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Abstract

In this study, the authors measured chemical ptigserantioxidant potentials, and microbial composi of
eight commercially available varieties of honeynfr&outh Africa. Their pH values ranged from 3.61080to
6.65+0.02, while the electrical conductivity varidmetween 12+3 to 93+0.4 mS’'m Concentrations of
mesophilic bacteria ranged from (1.4+0:4)10'to (1.55+0.09)x 10°CFUs g' wet weight of honey, and there
was between (2.3+0.5) 10'to (3.3+2.3)x 10° CFUs-g" wet weight of honey of mesophilic fungi. No thie&
human health would result from the consumption of af the honey varieties studied as the faecafarat
concentrations, and the concentrationSafmonella spp.were below the detection limit of 1-9 CFUS get
weight. All samples had antioxidant activity as gogted by results of the ATBS and DPPH assayshé&isame
time, the square-wave voltammetry showed that #loisvity resulted from two compounds at half-pasiti
potentials between 0.207+0.003 and 0.293+0.003nd; faom 0.444+0.001 to 0.524+0.031 V. Based on the
Kruskal-Wallis analysis at 5% level of significandbe average values of all but one of the parammetere
different among the honeys (all p-values <0.01&tjatification of mesophilic fungi was observedaith the
studied samples which probably resulted in no difiee among the fungal concentrations, i.e. p-valas
equal to 0.0740. Preliminary identification of f@hgpecies is presented.
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Introduction

Saccharides, such as fructose and glucose, have gdbesvn to account for 85 to 95% of
honey by weight (Gomes et al., 2010). In South ¢&frihoney has long been used as the raw
materials for fermentation of mead-like alcoholievbrages (Cambray, 2005) and it is also
consumed raw as sweetener. Plants used for hooeygiron includeAloe greatheadii var.
davyana(Human and Nicolson, 2008)eucospermum cordifoliumndErica speciegBasson
and Grobler, 2008). To date, the research activiiave focused on the wound-healing
properties of honey (Karpelovsky et al. 2007), mmtrobial activity againstCandida
albicans Staphylococcus oralis and Staphylococcus auf8asson and Grobler, 2008); and
Helicobacter pylori(Manyi-Loh et al., 2010). A lot of research has @enducted on the
biology and diseases of the honey bee (e.g. Digteghal., 2006); and beekeeping in South
Africa (Charles, 2005). Quality of honey dependstbe sensory, chemical, physical and
microbiological properties (EU, 2001). Data of thisd is currently missing from the
literature in South Africa and so it is the aintlok article to address this knowledge gap.

Materials and Methods

Eight commercially honeys were purchased from supekets and local shops in the
following provinces of South Africa: Eastern Capiestern Cape, and North West. The
honey samples were stored at room temperature tngtilanalyses were performed. The
following chemicals and consumables were purchasesm Merck (Pty.) Ltd.
(Johannesburg/Cape Town, South Africa): m-FC agadium chloride, nutrient agar, potato-
dextrose agar, XLD agar and tetrathionate brothSfimonella enumeratigrascorbic acid,
brilliant green, potassium iodide and iodine. Hamrader testers for measurement of pH and
electrical conductivity (EC) were purchased frongrBa-Aldrich (Johannesburg, South
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Africa). Chemicals for the antioxidant assays ie DPPH and the ABTS methods were also
purchased from this supplier. Sterile 40 mL uriaes jfor microbial sampling and dilutions
were purchased from EC Labs (renamed to SpellbtnmdPort Elizabeth, South Africa).
Values of pH and EC were measured using the metifodomes et al. (2010). For
microbiological analyses, 5-30 g wet weight of plagticular honey sample (accuracy 0.01 g)
was dispensed into a 40 mL sterile urine jar. Nmel5 millilitres of sterile physiological
saline solution was added and the sample was hansegeby hand-shaking. The aim was
ensure complete visible dissolution of the honey guestion. Decimal dilutions in
physiological saline of the samples were then perénl under aseptic conditions.
Concentrations of mesophilic bacteria (MB) were reatated after spread-plating onto
nutrient agar, while the mesophilic fungi (MF) wesgread-plated onto potato-dextrose agar.
Colonies were counted after incubations at@dor 48 hours for bacteria and after 96 hours
at 32°C for fungi. Faecal coliforms were spread-platetban-FC agar and counted as blue
colonies after growth at 44°& for 24 hours.
Separate samples were prepared for enumerati@alofionella sppTwo millilitres of the
diluted sample was mixed with 20 mL of in tetratiate broth and incubated at 37 °C for
18 hours. After this 1 mL was re-inoculated onte LD agar andSalmonella sppwas
guantified as the number of red colonies that gedter further 48 hours at 37 °C. All
incubations were done in one of the following inatdrs: the Labcon incubator Model
FSIM B (Labmark, Johannesburg, RSA), the TS 606/8dubator (WTW, Weilheim,
Germany), the Labcon low temperature incubator LTOELabmark, Johannesburg, RSA);
and/or the Heraeus Model FT 420 (Heraeus Kulzer imbormagen, Germany). All
sterilisations were conducted using the Model RAB& REX MED autoclave (Hirayama
Manufacturing, Tokyo, Japan). Microbial concentrasi are reported as colony forming units
1 g* wet weight of the honey (CFUs'y
Antioxidant activity of the individual honey samplavas evaluated using the DPPH and the
ABTS methods; as well as using square-wave voltameor the DPPH assay, a 72 mg i L
DPPH solution was made up in 80% methanol, follolwea 100 pg cim ascorbic acid stock
solution in MilliQ water (Millipore-Microsep, PotiElizabeth, South Africa). The calibration
solutions were prepared by diluting the ascorbid atock solution with MilliQ water. In this
way, a range of solutions with the following asdoracid concentrations was obtained the
following concentrations (ug cix 2, 4, 6, 8, 10, 15, 20, 25, 30, 35, 40, 45 afd Bvo
hundred microlitres of DPPH solution was addedachestandard in the microtitre plate and
the plate was placed into the Powerwave plate US/\dpectrophotometer (BioTek,
Winooski, USA). Antioxidant activity was evaluateding Eq. (1) after taking reading every
15 seconds for 5 minutes.

