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Abstract 

The qualities of 12 Ethi opian multiflora l honey samples were evaluated in term s of 

comm on phys icochem ical parameters name ly: mo isture content, pH, free acidity, lactonic 

ac idity and tota l acidity. The values for studi ed quality parameters were moisture content, 

14.23-19.2%; pH, 3 A-4 .8; free ac idity, 30.6-97.6 meq/ Kg; lactonic ac idity, 8.06-

14Ameq/Kg and total acid ity, 42.96-107Ameq/Kg. The analyzed samples showed proper 

maturity, absence of undesirable fermentation «20% of moisture content), and were 111 

agreement w ith standard values (Codex Alimentricus) and reported literatures. 

The concentrations of trace heavy metals (Cd, Cr, Cu, Mn, Ni , Pb and Z n) in the 12 

multifloral honey samples collected from different regions of Ethi opia were also eva luated 

us ing flame absorption spectrometry after wet di gestion. T he accuracy of the method was 

assessed by spiking honey samples with known amounts of standard meta ls, and 

examining recovery. Trace heavy meta l contents in the honey samples were fo und to be in 

the range of NO-O.O 17 flg/g (Cd), NO-0.15 J.lg/g (Cr), 0.02-1.15 J.lg/g (Cu), NO-7.29 flg/g 

(Mn), NO (Ni), NO-2.53 J.lg/g (Pb) and 9.96- 16.03 J.lg/g (Zn). Results obtained were in 

agreement with data repo rted e lsewhere in literatu re. 

Keyword\': Honey, physicochemica l parameters, Ethi opia, wet digesti on, ato mi c absorption 

spectrometry, trace e lements 
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1. Introduction 

Accord in g to European Counci l Directive 2001l 110/EC, honey is the natural sweet 

substance produced by bees (Apis melli/era) from the nectar of plants or from secretions of 

living parts of plants or excretions of plant-sucking insects on the li ving parts of plants, 

whi ch the bees co llect, transform by com bining with spec ific substances of their own, 

deposit, dehydrate, store and leave in honeycombs to ripen and mature (Codex 

Al imentricus, 2000). The difference between honeydew and nectar honey is that the fonner 

is a honey whi ch comes mainl y from the excretio n of plant sucking insects (Hem iptera) on 

living parts of plants or secretions of living parts of plants, where as nectar honey is the 

honey which comes from nectars of plants (K ujawski & Namies'nik, 2008). 

The earliest written records of honey used as med ici ne is in Egyptian papyri and Sumerian 

clay tab lets dated from 1900 to 1250 BC and in one of these, honey was described to have 

been used in 30% of the prescriptions. Anc ient Egyptians also used honey in emba lmin g. 

They made salves with it for treating d iseases of the eyes and sk in . As well , the ancient 

Greeks are reported to have used honey to treat fat igue: athl etes drank a mi xture of honey 

and water before major athletic events (Chepuli s, 2008). Hippocrates (460-357 BC) 

prescr ibed honey for various indications, includ ing the management of wounds and 

gastritis (Kujawsk i & Namies' nik, 2008). 

The Hindu people also had great faith in the med ica l virtues of honey. They use it mainl y 

for coughs, pulmonary issues and gastric disorders. Similarly, populati ons in rural 

commun ities from almost all nations have docum ented the use of honey through time. 

German women, spec ifi ca ll y, believed that a mixture of honey and crushed bees woul d 

have a beautifying and strengthening effect and that woul d regulate menstrual Ilow 

(Zareie, 20 II). 



Chemically speaking, honey is a highl y hygroscopic and very concentrated aqueous 

solution of sugars. As an analytical sample, honey is a very complex matrix. Its 

composition depends strongly on the plant species from which nectar or honeydew was 

collected, and other factors, such as environmental conditions and climate (Kujawski & 

Namies'nik,2008). 

Africa is blessed with numerous types of wi ld honeybee. Ethiopia is one ofthe countries of 

the continent which own big honey production potential. Owing to its varied eco logical 

and climatic conditions, Ethiopia is home to some of the most diverse flora and fauna in 

Africa. Its forests and woodlands contain diverse plant species that provide surplus nectar 

and pollen to foraging bees. Beekeeping is one of the oldest fanning practices in the 

country. There is an ancient tradition for beekeeping in Ethiopia which stretches back into 

the millennia of the country's early history. However, the products obtained from this sub 

sector are still low as compared to the potential of the country. Although thousands of 

tones of honey are produced every year it is usually poorly managed and unattractive in 

appearance. The type of hives used the methods of removing and storage of honey playa 

vi tal role in the quality of honey (Deffar, 1998). 

The total world production of honey is estimated at I 170 000 tons and China, the largest 

producer, exports 70 000 tons of honey. Ethiopia, having the highest number of bee 

co lonies and surplus honey sources of flora, is the leading producer of honey (41 million 

kilograms of honey/annum) and beeswax in Africa. According to the central statistics 

agency of Eth iopia 2002 E,C report, the total honey production is estimated at 41 million 

kilogram and from wh ich Southern Nation Nationality and people Regions (SNNPR) 

(1 1,794,672 kg), Oromia (15,825 ,245 kg), Amhara (7,453 ,349 kg) and Tigray (3,203,088 

kg) accounts the major portion of honey produced. The report accounts number of hive, 

frequency of honey production and honey production per harvest (CSA, 2002; Nandaa el 

ai, 2003). 
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1.1. Composition of Honey 

The compos it ion of honey is variable, owing to the differences 111 plant types, climate, 

env ironmenta l conditions, and contribution of the beekeeper (Kucuk et al., 2007; De 

Rodriguez et aI., 2004). Honey contains fructose and glucose (60-85%) as the predominant 

monosaccharides, ma ltose and sucrose as the most important d isaccharides, melez itose as 

the ma in trisaccharide and other low molecu lar weight o ligosaccharides. The composition 

of honey (sugars and moisture content « 20%)) is responsible for many of the 

phys icochemica l properties of honey, such as viscosity, hydroscopicity, and granu lat ion etc 

(Lazaridou el ai., 2004; Wang & X. Li, 20 II). 

Other chemica l groups present are organic acids (responsible for the taste of honey 0.05-

1.2%), proteins (mainly albumin and globul in from bee pharyngeal glands, generall y not 

above 0.5%), amino acids (0.03%), and variab le amounts of sugar-toler ant yeasts. 

It also co nst itute enzymes, coming from the glands of the bees, the most important be ing 

invertase, amylases and glucose oxidase. Honey also contains horm ones (of plant and bee 

origin) (e.g., acetylcholine and its precursor, cho line). Flavonoids, anthocyanins, a wide 

array of vitamins, essential oi ls, pigments, sterols and phospholip ids are also present in 

honey (Kujawski & Namies'nik, 2008; Wang & Li , 2011). 

In genera l over 300 components, belongi ng to a wide variety of groups of chemica l 

compounds have been detected in different types of honey (Madejczy and Bara lkiewicz, 

2008). In addit ion to its complex matrix, honey has minerals and trace metal s (which are 

important in the diet of human beings) as minor ity components ranging from 0. 1%-1 % 

(Lachman el ai" 2007), 0.02%-1.028% (Luque et ai., 2005), 0.1 %-0.2% (Luque et al., 

2005). The ma in mineral elements present in honey includes: K, Ca, Na, P and the trace 

elements include AI , Ag, B, Ba, Cd , Cr, Cu, Fe, Mg, Mn, Mo, Ni , Si , Sn, Pb, and Zn 

(Madejczy & Bara lkiewicz, 2008) . Honey conta ins approximately I % of admixtu res, such 

as pollen, dead bees and mineral substances (ashes) as well (K ujawski & Namies' nik, 

2008). 
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1.2. Importance of Honey 

The ancient Egypti ans and Greeks used honey for wound care, and a broad spectrum of 

wou nds are treated allover the world with natural unprocessed honey (Simon el 01. , 2009). 

Research indicated that honey have funct ional properties in human hea lth promotion whi ch 

depend largely on the floral source of honey. These properties inc lude antimicrob ial 

act ivity (due to presence and formati on of hydrogen peroxide and mild acidity, phenolic 

compounds), antioxidant (Estevinho el 01., 2007; Vilma el 01, 2007), in vivo anti vi ral 

act ivity against herpes simplex virus, reduction of frequencies of diarrhea, maintenance of 

moist wo und env ironment, prevention of spreading of infection (Medihone/ M has been 

one of the first medically certified honeys) (Lusby el 01., 2005), protective action on 

neurotoxicity and Alzheimer 's di sease (S hati el 01. , 20 I I), antimutagene, probiotic 

(Stankovska ef 01. , 2007), treatment of var ious gastro intestinal di sorders, respiratory 

ai lments, fatigue, vert igo, ophtha lmic d isorders, toothache, meas les, burns, chest pains, 

postnatal disorders, male impotence and as a skin cleansing agent (Meda ef 01., 2004). 

Because of its sweetness, co lor and flavor, honey is often used as a sugar subst itute, an 

ingredient or a natural preservative in many of manufactured foods . It can prevent 

ox idation reaction in foods (e.g., li pid oxidation in meat and enzymatic brownin g of fruits 

and vegetab le) (Pyrzynska & Biesaga, 2009). 

Honey bes ides its therapeutic importance, it is a use ful bio-mon itor for information related 

to the environment where the bees live. Since honey bees readi ly fly up to 4 km in all 

directions from their apiary and thus have access to an area of about 50 km 2 and the bees 

come in contact not on ly with ai r but a lso with so il and water, the concentration of heavy 

metals in honey reflects their amount in the whole environment. Therefore, honey has been 

recognized as a biological indicator of environmental po llution (Silici el 01.,2008). 
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1.3 Sources of Contamination 

The contamination sources can be divided into environmental and apicultural ones. 

