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ABSTRACT

Artisanal honeys of Apis mellifera produced in Corrientes province (Ar-
gentina) for local and international markets, were characterized on the
basis of their chemical and physical properties. One hundred sixty (160)
honey samples from harvests for three years were analyzed for quality
according to the national regulatory norms (Argentine Food Code, CAA)
and international standards (GMC Mercosur; Codex Alimentarius, FAO).
The ranges and mean obtained values of the analysis of free acidity, pH,
moisture content, electrical conductivity, hydroxymethylfurfural (HMF),
proline, reducing sugars, apparent sucrose, diastase activity, color, in-
soluble solids and ash were examined. The values obtained for the prop-
erties of most of the honey analyzed werein agreement with international
specifications for blossom honeys of a good quality.
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INTRODUCTION

Honey, anatura sweet substance produced by bees
mainly from the nectar of plants, isanimportant food
and issubject of great scientificand commercid inter-
est. Current norms*® classify honey according to their
origin; distinguish between blossom honey or nectar
honey and honeydew honey, describing the character-
isticsor known propertiesof each typeof honey. Honey
consistsessentially of carbohydrates, predominantly
fructose (30-45 %) and glucose (24-40 %), and wa-
ter. It al so contains other substances such asorganic

acids, amino acids, enzymesand flavonoids (oneof the
largest family of secondary metabolites of the plants),
aswell asmineral components, together with solid par-
ticles, like pollen and traces of wax.

Since primitivetimeshoney hasbeen used asfood
and at the present time consumption by the peopleand
itscommercialization probabilitiesare dependent onto
itsquality, especialy of factorssuch ascolor, flavor,
fragrance and consistence. All thesefeatures arere-
lated with its sanitary conditions, chemical composi-
tion, physical propertiesand microbiological charac-
teristics, which are corrdlated withtheflora origin, the
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production regionsof the honey, seasonal variationsin
climatic conditionsaswel | astheextraction and storage
conditions. Sothecomposition and quality of different
typesof commercia honeysvary initscompositions,
quality and cogt.

Intheworld market Argentinaisaonethelargest
producer and exporter of honey together with China
and Mexico. In 2000 Argentinawerethethird largest
producer and the second exporter of honey in the
world*? and in 2002 became the first exporter the
honey of world. Actually Argentinais a member of
Southern Common Market™ and thequdity of itscom-
mercia honey production should meet normstheAr-
gentine Food Code and GMC Mercosurt*. These
normsareconcordant withthat of Codex Alimentarius
(FAO).

The Corrientesprovince at the North-East of Ar-
gentina(27°15' and 30° 43' South latitude and 57° 47'
and 58°12' West longitude) has an area of 88,890 km2
andtheir climatic conditionsarethe characteristicsof a
subtropical regionwithout dry season. Therainsare
irregular and vary between 1,100 and 1,900 mm/year.
Thisprovinceincludeswiderurd areeswherethereare
avariety of native plantswith different flowering peri-
odsand severd naturereservesrichinbiodiversity, as
well assignificant planted forestsareas, eucd yptusand
citrusmainly®. Beekeeping ispracticed by small and
medium producers, some beekeepers are members of
cooperativesthat provide accessto equipment for the
extractionandfacilitiesto the honey storage. In recent
yearsthere hasbeen asignificant increasein honey pro-
duction dueincreasing demand and interest by con-
sumers, good climatic conditionsand governmenta ac-
tion, with theintroduction of moderntechnologies. The
productionisdestined for |ocal tradeand for export as
non specific honey without floral origin. Accordingto
Department of Beekeeping (Ministry of Production,
Corrientes Government) the artisanal beekeepersare
distributedinsix honey production areas, called basins
1,2,3,4,5and 6 (Figure 1). However littleinforma-
tionisavailableabout the honey produced inthisprov-
ince, except for studies on pollen content of honeys
published by Salgado & Pire**2% indicating honeys
monofloral mainly from native species (Astronium
balansae, Eryngium spp. and Salix ssp.) together
Citrusssp. and honeys of mixed flord originfrom Eu-