(AStandard_ AHoney)

tandard

Antioxidantactivity of honey=100x

1)

In EQ. (1),AstandardiS the average absorbance at 515 nm for ascoclidd@dimensionless), and
Avoney IS the average absorbance at 515 nm for the pktiboney sample (dimensionless).
Antioxidant activity was measured as ascorbic agdivalents.

For the ABTS method, 7mM ABTS solution was prepdmgdveighing out 0.3845 g ABTS
and dissolving it in 80 cfhof MilliQ water. Then 0.0662 g of 45,05 was added and the
volume was made up to 100 trwith MilliQ water. The solution was left to staisi
overnight and the ABTS solution was diluted to @bta solution with absorbance 0.8-1.0 at
734nm. A 100 ug ci stock solution of TROLOX was made up in 100% etthamd it was
further diluted to obtain the following concentats (g cii): 2, 4, 6, 8, 10, 15, 20, 25, 30,
35 and 40. The rest of the procedure was analogicahat of DPPH and results were
evaluated according to Eq. (1). To identify the twemof antioxidants in each honey sample,
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square-wave voltammetry was performed on the Fotat/Galvanostat 30 (PGSTAT 30;

Eco Chemie, Netherlands) and antioxidation capae#y quantified using the peak potential
at half height (half-position potential) and numbef electrochemical peaks detected
(Harbertson and Spayd, 2006).

If there were statistically significant differendesthe properties of individual honey varieties
was examined using the one-way Kruskal-Wallis asialyof variance at 5% level of

significance (KW analysis; Past statistical softevgrackage version 2.0, Paleontological
Museum, Oslo, Norway and Geological Museum, CopgahaDenmark).

Results and Discussion

No threats to human health would result from thesconption of any of the honey varieties
studied as the faecal coliform concentrations, thedconcentrations @almonella sppwere
below the detection limit of 1-9 CFUS" gvet weight. The remaining results are summarised
in the text below and mainly in Table 1. The pHues of the samples ranged from 3.61+0.03
to 6.65+0.02, while the EC values varied betwee31» 93+0.4 mS m. Concentrations of
MB ranged from (1.4+0.4) 10'to (1.55+0.09)% 10° CFUs g'wet weight of honey, and there
was between (2.3+0.5)% 10'to (3.3+2.3)x 10° CFUs g wet weight of honey of MF.
Morphological examination of the growth charactisss showed that 8 different species of
bacteria and 15 different species of fungi weres@né in the honey samples. More direct
identification is currently underway. Preliminassults indicate that 2 of the bacterial isolates
belonged to the genuwacillus sppwhile 1 fungal isolate was identified as belongioghe
speciesSaccharomyces spgd.hese species have been reported in honey by Smowadd
Cliver (1996). Additional identification will be emlucted using DNA sequencing, but this
work will commence once additional funding becoraeailable.

All samples had antioxidant activity as supportgdésults of the ATBS and DPPH assays.
In both assays, there was no statistical differemcahe antioxidant properties of the
individual honey varieties (p-values >0.120 in alises). On average, the antioxidant
activities honeys were 43 and 62% lower than tepeetive assay standard used in teh ATBS
and the DPPH assays. The square-wave voltammaeatkyeshthat this activity resulted from
two compounds at half-position potentials betwee20?+0.003 and 0.293+0.003 V; and
from 0.444+0.001 to 0.524+0.031 V. Based on thesKaltWallis analysis at 5% level of
significance, the average values of all but onehef parameters were different among the
individual honey samples (all p-values <0.0124jat8tcation of MF was observed in all the
studied samples led to this observation (p-valu®©@7). Maximum values for the other
parameters from Table 1 were observed for the iatlg samples: Fynbos for pH and EC,
Melior for MB, Blue Gum for MF, Goldcrest for thadt peak potential and Champagne for
the second square-wave peak.

