiene-2,6-diol 11.33 1188 22 4 9 14-27 2 1 4 0.2-4

Benzeneacetic acid TMS ester 13.90 1292 2 2 9 1-6 19 10 4 9-29

4-(1,1-Dimethylpropyl)-cyclohexanone 15.35 1355 0.7 0.2 9 0.4-1 0 0 4 0

2-Isopropyl-3-hydroxy-but-2-enoic acid

TMS ether TMS ester

17.23 1441 2 5 9 0.03-13 0 0 4 0

2-Methoxybenzoic acid TMS ester 17.49 1454 0 0 9 0 27 33 4 0.1-72

Mandelic acid TMS ether TMS ester 17.85 1470 0.5 1 9 0-3 9 4 4 5-14

3,4-Dimethoxybenzaldehyde 17.97 1473 1 0.2 9 0.6-1 0 0 4 0

Pentonic acid,

2-deoxy-3,5-bis-O-TMS-,-lactone

18.52 1498 0.5 1 9 0.03-2 0 0 4 0

4-Methoxybenzoic acid TMS ester 18.83 1513 5 2 9 3-9 1 1 4 0-3

3-Phenyllactic acid

TMS ether TMS ester

20.07 1579 33 37 9 3-112 1174 645 4 337-1769

4-Hydroxybenzoic acid TMS ether TMS

ester

20.96 1619 1 1 9 0.1-3 5 1 4 3-7
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4-Hydroxyphenylacetic acid TMS ether

TMS ester

21.17 1634 0.03 0.02 9 0-0.04 3 2 4 2-6

1,4-Dimethylindanyl acetate 21.30 1643 2 1 9 1-3 0 0 4 0

4H-Pyran-4-one, 5-[(TMS)oxy]-2-

[[(TMS)oxy]methyl]-

21.86 1671 0.02 0.01 9 0-0.03 6 1 4 4-7

4-Decene-1,10-dioic acid di TMS ester 26.71 1942 1 2 9 0.2-5 13 3 4 8-16

2,3,4-Trimethoxymandelic acid TMS

ether TMS ester

28.31 2036 2 4 9 0-11 81 52 4 16-137

Oleic acid TMS ester 30.93 2208 2 1 9 0.5-4 9 6 4 4-15

The first six of these distinctions were made by liquid-liquid ethyl acetate extraction, TMS derivatisation and tentative identification and semi-

quantification [lilac aldehyde (0.4 ± 0.04 ppm); 4-(1,1-dimethylpropyl)-cyclohexanone (0.7 ± 0.2 ppm); 2-isopropyl-3-hydroxy-but-2-enoic acid

(2 ± 5 ppm); 3,4-dimethoxybenzaldehyde (1 ± 0.2 ppm); 2-deoxy-3,5-bis-hydroxy,-lactone (0.5 ± 1 ppm) and 1,4-dimethylindanyl acetate (2 ± 1

ppm)] by GC-MS (see Table 1) and the last two of these distinctions were made by repeated ethanol extractions and tentative identification via

RP-HPLC-DAD analysis (see Table 2). This study also determines that benzene acetaldehyde and 2-methoxybenzoic acid are important

distinguishing criteria in the Manuka (detected at 2 ± 1 ppm and 27 ± 33 ppm, respectively) / Leatherwood (not detected) comparison (see Table

1).
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Small concentrations of DHA (<200 ppm) and MGO (<20 ppm) are observed in honeys

deemed to have been originating from the Leatherwood floral source grown in Tasmania (see

Table 3). However, DHA has to-date only been found in Leptospermum nectar [11]. This

suggests that a low level of honey originating from the Manuka floral type has been mixed

with the Leatherwood honeys either during bee foraging or honey processing.

