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ABSTRACT 

The study aimed to investigate the quality of honey based On botanical origin, physicochemical, 
antimicrobial, antioxidant and sem'olY properties collected ./i'om Belete -Cera forest, Jimma, 
Ethiopia. A total fol'/y eight samples honey samples were collectedji'om Jimma- Ethiopia and 
categorized into seven mono/loral honey I.Ising melissopalynology. Sugars (/i'uctose, glucose, 
suc/'Ose, maltose) and hydroxylmethy/iu/ilral were investigated using high per/ilrmance liquid 
chromatography and moisture, pH, acidity, ash, au., conductivity and colour were analysed using 
harmonized method of the international honey commission. The antioxidant content (phenol, 
flavonoid) and antioxidant activity (2, 2 -Diphenyl I-picryl hydrazyl assay, ferric reducing 
antioxidant power, Peroxide Radical scavenging activitie.l) were analysed using UV­
.Ipectrophotometer. The antimicrobial properties were analysed using disc diffi.lsion and sensruy 
acceptability based on seven hedonic scale. The mono/lora honey /ilund in Belete-Cera were: 
Eucalyptus. Cuizotia spp, Viciafaba, Trifolium, Vernonia. Hypericum and Sativa in which their 
total sugar content 64.67±6.181IDDg (Eucalyptus) , 63.8±5. 74g11DDg (Cu izotia) , 
63.D8±5.14gI IDDg (Vicia/elba), 62.16±4 . ././gI IDDg (TirijiJlium), 6-I68±./35gI IDDg (Vernonia), 
63.45±5.19gI IDDg (Hypericum), 64. 73±4. 44gl 1 DDg (\'(It iva), pH 4.1 D±D. 0.1 (Eucalyptus), 
4.3±D.DD (Cuizotia) , 4.23±D.D2 (Vicia /elba), 4.25±D.DD (Trifolium), '/D9±O.D3 (Vernonia) , 
3. 7D±D. 0. 1 (Hypericum), 3. 62D±. DO (Sa tiva), moisture content 15. D±D.16 (Eucalyptus) , 17. D±O. 32 
(Cuizotia) , 188±D.15 (Vicia faba) , 15. 8±D.32 (Tiri/olum), 19.D±0 15 (Vernonia). 16.2±D.29 
(Hypericum). 18±D.24% (sativa). electrical conduclivity D.5D±D.D'/ (Eucalyptus), D.2D±0.D1 
(Cuizotia), D.2±a DO. (Viciafaba), 0. ./2±D 12 (Tirfolium), 0. 31 ±D 0. 7 (Vernonia), 0..3 7±D 0.5 
(Hypericum), D. 26±D. D4mS!cm (Sat iva), HlvlF 12. 2±4. 8 (EucalyptU5), 16.1 ±3. 9 (Cuizot ia) , 
16.33±./.5 (Viciafaba), 21.95±D.87 (Trifolium), 18.23± 172 (Vernonia), 12. 25±4. 94 
(Hypericum), 19.2D±4.2Dglkg (Sativa), au, D.53±aD4 (Eucalyptw), D56±DD1 (Cuizotia), 
D.59±D.DD(Vicia .fclba), D.54±D. 0.1 (TrifOlium), O.IiD±a DO. (Vernonia), D.55±D.DD(Hypericum), 
D.59±a DD%(Sativa), ash content D. 30±D. 0. (Eucalyptl/.l) . D.l±a 02 (Cuizitia). D.3D±D. a (Vicia 

.fclba), 0.1 D±a DO (TrifOlium), D. 6±0. 0.4 (Vernon ia). O. 2±{). 0. I, UI ±O. ODmglkg (Sativa) 
re.lpectively. Mean phenol content for Eucalypt"s, Cuizotia spp, Vicia.f(dJa, Triji)lium. Vernonia, 
Hypericum and Sativa were: 615.6±5.50, 536.4±4.0D, ./53. 1±3. 12 . .//3.2±2.51, 425. 0±2. DO., 
406. 7±3.J3, 61.95±1.47CAElkg respectively; Flavonoid.l· had 41.50±0.84, 24.22±a 73, 
31.83±O.16, Il.D9±D./I , 12. 18±D.DI, 25. 62±D. 0.8, 18.9D±D./ImgQElkg mpectively, , DPPH 
had -I7.4D±1.13, 5272±D.32, 42. 27±1.l3. 55. 93±D. 69, 37.29±D.II, 6D.0I±D.D87, 72.76±5.D9% 
respectively and peroxide radical scavenger had 636±2.82, 59.2±D.46. 863±II.D3. 72.7±636, 
76.2±7.21, 82.4±7.91, 65.D±I.13% respectively. The mean sensOlY acceptance/ill' Eucalyptus 
and sativa taste was 5.44±D.95, 5.32±1.13 respectively: smell 5.54 ±D.95, 5. 2D±D. 94, 
respectively: color 5. 52±D. 78, 5.86±a83respectively and over all acceptability was 5. 78±a84, 
5.58±D.99 respectively in a scale of seven. The results I!f honey indicated thai, all Ihe honey 
samples collected./i'om Belele-Cera/oresl area salisfY Ihe Codex, EU and Ethiopian slandard. 
Eucalyptus honey had the besl quality as compaieredji'Oln Ihe rest and Honey is unique on ils 
/loral source of the neclar ii-om which if was made and assessing Ihe physicochemical and 
anlioxidanl properly ofhoney'ji'om differenl area is necessaty. 

Key words: Anlioxidanl, Anlimicrobial, Honey, Physicochemical 
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1. INTRODUCTION 

1.1. Background 

Honey is the nat ural sweet substance produced by honey bees from nectar of plants or from 

secretions of li ving parts or excretions of plants suck ing insects on the li ving parts of plants 

which bees collect , transform by combin ing with specific substances of their own deposit, 

dehydrate , sto re and leave in the honey comb to ripen and matu re. I-Ioney consists essentiall y 

of different sugars predominantly fructose and glucose as well as other substances such as 

organ ic acids, enzymes and so lid partic les derived ti'om honey collection. The co lor of honey 

varies ti'om nearl y co lorless to dark brown. The consistency can be fluid , viscous or partia ll y 

to entirely crystalli sed. The fl avour and aroma vary which are deri ved from the plant origin 

(Codex, 200 I). 

Honey is the only avail able sweetener in which during ancient cultures had been used for 

nutritional and medical purpose. For long time in human history it has been used as an 

important carbohydrate source and the on ly large ly available sweetener unti l industrial sugar 

production. The annual world honey production is 1.8 million tons, led by china with 27% of 

total and the consumption di ffers strong ly from country to count ry. Ethiopia is currentl y 

ranked as the largest honey producer in Africa and third largest wo rld wide by produc ing 

45.300t of honey in 20 10 (FAO, 2012) . The country ears an average of 35 million USD 

annuall y from the sale of honey (Gidey and Kibrom, 20 I 0). 