—=> [y|| Paper

calyptus, Astronium balansae, Sapium
haematospermum and Eryngium mainly, and afew
honeydew indicators. Thusthebotanical origin of the
honeysisflord and beesuse nectar of exotic and native
speciesasasource’®. Agreement between the National
University of Northeast (UNNE) and the Government
of Corrienteshasdlowed the cregtion of AndysisLabo-
ratory of Bee Products (LABAPI) to assist producers
incontrolling quality of honey and other bee products
and conduct research to improve and strengthen the
devel opment of beekeepingintheregion. Thisstudy is
part of investigationseffortsto know physicochemical
quality of honey produced in Corrientes province as
well astofind out whether they meet nationa andinter-
national standardsof honey specifications.
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Figurel: Corrientes(Argentina): areas of honey produc-
tion

Usually, the parametersexamined to eval uate the
qudity and authenticity of honey includethe measure-
ment of pH, free acidity, moisture content, HMF, color,
proline content, diastase activity, insoluble solidsand
ash. Another group of chemical parameterslessfre-
quently analyzedincludesthe profiles of sugar, amino
acids, proteinsand flavonoids, and a so volatile com-
pounds, phenolic acids, 13C/12C ratio and determina
tion of minerd ionic content, employingtechniquessuch
as High Performance Liquid Chromatography, Gas
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Chromatography-M ass Spectrometry, lon Chromatog-
raphy, Mid-infrared, Pyrolys s-mass Spectroscopy and
Raman Spectroscopy®19. According to different au-
thorsthe use of multiparameter studiesand principa
component anaysis, associ ated with chemometrics,
yields satisfactory results for honey classifica-
tion39101823 However, according to Bogdano & Mar-
tin, these methods have been used for research pur-
posesand itsusefor routine control of honey isunlikely
duetothedrawback of using sophisticated instruments.
Mélissopaynology (pollenidentification) isasoem-
ployed asstandard method for determination thefloral
originof honey but thistechni quehave somedisadvan-
tagesand theinterpretation of pollen anaysisrequires
gpecidized profess ond with sati sfactory knowledge of
pollen morphology to achieverdiableresultg™?2,
Thusinthisstudy were anayzed the parametersto
evd uatethehoney samplesauthenticity and qudity, such
aspH, freeacidity, moisture content, HMF, color, pro-
line content, diastase activity, insoluble solidsand ash.

EXPERIMENTAL

Samples

Thisstudy was conducted with 160 fresh artisanal
honey samplescollected in 2008, 2009 and 2010 dur-
ing two harvest seasons each year. The sampleswere
provided by local beekeeperswho havecertified their
regionsof origin but only someof themthelikely flord
origin. The sampleswere stored in plastic bottles or
glass with screw cap at room temperature until ana-
lyzed.

Physicochemical parameters

Thephysicochemicd propertieswereanayzed us-
ing thefollowing methods.

pH measurement wasperformed potentiometricaly
at 20°C ina 10% (w/v) solution of honey in distilled
water™ usingaHANNA pH-meter HI 98129.

Freeacidity wasmeasured by titrimetric method to
pH 8.50 by adding 0.05 M NaOH solution(*™, Results
were expressed as meg/K g.

Water content (moisture) was determined measur-
ing therefractiveindex at 20 °C in an Abbe type re-
fractometer and then using the Wedmoretableto con-
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vert the measurement to percent moisture™s,

Thed ectric conductivity of a20% (w/v) honey so-
lution in distilled water has been measured using a
ORION 3 STAR conductimeter.

The content of apparent reducing sugarsaswell as
the apparent sucrose content were measured by the
Fehling-Causse-Bonnans method*.

Diastase (amylase) catd yzesthe transformation of
garchtomatose. Diastase activity (DA) wasmeasured
using abuffered sol ution of solublestarch and honey,
which wasincubated in thermostatic bath. The end-
poi nt was determined photometrically (AOAC 958.09).
Thediastaseactivity isexpressed in Gothe degrees (°G)

Hydroxymethylfurfural (HMF) wasdetermined af-
ter clarifying honey sampleswith Carrez reagentsand
the addition of sodium bisulfatd*; theabsorbancewas
determined at 284 and 336 nm.