Table 2 Detection of compounds in Tasmanian Leatherwood versus Tasmanian Manuka

honeys via HPLC

Compound detection (+/-)

in Tasmanian honey

Retention

Time (min)

UV/Vis (nm) Leatherwood

(n=4)

Manuka

(n=3)

Kojic acid 0.95 192, 216, 267 + +

Catechin hydrate 5.58 200, 230, 275 + -

3-Phenyllactic acid 7.83 194, 206, 255 + +

Ellagic acid 10.25 218, 250, 360 + -

Methyl syringate 11.56 209, 273 + +

Table 3 Detection of compounds in Tasmanian Leatherwood versus Tasmanian Manuka

honeys via HPLC

Tasmanian

honey

Leatherwood Manuka

x̅ sx n range x̅ sx n range

DHA

(ppm)

63 54 9 28-196 1087 1031 6 23-2329

HMF

(ppm)

4 5 9 1-16 20 25 6 2-65

MGO

(ppm)

8 5 9 0-15 114 99 6 23-307
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Honeys originating from Manuka floral source grown in Tasmania and New Zealand
In a prior investigation, 2-methoxyacetophenone concentration was found to be notably lower

in Australian Jellybush honeys than in New Zealand Manuka honeys [22]. In this study, 2-

methoxyacetophenone was found in Tasmanian (6 ± 7 ppm) and New Zealand (10 ± 9 ppm)

Manuka honeys (see Table 4), with no statistically significant differences observed in

concentrations between the two geographic locations. Although 2-methylbenzofuran, 2-

hydroxyacetophenone, acetyl-2-hydroxy-4-(2-methoxyphenyl)-4-oxobutanate and 3-hydroxy-

1-(2-methoxyphenyl)-penta-1,4-dione have previously been identified as compounds unique

to Manuka honeys [22], these four compounds were observed in neither Tasmanian nor New

Zealand Manuka honeys in this study.

The concentration of gallic acid has previously been used to distinguish between Algerian bee

pollen grown in Tlemcen and other regions of Algeria which have undergone methanolic

extraction and HPLC analysis [20]. Statistically significant differences are observed in this

study in the median concentrations of succinic acid (P=0.048) and mandelic acid (P=0.048)

between honeys originating from the Manuka floral sources grown in Tasmania and New

Zealand (see Table 4). The median concentration of succinic acid is lower in Tasmania

Manuka honeys (7 ppm) than in New Zealand Manuka honeys (18 ppm). The median

concentration of mandelic acid is higher in Tasmania Manuka honeys (10 ppm) than in New

Zealand Manuka honeys (1 ppm).
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Table 4 Detection of compounds in Manuka honeys from Tasmania versus New Zealand via GC-MS

Tasmanian honey concentration (ppm) Retention Tasmania New Zealand

Time

(min)

Index x̅ sx n range x̅ sx n range

2-Methoxyacetophenone 13.72 1290 6 7 4 0-15 10 9 6 2-26

Succinic acid TMS ester 14.35 1309 7 1 4 6-7 18 11 6 7-36

2-Isopropyl-3-hydroxy-but-2-enoic acid

TMS ether TMS ester

17.23 1441 0 0 4 0 2 1 6 1-2

Mandelic acid TMS ether TMS ester 17.85 1470 9 4 4 5-14 1 1 6 1-2

Malic acid TMS ether di TMS ester 18.20 1483 0 0 4 0 2 1 6 1-4

Trans-cinnamic acid TMS ester 19.38 1544 0 0 4 0 1 1 6 0.4-2

Octanedioic acid bis TMS ester 22.35 1695 0 0 4 0 2 1 6 0.4-4

4-Methoxymandelic acid TMS ether

TMS ester

22.39 1697 15 9 4 4-26 0 0 6 0

Phenylpyruvic acid TMS ester 22.44 1700 0 0 4 0 1 0.5 6 0.4-2

2,3,4-Trimethoxymandelic acid TMS

ether TMS ester

28.31 2036 81 52 4 16-137 0 0 6 0

Hexadecanoic acid TMS ester 28.33 2037 0 0 4 0 14 4 6 8-18
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It has previously been determined via solid phase extraction, liquid chromatography and mass

spectrometry that high contents of syringic acid was typical of Manuka honeys originating

from the East Coast of New Zealand [24]. This current study is consistent with this prior

observation, as syringic acid is not detected in Tasmanian Manuka honey which had

undergone repeated ethanol extractions and tentative identification via RP-HPLC-DAD

analysis (see Table 5). This study also determined that 2-isopropyl-3-hydroxy-but-2-enoic

acid, malic acid, trans-cinnamic acid, octanedioic acid, phenylpyruvic acid and hexadecanoic

acid are important distinguishing criteria in the New Zealand Manuka (detected) / Tasmanian