Abo ut 95% of the honey dry matter is composed of carbohydrate mainly fructose and g lucose. 

5-10% of the tota l carbohydrates are o ligosaccharides in total about 25 different di- and tri­

sacca rides. Besides, honey contain also small amount of protein enzymes, amino ac ids, aroma 

compounds and po lyphenols and possess antimicrobial and antioxidant effects (Bogdanov, et 

ai , 2008). Honey possess val uable nou ri shing, healing and prophylactic properti es. These 

properties can be interpreted by its physical and chemica l compos ition (Ga irola et ai , 2013). 
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I-Ioney has an appreciable antimicrobial and antioxidant activities (Alberto et ai , 2016). Honey 

possess antimicrobial activity which deepened on its chemical component and geograph ical 

sources and are re lated to the amount of hydrogen peroxidises that is enzyme present in 

different types of honey and o ri g in of nectar wi th wh ich the bee is no uri shed (Mohsen et a!. , 

20 I I). The antiox idant activ ity found in honey large ly depends on pol yphenols and flavo noids 

which are known to play major role to protect the body aga inst the effects of free radicals 

(Tomasz et ai, 2013). 

The Prope rti es and composit ions of honey depe nd on its geographical flora l origin , season, 

environmenta l factors and the techniques beekeepers used to handle the honey. It is one of the 

few non allergenic foods that the body easi ly assi milates and contains the macronutri ents 

especia ll y as energy provider of hi gh energy ca rbohydrate food (80-85%), in the fo rm of di 

and monosacchara ides. More than 22 sugars are found in honey; ho wever fructose and 

glucose are the major constituent s. Honey al so contains more than 180 substances including 

amino acids, enzymes, protein , vitamins, mineral s, organi c ac ids and phenol ic compounds 

(Sohaimy et a !. , 2015). 

The phys icochemical parameters of honey li ke pH , mo isture, suga r composit ion and 

hydroxymethylfurfural (HMF) content , color. aci dity and specitic conductiv ity are the qual it y 

indicators that characteri ze different honey vari eti es (Boussa id et a !. , 20 14). There are also 

other parameter like enzy mes acti v ity, hydrox ymethylfurural and amino acids in honeys 

wh ich are relatively low, but poss ibly used as a honey quality ind icator (Belay, et a l. 20 17). 

1.2. Statement of the problem 

Ethiopia has a huge potential of honey producti on , thi s is most likely due to its d iverse climate 

and vegetation resource. I-Ioney is unique depending on its floral source of the nectar from 

which it is made. Assessment of the phys icochemical and antioxida nt property of honey from 

different area is necessa ry for resource ex plo itati on. Accordi ngly. honey from .Ii mma area 

need further study w hich is believed to produce from di versified plant type. In addition , the 

area is also known by contributing a large amo unt of honey to the count ry. Belete-Gera forest 
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is one of the larger remai ning tracts of forest left in the country. The honey qual ity in thi s 

biodi versity with in the forest however is not studied befo re, so it is essential to know the 

propert ies of honey fro m this potenti a l source. 

I-Ioney consumpt ion IS growing signi fican tl y due to its high nutritional va lue and uni que 

flavo ur. The pri ce of natural honey is much hi gher than other sweeteners making it 

suscepti ble to ad ul terati on with cheaper sweeteners primarily sucrose and the crysta lli zation 

property of honey is affected by sugar and water contents (Bogdanov et aI. , 2008). 

Sugar, mo isture, HMF, conductivi ty, ash, which were analysed in th is study used as qua lity 

standard by EU , Codex and Eth iop ian standard agency. The viscosity wh ich is the state of 

be ing thi ck and sticky due to internal fi'iction is measure of resistance to grad ua l deformation 

by share stress. The viscosity property o f honey can be used to categorize honey into 

Newton ian and non- Newtonian. The viscos ity of honeys strong ly depends on temperature. As 

temperature become lower the honey become thi ck and sluggish. Therefore, the viscos ity of 

honey is affected great ly by both temperature and water contents (Eroglu, Belay et aI. , 2017). 

Ho ney is a flavour rich product created by bees through an active search and co ll ection of 

nectar from flowers. Depending on the visited fl owers and on the climatic conditions which 

nectar produced honey may test quite differently. The botanica l origin of honey is one of the 

mai n qual ity parameter and mostly its price often related to this floral orig in. But there is a 

concern which is affecting honey market due to increas ing for authentic ity of original 

products. Recently customers have deve loped special interest fo r phys icochemical and 

ant iox idant characteri sti cs of honey based on botani cal and geographi ca l ori g ins. Thus, 

characterizati ons of Belete Gera forest ho ney possib ly prov ide comprehens ive informat ion fo r 

sc ience and market. 

1.3. Research questions 

The resu lt of analysis we re answe red what the botani ca l or ig in , phys icoche mi ca l prope rti es, 

antioxidant , antimicrobia l and senso rial acceptabil ity of Belete Ge ra fores t honey . .Iimma. 

Eth iopia. 

3 
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2. OBJECTIVES 

2.1. Genera l objective 

The genera l objecti ve of the study was to investi gate the characteri sti cs of honey based on 

botanical ori gin, phys icochemica l, antimicrobia l, antiox idant and sensory properties of honey 

co ll ected from Belete-Gera forest, .Iimma, Ethi opia. 

2.2. Specific objectives 

The specific objecti ve of the study was in order to: 

I . Identify the botanica l ori gin of honey. 

2. Determine the phys icochemical properties of honey. 

3. Determine the antiox idant properties of honey. 

4. Identify the antimicrob ia l properties of honey. 

5. Determine the degree of sensori al acceptability of honey. 
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3. L1TRATURE REV IEW 

3.1. Botanical origin of)wney 

Botanica l on g1l1 is determined based on the relative frequencies of po ll en types of 

nectariferous spec ies using harmoni zed methods of melissopa lyno logy (Be lay et ai , 2016). 

Honey designated by the geographical or topographica l reg ion produced exclusive ly with in 

the area and according to floral or plant source it comes wholl y or mainly from the parti cular 

source and the organoleptic, phys icochemica l and microscopic propert ies correspond ing with 

the ori gin. Genera lly there are two types o f honey those are bl ossom and honeydew honey. 

Due to different proportions of the poss ible sources , nectar and honeydew coming Ii'om 

greate r variety of plant, no honey is complete ly the same as other one. Uniflora l honeys are 

regarded as a more va luable class of honey and botanical denominations are widely 

considered (Stefan et ai, 20 14). 