Contam inants can reach the raw materia ls of bee products (nectar, honey dew, poll en, plant 

ex udates) by a ir, water, plants and soil and then be transported into the bee hi ve by the 

bees. Ai r and so il co nta in heavy meta ls, ma inl y from industry and tra ffi c which can also 

contaminate the bee colony and its product (Bogdanov el 01., 2006). 

The fl oral type of honey plants, fl oral density, and the chem ical compositi on of nectar, 

po llen, and other forage sources extensively differ with the location of the ap iary, regiona l 

conditions, as wel l as season and type of vegetation. As a result, the botan ica l ori gin of 

honey has a remarkab le effect on the content of certain meta ls in honey (Pohl, 2009). 

Bes ide the geographi cal and botanical origi ns of meta ls in honey, the content of some 

heavy metals can result from different anthropogenic sources. Usua ll y, the neighborhood 

of mines and steelworks, industria lized and urban areas, or hi ghways in the forage area can 

result in the contamination of the apiary local ity. Honey can a lso be polluted with certai n 

metal s dur ing its harvesting and process in g and thi s is primaril y rel ated to the ap iculture 

techno logy used by the beekeepers. Meta ls can be released from materia ls (sta inless steel, 

galvanized steel, and al uminum ) of too ls and eq uipment used for honey crop extraction , 

centrifugation, or ripening. The material s of the containers app li ed for honey process ing, 

shipping, and storage of the extracted and ripened honey or lids may also contribute to the 

contamination of honey (Poh l el 01. , 2009). 
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1.4 Essentiality and Toxicity of Heavy Metals in Human Health 

1.4.1 Essential Metals 

ChromiulII 

Cr III , the most abundant environmental form , is an essential element that plays a role in 

g lucose metaboli sm. Chromium deficiency causes changes in the metabo lism of g lucose 

and lipids and may be associated with maturity-onset diabetes, cardiovascular di seases, and 

nervous system disorders (emeA, 2007). 

Copper 

Copper (Cu) is an essential yet potentially tox ic element to all organisms. Cu serves as a 

cata lytic and structural cofactor for enzymes that function in energy generation, iron 

acquis iti on, oxygen transpol1, cellular metabo li sm, peptide horm one maturation, blood 

clotting, and s ignal transduction. It is al so used as a co-factor in several enzymes and 

several proteins have evolved to tightly regulate the distribution of copper in the ce ll. In 

humans, unbalanced concentration of copper has been implicated in Wilson's disease 

(excess), Menke' s syndrome (deficiency) , and neurodegenerative diseases (Alzheimer' s 

d isease, amylotrophic lateral scleros is and prion disease) . According to Codex 

Alimentarius Commiss ion, the maximum allowable limit for Cu in mult ifloral nectar 

honey is 5 Ilg/g (Blanchard, 2009; Valentine el al., 2006; Kim et al., 2008). 

Mallgallese 

Manganese (Mn), an essential element, is crucial for a number of biological and 

phys iolog ica l processes in the body, includin g immune function , regulation of cellular 

energy, reproduction, digestion, bone and connective ti ssue growth , and blood c lotting . 

Mn a lso plays an important role as a cofactor for many enzymic reactions incl uding amino 

acid, lipid, protein, and carbohydrate metaboli sm (Yoon et aI., 20 1 I). 
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Signs of manganese deficiency include impaired growth, skeletal abnormalities, di sturbed 

or depressed reproductive function, ataxia of the newborn, neurotoxic effects, defects in 

lipid and carbohydrate metabolism (Thompson et aI., 2011). 

Nickel 

The essentiality of nickel in mammals is questionable. It is generally present in the 

environment and appears to be an essential element for some plant life and bacteria. For 

the general population, the primary health concern is an allergic response from skin 

contact. Nickel is one of the few proven human carcinogens. Contact dermatitis is also a 

common workplace hazard (Gilbert, 2005). 

Zinc 

Zinc is an essential trace element that plays important role in a wide range of Zn -

containing proteins necessary for growth, development, and DNA replication. Zn also has 

a variety of critical functions including maintaining appetite, wound healing, immune 

competence, cofactor of the superoxide dismutase enzymes, and stabilization of phosphate 

groups and coordination with organic bases in DNA. However, it also has the potential to 

interact with many biological functions to induce adverse effects such as nausea, vomiting, 

diarrhea, fever and lethargy. According to Codex Alimentarius Commission, the maximum 

allowable limit of Zn in multifloral nectar honey is 0.5 ppm (Yamada et al., 2007; emeA, 

2007). 

1.4.2 Toxic Metals 

Cadmium 

Cadmium, a ubiquitous environmental contaminant, damages several major organs 111 

humans and other mammals (Martin et ai. , 2007). It can induce various toxic effects such 

as hepatotoxicity, nephrotoxicity (Tokumoto el ai. , 2011), osteotoxicity, iml11unotoxicity, 

cytotoxicity (Honda et al., 2010; Yang et al., 2007) autophagic cell death (Wang S el ai., 

2009). 
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So far, th ere are no studies avai lab le demonstrating that cadm ium is a human teratogen, but 

is a potent teratogen in laboratory animals, caus ing exencepha ly when adm ini stered at 

earl y stages of devel opment Accord ing to Codex Alimentarius Commiss ion, the maxi mum 

a llowable limit of Cd in multifloral nectar honey is 0.05 ppm (Ferna' ndez el 01.,2003) . 

Lead 

Lead is one of the most ubiquitous toxic metals known to man. Lead occurs naturall y in 

plants and in soil s throughout the world. Chroni c lead exposure has been lin ked with 

cardiac arrh ythmia, rena l in sufficiency, hypel1ension, and osteoporos is. Studi es indicated 

that apoptos is may be associated with the lead- induced ox idat ive stress and DNA damage 

(Jamieson el 0/., 2006; Seth el ai. , 2004). 

1.5 Determination of Metals in Honey 

The most common methods used nowadays for the determination of heavy metals in 

different samples invo lve hi ghl y sensiti ve spectroscopic techniques, such as atomic 

absorption spectroscopy (FAAS, GFAAS) and inductive ly coupled plasma-optica l 

emission and mass spectrometry (ICP-AES and ICP-MS). Selection of the most 

appropriate analytical method to solve a specific problem depends on the content and range 

of the study elements in the samples, determination limits as wel l as acceptable leve l of 

accuracy and prec is ion and economic criteria. Studies revea led that GFAAS is more 

suitable for determination of elements in environmenta l samples (Espec iall y fo r Cd, Cr, N i, 

Pb and V), primarily with respect to conven ient determ inat ion limits than FAAS and ICP­

AES (Sastre el 0/" 2002) 

In a ll these techniques, the sample is requ ired to be transformed into so lution where the 

metal content is determined. Although honey is so luble in water and metal s can directl y be 

determined in so lutions prepared by di sso lving honey samples in water or ac idic so lut ions, 

samples are usuall y decomposed before measurements. The resulting res idues (ashes and 

digests) are re-dissolved in water or acid so lutions, and the minera l components are 

transferred into so lution (Pohl, 2009). 
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The use of other methods including capillary zone electrophoresis (Luque el al. , 2005), 

Potentiometric stripping analysis (Mun-oz and Palmero, 2006), particle-induced X-ray 

em ission (PIXE) (Braziewicz el al., 2002), total renecti on X-rayfluorescence (TXRF) ( 

Khude el ai., 20 I 0), ion chromatography (Buldini el al., 200 I), isotope dilution 

inductively coupled plasma mass spectrometry with direct injection nebuli zation (LD-ICP­

MS) (Packera & Gineb, 200 I) have been implicated in determination of trace metal s in 

honey. 

Interest in the analysis of honey due to its metal content has significantl y increased over 

the past 15 years. The aim of this study is therefore, to assess the level s of different metal s, 

especially heavy metals, as a general objective aimed at characterizing various honeys in 

view of the implications for their safet y. Such information is important to beekeepers, as it 

helps them to avo id poss ible contamination during honey processing, and to consumers, as 

it assures them that the product is of good quality. 
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2. Objectives 

2.1. General Objective 

To determ ine the amo unt of some heavy metals (Cd, Cr, Cu, Mn, N i, Pb and ZI1) 111 

different honey samples co ll ected from top honey prod uc ing reg ions of Ethiopia. 

2.2. Specific Objectives 

• To collect honey samples from different regions of Ethi op ia. 

• To measure some physicochemical properties (pH, free ac idity, total acidity, 

and moisture content) of honey samples. 

• To determ ine the level of some selected heavy meta ls in collected samples if 

any. 

• To compare the content of heavy metal s in honey from each sampling region. 

• To compare the level of heavy metals in honey with that of different countries. 

• To compare the values obtained with standards 
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3. Methods and Materials 

3.1. Reagents and Chemicals 

Nitric acid (69%), hydrogen perox ide (30% ), sodium hyd rox ide, potass ium hydrogen 

phthalate (KHP), (all from BDH, England), and stock solutions with 1000ppm 

concentration of Cd, Cr, Cu, Mn, Ni, Pb, and Zn, all in nitrate form (Jnorganic Ventures, 

USA) were used. All standards were of ana lyti cal grade. 