Proline was determined by acol orimetric method
based on thereaction of theamino acid with ninhydrin
in an acidic medium, measuring the absorbance of the
product of reaction at 520 nm.

To measurethe color according to mm Pfund has
been used aHANNA C221 Honey Color Analyzer.

The content of insoluble matter wasdetermined by
noting theincreasein weight of aporouscrucibleafter
filtration of aknown amount of honey dissolved inwa-
ter™ and resultswere expressed as g/100 g of honey.

Theash percentage was determined by samplecd-
cinationsat 550+ 50 °C in a muffle furnace until a con-
stant weight was achieved™,

Satistical analysis

Anays sof each parameter was carried out in du-
plicate. To find out the mean and standard deviation
valuesof al thetests performed statistical testswere

applied.
RESULTSAND DISCUSSION

TABLES 1 and 2 show the means, standard de-
viations and ranges of the results obtained from the
analysis of physicochemical parameters of the honey
samples. Histograms of the pH, moisture, freeacidity,
reducing sugars, sucrose gpparent and HMF obtained
resultsare shownin Figure2(a)-(f).

Inhoneysthe pH isan important factor becauseit
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influences characteristicssuch astexture, color and sta-
bility. All honeysareacidic with apH-valuegeneraly
among 3.5 and 5.51%. The samples analyzed have a
range 3.67- 5.52 units (TABLE 1) withamean value
of 4.61 (SD 0.40). Thehistogram for theseresults cor-
respondsto avariablewith anorma distribution with
higher frequency valuesamong 4.1 and 5.2 units (Fig-
ure2(a)). Thevaluesfor 2008 and 2010 do not differ
greatly (TABLE 2). According to Bogdanov et al.l2
pH-values among 4.5 and 6.5 correspond to honey-
dew honeys. Higher pH vaues(>4.5) obtained insome
andyzed samples could indicatethe presence of hon-
eydew honey or at |east amixed honey, depending on
typica nativeflorafrom each region and their climatic
conditions.

TABLE 1: Physicochemical characteristicsof corrientes
honeys

pH (n=135) Moisture content (%) (n=159)
Maximum 552 Maximum 22.6
Minimum 3.67 Minimum 15.0
Mean (SD) 4.61(0.40) Mean (SD) 17.3(1.19)
r':;;?/fé ;’“y (n=160) (Rg/efggi;)g sugars (n=99)
Maximum 46.24 Maximum 82,9
Minimum 11.54 Minimum 66,4
Mean (SD) (27570(; Mean (SD) 76.83 (3.88)
(S;/‘ir(;’(fg)apparmt (=158) HMF (mg/kg) (n=152)
Maximum 8.93 Maximum 86.5
Minimum 0.30 Minimum 0.15
Mean (SD) 1.65 (1.24) Mean (SD) 7.30 (10.43)
(Eg"gtf]se? activity (=159)  Proline (mg/kg) (n=158)
Maximum 4541 Maximum 1462
Minimum 3.28 Minimum 163
Meen (D) Zim  Mean(SD) o
Color (mm Pfund) (n=157)  Conductivity (mS/cm) (n=159)
Maximum 150 Maximum 1.178
Minimum 29 Minimum 0.160
Mean (SD) 71.9(21.3) Mean (SD) 0.625 (0.21)
Ash (%) (n=98) Insoluble solids (%) (n=27)
Maximum 0.64 Maximum 0.496
Minimum 0.06 Minimum 0.000
Mean (SD) 0.30(0.09) Mean (SD) 0.023

Thewater content isvery important for the stability
of honey and dependent on climatic conditions, season
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of harvest and maturity degree. Moisturecontentin natu-
ral honeys can beaslow as 13% or reach 23%“. The
highwater content favorsthefermentation processwith
alossof honey qudity; thisriskisusudly not aproblem
for the honey with water content lower than 18%. In
theanayzed samplesthewater content waslower than
23% w/w (TABLE 1). Although 22.6% of samples
exceeded thelimit of 18% established by the national
legislation (CAA, 2010), most of honeys had water
content between 15.5to 19.5% (Figure 2(b)), indicat-
Ing optimum harvesting and agood degree of maturity.
Only three sampl esexceeded the quality standard the
20% allowed by Codex Alimentarius.