The major honey va rieti es according to the Ilower source are alfal fa whi ch is white or li ght 

amber color, Avocado honey from the flo wers of thi s plant tends darker in co lor, basswood 

honey deri ved from blossoms trees which is watery white co lor, Blueberry honey co lor range 

fro m li ght amber to amber color, buck wheat dark brown with strong fl avo ur, c lover honey its 

co lor is white water to extra light amber. 

The properti es of the most common unifl oral honey specIes 111 the world are black locust 

(Acacia, Robinia pseudocacia) and linden are very similar al l ove r the world and some types 

li ke Eucalyptus, th yme, orange blossom can vary considerabl y in taste and co lour depend ing 

on the plant and country of origin . The appreciati on of unii'l oral honey varies in the diffe rent 

parts o f the world . Honey dew honey li ke fir and pine honey are especiall y appreciated in 

different parts of Europe. 

The honey bee spec ies Apis mellilera which is spread a ll around the wo rld its honey is the 

most wide ly co ll ec ted and marketed around the wo rld however there honey made by other 

spec ies Apis Cerana in china, A.dorsata. and A..flora in tropica l As ia (S te fan et ai, 20 15). 
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3.2. Phys icochemical properties of honey 

The qua lity of honey is mainl y determined by its senso ri al, chemica l, phys ica l and microbi al 

characteri stics (White et a i, 20 13) . The physica l properti es of honey vary depending on water 

content , the type of fl ora used to produce the honey, temperature and the pro port ion of the 

spec ifi c sugars it contains. Fresh honey is a supersaturated liquid containing more suga r than 

the wate r can typica ll y disso lve at ambient temperatures. At roo m temperat ure honey is super 

cooled liquid in which the g lucose wil l prec ipitate into solid granules. This forms a semi sol id 

so luti on o f precipi tated g lucose crystals in a so lution of fructose and other ingredi en ts (White 

e t ai, 20 13). No n osmoti c and enzymati c acti vity, antimicrobi al properties, m icrob ial qua lity, 

co lor and chemica l compos ition of ho ney are influenced by heal and sto rage (S usana et a i, 

20 14) . 

The melting po int of crysta ll ized honey is between 40°C and SOoC depends on its 

compos ition. Below thi s temperature honey can be either in meta stable state meaning that it 

will not crystall ize un til a seed crystal is added. T he rate of crysta lli zati on is affected by many 

facto rs but the primary factor is the rati o the ma in sugars fructose to g lucose. Honeys that are 

supersaturated with very high pe rcentage of g lucose such as brassica honey crystalli ze almost 

immediately after harvesting while honeys with low percentage of g lucose such as chestnut or 

tupelo ho ney do not crysta lli ze. Crysta llization is also affected by water content because a 

hi gh percentage of water inhi bits crysta lli zat ion as high dex trin content. Tempera ture also 

a ffects the crystalli zati on with the fa stest rate occurring between 13°C and 17°C (W hi te et ai, 

20 13). 

The reason for test ing honey for quality contro l purposes is to verify the authenticity of the 

product and to revea l the poss ible presence o f artifi cial com ponents o r adult erants as we ll as 

to address processi ng and market needs. T hi s requires not only determ in ing the mo isture and 

minera l content (ash) but al so the leve ls o f HMF, acidity and sugars (Meda et ai, 2005). 

The phys ica l and chemica l feature of honey has low susceptib ility have low suscep ti bi lity to 

the pro liferation of microorgani sms (low PI-I. low mo isture content. ox idat ion reducti on 
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potential , antimicrobial constit uents. Neverthe less external factors such as envi ronmental 

conditions and handling and storage can have a negative effect on the linal qual ity. Reduced 

num ber of microorganisms under normal moi sture conditions wou ld not in terfere with the 

quality of honey. The moisture content infl uences the flavor, preservation, viscosi ty, specific 

weight, crysta lli zation and palatability contri butes to the development of ferment ing 

microorganism (Ana nias et al 20 I 1). 

3.2.1. Sugars in honey 

Carbohydrates (CHO) are the main const ituents of honey comp ri si ng about 95 % of the honey 

dry weight. The main sugars are monosaccharides fructose and glucose. Additionall y abo ut 25 

different oligosaccharides are present. The pri ncipal oligosaccharides in blossom honey are 

sucrose, maltose , trehalose and turanose as well as some nutritionally relevant one such as 

panose I-ketose, 6-ketose and pa latinose. Compared to blossom honey honeydew honey 

con tai ns higher amo unt of the oligosaccharides melezitose and raffinose (Bogdanoveta l, 

2015). 

The largest portion of the dry matter in honey consists of suga r and thi s concentrated so lution 

of severa l sugars results in the characteri stics phys ical properties of high viscosi ty, stickiness, 

high density, granulation tendencies, tendency to absorb moisture from ai r and immunity from 

some types of spo il age (White et ai, 20 13). 

A study showed that the mean total suga r content of honey ranged li·om 72.4 to 79.7g/t OOg of 

which monosaccharide sugars were dominant among those the fructose content was found 

higher than glucose (Be lay et ai, 20 17). 

A 100 gram serv ing honey provides 304 kilocalori es ha ving 82% carbohydrate and its 

glycemic index (GI) ranges from 3 1 to 78 depending on the va ri ety and the spec ific 

composit ion, color aroma and fl avor of honey and the fl owers foraged by bees that produced 

the honey. A study conducted at several United States regions shows that honey typica ll y 

7 



contai ns fructose 38.2%, Glucose 3 1. 3%, maltose 7.1 %, sucrose 1. 3%, water 17.2% and 

higher sugar 1.5% (Khan et ai, 2015). 

Honey is highl y concentrated aq ueous so lution of glucose and fructose along with small 

amount of differe nt sugars and it is composed of different types of sugars monosaccarides, 

disaccharides and ol igosacchari des wh ich constitute about 95% of total dry weight of honey 

(Shafiq ct ai, 20 14) . 

Sugars govern honey property and are related to degree of maturi ty and botanical origin of 

honey. The maximum concentrati on of fruc tose (43. 1± 0.4 g/l OOg) in Becium glandi/lo urm 

and the max imum glucose content was found in Leucas abyssinicci (37.2±0.4g/l OOg) and 

minimum in Beciull1 grandiflorul11 (29±3g/l OOg) and the mean total sugar content of honey 

ra nged from 72 .4 t079. 7g/l OOg honey, the fhlctose content was found to be higher than that of 

glucose. Sucrose is an essentia l sugar fo r honey quality detectio n and sc reen ing (Belay et ai, 

20 17). 