3.2.Instruments and Equipment 

Atomic absorption spectrophotometer: Flame & graphite furnace system (PG990, United 

Kingdom) fitted with appropriate hollow cathode lamps, analytical balance (Mett ler 

Toledo, Switzerland), volumetric flasks, measuring cylinder, conical flasks, burette, 

porcelain dish, water bath, Abbe refractometer (ATAGO, UK), magnetic st irrer, pH meter 

(JENWA Y 35 10, UK), Whatman No.42 filter paper, plastic containers, hotplate and 

pipettes. 

3.3.Cleaning Apparatus 

Apparatus such as vo lumetri c fl asks, measuring cylinders and digestion fl asks, and all the 

necessary materials used for the experiment were washed w ith detergents and tap wate r, 

rinsed with deionized water, soaked in 10% (v/v) HNO) so lution for 24 hrs, rinsed with de­

ionized water and kept in dust free cabinet until used, and digested solutions were kept in 

refrigerator until analysis. 

3.4.Sampling Techniques 

The sam ples of honey were collected by referring the report of CSA of Eth iop ia for the 

major honey producing reg ions of Ethiop ia. The top most honey producing reg ions 

(SNNPR > Oromia > Amhara > Tigray regions) were selected. From each region, the 

major th ree honey producing di stricts and/or zones were selected. Then from each zone 

and/or district, four commercial honey traders were randomly selected and about 500g of 
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typical multi floral Apis mellijera honey samples were purchased. Then, thi s four samples 

(for a g iven distri ct and or zone) were mi xed, homogen ized and preserved in plastic 

containers and kept at 4- 5°C in a refr igerator unti l analysis. 

3.5.Study Area 

Bure is a town in western Eth iopia, located in the West Gojjam Zone of the Amhara 

Region . It has a longitude and lat itude of 37°4'E, and 10042'N respectively with an 

elevation of 2091 meters above sea level. 

Debre Marqos is a town in east-central Ethiopi a, located in the Eastern Gojjam Zone of the 

Am hara Reg ion. It has a latitude and longitude of 10020'N, and 37°43'E respect ively and 

with an elevation of 2446 meters above sea leve l. 

Tilli is a town in western Ethiopi a, located in the west Gojjam zone of Amhara reg ion. It 

has a longitude and latitude of 370 0 I ' 15" E, and 100 5 l' 05" N respective ly with an 

elevation o f 2445 meters above sea level. 

Belich Maji is one of the 13 Zones of Southern Nations, Nationalities and people' s Region 

(SNNPR). It has a latitude and longitude of 6°20'30"N, and 35° 37'36"E respectively and 

with an elevation of 1035 meters above sea level. 

BOl/ga is a town in southwestern Ethiopia. It has a latitude and longitude of T 16'N, and 

36° 14' respectively and with an elevation of 17 14 meters above sea level. 

Dawero is a town in southwestern Ethiopia. It has a lat itude and longitude of 6°59'44"N, 

and 35° 36'22" E respectively and with an e levat ion of 1424 meters above sea level. 

Adigra/ is situated in Eastern Tigray, Tigray region. It is located at a lat itude and longitude 

° ,.. 0' " of 14 16 37 N, and 39 27 39 E respective ly and with an elevation o f 2457 meters 

above sea leve l. 
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Erob is situated on Eastern Tigray, Tigray reg ion. It' s located at a lat itude and longitude of 

14° 24 ' 58 " N, and 39° 28 ' 43" E respectively and with an e levation of2239 meters above 

sea level. 

Hawzelle is s ituated on Eastern Tigray, Tigray region. It' s located on a latitude and 

longitude of 13° 58 ' 39" N, and 39° 25 ' 45" E respectively. 

Jimma is the largest city in south western Ethi op ia. Located in the Ji mma Zone of the Orom ia 

Region, it has a latitude and longitude of 7°40'N 36°50'E and with an elevation of 1730 

meters above sea leve l. 

Ginchi is s ituated in Orom ia region. It 's located at a latitude and longitude of 9° 03 ' 37" N, 

and 38° oi I i" E respectively and with an elevation of2276 meters above sea leve l 

Arsi Robe is a town in south-central Ethiopia, located in the Arsi Zone of the Oromia 

Region. This town has a lat itude and longitude of 7°TN 400 0'E with an elevation of 2492 

meters above sea level. 

3.6.Sample Preparation 

The procedure described by (AOAC, 2000b) was used for the determination of 

physicochemical (pH, total acid ity, free acidity and moisture content) propeJ1ies of honey. 

Liquid 01' strailled hOlley: Samples which were free from granulat ion were mi xed 

thoroughly by stirrin g and/o r shaking before weighing portions for determination and 

samples which are granulated were placed in water bath without submerging and heated 

for 30 minutes at 60°C with occasiona l shaking. Then, the samples were cooled, and a 

porti on liquefied honey was weighed for determinati on. 

The procedure described by (Tuzen et 01., 2007) was fo llowed for the digestion of honey 

samp les. One gram of honey sample, mi xed and homogenized, was we ighed and placed in 

a conica l fla sk. 8 ml of concentrated nitri c acid (69%) and 4 ml of hydrogen peroxide 

(30%) was added to the fla sk containing the sam ple. Then, the sample mixture was pl aced 

on the water bath and heated for 4 hrs to dryness . 
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The fl ask was removed from the water bath and coo led to room temperature. To the coo led 

sampl e, de ionized water was added to di sso lve the dried mass, and the content was fi ltered 

in 10 ml vo lumetric flask with Whatman No 42 filter paper. Subsequently, the so lution was 

made up to vo lume using de ionized water. 

Similarl y, reagent blank was prepared by taking mixture o f the reagents (co ncentrated 

ni tr ic acid and hydrogen peroxide) and treat in g in the same manner as the sample. The 

content of the fl ask was then ana lyzed for the leve l of the selected heavy metals (Cd, Cr, 

Cu, Mn, N i, Pb, and Zn) ifany. The whole procedure was done in triplicate . 

3.7.Determination of Moisture Content 

After homogenizat ion o f the sampl e, samples were placed in flask. The fl ask was closed 

us in g a watch glass and placed in water bath at about 50°e. Then, the sample was coo led at 

room temperature and stirred well. Then, the surface of the prism of Abbe Refractometer 

was covered even ly and refracti ve index was read after 2 minutes in triplicate and the 

average value was considered . 

3.8.Determination of pH and Total Acidity 

109 of honey was di sso lved in 75 ml of carbon di ox ide- free water in a 250 ml beaker, and 

stirred with a magnetic stirrer. After homogenization was achi eved , the pH electrode was 

immersed and the pH was measured. Starting from this pH val ue, th e sample so lution was 

titrated against a standardized 0.05 M NaOH to pH 8.5, and addition of 0.05 M NaOH was 

stopped at pH 8.50 (free acidity), immediately a volume of 10 ml 0.05 M NaOH was added 

and, without delay, back-titrated w ith 0.05 M HCI to pH 8.30 (Iactoni c ac idity). Total 

acidi ty results were obtained by addin g free and lactone ac idities (AOAC, 2000b). Free 

ac idity is calcul ated as mi lli liters of 0.05M NaO H times ten, where as lactoni c acidi ty was 

calcul ated as (l Oml - ml of Hel from burret) x 50 sample porti on 
g 
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3.9. Determination of Heavy Metals 

A stock standard so lution of 1000ppm was used for each metal and an intermediate 

so lution was prepared and used immediately for the determination of metal s. Five 

different working standard solutions were prepared for each metal from the respect ive 

intermediate standards in a blank treated in the same way as a sample to minimize matrix 

effects. Cd, Cr, Cu, Mn, N i, Pb and Zn and were determined with FAAS equ ipped with 

deuterium arc background corrector and standard a ir-acetylene flame system usin g 

external calibration curve after the parameters (burner and lamp a lignment, slit width and 

wave length adjustment) were optim ized for max imum signa l intens ity of the instrument. 

The acetylene and air flow rates were managed to ensure suitable flame cond itions. Then 

their absorbance measured and the cal ibration cu rves were obta ined by plotting 

absorbance vers us concentration. Table I depicts the operat ing parameters of the 

instrument for each metal. 

Tab le I : Parameters of FAAS determination 

Parameters Cd Cr Cu Mn N i Pb Zn 

Wavelength (nm) 228.8 357.9 324.7 279.5 232 .0 283 .3 2 13.9 

Spectral interval width (nm) 0.4 0.4 0.4 0.2 0.2 0.4 0.4 

Supply current of discharge lamp 2.0 4.0 3.0 2.0 2.0 2.0 3.0 

(mA) ,. 
Background correction 0 2 No No O2 D 2 O2 D 2 

3.10. Statistical Analysis 

The stat istical analysis was conducted using statistical package of SPSS vers ion 19. One 

way ANOYA coupled with post hoc Tukey HSO test was performed in order to compare 

the mean values of each element in honey samp les co ll ected from different regions of 

Ethiopia. The level of s ignificance was compared at P = 0.05, P < 0.05 was used as a 

cutoff po int to show sign ificant difference. Microsoft Office Excel 2007 was used to 

ca lculate mean, standard deviat ion and to draw calibration graphs and bar graphs . 
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4. Result and Discussion 

4.1. Physicochemical Parameters 

Results for the studied physico-chemica l parameters of honey from different regions of 

Ethi opia are summarized in Tab le 2. Moisture leve l in honey is a qua li ty criteri on that 

determines the capability of honey to remain stab le and to resist spoilage by yeast 

fermentat ion (80gdanov et 01. , 2002) . Moisture content depends on the botanical or igin of 

the sample, harvest season, proper time of extraction, and degree of ripening of honey in 

the hive (O"zcan et 01., 2006). It is also im portant for the shelf life of honey during storage 