Table 1
Chemical, microbial and antioxidant properties of he honey varieties
EC MB MF E: =
Sample PH | msmt | CFUs ' | CFUs g! V) V)
Goldcrest 3.61+0.03 12+4 44+7 400+£361 0.272+0.086 0.484 +D.p4
Melior 3.75+0.01 402 1600x97 33132 0.208+0.003 0.4983B.0
Fynbos 6.65+0.02 93+0 70+18 300+£294 0.217+0.011 0.47630.0
Champagne | 3.70+0.04 333 90x21 1000+£1040 0.209+0.005 0.5233D.
Blue Gum 330000 A
3.90+0.02 131 140+13| £232191 0.293+0.003 0.444+0.001
Ikaros 3.77+0.03 270 2916 4000+3987 0.207+0.0p3 0.49338.D
Cape Coast | 4.47+0.01 32+1 1414 2315 0.266+0.004 0.511+0.004
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Concentrations of FC, MB and MF, along with theuea of pH, EC, are comparable to the
data of Gomes et al. (2010). Likely sources of éx@atinclude the intestines of the

worker bees, pollen, and post-harvest handlingheyprocessing plant staff (Snowdon and
Cliver, 1996). Sanitary conditions at the proceggilants can be considered within regulatory
guidelines, as no faecal coliforms 8almonella sppcells were detected in either of the

honey samples. Highly acidic values of the pH mesun the analysed honey varieties
indicate that saccharides present in the samples prebably fermented into organic acids
(Gomes et al., 2010). The results of the squaresvanalysis indicate that all eight honey
samples have strong antioxidation potential, spagition potential values are below 0.5V
(Harbertson and Spayd, 2006).

Conclusions

1. Eight honeys from South Africa showed to be safehioman consumption, and showed
to have strong antioxidant potentials.

2. Further research will focused on the precise ifieation of the mesophilic bacteria and
fungi isolated in this study; and identificationtbe antioxidant compound.

Acknowledgements
This work was supported by the Scientific Grant Ageof the Ministry of Education of the
Slovak Republic and the Academy of Sciences, negish number 1/0096/11.

References

1. Basson, N. J., Grobler, S. R. (2008). Antimicrolaativity of two South African honeys produced from
indigenous Leucospermum cordifolium and Erica sgoin selected micro-organisrBdC Compl. Alter.
Med, 8, article number 41.

2. Cambray, G. AAfrican mead: biotechnology and indigenous knowdedgstems in iQhilika process
development. PhD thes{2005) Grahamstown: Rhodes University.

3. Charles, L. K. (2005). Beekeeping in South Afrida. Bee J.145, pp. 410-415.

4. Dietemann, V., Lubbe, A., Crewe, R. M. (2006). Hunfactors facilitating the spread of a parasitiaéyw
bee in South Africal. Econ. Entomal 99, pp. 7-13.

5. Gomes, S., Dias, L. G., Moreira, L. L., Rodrigue®, Estevinho, L. (2010). Physicochemical,
microbiological and antimicrobial properties of coercial honeys from Portugaftood Chem. Toxicql.
48, pp. 544-548.

6. Harbertson, J., Spayd, S. (2006). Measuring phenalithe wineryAm. J. Enol. Vit57, pp. 280-288.

7. Human, H., Nicolson, S. W. (2008). Flower structamed nectar availability in Aloe greatheadii var.
davyana: An evaluation of a winter nectar sourcénfmeybeednt. J. Plant Sci.169, pp. 263-269.

8. Karpelovsky, J., Rode, H., Allsopp, M. (2007). Wdumealing with honey - A randomised controlledltria
[6]. S. Afr. Med. J.97, pp. 314-316.

9. Manyi-Loh, C. E., Clarke, A. M., Munzhelele, T., €&&n, E., Mkwetshana, N. F., Ndip, R. N. (2010).
Selected South African honeys and their extracts@ss in vitro antdelicobacter pyloriactivity. Arch.
Med. Res.41, pp. 324-331.

10. Snowdon, J. A,, Cliver, D. O. (1996). Microorgangim honeylnt. J. Food Microb, 31, pp. 1-26.

162



	Roman Tandlich, Daniela Smogrovicova, Kelly-Anne Frith, Brendan S. Wilhelmi, Janice L. Limson. CHEMICAL, MICROBIAL AND ANTIOXIDANT PROPERTIES OF SELECTED HONEY VARIETIES FROM SOUTH AFRICA
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Results and Discussion
	Conclusions
	Acknowledgements
	References