Botanica l or igin o f honey is re lated to sugar composition because the carbohydrates are more 

than 95% of honey so lids. Reducing sugars invert sugars main ly fructose and glucose have 

been found to be the ma jor constituent of honey. A high concentrati on of sucrose most of the 

time means an early harvest of honey because sucrose has not been fu ll y trans fo rmed to 

glucose and fructose by the act ion of invertase and the mean percentage of sucrose 

(3.62+0. 13%) of a ll honey samples (Derebas i et ai, 20 14). 

Sugars are present in many food s varying from natura ll y occurring products such as honey 

form ulate foods including je lli es and gels as well as confectionary. I-Ioney is composed 

mai nl y of sugars which the monosaccharide fructose and glucose are the most abundant 

approx imate ly 70-80% of the honey so lids further more small quantiti es of di saccharides 

maltose and sucrose are a lso presen t (Costa et ai , 20 IS). 
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3.2.2 . Moisture content 

Moisture con tent of honey is a li miting factor in dete rminat ion of' it s qualit y. stab il ity and 

spoilage resistance aga inst yeast ferme ntation. Lower moi sture «20%), elongates honey shelf 

li fe and protects honey from attack by microorgani sms which wou ld be a feat ure o f large 

majority of commercial honey products (Sohaim y S. e t al 20 15) and contributes to its ab ilit y 

to res ist fermenta ti on and granu lation durin g storage. An increase in moisture content is 

indicati ve of ad ulteration and low moisture content protects honey li'om the attack by 

microorgani sms (Adenekan et ai, 20 12). The moi sture content of honey depend on vari ous 

factors such as harvesting season, source plant 's flo ral type and the moisture content of the 

ori g inal plant nectar (Serajul et a I. , 2014, Tadesse e t a i, 20 15). Mo isture is large ly intluenced 

by geographica l posit ion from where the nectar and po llen producing plant and the bee 

colony, degree o f maturity, botan ical ori gin of honey and harvesting techniques (Belay et ai, 

201 7). 

3.2.3. pH 

Honey contains a number of acids which include amino acids (0.05-0 .1) and organi c ac ids 

0.57% and the average pH of honey is 3.9 with a typical range of (3.4 to 6.1 ). A pH leve l 

between 3.2 and 4.5 and the natura l acidity of the honey inhi bit the growth of microorgani sm 

as the optimal pH for most organi sms is between 7.2 and 7.4. Free ac idity is an important 

parameter related to the deterioration of honey and it is cha racteri zed by the presence of 

organic acids in equilibrium with lacto ne and interna l esters and some inorganic ions such as 

phosphates, sulphates and chlorides and the presence of different organic acids, geographical 

origins and harvest seasons can affect the honey's acidity (Roseaneet a i, 2015). 

3.2.4. Hydl'oxymcthylfur'fural 

The compound 5-hydroxymeth yl-2 furalde-hyde (HM F) is resulted from the decompos ition of 

monosaccharides o r the maillard reaction, when honey is heated Or stored for a long time as 

well as the heat treatment temperature and storage time increases (La leh e t ai, 20 13). HM F is 
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produced at pi-I S or lower and HMF occurs natural ly in honey espec ial ly in warm cli mates 

(White et a i, 20 13). 

HMF content is presented as ind icat ive of honey determination. HMF content vari ed between 

o and 4. 12mg/kg which can be considered fresh honey. Other factors that influence the leve l 

of 5- HMF are the sugar profi le presence of organi c acid , pH , moisture content and fl oral 

source. Therefo re the 5- I-1MF conte nt g ives onl y an indication of overheat ing or inadequate 

sto rage conditions. The HMF formation increases as a result of bad sto rage and heating. It is 

an excellent indicator of honey freshness and proper sto rage (Dubero et ai, 2015). A hi gh 5-

I-IMF content in honey can also indi cate fals ification by add ing invert syrup because 5-HM F 

can be produced by heating sugars in the presence of an ac id to the inversion of sucrose 

(Roseane et a l. 2015). The presence of 5- HMF is an a ldehyde that is often used fo r the 

assessment of honey qual ity is considered an important phys ic-chemical parameter to 

determi ne the status of honey samples. 

I-IMF is often used as an indicator for the quality o f honey and is generated by the 

decomposition of fructose in acidic cond itions. It occurs naturall y over time in most honey. In 

add ition to thi s high levels of HMF may be resu lt due to inadeq uate storage and adulteration 

with sugar or severe heat treatment. Even though HMF is not thought to be a harmful 

substance, food standards in man y countries regulate the leve ls of HMF in honey (Keppy et 

al, 2009). 

3.2.5. Electrical conductivity 

Electri ca l conducti vi ty of honey is used in routine ho ney qua lity contro l and puri ty. The 

conducti vity is a good criterion of the botanica l or ig in which depends on the ash ac id con tent 

of hone y and the hi gher thei r content results high conductivity (Bogdanov et ai, 1999). 

It g ives an ind ication regarding its ori g in , fl oral o r honey dew the source o f nectar and al so 

can detect whethe r bees have been artiti cially fed with sugars. Honey conta ins acids and 

mineral sal ts, organ ic ac ids, proteins and po lyol s, compounds which chem ica ll y are ca ll ed 
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ionisable in a so lution form and have the property to conduct electric current. The electrical 

cond ucti vity of honey is defin ed as that of 20% (w/v) we ight in soluti on at 20oC±0.5 whe re 

the 20% refers to the anhydrous honey and is expressed in mill Siemens per centi meter 

(Oes issa et ai , 20 14). 

Electrica l conductivity values with so lutions of 20-25% dry matter and proposed tak ing 

measurements with so lution of 20% dry mater is standard in many countri es (Sancho et aI. , 

20 13). Electrica l conducti vity is a good criterion of the botanical origin of honey (Bogdanov et 

a i, 1999). 

3.2.6. Specific rotation 

The main carbohydrates of honey are fructose, glucose. suc rose and ma ltose. Therefo re low 

content of sucrose and high content of glucose and fructose in honey are parameters of 

characterization of honey qual ity. Severa l conte nt of honey contai n high content of maltose 

and each carbohydrate has specific ang le of rotation of po larized light (spec ific rotation) and 

it depends on rotatio n as well as content of ca rbohydrates in honey (Fred ijs et ai , 20 15). 

Honeys and honey dews have the property of rotating the po lari zati on plane of polarized light 

and thi s property depend s large ly on the sugars of honey thei r type and relative proportion. 

The importance of this method is that appears to be va lid to separate fl ora l honeys fi'om 

honeydew honeys. 

The flora l honeys norma ll y present higher content in fhlctose and honeydew honeys present 

lower content of fructose but hi gher in melezitose, glucose and e rl ose. Therefore Each 

carbohydrate has a specific angle of rotatio n of polari zed light (spec ifi crotati on)Fructose[a) 

020=-92,4 o,GI ucose[ a) 0 20=+52, r, Melezitose[ a) 0 20=+88.2°. Erlose [a) 0 20=+ 121 ,8° 

(Serrano et a i, 20 10). 