(Nandaa et 01., 2003). 
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Table 2: Stat istica l analysis of some studied physico-chemical parameters of Ethiopian multi floral honey 

Sample pH Moisture content Free acidity Lacton;c acidity Total acidity 
(%) (me'llKE) (me'llKg) (me'llKE) 

Adigrat 3.8 ±O.OSa 17.16±0.ISf 33.3 ± 2.88dg 12.76 ± 0.60ab 46.06 ± 2.3Sb 

Arsi 3.6 ± O.IOa 18.82±0.03e 63 .3 ± 2.31ade 9.33 ± 1.21a n.33 ± 3.44d 

Benchi Majji 3.4 ± 0.10a 14.23 ± O.OSa 97.6 ± 6.80a 9.S ± 0.6a 107.4 ± 6.23a 

Bure 4.S ±O.OSd 14.S6±0.OSa 42.6 ± 2.S1 ec 8.43 ± 1.88a 51.03 ± 3.12bc 

Bonga 4.1 ± 0.05b IS.ll ±O.IOb 36.0 ± 1.00b 9.9 ± 0.la 45 .9 ± 0.90b 

Dawero 4.7±0.llc 16.57±0.39c 40.6 ± 3.0Sc 8.06 ± 0.lla 48.66 ± 3.03b 

D/Markos 4.8 ±O.OOc 19.2±0.0Ie 41.33 ± 2.3Ic 9.73± 1.60a S1.06 ± 2.71bc 

Erob 3.8 ±O.OS a 16.39±0.03c 31.0 ± 3.46dg 14.4 ± 0.7Sb 4S.4 ± 4.09b 

Ginchi 4.2 ± O.OSb 17.64±0.07d 44.6 ±0.S7bd 11±0.3a SS.6 ± 0.85cb 

Jimma 4.1 ±O.OOb 14 .47±0.03a SS.O ± S.OObf 10.26 ± 0.6Sa 65.26 ± 4.52cd 

Hawzene 3.8 ± O.OOa IS.38±0.02g 30.6 ± I.S2dbg 12.36 ± 0.S7ab 42.96 ± 1.1 Ob 

Tilli 4.5 ± 0.10d 17.32±0.03df 33.33 ± 1.52eg 10.86 ± 2.11a 44.19 ± 2. nb 

Codex" 3.5-5.5 <20 <50 

NB: Mean in a column with different letters (a-g) are significantly different (P<0.05). Codex Alimentricus, 2002 ' 
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Among the ana lyzed samples, honey samples co ll ected from Debre Markos had the highest 

moisture content (19.2%), where as honey samp les collected from Bench i Maji showed th e 

lowest mo isture content ( 14.23%). The moisture content of Adigrat and Hawzene honeys were 

significantly d iffe rent from the rest of ana lyzed samples (P<0.05). There was no signifi cant 

difference between mo isture content of honey samples co llected from Benchi Maji , Jimma and 

Bure (P>0.05). None of the honey samples exceeded the permitted lim it established by the 

European Community Directive which is moisture content not more than 20%. (Codex 

Al imentricus, 2002). The value found corresponds to mature honey, and indicates that the 

beekeepers had fo ll owed the proper t ime of extraction. In general , high moisture content causes 

the honey to ferment , spo il and lose fl avor, causi ng honey-quality loss (De Rod ri guez el aI. , 

2004). 

T he pH values of all honey samp les coll ected from the different regions are in the acidi c range 

(3.4-4.8). The lowest pH was found for honey samples collected from Benchi Maji, and the 

highest pH was recorded for honey sample from Debere Markos . Except the pH of honey 

collected from Benchi Maji , all the mean pH va lues were within perm itted limit estab li shed by 

the European Community Di rective (3.5 -5.5). As it can be infer red from Tab le 2, pH values of 

honey co llected from Debere Markos has no sign ificant difference with honey samples co llected 

from Dawero (P>0.05), whereas there was a significant di ffe rence on the pH value of honey 

coll ected from T ill i, Bure and the rest of honey samples co llected from di ffe rent regions of 

Ethiopia (P<0.05). Similarly, there was a s ignificant difference between Benchi Maj i, Bonga, 

Dawero, Bure and Ti lli (P<0.05). These differences may be due to the geographical locations 

from which samples are collected as compos ition of organi c acids and ions contri bute to the 

ac id ity of honey (Terrab el al., 2004) . pH is of great importance durin g honey extraction and 

storage, due to influence on texture, stabi lity and shel f life. It is also a useful index of possi ble 

microbia l growth. Most bacteria grow in a neutra l and mild ly alkaline environment, while yeasts 

and moulds are capable of growth in acidi c medium (4.0-4.5) and do not grow well in alka line 

media (Conti, 2000). 
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The ac idity of honey is due to the presence of organ ic acids, part icularl y the gluconic acid, in 

equil ibrium with the ir lactones or esters and inorgani c ions such as phosphate and chlo ri de 

(Ouchemoukh el al., 2007) . The mean values of free ac id ity in studied sample showed the 

min imu m value as 30.6 meg/Kg for Hawzene and the max imum free acidi ty va lue for Bench i 

Maj i (97.6 meq/Kg). Lactoni c acid ity, considered as the ac id ity reserve when the honeys become 

alka line, ranges from 8.06 meg/Kg (Oawero) to 14.4 meg/Kg (Erob), whil e the total acidity was 

between 42.96 meg/ Kg (Hawzene) and 107.4 meg/ Kg (Benchi Maji). 25% (3/ 12) of honey 

samples exceeded the max imum limit of free acid ity establi shed by the Eu ropean Community 

Regulation which is not more th an 50 meg/Kg (Codex Alimentricus, 2000). 

As briefly described in table 2, there was no s ignificant d ifference on the level of free acidity 

between honey samples co llected from Oawero, Oebre Markos, and Bure, as we ll as samples 

co llected fro m Ad igrat, Hawzene, Erob and Till i (P>0.05) . Statistically sign ificant diffe rence 

was observed on the leve l of free ac idity between honey samples co ll ected from Benchi Maj i, 

Bonga, Arsi, Jimma, and G inchi (P<0.05). Similarl y, the re was a s ignifi cant d ifference on the 

mean total ac id ity of ho ney samples co llected from Benchi Maji and the rest of honey samples 

(P<0.05), but there was no significant difference between samples collected from Tigray reg ion 

(P>0.05). T he variation in acidity among ditferent honey samples may be attri buted to vari at ion 

in the constituents of organ ic acids, due to extraction season , and fl ora l types (Nandaa el al., 

2003). 
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As shown in figure I, honey samples collected from Tigray region had the highest level of 

moisture content and Lactonic acidity where as honeys collected from SNNPR showed the 

highest amount of free and total acidity. The highest pH value was found for honey samples 

collected from Amhra region, and the lowest pH was recorded in honey samples collected from 

Tigray region. 
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Figure I: Physicochemical properties of honey samples collected from different regions of 
Ethiopia 

One way ANOV A (Table 3) confirmed that there was no significant difference between the four 

regions in terms of pH and moisture content (P>0.05). There was a significant difference 

between the mean lactonic acidity of honey samples collected from Tigray region and Amhara, 

SNNPR, Oromia (P<0.05), but there was no statistical significance on the mean lactonic acidity 

of honey samples collected from SNNPR, Oromia, and Amhara (p>0.05). Except honey sample 

collected from SNNPR, there was no significant difference between the mean free acidity of the 

three regions (P>0.05). The mean total acidity of honey samples collected from SNNPR and 

Oromia showed significant difference (P<0.05) unlike the mean total acidity of honey samples 

collected from Tigray and Amhara region (p>0.05). 
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Table 3: Data for stati stical anal ys is of th e physicochemica l parameters for honey from different 

reg ions of Ethiopia 

Regiolls pH Moisture colltellt Free acidity Lactollic acidity Total acidity 
(%) (lIIeqIKg) 

(meqIKg) (lIIeqIKg) 

Amhara 4.6 ± 0.17a 17.02±2.33a 17.02±S.02a 9.67± 1.2 1 a 48.76±3.9Sa 

Oromia 3.8 ± 2.24a 16.97±2.24a 16.39±9.36a 10. 19± .0.83a 64.3 9±8.39b 

SNNPR 4.06±0.6Sa IS.33± 1.22a S8.06±3 .4b 9.2S± 1.03a 67.32±3.4b 

Tigray 3.80 ±O.Oa 17.3 1± 1.00a 17.3 1± 1.47a 13. 17± 1.08b 44.80± I .63a 

N B: Mean in a co lumn w ith different letters (a-b) are signifi cantl y different (P<O.OS) 

4.2. Comparison of Physicochemical Parameters with Reported Data 

There are reports from different countries on the phys icochemical parameters of different honey 

types (honeydews, and or blossom honey) . It 's important to compare the results obtained from 

the analysis o f Ethiopian multifloral honey samples with other countries to know the quality of 

honey in term s of pH, moisture content, free acidity, lactonic ac idity, and tota l ac idity. In 

addition, comparison may prov ide informati on on any dev iations (i f any) from the international 

guideline for honey. Summary of thi s compari son is given in Table 4 . 