TABLE 2: Annual resultsof physicochemical parametersof
honeysanalyzed

2008 2009 2010
pH (n=100) (n=35)
Range 54-3.75 552 -3.67
Mean (SD) 4,57 (0.37) 4.71 (0.46)
Moi sture content (%) (n=100) (n=24) (n=35)
Range 20.2-15.2 18.7-155 22.6-15.0
Mean (SD) 17.10 (0.97) 16.60(0.77) 18.40 (1.54)
Free acidity (meq/Kg) (n=100) (n=24) (n=36)
Range 46.24-11.54 36.08-15.65 40.0-14.55
Mean (SD) 2431 (7.86) 24.88(5.83) 27.06(8.16)
Sugarsreducing (g/100g) (n=99) (n=24) (n=35)
Range 82,94 -66.40 80,49-72.00 79,41-65.88
Mean (SD) 76.83(3.88) 76,21(2.33) 75.12(2.85)
Sucrose apparent (g/100g) (n=99) (n=24) (n=35)
Range 4,10-0.30 5,30-0.67 8,93-0.36
Mean (SD) 1.36(0.98) 229(1.21) 2.04(1.64)
HMF (mg/Kg) (n=92) (n=24) (n=36)
Range 86.5-0.15 28.14-100 82.00-1.00
Mean (SD) 6.49(9.71) 958(6.85) 7.85(13.71)
Diagtase activity (°Gothe) (n=99) (n=24) (n=36)
Range 4541-328 2557-4.97 42.0-7.0
Mean (SD) 14.47 (6.58) 13.92(5.30) 18.00 (7.34)
Proline (mg/kg) (n=100) (n=23) (n=35)
Range 1462-300 1235-351  1344-163
Mean (SD) 752.5(266.3) 734.4(264.8) 530.6 (290.8)
Color (mm Pfund) (n=100) (n=23) (n=34)
Range 150-29 114-30 122-29
Mean (SD) 74.7(204) 62.1(204) 70.4(22.9)
Conductivity (mS/cm) (n=100) (n=24) (n=35)
Range 1.178-0.289 0.672-0.215 0.865 - 0.160
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2008

2009 2010

Mean (SD) 0.724(0.169) 0.446 (0.119) 0.464 (0.162)
Ash (g/100g) (n=098)

Range 0.64-0.06

Mean (SD) 0.30 (0.09)

Insoluble solids (g/100g) (n=27)

Range 0.496 - 0.00

Mean (SD) 0.023 (0.095)

Thefreeacidity, duetothepresenceof organicacids,
particularly gluconic acid, ranged between 11.54 and
46.24 meg/kg (mean 25.02, SD 7.70) (TABLE 1). The
histogramfor resultsobtai ned showsadigribution dightly
skewed infavor of thelower rangesof acidity (Figure
2(c)). All samplescollected in 2008 had val ues|ower
than 50 meg/kg and only 5% were greater than 40 megy
kg, while none of the samplescollected during 2009
and 2010 (TABLE 2) exceeded thelimit allowed by
national (40 meg/kg) and international regulations (50
meg/kg), indicating theabsence of undesirablefermen-
tations. Differences of free acidity could be dueadif-
ferent floral origin of honeysand climatic condition of
thegeographica regionsor arerdated withvariationin
the harvest season.