According to the ir on gll1 , honeys are divided into honeydew honeys and nectar honeys. 

Honeydew honeys are produced by honey bees from execrat ion from plant sucking insects, 
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nectar honeys are made up of the nectar or secretion of plants. Both ki nds of honeys are 

distinguished by optical rotation as honeydew honeys show positi ve rotations while in nectar 

honeys the opti cal rotation is negati ve . This is caused by opposed optical rotation of fructose 

and glucose/sucrose. Opti cal rotation in honey is there for determ ined by the compositi on and 

used in quality contro l to determine the contamination of honey dew honeys with blossom 

honeys (A nton, 201 6). 

Optical rotation is a parameter that is a relat ion to determination of botanical origin of honey 

groups blossom, honeydew and compound honeys. The specific rotati on calculated fro m 

angular rotation, ray circuit length and grams of taken dry mater (Pridal et ai, 2002). 

Honey has the property of rotating the plane of polarization of polarized light. Sugars which 

are the major components of honey are chiral compounds and like almost all naturally 

occurring carbohydrates are the D mo lecules. Each sugar at a given concentration affec ts the 

rotation by an amount that that is characteristi cs of the sugar. The optical rotation of a mixture 

depends on the relati ve proportions of the sugars present. Measure the optical rotation of 

honey is a supersaturated solution of mostly D-fructose and D-glucose which a small amount 

of sucrose (Esso, 200 I ). 

3.2.7. Water activity 

The water acti vity of the honey samples were in the range of 0.48 1 to 0. 542 and the water 

activity o f honey is a key factor concerned in spoilage by fermentation and is a major fac tor 

preventi ng or limiting microbial growth and in several cases aw IS the primary parameter 

responsible for stabili ty, modulating microbial response and determining type of 

microorganisms encountered. The knowledge of water acti vity of honey is needed to predict 

moisture exchange with the environment since water activity is the driving force behind I·vater 

transfer from Ito honey. The water acti vity in honey results mainly from the concentration in 

water of honey of monosaccha ri de's fructose and glucose and to a lesser ex tent to some 

disaccharides such as sucrose and maltose (Chiri fe et ai , 20 16). 
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The moisture content of honey is highl y important for its she lf life if there is less water 

activity creates non satisfactory condition for the activity of several microorganisms that 

depend on higher amount of free water for growth and surviva l (Lorena, et a i, 2012). 

The stab ility of honey primarily affects the ava il abi lity of water wh ich is characteri zed by 

water activity. The water activ ity of honey during storage may vary and may occur many 

phys ical and chemical changes. Sto ring of honey in an atmosp here at too high humid ity 

causes the water vapor adsorption from the environment which increases the honey water 

activ ity (A leksandra et a i, 20 14). 

3.2.8. Viscos ity 

Like most viscose liquids honey is thick and sl uggis h with decreasing temperature at 20°C 

and appearance of honey fee l so lid but it can continues to now at very low rates (Hemant et 

ai, 20 13). The viscosity of honey is affected by temperature, moisture content and tl ora source 

and viscos ity changes as tem peratu re, mo isture content and nora l source change and viscos ity 

of honey decreases rapidl y as its temperature ri ses. 

Viscosity of d iffe rent honeys at d iffe rent share rates co rre lates with other physicochemical 

and sensory property. As temperature increases viscosity falls due to less mo lecular frictio n 

and reduced hydrod ynamic forces. The rheo logica l behavior of honey and the innuence of 

temperature need to investigate for proper handling, packaging and processing issues. An 

increase in temperature produces a clear dec rease in the va lue of viscosity which has dramatic 

decrease in the low ran ge of temperature (Gomez et ai , 2009). 

The surveys of rheological propert ies play an important role in food industry. The viscosity 

va lue of honey depends on water content. The hi gher water content in the honey means lower 

viscosity and higher nuidi ty. Most honeys show Newtonian behavior. The honey with the 

hi ghest va lue of activation energy di sp lay the hi ghest viscos it y va lue (Travn icek et ai, 20 17). 
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The temperature effect on viscosity follow an Arrhenius type relationship and honey varieties 

exhibited Newtonian behavior. This show dependence of viscosity on increasing temperature 

applied (Mossel et ai, 2000). 

3.2.9. Colour 

Co lor is the first attribute of honey and is very important for commercialization and it is an 

important parameter in the qua lit y, acceptance and presence of consumers (Susana et ai, 

20 15). The co lor of honey is class ified into seven wh ich includes wa ter white, ex tra white, 

white, ex tra light amber, light amber, amber and dark amber (N HB , 2008). 

I-Ioney also contai ns the colors orange, ye llow and green. The rosemary honeys the green 

co lor which is negat ive va lue while mint honey had highest redness followed by eucalyp tus 

honey. The co lor of honey depends on its ash content. the temperature at which the honey 

remains in the hi ve and storage time (Roseane, et ai, 20 15) . 

The co lor in liquid honey varies from clear and co lorl ess (l ike water) to dark amber or black. 

The va rious honey colors are bas ica ll y all shades of ye llow and amber. Co lor vari es with 

botanical ori gin, age and storage conditions but clarity depends on the amount of suspended 

particles such as pollen. Crysta lli zed honey turns lighter in color because the glucose crysta ls 

are whi te (Esteraf-Oskouei et al 2013). 

3.2.1 O. Optic,]1 density 

The density of honey depends on temperature and honey density decrease with increasing 

temperature. The opti ca l density of a medium is not the same as its phys ical density. The 

phys ical density of honey refers to mass vo lume rati o. It related to the honey sluggish 

tendency to maintain the abso rbed energy of an electromagnetic wave in the form of vibrating 

electrons before reemitting it as a new electromagnetic disturbance. The more opti ca l dense 

that honey is, the slower that a wave will move through the materia l (Owayes et ai, 2005). 
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Honey density expressed as speci lic gravity is greater than water density by about 50% and it 

al so depends on the water content of honey. Because of the variation in density , it is 

somet imes poss ib le to observe di stinct sat isfaction of honey in large storage tanks. The high 

water content (Jess dense) honey settl es above the denser honey. Such inconvenient separation 

can be avo ided by more th rough mixi ng (Bogdanov et ai, 2009). 

Measurement of the opt ical density of honey with a co lorimeter uSing the complete light 

spectrum offers a precise, reproducible method fo r classifying honey according to its color. 

The method can be used for honeys from most noral sources and provides a practi cal systemic 

basis fo r blending honey to any requi red color (Townsend et ai, 2015). 