The mean pH value of Ethiopian honey (4. 1) was very close to pH va lues repOlt ed fro m Turkey 

(U·zcan eJ al. , 2006), Spain (Terrab eJ al ., 2004), Saudi Arab ia (Osman eJ al., 2004), Chili 

(Fredes eJ al. , 2004), and Algeria (Ouchemoukh et al., 2007) . T he pH of honey from Sloven ia 

(Kropf el al., 20 I 0), Nigeria (Achudume eJ al. , 20 I 0), Portu gal (Almeida-S il va el al. , 20 II ), 

New Zealand (Vanhanen et al ., 20 II), and Italy (Conti , 2000) was slightl y higher than the mean 

pH value for Ethiopian honey. In addit ion, the mean pH va lue of Eth iopian honey was sli ghtly 

higher than the mean pH values reported from Venezuela (De Rodri guez et aI. , 2004). From the 

reported pH va lues, the lowest value was obtained from Venezuela and the hi ghest be in g from 

Sloveni a .. From the results obtai ned it was observed that Ethi op ian honey was havi ng good 

qua li ty in terms of pH. 
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The mean moisture content ( 16.56 %) of Ethiopian honey was comparable with results reported 

for honey from Turkey (O··zcan et ai., 2006), Syria (Khuder et ai., 20 II ), New Zea land 

(Vanhanen et ai., 20 II), Ital y (Conti, 2000), India (Nandaa et ai. , 2003), and Algeria 

(Ouchemoukh et ai., 2007). On the other hand, the moisture contents reported from Nigeria 

(Achudume et ai., 20 I 0), and Spain (Terrab et ai. , 2004) were hi gher than, the mean mo isture 

content of Ethiopian honey whi le moisture content reported from Turkey (Kahraman el ai. , 

2010), Saudi Arabia (Osman et ai., 2004) and Greek (Lazaridou el ai. , 2004) was slightl y lower 

than Ethiopian honey. Ethiopian honey was found to be of a good quality in terms of moisture 

content si nce none of the samples exceeded the maximum permitted the amount stipulated by 

Codex Alimentricus «20%) 

The mean free acidity of Ethiopian honey (45.81 meq/Kg) was found to be the highest compared 

to the reported values from countries such as Turkey (Kahraman el aI., 20 I 0), Spain (Terrab el 

ai., 2004), Slovenia (Kropf et ai. , 20 I 0), and India (Nandaa et ai., 2003). Compari son of level 

of Lactonic acid ity revealed that, Ethiopian honey ( I 0.57meq/Kg) had a lower va lue than Indian 

honey (Nandaa et ai. , 2003» but it was slightly higher than Spanish (Terrab et aI. , 2004), and 

S loven ian honey (Kropf et ai., 20 I 0) . Table 4 shows that the tota l acidity of honey samples 

co llected from Eth iopia was higher than Indian (Nandaa et ai. , 2003), Saudi Arabian (Osman et 

ai., 2004), Slovenian (Kropf et aI., 2010), Spanish (Terrab el ai. , 2004), Turkish (O··zcan el aI. , 

2006), and Venezuelans (De Rodriguez et ai., 2004) honey samples. With some reservation , it 

was found that Ethiopian honey had met the criterion set by international organizations and is of 

good qua li ty in terms of free acidity. 
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Table 4: Compari son of Physico-chemical parameters of Ethiopian honey with results from other countries 

Country Physicochemical Parameters References 

pH Moisture Free acidity Lactonic acidity Total acidity 

content (%) (meq/Kg) (meq/Kg) (meq/Kg) 

Algeria 3.49-4.43 14.64-19.04 NR NR NR Ouchemoukh el al. , 2007 

Chili 4 .23 NR NR NR NR Fredes el ai., 2004 

Ethiopia 3.4-4 .8 14.23-19.2 30.6-97.6 8.06-14.4 42.96-107.4 Present study 

Greek NR 13.0-18.9 NR NR NR Lazaridou el al. , 2004 

India NR 13.97-18.65 14.57-32.65 14.64-18.61 30.03-47.37 Nandaa el ai., 2003 

Italy 4.32 16.36 N R N R NR Conti , 2000 

New Zealand 3.57-5.04 15 .7- 18.0 NR NR NR Vanhanen el al. , 20 II 

Nigeria 4.017-5.05 26.39-31.34 NR NR NR Achudume el al. , 20 I 0 

Portugal 4.5 NR NR NR NR Almeida-Silva el al., 20 11 

Saudi Arabia 3.88-4.58 14.40-15.95 NR NR 21.84-10.90 Osman el ai. , 2004 

Slovenia 4.09-5.61 NR 11 .67-17.11 1.62-2.88 14.55- 18.73 Kropf el ai., 20 I 0 

Spain 3.56-4.79 14.2-19.8 17.59-39.81 4.3-11.3 25.6-48.6 Terrab el al. , 2004 

Syria NR 13 .2-19.4 NR NR NR Khuder el ai. , 20 11 

Turkey NR 15.3-1 6.9 NR NR 23.9-24.4 O··zcan el al. , 2006 

Turkey 3.94 15.36 22.8 NR NR Kahraman el ai., 20 I 0 

Venezue la 3.3-4.3 17.8-20.40 NR NR 24.4-53.3 De Rodriguez el al., 2004 
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4.3. Determination of Metals 

4.3.1 Calibration Curve 

The instrument was ca librated uS1l1g five series of working standards. The working 

standard so lutions of each metal were prepared usin g their respective reagent blank as a 

so lvent so as to 1I1inimize matrix interference. The concentration of the worki ng standards 

and va lue o f correlati on coefficient for each metal is shown in Table 5. 

Table 5: Concentrations of working standard so lutions and correlation coefficients of the 

calibration curves 

Metals 

Cd 

Cr 

Cu 

Mn 

Ni 

Pb 

Zn 

Working Standard 

Solution (mg/L) 

0.25, 0.5 , I, 1.5, 2 

0.5, 1, 2, 4, 8 

0.25 , 0.5 , I, 1.5, 2 

0.5 , 1,2,3, 4 

0.5 , 1,2, 4, 8 

0.25 , 0.5 , I, 1.5, 2 

0.25,0.5, I, 1.5, 2 

NB: A = Absorbance, C= Concentration 

4.3.2 Evaluation of Analytical Method 

Regression Equations Correlation 

Coefficient (r) 

A = 0.188C + 0.025 0.99849 

A = O.013C + 0.002 0.99949 

A = 0.123C + 0.001 0.99949 

A = 0.143C + 0.018 0.99949 

A = 0.083C + 0.05 0.99949 

A = 0.127C + 0.005 0.99849 

A = 0.121C + 0.015 0.99949 

The accuracy of the method was assessed by spiking honey samples with known amounts 

of standard metals, and examining recovery. Recovery was ca lcu lated using the equation 

be low 

(5) - (NS) 
% Recovery = xl00 

The spiked metal content 

Where: S is meta l content of spiked sample, and NS is metal content o f non spiked sample 
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The recovery va lues for honey samples are g iven in Table 6. The tab le shows that th e 

recovery results for the meta ls lie in the range of 89.6 - 109.5 % with a RSD va lue ranging 

from 2.65-9.76%. The results show the validity of the proposed methods and a good 

repeatab il ity for analys is of honey samples. Reading of control solution between three 

consecuti ve samples showed the instrum ent 's preci s ion (97.5%-102.1 %). 

Table 6: Recovery test results for honey samples. 

Me/als Sample Amoullt COliC. III spiked Amoullt RecovelY RSD 

COliC. (pg/g) spiked(pg/g) salllple(pg/g) recovered (%) (%) 

(pg/g) 

Cd 0.030 0.015 0.044 0.014 93.3 3.2 

Cr 6.66 3.33 10.04 3.38 101.5 9.76 

Cu 1.15 0.575 1.71 0.56 97.4 2.3 

Mn 7.29 3.64 11.16 3.87 106.3 5.62 

N i ND 4 4.12 4.11 102.7 2.65 

Pb 2.53 1.26 3.66 1.1 3 89.6 4.65 

Zn 14.62 7.3 1 22.63 8.0 1 109.5 7.31 

4.3.3 Analytical Method Detection Limit 

The limit of detection is the smallest mass of ana lyte that can be di stinguished from 

stat istical fluctuations in a blank, which usua ll y correspond to the standard deviation of the 

blank absorbance times a constant. Usuall y it is defined as the amount of ana lyte that g ives 

a signal eq ual to three times the standard deviation on the blank (Woldegebriel, 2007). To 

eva luate the method detection limit (MDL), s ix blank solutions (all treatment procedures 

for the analysis of sample were done except inclus ion of the sample itself) were di gested in 

tri plicate and the absorbance was recorded. Then, MDL was ca lculated as three time the 

standard deviation of the blank (3cr blank). Table 7: summ ari zes the instrumenta l and 

method detection limits. As it has been shown in Tab le 7, all the MDL va lues were fo und 

to be greater than the instrumental detection limit. 
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Table 7: Method and In strumenta l detection limi ts for honey samples 

Metals IDL (mglL) MDL (mglL) 

Cd 0.0028 0.0159 

Cr 0.005 0.0718 

Cu 0.004 0.0041 

Ni 0.008 0.0375 

Mn 0.002 0.0169 

Pb 0.03 0.0258 

Zn 0.003 0.0243 

IDL: Instrum ental Detection Limit, MOL: Method Detection Limit 

4.4.Levels of Metals in Honey Samples 

In the anal ysis of honey obtained from different regions of Ethiopia, it was obscrved that 

Zn was present in a ll honey samples co ll ected from the different regions. Cu was also 

detected in a ll honey samples except honey sample collected from Hawzene. 25% of the 

samples showed the presence of Cd, and Mn while 33.3% of the samples showed the 

presence of Pb, and C ... N i was found to be below the method detection limit for all 

analyzed samples. Table 8 summarizes the concentrati ons of metals in the anal yzed honey 

samples. T he concentration of metals in honey samples varied in the order of Zn > Mn > 