Thevauesof “apparent reducing sugar content” cor-
respond roughly to the sum of themain sugarsof honey,
fructose and glucose and some minor reducing disac-
charides, mainly matose®. All theandyzed honeyshad
acontent of reducing sugars higher than 65% fixed as
minimum for floral honey in normsof National Code
and Mercosur rules and above Codex minimum (not
lessthan 60 ¢/100 g). The sugars content ranged 66.4
t082.9 ¢/100 g honey (mean 76.83) (TABLE 1) with
an asymmetric frequency distribution toward to the
higher values (Figure2(d)).

Apparent sucrose content is cal culated asthe dif-
ferencein apparent reducing sugars before and after
hydrolysis of sucrose. Most of the analyzed honey
samples (98%) had sucrose content lower than 5 %
and thefrequency histogram showsaskewed distribu-
tiontolower values (Figure 2(e)); only four samples
had sucrose content higher than 5.0%, one of these
above 8%, whiletheannua saverageva ueswerelower
than 2.5% (TABLE 2). Codex Alimentarius standards
set aslimit for the content of sucrose, in general, no
morethan 5 g/100 g“. Moreover CAA standardsand

Natural Products

Mercosur indicate amaximum of 8% for the honey of
flowersand 10% of honeydew honey. Thusthevaues
obtained indicate aflora origin and agood quality of
the honey samplesanayzed.

The HMF content isawidely accepted indicator of
thefreshness of the honey. The maximun of HMFfor
floral honeysisthe samefor rules of National Food
Code and Mercosur (40 mg/kg), while according
Bogdanov et a."® the Codex Alimentarius proposd is
to changethelimit of 40 mg/kg for amaximum of 60
mg/kg. Theproposal isbased on the experience that
HMFincreaseson honey storageinwarm climate coun-
tries. Theanayzed honeyshad generdly low HMFva-
ues(TABLE 1), withamean 7.30 mg/kg (SD 10.43),
and only two samples showed HM F content above 40
mg/kg (Figure2(f)).

Thediastaseactivity (DA) dsoisaquality factor
and an indicator of thefreshnessof thehoney asitis
influenced by storage and heating of the honey; how-
ever some honeyshaveanaturally low diastase activ-
ity®®. The CAA and Mercosur standardsindicate that
the honey must haveaminimum of diastaseactivity of 8
onthe Gothe scale, but in the case of honeyswith low
enzymdicactivity containinglessthan 15mg/kg of HMF
Is accepted at least 3 °Gothe for the DA (GMC
Mercosur). Thesevauesarecons stent with Codex stan-
dards. Inthe analyzed honeysthe range of values of
DA waswide (TABLE 1) with thelargest number of
samples between 4.0 and 22.0 °Gothe. However
11.25% of the samples had |ess than 8 °Gothe, and
more studies are needed to determinewhether thelow
activity of diastase of thesehoneysisdueto itsbotani-
cal origin or perhaps could be accounted for ainad-
equate processing.

Although in honey can befound different amino
acids, prolineisthemost abundant and isconsidered
the most important. The proline content iscommonly
used asacriterion of maturity or in some casesof the
honey adulteration. Minimum value of 180 mg/kgis
accepted for genuine honey, however thereisconsid-
erable variation depending onthehoney type®. Inthis
study, the proline content of 99.4 % of sampleswas
above 180 mg/kg and 13.9 % were higher than 1,000
mg/kg (TABLE 1) with predominance of samplesfrom
250 to 850 mg/kg.

Color hasalwaysbeen animportant factor for the
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presentation of honey andinitself isauseful indicator
and afirst step in the process of recognition of honey
type™. Noteworthy that color rangearegeneraly char-
acteristicfor each honey of flord type. Inthisstudy the
color of the samplesanayzed wasfrom whiteto dark
amber (TABLE 1) coincidingwith the color character-
istics of honeys, almost colorlessto dark amber ac-
cording CAA, Mercosur and Codex dlimentarius. The
greatest number of samples had values below 114
mmPfund, corresponding to honeysextralight amber
colored (12.5%), light amber (63.8%) and amber
(15.6%), asshownin Figure 3. Therangeof valuesthe
first year wasthewider (TABLE 2) and included the
highest value recorded, but only 3.8 % of the total
samplesweredark amber.