3.3. Antimicrobial properties of honey 

The antim icrobia l capacity of honey has been att ributed mainly to the presence of hydrogen 

perox ide which is produced tl'om glucose oxidase and phenolic compou nds found natural ly in 

honey used at low concentration induce wound healing (Sara et ai, 2015). The main acto rs of 

antibacteri al potency of honey are hydrogen peroxide and gluconic acid which originated 

I"om disso lution of sugar by honey's glucose oxidase and the acti on of honey linked with 

osmolarity which create unfavourab le to bacteria growth and proliferation. The acidic pi-I of 

honey comprised between 4.3 1 and 6.02 playa role in microbial control. Additional honey 

components such as aromatic acids or pheno lic compounds contribute to the overa ll 

antimicrobial acti vity (Aggad et ai, 20 14). 

Honey has the potentia l to be used as an antibacteria l agent to prevent and control infection 

with S.aureus and the use of natural products to enhance wound healing is common practice 

in many part of the world and the honey wh ich consists of supersaturated solution of sugars 

and has a low pH together with honey ' s high osmo larity and presence of hyd rogen perox ide, 

red uces bacterial growth at the wound site . When used as wound dress ing honey provides an 

ideal environment for the rapid ti ssue repair, regeneration and re-mode ling that are essenti al 

fo r growth the wo und bed. The Saureus is the most frequently isolated wound pathogen and 
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it is becoming inc reas ingly resistant to antibioti cs. Honey is effecti ve in eradicating antibiotic 

resistan t Saureus(Nagi et ai, 2009). 

Honey has higher antimicrobial acti vity aga inst colusridumpet[ergens and there are many 

factors in honey that effect on the growth of C. perji-ingens. the colus/ridwnl'er{eringens is not 

to lerant of low water activity (aw) reported va lues for to lerance between 0.93 and 0.97 and 

honey is a supersaturated sugar so lution with 0.56-0.62 aw which ex plains the inhi bitory 

activity against C.perji-inges and the C.perjhngens initiate growth most read il y at neutral pH 

alt hough exce llent g rowth occurs between pH 6 and 7 and the growth of C. perf"irenges is 

severel y limited at pH <5 .0 and pH .8.3 and the pH of honey is between 3.2 and 4.5. Different 

honeys have varying and di verse effects on the grov,rth of bacteria each organ ism has unique 

response profile to different honeys and the antimicrobial effects are due to combination of 

severa l factors in honey (Oinaale et ai, 201 5). 

Honey exhibits a leve l of antibacterial act ivity wh ich genera ll y increased with increasingly 

concentrati ons and the degree of antibacterial acti v ity varied according to the type o f bacteria 

and type of honey. The manuka honey inhibits bacterial species and acts on both gram 

positive and gram negative bacteria . As compared the antibacterial activity of organic honey 

and Manuka honey the most inhibition was obtai ned in manuka honey against Escherichia 

Coli and S/aphlococcusepidermidis wi th a peak inhibitory against staphylococcus ep iderm is 

at 30% concentration (Swa pna et ai, 2013). 

Honey has powe rful antimicrobial activity against dermatological rel evant microbes. These 

finding are particularly promising in current times when the problem of antimicrob ial drug 

res istance is considered a g lobal crisis. Honey can reve rse ant im icrobial res istance and 

reduced microbial pathogenicity and no honey resistant microbial strains have emerged to 

date due to the multi factoria l natu re of the anti microbial properties of honey. As honey from 

diverse noral orig ins ha ve been shown to have antimicrobia l acti vity against a range of skin 

relevant microbes and there are countl ess vari eties of honey being produced world wide and 

some may have superi or antimicrobial acti vit ies (Pau lin et a i, 20 15). 
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Antimi crobia l activity of honey sample against S.aureus in different concentrations (25, 50, 

75, 100%of honey samples were checked for their antimicrobial properties. The minimum 

inhibitory concentration of the honey samples were determ ined using broth dilution techn ique 

and the sample of the honey showed inhibitory effects in vitro at 50, 75 and 100% 

conce ntration and the min imum inhibitory was 12.5mg/ml and the study showed that honey 

like antibiotics has antimicrobial effect which can be used as a lternate therapy agai nst bacteri a 

and have antimicrobial action against a broad spectrum of bacteria both gram positive and 

gram negative bacteri a (Taha et a i, 2009) . 

In recent years a ma rked increase in an tibiotic resistance by ce rtain pathoge ni c bacteria has 

been seen and this increase is due to the overuse and mi suse of antibiotics and has resulted in 

severa l high res istant strain of staphylococcus aure us frequentl y causing nosocomia l 

in fectio ns and a lternati ve methods of traditio nal antibiotics should be explored like honey 

against staphy lococcus aureus and honey was found to have inhibitory effect on bacteria 

growth and comparab le in strength with to the ant ibioti c compares and potential for 

application as viab le methods of bacterial control particula rl y as first line treatment for mild 

infection or as preventive treatment (Monica et ai , 20 14). 

Honey can be effective ly used as antimicrobia l and ant iox idant agent to overcome the 

prob lem of bacterial infections and mu lti drug resistant microbial strains as to enable & 

enhance the market revenue throughout the wo rl d and honey a cheap antibacterial age nt can 

be used to manage chronic wou nd types such as burns, leg ulce r or surgical wounds wh ich 

infect with drug res istant staphylococcus bacteria (Azeem et ai, 20 14). 

The production o f new antibiot ics substances requIres enormous budgetary costs. The 

possible al ternat ive use of nat ural substances should reconsider. Among those the hi ve 

products such as honey which is not toxic very effi cient antimicrob ia l w ith a broad spectrum 

of action. The use of honey in wo und management has become widely avail ab le. This 

renewed interest is main ly due to the growing clinica l problems of ant ibiotic resistant bacteria 

and the combined d iffic ulti es in manag ing ch ronic wound types that may become infected for 

example with methicillin resi stant staph ylococcus aureus (Aggad et ai , 20 14). 
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/-I oney has been known to possess anti microbial property as we ll as wound heal ing ac ti vity. 

The heal ing property o f honey is due to the fact that it olTers anti bacteri al ac tivity main tains a 

most wound conditions and is high viscosity helps to provide a protecti ve barri er to prevent 

infection. The ant imicrob ial acti vity in most honeys is due to the enzymatic production of 

hydrogen peroxide manuka honey di splays signi ficant antimi crobial (ant ibacteri al effect) 

which related to the low PH level of honey and its high sugar content (high osmolari ty) that 

hi nder the growth o f microbes (Manisha et ai, 20 I I). 

3.4. Antioxidant properties of honey 

Honey represents a natura l product that does not carry side effect which can harmful to health . 