Cr > Pb > Cu > Cd> Ni . The variations in metal levels in different honey samples may be 

attributed to different factors including the botanical origin, so il composition, agricultural 

practices involving the use of pesticides and fertili zers around the forge area, instruments 

used for extraction of honey from hive, containers employed for honey process ing, paints 

for modern hive, shi pping, and storage, high traffic and industrialization etc. As it has 

been depicted in Table 8 there was a s ignificant difference in the heavy metal content 

between the analyzed samples originating from different regi ons of Ethiopia. 
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Table 8: Trace metal contents in wet digested honey samples from different regions of Ethiop ia (mean ± SO, n=3) wet mass 

Sample Cd(Jlg/g) Ph (Jig/g) Zn (Jig/g) Cu (Jig/g) Cr (Jig/g) Mn (Jig/g) Ni (Jig/g) 

Adigrat ND 0.23 ± 0.12c 12.77 ± 0.40c 0.10 ±0.09d 5.89 ± 0.44a NO NO 

Arsi 0.0 17 ± 0.0025a ND 13.63 ± 1.09c 0.21±0.0Ic ND NO NO 

B/Maji ND ND 16.03 ± 0.29a 0.45 ± 0.04a NO ND NO 

Bonga ND ND 11.62 ± 0.63b 0.026 ±0.04b ND ND ND 

Bure 0.035 ± 0.005b ND 14.62 ± 0.13c 0.02 ± 0.004b 5.89 ± O.OOa 0.7 ± 0.07c NO 

Dawero ND ND 14.3 ± 0.16c 0.21 ±0.04c NO NO NO 

D/Markos ND 2.53 ± 0.03d 9.96± O.4b 1.15 ± 0.04e 0. 15 ±O.OOb 0.36 ± O.OOb NO 

Erob ND NO 12.58 ± 0.39c 0.16 ± O.OOd 0.16 ± O.OOb NO ND 

Ginch i ND 1.64 ± 0.08a 10.43 ± 0.64b 0.24 ±O.OOc NO NO ND 

Hawzene NO ND 10.65 ± 0.38b NO NO NO ND 

Jimma 0.03 ± 0.0015b 1.23 ± 0.07b IS.17 ± 0.33a 0.08 ± O.OOb NO NO NO 

Ti lli NO ND 14.02 ±0.31 c 0.32 ± O.OObc 6.66 ±0.44a 7.29 ± 0.04a ND 

Australia' 0.05 1.5 10 

Codexb 0.05 0.3 5 5 

Indiac 1.5 2.5 30 50 

ND: Concentration of metals below method detection limit « MDL). Mean in a column with different letters (a-e) are significantly 

different (P<0.05) 

NB: Codex Alimentarius Comm iss ion, 2002b, India regulation, Nandaa ef al., 2003 c, Australi a Food standard code' 
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Cadmium 

Cadmium was detected in th ree honey samples ranging from 0.0 17fig/g-0.03 S ~lg/g, the 

hi ghest being from Bure and the lowest concentration from Ars i. The hi gh concentration of 

Cd in Bure may be attributed to the high traffic, poor sewage system, use of fert ilizers, and 

use of an ima l waste product for co ll ection of honey from hives. The mean leve l of Cd in 

present studied honey samples (0 .027 ~lg/g) did not exceed the limit establi shed by codex 

al imentricus commiss ion, O.OSfig/g (Codex Alimentarius Comm iss ion , 2002), Turkish 

codex 0.03 fig/g, (Lebleb ici et al. , 2008), and Indian regulations, I .S fig/g, (Nandaa el al., 

2003), and Australi a Food standard code (0.05 fig/g), Macedonia legislat ion, 0.03 fig/g, 

(Stankovska et al., 2007). The mean level of Cd in honey samples collected from Arsi 

showed significance difference with honey sample collected from Jimma and Bure 

(p<O.OS), but there was no significant difference in mean level of Cd in honey samples 

co llected from Jimma and Bure (P>O.OS) . 

Cli romium 

Chromium level was the hi ghest in honey samples obtained from Tilli (6 .66 ~lg/g) fo ll owed 

by Bure (S.89 fig/g), Ad igrat (S.89 fig/g), Erob (0. 16 fig/g) and Debre Markos (O.IS ~lg/g). 

The mean Cr level in Erob honey was not significantl y different from honey samples 

ori ginated from Bure and Ti lli , as well as Erob and Debre Markos (P>O.OS) but there was a 

sign ificant difference between honey samples co ll ected from Debre Markos and Tilli, as 

we ll as Bure and Adigrat (P<O.OS). 

Copper 

Copper was one of the heavy meta ls detected in all honey samples analyzed except honey 

samples co ll ected from Hawzene. The lowest and the highest copper concentrations were 

0.02 ~lg/g, in the honey sample fro m Bure and I. IS fig/g in honey sample from Debre 

Markos. 
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One way ANOYA revea led that there was a significant difference between honey samples 

co llected from Bench Maji and the remaining samples (P<O.OS), but there was no 

signifi cant difference on honey samples co ll ected from Erob, Dawero, G inchi, Arsi, and 

T illi (P> O.OS) but the mean Cu level of honey sample from Debre Markos was 

significantl y different from the rest of the samples (P<O.OS). The mean Cu levels in studi ed 

samples did not exceed the limit established by codex alimentricus commiss ion, 5llg/g 

(Codex Alimentarius Commi ss ion, 2002), and Indian regulations (30 flg/g), and Australia 

Food Standard Code (10 flg/g). 

Mangallese 

Only samples ori ginated from Amhara regions (B ure, Debre Markos and Tilli) showed the 

presence of manganese. It was found that the maximum concentration ofMn was 7.29 Ilg/g 

from T illi , followed by Bure (0.7Ilg/g) and Debre Markos (0.36 Ilg/g). One way ANOYA 

showed there was significant difference between honey samples collected from Amhara 

region (P<O.OS). 

Lead 

Lead was detected in 33 .3% (4112) of the analyzed samples ranging from 0.23 flg/g to 2.S3 

Ilg/g. The lowest and the highest lead concentrations were 0.23 Ilg/g, in the honey sample 

from Ad igrat and 2.S3 Ilg/g in the honey sample from Debre Markos. There was a 

significant difference between honey samples which showed the presence of lead (P<O.OS). 

The variation of the mean level of lead may be attributed to the presence of highways, 

presence of metal workshops, house construction tools, and use of extensive fertili zers for 

production of crops (e.g. Debre Markos). The mean lead value of honey samples collected 

from Adigrat (0.23 flg/g) was in agreement with maximum permitted level set by Codex 

Alimentricus Commission (OJ Ilg/g), and Indian regulati ons (2.5 Ilg/g) , and Australia Food 

Standard Code ( I.S Ilg/g) . The mean lead level of honey samples co llected from Gillchi , 

and Debre Markos exceeded the maxi mum permitted amount set by Australia Food 

Standard Code (I.S Ilg/g) and Codex Alimentricus Commission. 
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Honey samples collected from limma showed mean lead value within stated amount by 

Indian regulations and Australia Food Standard Code. 

Zinc 

In this study, Zn was the only metal detected in all analyzed honey samples. The maximum 

concentration of Zn was found in honey sample collected from Benchi Maji (16.03 "gig), 

and the lowest concentration of Zn was observed in honey sample co llected from Debre 

Markos (9.96 "gig) . Analysis for difference between honey samples using one way 

ANOYA showed that honey samples collected from SNNPR (Benchi Maji, Bonga and 

Dawero) and Amhara (Bure and Debre Markos) were significant (P<0.05), while there was 

no s ignificant difference on the mean level of Zn in honey samples collected from Arsi , 

Dawero, Ginchi, and Tilli (P>0.05), as well as honey samples collected from Bench Maji, 

and Bure (P>0.05). Usually, the use of galvanized containers is the most prominent source 

of contamination of honey besides the soil and flora differences of forge area (Tuzen 

&Soylak, 2007). All the honey samples analyzed for presence of Zn exceeded the 

maximum permitted level established by Codex Alimentricus Commission, 5 ,lg/g (Codex 

Alimentarius Commission, 2002), but were within the limit established by Indian 

regulation (50 'lg/g). 

As shown in figure 2, honey samples collected from SNNPR had the highest Zn level , 

followed by Oromia, Amhara, and Tigray. Cu was found in the highest amount in sam ples 

collected from SNNPR followed by Amhara, Oromia, and Tigray. Honey collected from 

SNNPR and Oromia did not contain Cr while it was available in samples from Amhara and 

Tigray regions. Amount of Cr in samples from Amhara region was observed to be higher 

than that of the Tigray region. Mn was found in honey samples collected from Amhara 

region only. Pb was detected in samples from the stud ied regions except SNNPR. In 

addition, it has been shown that samples collected from Oromia and Amhara regions show 

presence of Cd but it was not detected in honey samples originating from Tigray and 

SNNPR regions. 
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Figure 2: Distribution of trace metals in honey from different regions of Ethiopia 

4.5. Comparison of Trace Metals with Reported Data 

. SNNPR 

. Oromia 

. ngray 

• Amhara 

There are reports from different countries on the levels of trace metals of different honey 

types. It 's important to compare the results obtained from the analysis of Ethiopian 

multifloral honey samples with that of other countries to know the quality of honey in 

terms of residue of trace metals and also to obtain any information on any deviations (if 

any) from the international guideline of honey. Summary of this comparison is given in 

Table 9. 