Amber

(15.6%) Dark amber

Extra ligh
amber

_ White (125 %)

Light amber
(63.8 %)

Figure3: Color of honey samplesanalyzed (n = 160)

Electrical conductivity of honeysvarieswith bo-
tanical and geographical origin, and at presentitisthe
most useful quality parameter for the classification of
unifloral honeys®. In generd flora honeys have con-
ductivity values below than 0.8 mS/cm, while hon-
eydew honey hasnot |essthan 0.8 mS/cmi**3, The con-
ductivity of theanalyzed honeysranged from 0.160to
1.178 mS/cm (mean 0.625) (TABLE 1). Thefirst year
23% of sampleshad valuesover 0.8 mS/cm but inthe
last year only two samples showed value above 0.8
mS/cm (TABLE 2). Thevauesobtained inthe set of
samples correspond with mostly of the honeyswith
conductivity lower than 0.8 mS/cm; thissuggeststhat
most honeys collected for thisstudy wereof floral ori-
gn.

A quality criterion of particular importanceisthe
ash content becauseisindicative the concentration of
minerasin honey andisrelated with their botanical ori-
gin. Themineral content affectsthe color of honey and
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iIsapossibleindicator of environmental pollution and
aso servesasanindicator of thegeographica origin of
honey. Va uesbelow 0.64% show aflora originsince
the blossom honeysgenerdly have al ower ash content
(£0.6%) than honeydew honeys (<1.2%). Theash con-
tent in 99.9% of honey samplesandyzed in 2008 was
lower than 0.64% (TABLE 1). Themaximum values
allowed by the quality standard according to Codex
Alimentarius (Draft CL 1998/12-S) are 0.6 ¢/100gin
genera and 1.2 g/100 g for the honeydew or blends of
blossom honey™, while for standards the CAA and
Mercosur thevaluesare 0.6% and 1.0% for the honey
of flowersand honeydew, respectivey. Therefore, these
sampl es showed ashes percentagesin agreement with
theinternationa standardsfor quality honey theflorad
origin.

The measurement of insoluble matter isanimpor-
tant meansfor detecting impuritiesin honey in quanti-
tiesexceedingthe alowed vaues. Theinsolublesolids
content of 27 honey samplesanayzed during thefirst
year (TABLE 1) waslower than 0.5%, while 96.3%
theandyzed honeyshad vaueslessthan 0.1%, in agree-
ment with national and international standardswhich
set asmaximum 0.1% of solidsinsolubleinwater. Only
one samplehad acontent exceeding 0.1%, indicating
that it could be apressed honey.

CONCLUSIONS

Thisstudy hasallowed assessing and confirming
the good quality of the honey that is produced in
Corrientesprovinceat North-East Argentinaand also
establishing adatabase of its properties. The physico-
chemical characteristics of most samples correspond
tohoneysof floral originand results obtained werein
agreement withregulatory limitsestablished by theAr-
gentine Food Code (CAA) and internationa standards
(GMC Mercosur; Codex Alimentarius FAO) for honey
quality.

Honeys analyzed presents high reducing sugars
content (morethan 65 %) and very low values of su-
crose. The HMF content and the free acidity values
were mostly low and moi sture content lessthan 20 %
indicating honey freshnessand good conservation. These
resultsarevery important for commercialization of hon-
eysinthenational and internationa markets, because
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indicate aproduct that offersgood quality. The com-
parativeanadysisof results, particul arly the higher pH-
values, indicates that of differences could be on ac-
count of variousfactorslikedifferent sourcesof origin
(honeydew or nectar), thefloral sourceand geographi-
cal origin or perhaps could be accounted for ainad-
equate processing. Further studiesare needed in order
toimprovethe specificity and accuracy of the charac-
terization of the honeysfrom each region (basins) as
well asto know itsbotanical origin and their seasonal
variability. Alsoit advisableto standardizethe beekeep-
ing practicesat all thedifferent areasto contributeto
maintain or toimprove honey quality.
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