Among the compounds found in honey vitamin C, phenol compounds, catalase, peroxides, 

glucose oxydase, enzymes have antiox idant properti es. Honey al so contains fl avonoids and 

carotino ids and the high level of these ind icators to ensure a high leve l of antioxidants in 

honey. The amount , type of antiox idant compounds depends large ly upon the noral source 

and variety of the honey. In general darke r honeys have higher antiox idant content than 

lighter honey (Khalil et ai, 2014). 

I-Ioney serves as a source of natu ral anti oxidant which plays an important role in food 

prcservation and human health by combating damage caused by ox idi sing agents. The 

ant ioxidants present in honey include both enzymat ic and non enzymatic substances (Isabel 

C.et aI20 14). The amount and type of antiox idants largely depends on the flo ral source or 

honey vari ety and a correlation between antioxidant activ ities with total phenolic content 

(Linkon et ai, 20 15). 

The antioxidant activity of natural honeys depends on their chemical composition such as 

phenolics, fl avonoids, enzymes, organ ic acids am ino acids, millard react ion products ascorbic 

acids carotenoids as we ll as their origins. Pheno lics or polyphenols are one of the most 

important classes of compounds fou nd in honey the tota l concentration of phenols in honey is 

hi ghl y depends on its plant source (Ibrahim et al. 20 12). 
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I-Ioney have beneficial to health due to its antiox idant properties and is very complex mixture 

containing a number of ingredients involved in oxidant or antiox idant physiological processes 

including hydrogen perox ide , nitrite, nitrate, glucose oxidase, chlorine, iodine. catalase. 

flavonoides, phenolic acids and maillard react ion products (Moussaet al 2012). 

Honey is recognized as having di rferent biological properti es including antioxidant effect; 

phenolic acid and flavonoids are the main antioxidant and phenolic content of honey are 

responsible for free radical scavenging and antioxidant acti vity. The total flavonoid and 

phenolic content generall y determi ne using a spectrophotometer assay based on the formation 

of alimunium chloride complex which appl ies for quantilication or flavonoids in honey 

(Silvoetal , 2015). 

Honey is recognized as having ditTerent biological properties including antioxidant effect, 

pheno lic acid tlavonoids are the main anti ox iodants and the phenol ic content or honey using 

fo lin-ciocaletu method and the phenolics are responsible for free radical scavenging and 

antioxidant activity. The tota l flavonoid contents are generally determined using a 

spectrophotometer assay based on the formation of aluminum chloride complex which app lies 

for quantification offlavonols in honey (Si lvo et ai , 2015). 
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4. MATERIALS AND METHODS 

4.1. Study area 

The Belete-Gera forest is 150, OOOha in size which is found in Jimma zone ofOromia regional 

state consists of two disjoint forests namely Gera forest and Belete forest and it is 430km 

away from Addis Ababa the capital of the country (Merga et al 20 13). Belete-Gera forest has 

a tropical rainforest climate with long annual wet season from March to October and 

temperature between 20 _25°C. The forest is found in Jimma, Ethiopia which is recognized as 

key biodiversity area. Belete Gera forest has a geographical coordinates Afalo (,1'38°13' 16 'E 

and quacho (i46°20'7"E) (Beenhouwer et ai, 20 15). 

II p • Zon 

• 

.. .. .. .... .. - - "--... 

Figure I: Location ofBelete Gera forest, Jimma-Ethiopia. 
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4.2. Honey Sampling 

The honey samples were collected based on floral calendar as stated by Belay et al. (2017). 

Six potential areas namely Achuwa, Shebe, Gera, Waskala, Beleteand Deri were purposely 

selected based the honey potential and 48 honey samples were randomly collected from 

traditional hives at farm gate. The collected honey samples immediately strained and pour in a 

food grade jars and stored at a temperature ofless than 4°C (Boulanouar et ai, 20 17). 

Figure 2: Sample Collection process 

4.3. Floral Origin Determination 

The floral source of the honey were determine based on the relative frequency of the pollen 

types of nectariferous species using harmonized method of melissopalynology. The analysis 

were carried out to determine major honey source by centrifuging 109 sample of honey 

dissolved in 20ml of distilled water. The solution was centrifugate for 10min; and another 

20m I of distilled water was added to completely dissolve centrifuged for 5min. The residue 

was allowed to dry in microscope slides by spreading with micro spatula. After applying 

glycerine jells; sample was examined through microscope and the plant source was identified 

using reference slides (Nuru, 2004, Ohe, 2004, Belay et ai, 20 17). 
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Mel issopalynolog ica l analysis or the poll en type of hone y could be placed in to d iffere nt class 

according to their percentage o f do mi nance, predominant pol len (>45%), Secondary po ll cn 

( 15% to 45%), important minor po llen (3% to 15%) and minor po ll en «3%). Pol len catalog ue 

could be used to identify the botanica l affinity of the pollen types (Taniamarie et aI. , 

20 13) .The total number of po llen is ca lcu lated by using di lution fac tor and number of pol len 

in the sample (Rosd i et a I. , 201 6). 

4.4. Physicochemical properties 

4.4.1. Sugars 

The sugar in honey was ident ified based on AOAC ( 1990) 969.38 and International Honey 

Commiss ion (IHC, 2009). The sugar content of honey sample was determined by HPLC with 

RI-detection. 

The sugar con tent (fi·uctose, sucrose. g lucose and ma ltose) in the honey samples were 

identifi ed based on the ir retention ti mes and the now rate was 1.3ml min' l , mobil e phase 

acetonitri le/water (80:20v/v), column and detection temperature 30DC and the sample vo lume 

of 1O~t! dissolved in 40ml wate r and transferred qua litati vely to the fla sk and fil led to the 

mark with water fhl ctose (2gm), g lucose ( 1. 5gm), sucrose (0.25gm) maltose (0.15gm) . 

Equipments used include 25ml pipette, sample vial s, cali brated fl as ks 100mi vo lume, 

ultrasonic bath, syringe, mem brane filt er, hi gh performance liquid chromatography and 

ana lytical stain less stee l co lumn and the reagents used were methano l for HPLC, acetonitril e 

fo r HPLC, d istill ed water, standard substances fructose, g lucose (Bogdanov, 2009, Shobham 

et ai , 20 17). 

4.4.2. Moistu re 

Moisture was dete rm ined using AOAC ( 1989) and Harm oni sed method of I HC (2009). Honey 

moisture is the qua lity c ri terion that determ ines the capac ity of honey to remai n stable and 
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res ist spoilage by yeast fermentation. The moisture or content or the honey was determ ined 

using Abbe refractometer based on ICI-I. 