The mean value of cadmium from the present study (ND-O.O 17 J.lg/g) was comparable with 

reports from Egypt, 0.01-0.5 J.lg/g, (Rashed & Soltan, 2004), New Zealand, 0.01-0.45 J.lg/g, 

(Vanhanen et al., 2011) and Turkey Central Anatolia, 0.09-0.24 J.lg/g, (Leblebici et al., 

2008) but it was much lesser than the value for the honey samples collected from Turkey, 

0.9 J.lg/g, (Tuzen &Soylak, 2007), Nigeria 25.49 J.lg/g, (Achudume et al., 2010) and 

Lithuania, 4.1 J.lg/g, (Staniskiene et al., 2006). 
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Data in Tab le 9 showed that the mean va lue of Cd in honey samples co llected from 

Eth iopia is hi gher than mean values reported from Turkey middle Anato lia, 10.9-

2 1.2Ilg/Kg, (Tuzen & Soyla, 2005), Macedonia, ND-ll .28 Ilg/Kg, (Stankovska el al. , 

2007), Italy Siena, 1.0-15.3 Ilg/Kg, (Pisani el aI., 2008) and Croat ia, 1.00-24.0 ~lg/Kg, 

(Bi landz- ic' el al., 20 II). 

The level of copper observed in the present study (ND-I.1 5 Ilg/g) was in agreement with 

results reported for samples from Chile,0,06-2,00 Ilg/g, (Fredes el al., 2006), Czech, 0.11-

0.88 ~lg/g, (Lachman el ai"~ 2007), Turkey black sea reg ion, 9,75-35.8 Ilg/Kg, (S ilic i el ai"~ 

2008), and Turkey midd le Anato li a, 0,25-1.10 Ilg/g, (Tuzen & Soyla, 2005) but it was 

lower than the value for honey samples from Canary Island ,O. I-1 ,73 Ilg/g, (Herna ' ndez el 

a/., 2005), Croatia, 36-41.217 ~lg/g, (Bilandz-ic' el ai"~ 20 11 ), Egypt 1.00- 1.70 ~lg/g, 

(Rashed & Soltan, 2004), Italy (Siena), 172-5900 ~lg/Kg, (Pisani el a/., 2008), Ita ly(Lazio), 

0.31 Ilg/g, (Conti , 2000), Lithuania, 11 9,6-342,9 Ilg/Kg, (Stani~kiene el ai" ~ 2006), Nigeria, 

25049 Ilg/g, (Achudume el al., 20 I 0), Poland, 0.26-1.82 Ilg/g, (Madejczyk & Baralkiewicz, 

2008), Poland, <LD-2.63 Ilg/g, (Chudzinska el ai" 20 I 0), Portugal, 00405 Ilg/g, (A lmeida­

Sil va el ai" 201 1), Slovenia, 0.37-15 .5 Ilg/g (Go lob el al., 2005"), Spa in , 0.89 Ilg/g, 

(Latorre el ai" 1999), Turkey Centra l Anatolia, 0,01-0,8 Ilg/g, (Leblebici el ai" 2008), 

Turkey, 0,23-2041 Ilg/g, (Tuzen & Soylak, 2007). Higher concentration of copper was 

reported in honey samples coll ected from Croat ia, 36-41.217 ~lg/g, (B ilandz- ic' el al. , 

20 I I) and the lowest leve l was observed from honey samples collected from Turkey 

Central Anatolia, (0.01-0.8 Ilg/g) (Leblebici el ai"~ 2008), 

The mean concentration ofCr in Ethiopian honey ranged from (ND- 6.66 ~lg/g) which was 

lower than values obta ined for honey samples co llected from Turkey, 204-37.9 Ilg/g, 

(Tuzen & Soylak, 2007) and Sloveni a, 0. 11-33 .8 ~lg/g, (Go lob el al. , 2005) but was much 

higher than values reported in Chile, 0.03-1.92 Ilg/g, (Fredes el ai" ~ 2006), Ital y (S iena), 

<2.0-54 Ilg/Kg, (Pisani el ai" 2008), N igeria, 0.32 ~lg/g, (Achudume el ai" 20 I 0), Poland, 

0.01 -0.093Ilg/g, (Madejczyk & Baralkiewicz, 2008), Turkey, 3, 12 ~Lg/g, (O"zcan el al. , 

2006), Turkey black sea, 1.57-12,9 Ilg/Kg, (Si lic i el aI. , 2008), and Turkey Centra l 

Anato li a, 0.09-1. 89 ~Lg/g, (Leb lebici el al., 2008). 
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From the reported literature va lues, the highest mean concentration ofM n was observed in 

honey sample co llected from Egypt, 100-300 flg/g, (Rashed & Soltan, 2004) where as the 

lowest was observed in honey samp les co llected from Chi le, 0.01-3.14 flg/g, ( Fredes el 01., 

2006). Ethiopian honey contained lower Mn level (ND-7.29 fIg/g) than samples from 

Slovenia, 0. 12-66.4 fig/g, (Go lob el 01. , 2005), Poland, 0. 125-13.2 fig/g, (Chudzinska el 01., 

20 I 0), Ita ly, 0.13-16.9 flg/g, (Pisani el 01. , 2008), and Egypt 100-300 fig/g (Rashed & 

Soltan, 2004) but it was observed that the value obtained was comparab le with results 

reported by Madejczyk & Baralkiewicz, 2008 from Poland (0.02-7 .37 fig/g), Al meida­

S il va el 01. , 20 II , from Portugal (0.83 fIg/g), Luque el 01. , 2005, from Spain (2 .3-5.0 

fig/g,), and Tuzen & Soylak, 2007, and from Turkey (0.32-4 .56 fIg/g). Data presented in 

Tab le 9 further showed that the mean concentration of Mn in Ethiop ian Honey was 

s lightly higher than va lues reported for samples from Turkey central Anatolia, 0.02- 1.56 

fig/g, (Leblebici et 01., 2008), Turkey black sea, 3.22-74.2fig/g, (Si lici et a I. , 2008), 

Turkey Anatolia, 0.18-1.2 fig/g, (Tuzen & Soyla, 2005), Turkey (O"zcan el 01. , 2006), 

Ita ly Lazio (Conti, 2000), Czech Republic (Lachman et 01., 2007) and Chile (Fredes el al. , 

2006). 

Thc rcsu lts from the present study showed that, the mean concentration of Pb in Ethiopian 

honey (ND-2.53 fig/g) was lower than values reported for honey samples collected from 

Turkey (Tuzen &Soylak, 2007) and S loven ia (Golob et aI., 2005). The lead level in 

Eth iopian honey was hi gher than the mean concentration reported by Chudzinska el 01. , 

20 I 0 from Poland, Turkey (O"zcan el 01., 2006), Turkey centra l Anatolia (Leblebici el 01. , 

2008), Turkey Black sea region (Silici el 01., 2008), Nigeria (Achudume el al. , 20 I 0), New 

Zea land (Vanhanen et al., 20 II), Lithuania (Staniskiene et 01. , 2006), and Italy sienna 

(Pisani et al., 2008). 

The mean concentration of Zn reported from Poland (Chudzinska et al., 20 I 0), India 

(Nandaa et 01. , 2003), Egypt (Rashed & Soltan, 2004), Canary Island (Herna'ndez el al., 

2005), Poland (Madejczyk & Baralkiewicz, 2008), and Sloven ia (Golob et 01. , 2005) was 

comparable with the mean concentration of Zn in sam ples of honey collected from 

Ethiopia (9 .96-1 6.03 fig/g). 
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It was fo und that, the Zn leve l of Ethi op ian honey samples were hi gher than the va lues 

reported from Chi le (Fredes el al., 2006), Czech (Lachman el al., 2007), Ital y (Siena) 

(Pi san i el al. , 2008), Italy(Lazio) (Conti, 2000), Lithuania (Stani skiene el al. , 2006), New 

Zealand (Vanhanen el aI. , 20 11 ), Nigeria (Achudume el al. , 20 10), Poland (Pohl el al. , 

20 II ), Portuga l (Al meida-S ilva el al., 20 II), Spa in (Latorre el al. , 1999), T urkey (O"zcan 

el al. ,2006), Turkey black sea (S ilici el aI., 2008),Turkey Centra l Anatol ia (Leblebici el 

al., 2008), and Turkey (Tuzen & Soylak, 2007). From the reported values it was observed 

that the highest mean concentrat ion of Zn was observed in honey samples collected from 

Poland (C hudz inska el al., 20 I 0), where as the min imum mean Zn concentrati on was 

resulted from honey origin ating from Chile (Fredes e/ al. , 2006). 
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Table 9: Compari son of studied heavy metals with reported values 

Country Trace metal content ill hone}'. samples (I:!.glg) Ref Cd Cr Cu Mil Ni Pb ZII 
Canary NR NR 0. 1- 1.73 NR NR NR 0.18-19.1 Herna 'ndez el al. , 
Island 2005 

Chi le NR 0.03- 1.92 0.06-2.00 0.01-3. 14 0.01 -1.04 0.01-0.11 0.01-4.73 Fredes et al., 
2006 Croatia 1.00-24.0' NR 36-41.217 NR NR 10-841 ' NR Bilandz- ic' el ai., 