Manuka (not detected) comparison. These distinctions were made by liquid-liquid ethyl

acetate extraction, TMS derivatisation and tentative identification and semi-quantification [2-

isopropyl-3-hydroxy-but-2-enoic acid (2 ± 1 ppm); malic acid (2 ± 1 ppm); trans-cinnamic

acid (1 ± 1 ppm); octanedioic acid (2 ± 1 ppm); phenylpyruvic acid (1 ± 0.5 ppm);

hexadecanoic acid (14 ± 4 ppm)] by GC-MS (see Table 4). 4-Methoxymandelic acid and

2,3,4-trimethoxymandelic acid were also identified as important distinguishing criteria in the

Tasmanian Manuka (detected at 15 ± 9 ppm and 81 ± 52 ppm, respectively) / New Zealand

Manuka (not detected) comparison (see Table 4).

In this study, no statistically significant differences were observed in DHA, HMF and MGO

concentrations between Tasmanian and New Zealand Manuka honeys (see Table 6).

Table 5 Detection of compounds in Manuka honeys from Tasmania versus New Zealand via

HPLC

Compound detection

(+/-) in Manuka

honey

Retention

Time (min)

UV/Vis (nm) Tasmania

(n=3)

New Zealand

(n=6)

Kojic acid 0.95 192, 216, 267 + +

Syringic acid 6.68 208, 275 - +

3-Phenyllactic

acid

7.83 194, 206, 255 + +

Methyl syringate 11.56 209, 273 + +
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Table 6 Detection of compounds in Manuka honeys from Tasmania versus New Zealand via

HPLC

Manuka

honey

Tasmania New Zealand

x̅ sx n range x̅ sx n range

DHA

(ppm)

1087 1031 6 23-2329 2154 1386 6 607-4475

HMF

(ppm)

20 25 6 2-65 8 3 6 4-13

MGO

(ppm)

114 99 6 23-307 481 481 6 74-1368

4. CONCLUSION

Tasmanian Manuka honeys have a higher concentration of 3-phenyllactic acid than

Tasmanian Leatherwood honeys. This perhaps imparts antifungal activity to Tasmanian

Manuka honeys [8]. Tasmanian Manuka honeys also have higher concentrations of benzene

acetic acid, mandelic acid, 4-hydroxybenzoic acid, 4-hydroxyphenylacetic acid, 5-hydroxy-2-

hydroxymethyl-4H-pyran-4-one, 4-decene-1,10-dioic acid,  2,3,4-trimethoxymandelic acid

and oleic acid than Tasmanian Leatherwood honeys. Manuka honeys can be distinguished

from Leatherwood honeys grown in Tasmania by the detection of benzene acetaldehyde and

2-methoxybenzoic acid. Conversely, Leatherwood honeys can be distinguished from Manuka

honeys grown in Tasmania by the detection of lilac aldehyde, 4-(1,1-dimethylpropyl)-

cyclohexanone, 2-isopropyl-3-hydroxy-but-2-enoic acid, 3,4-dimethoxybenzaldehyde, 2-

deoxy-3,5-bis-hydroxy,-lactone, 1,4-dimethylindanyl acetate, catechin hydrate and ellagic

acid. Tasmanian Leatherwood honeys also have a higher concentration of 4-methoxybenzoic

acid than Tasmanian Manuka honeys.

Tasmanian and New Zealand Manuka honeys have high concentrations of MGO. This imparts

non-peroxide antibacterial activity to Manuka honeys grown in both geographic locations [10].

It has previously been determined that high contents of syringic acid was typical of Manuka

honeys originating from the East Coast of New Zealand [24]. The findings in this study are

consistent with this prior observation, as syringic acid is not detected in Tasmanian Manuka

honey. This perhaps imparts hepatoprotectivity to New Zealand Manuka honeys [7]. Manuka

honeys grown in New Zealand can also be distinguished from Manuka honeys grown in
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Tasmania by the detection of 2-isopropyl-3-hydroxy-but-2-enoic acid, malic acid, trans-

cinnamic acid, octanedioic acid, phenylpyruvic acid and hexadecanoic acid. A higher

concentration of succinic acid is also indicative of a Manuka honey grown in New Zealand.

Conversely, 4-methoxymandelic acid and 2,3,4-trimethoxymandelic acid are detected in

Tasmanian Manuka honeys, but not in New Zealand Manuka honeys. Also, the concentration

of mandelic acid is higher in Tasmania Manuka honeys than in New Zealand Manuka honeys.
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