20 II 
Czech NR NR 0. 11-0.88 0.06-0.40 0.06-0.40 NR 0.4-2.42 Lachman et al., 

2007 
Egypt 0.01-0 .5 NR 1.00- 1.70 100-300 1.25-4.1 4.2-6.3 5.00-9.3 Rashed & Soltan, 

2004 
Ethiopia 0.017-0.035 0.15-6.66 0.02-1.15 0.36- 7.29 <MDL 0.23-2.53 9.96-16.03 Present study 
India NR NR 1.74-2.9 NR NR NR 2.55-16.77 Nandaa et ai., 

2003 
Italy 1.0- 15.3' <2.0-54' 172-5900' 0. 13-16.9 77-2760' 28.2-304' 0.72-3 .66 Pisani el a/ ., 
(Siena) 2008. 

Italy NR NR 0.31 3.0 NR NR 3. 14 Conti , 2000 
(Siena) 

Lithuania 4.1- 14.6' NR 11 9.6- NR NR 2.9-22. 1* 514-563* Staniskiene et a/ ., 
342 .9' 2006 
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Macedonia NO-II.28 * NR NR NR NR NR NR Stankovska el 01., 
2007 

New 0.0 1-0.45 NR NR NR NR NO-0.0170 0.2-2.46 Vanhanen el 01., 
Zealand 20 11 

Nigeria 25.49 0.32 25.49 NR 1.41 0.13 0.14 Achudume el 0/. , 
20 10 

Poland NR 0.01 -0.093 0.26-1.82 0.02-7.37 O.03-I.33 NR 0. 13-9.93 Madejczyk & 
Baralkiewicz, 
2008 

Poland NR NR NR NR NR NR 0.26-2.61 Pohl el 0/. , 2011 

Poland <LD-0. 103 NR <LO-2.63 0.125-13.2 0.0 I 0-1.87* <LO-9.20 <LD-39.7 Chudzinska el 01., 
20 10 

Portugal NR NR 0.405 0.83 NR NR 0.41 Almeida-Silva el 
01. , 2011 

Slovenia NR 0.11 -33.8 0.37-15.5 0.12-66.4 0.00- 12.7 0.2 1-79. 1 0.55-1 1.2 Golob el 01., 2005 
Spain NR NR NR 2.3-5.0 0.25-4.7 NR NR Luque el 01. , 2005 

Spain NR NR 0.89 5.2 <0.02 NR 2.00 Latorre el 01. , 
1999 

Turkey NR 3.12 NR 0.848 1.93 0.451 2.94 O"zcan el 0/ .. 
2006 
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Turkey 10.9-21.2' NR 0.25-1.1 0 0. 18-1.2 NR 17.6-32. 1 * NR Tuzen & Soyla, 
Anato lia 2005 

Turkey 1.57-1 2.9' 1.57-12.9' 9.75-35.8' 3.22-74.2' 1.31-1.35' 1. 54-36.7' 0.55-6.27' Silici el al. , 2008 
black sea 

Turkey 0.09-0.24 0.09-1.89 0.01 -0.8 0.02-1.56 0.03-1.44 0.02-1.50 0.15-5.39 Leblebici el al., 
Central 2008 

Anatolia 

Turkey 0.9-17.9 2.4-37.9 0.23-2.41 0.32-4.56 2.6-29.9 8.4-106 1.1-12.7 Tuzen & Soylak, 
2007 , Concentrations are expressed in tenns of flg/Kg, NR: Not Reported 
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4.6. Evaluation of Nutritional Value of Ethiopian honey 

To evalu ate the nutriti onal value, one and two table spoons of each honey were we ighed. 

Conside ring the concentrat ion of the elements in the honey samples, the contents of those 

elements in one and two spoons were ca lculated and compared to the ir da ily dose 

allowance (D.D.A.) in the human body (Almeida-Silva el at. , 20 II ). Because of lack of 

in formation on metals such Cr, this study tries to compare three studi ed metal s (Cu, Mn, 

and Zn). Tab le 10: summarizes the contribution of two table spoon of honey on dail y dose 

allowance. S ince there is no stated dail y consumption of honey in Ethiopia it 's difficul t to 

compare the toxic effect of heavy meta ls studied with the continuous and immediate 

ingestion of honey. The ingestion of two tab le spoons of Ethiopian honey represent 

between 0.0358% - 7.29% of the D.D.A. 
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Table 9: Trace metal Concentrations, amount in one and two table spoons of honey, and the contribution of two spoons of 

ingested honey to (Daily Dose Allowance) D.D.A. 

Metal Sample Concentration Amount in one table Amount in two table DDA Contribution to 
S{!OO/l (/lglg) s{!oon (/lg!g) DDA (%) 

Cu Benchi Majj i 0.45 ± 0.04 9 18 3 mg 0.6 
Bonga 0.026 ±0.04 0.52 1.04 0.035 
Dawero 0.21 ±0.04 4 .2 8.4 0.28 
Ginchi 0.24 ±O.OO 4.8 9.6 0.32 
Arsi 0.21 ± 0.01 4.2 8.4 0.28 
Jimma 0.08 ± 0.00 1.6 3.2 0. 11 
Adigrat 0.10 ± 0.09 2 4 0.13 
Erob 0.16±0.00 3.2 6.4 0.21 
Tilli 0.32 ± 0.00 6.4 12.8 0.43 
D/Markos 1.15 ± 0.04 23 46 1.53 
Bure 0.02 ± 0.004 0.4 0.8 0.03 

Mn Tilli 7.29 ± 0.04 145.8 291.6 4 mg 7.29 
D/Markos 0.36 ± 0.00 7.2 14.4 0.36 
Bure 0.7 ± 0.07 14 28 0.7 

Zn Benchi Majji 16.03 ± 0.29 320.6 641.2 15 mg 4.27 
Bonga 11.62 ± 0.63 232.4 464.8 3. 10 
Dawero 14.3±0.16 286 S72 3.81 
Ginchi l0A3 ± 0.64 208 .6 417.2 2.78 
Arsi 13.63 ± 1.09 272.6 545.2 3.63 
Jimma 15. 17 ± 0.33 303.4 606.8 4.05 
Adigrat 12 .77 ± 0.40 255.4 510.8 3.41 
Erob 12.58 ± 0.39 251.6 503.2 3.35 
Hawzene 10.65 ± 0.38 213 426 2.84 
Tilli 14.02 ±0.31 280.4 560.8 3.74 
D/Markos 9.96± 0.4 199.2 398.4 2.66 
Bure 14.62 ± 0.13 292.4 584.8 3.90 
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As shown in figure 3, honey samples collected from Debre Markos, Tilli and Benchi Maji 

may contribute the highest amount of D.D.A. of Cu, Mn, and Zn if two table spoons of 

honey ingested on a daily bases respectively. On the other hand, honey samples collected 

from Bonga, Debre Markos provide the lowest amount of D.D.A of metals such as Cu, and 

Zn respectively. Honey samples collected from Benchi Ma.iji and Jimma contribute a 

comparable amount to daily dose allowance (4.27%, 4.05% respectively) of Zn. 
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Figure 3: Percentage contribution of trace metals in honey from different regions of 

Ethiopia to daily dose allowance 
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5. Conclusion and Recommendations 

Honey is a very complex matrix ; its composition depends strongly on the plant species 

from wh ich nectar or honeydew was coll ected and other factors, such as enviro nm enta l 

condi tions and c limate. In the present study, the physicochemi ca l paramete rs in terms of 

mo isture content, pH, free acid ity, Lactoni c ac idity and total acid ity were eva lu ated and 

observed that none of the honey samples exceeded the permitted limit estab li shed by the 

European Community Directive in terms of mo isture content (Moisture content not more 

than 20%), and all stud ied samples except samples collected from Benchi Maj ii were in 

agreement with permitted limit in terms of pH and 75% (9/12) of the studied samp les were 

in agreement w ith permitted limi t in term s of free acidity. There was a s ign ifica nt 

difference between samples co llected from different reg ions in terms of studied 

physicochemical parameters. In add it ion some of the values obta ined from this stud y were 

comparable with other data reported in various li teratures. 

The stud y confirmed the presence of Cd, Cr, Cu, Mn, Pb and Zn but not Ni in the honey 

samples studi ed. Among the trace metals ana lyzed, Zn was detected in all honey samples 

co llected from different regions of Ethiop ia. Honey samples co llected from Bure, and 

Benchi Maji showed the highest concentration of Cd and Zn respectively. Cr and Mn were 

highest in Honey sam ple collected from D/Markos, whereas, honey samples co llected from 

Tilli showed the highest concentration of Cu and Pb. Honey sample co ll ected from Arsi , 

Bure and Adigrat showed the lowest concentration of Cd, Cu and Pb respective ly. Honey 

samples col lected from D/Markos showed the lowest concentration of Mn, Zn and Cr. In 

addition the level of contamination of honey varied as Amhara >Tigray>Oromia> SNN PR. 

As mentioned above the variation in trace metal s may be att ributed greatl y to geographi ca l 

factors, di stance of bee fo rage area from road sides, so il composition and anthropogeni c 

sources, etc. 
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In genera l the present study tried to add ress some ph ysicochemical parameters and trace 

meta ls to assess the quality of honey. But as every region in Ethi opia produces honey, full 

picture about quality of honey may be obta ined if the num ber of samp le collecti on site 

increases, and considers more quality parameters including ash content determination , 

hydromethylfurfural, diastase activi ty, e lectr ic conducti vity tests, sugars, in soluble matter, 

proline determination , specific rotation, and other tox ic metal s such as mercury and 

arsen Ic. 

In add ition to the above mentioned qua lity assessments, further investigation on plants, so il 

where plants grow and used as ap iary, and bee themselves could provide valuab le 

in fo rmation on the level of contamination of honey and environment. 
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