The digital refractometer was ca li brated with distilled water, in which the refractive index of 

the water at 20°C was found to be 1.3330 as standard. After the refractometer had cleaned and 

dr ied the honey samples were measured in tri pli cate and mean va lue was taken (Bogdano'v et 

ai , 2009). 

4.4 .3. Ash 

Ash is determined based on AOAC (1999) and ICI-I (2009). The ash content of honey which 

is the residue was obta ined by heat ing ash di sh in electri ca l fu rnace at ashing temperature, and 

subsequent ly cool in desiccators to room temperature and was weighted (Bogdanov et ai , 

1999). 

109 of sample was taken and heated to about 3S0°C.After preliminary ashing, the dish was 

inci nerated at high temperature (550°C) in a burning muffle furnace for Shrs. Finally, 

proportion of ash was calculated. The Equipment used was ash dish, hot plate, infra-red heater 

fo r preliminary evaporation, electri cal fu rnace, desiccators, analytical balance and Oli ve oil 

was used as a reagen t. 

The ash content was calculated using the fo llowing equati on 

Where 

(M1 - m2) * 100 
W A = ---c---­

MO 

W A=Weight of Ash 

M ]=weight of crucible +ash 

M2= weigh t of crucible 

Mo=weight of sample 
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4.4.4. pH 

The pH and acidity was determined based on AOAC (1989) and ICI-! (2009) . 109 of honey 

were di ssolved in 75m l distilled water in a 250ml beaker. The soluti ons were titrated with 

0. 1 M sod ium hydroxide solution at pH 8.30 after calibration with standard buffer solutions of 

pH 4, 7 and 10; the pH was measured using pH Meter (AB 150 lisher sc ienti lie pH meter). 

4.4.4. Acidity 

Representative 109 sample was di sso lved in 75m l of carbon dioxide n'ee water in a 250 ml 

beaker, stir with magnetic stirrer and was titrated with 0.1 M NaO H to pi-I 8.30. The reading 

was obtained with 120 sec. of starting titration and complete titration was completed within 

2minutes (Bogdanov et ai, 2009). The acidity of the honey was expressed using the following 

association: 

Mi lliequvalent Ikg honey =ml of 0.1 M NaO H* 10 

4.4.5. Electrical conductivity 

Conduct ivity was determined based on AOAC (1989) and ICH (2009). 20g dry mater of 

honey was dissolved in 100m I distilled water and conductivity was measured usi ng a 

conductiv ity meter. The electri ca l conducti vity result of the honey so luti on was calculated 

using the formula: 

Where 

SH = K.G 

SH = Electri cal conductivity of the honey solution in mS.cm'l 

K = Cell constant 

G=Conductance in mS. 
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4.4.6. Hydroxymethylfurfural 

The hydroxymeth ylfurfural (HMF) was determined based AOAC (1989) and In ternational 

I-Ioney Commission (2009), by clear, filt ered aq ueous honey solution using reverse phase 

HPLC equ ipped with UV detection and result was expressed in milli grams per ki logram 

(Bogdanov, Keppy et a i, 2009). 

The absorbance of a c larified aqueous honey so lution was measured against the re ference 

so lution of the same honey in which the 284 nm chrolllophore of HMF was destroyed by 

biosulfate. The HMF content of honey was then calcu lated using the follo wi ng equation : 

Where: 

f-I M F (
mg f h ) (A284-A336). F 

. --0 oney = ' actor 
lOOg W 

W= Weight o f sample in grams 

Factor = 126* I 00* I 000 * 1 00= 74.87 

16830* 1000 

126= the mo lecular weight o f honey 

16830= the molecular absorptive of HMF 

I-IMF= Hydrox ymethylfurfura l 

Mg= milligram 

A284= Absorbance at 284 

A336= Absorbance at 336 

4.4.7. Viscos ity 

The viscos it y of honey was determined based on Belay e t al (2017). with some mod ifica ti on 

at over a range of shear rates (2.58-258.1 s- 'l, at 25 , 30, 35, 40 and 45 DC. The tlow behav iou r 

of honey was described by fitti ng experimental data of shear stress and share rate in 

Newtonian tlu id. Vi scos ity dependence of temperature was evaluated using Arrhenus model: 
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Where 

n = no * Exp * (EajRT) 

n = viscosity (Pa s) 

no =rate constant (Pa Sn) 

Ea= activation energy (kJ/ll1o l) 

T = absolute tell1perature (K) 

R= gas constant (kJ/ll1oIlK) 

4.4.8. Color 

The colour intensity of honey sall1p le was ll1easured according to the Pfund classificati on 

using photoll1 eter and co lour grades which were expressed in ll1il li ll1etre grade by cOll1 paring 

analyti ca l grade glycero l standard (Belay et aI., 20 13). Accordingly, the pfund grade was 

categorized as water white, extra wh ite, wh ite, extra light all1ber, light all1ber, all1ber and light 

all1ber that ra nge li'oll1 8 to I 141l11l1 pfund. 

4.4.9. Ortieal density 

The optical density of honey sall1ple was assessed based on Owayes (2005) with sOll1e 

Illod ifi cat ion . I g of honey di luting with 91111 of di still ed wate r and centrifuged for I 0111 in at 

3000g and the absorbance orthe fil trate supernatant was ll1easured using spectrophotometer at 

530nm against di sti ll ed water as a blank (Owayes et al 2005). 

4.4.10. Srecifie rotation 

The specific rotation of honey was deterll1 ined based on AOAC (1989) and ICH (2009).The 

angular rotat ion of a clear, fi ltered aqueous solution of honey sample was measured by a 
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polarimeter in which its val ue related to the carbohydrate compos ition with the spec ifi c 

rota ti on [ahoD. 

12g of honey was di sso lved in d isti ll ed water and 10mi of Crazze I solut ion was added 

thorough ly mixed for 30 second and I Om l of Crarez II so lution added and mixed again fo r 30 

seconds and make up to vo lume in I OOm l vo lumetric fla sk with d ist ill ed water. T he next day, 

sol ution was filtered, rinsed and til led in a clean 2-dm po larimeter tube, placed the tube in 

pola rimeter and the angular rotation [a] was read a t 20°c. 

The specific opti ca l rotatio n [ahoD is the angle of rotation po larized light at the wave length 

of sodium D line ("-=589.3nm) at 200 Cof aq ueous solu ti on of I dm depth and conta ining I g 

per ml. The spec i ti c rotation of honey ca lculated using the fo llowing formu la. 

Where: 

[a )20 
a * 100 

D 

a = Angular rotation found 

L = length in dec imetres of the polarimeter tube 

M = grams of dry matter taken 

4.5. Antimicrobial properties of honey 

The di sc diffu sion test was used to measure the minimum in hi bitory concentration and 

minimum bacteria l concentrati on. Aseptica lly plates were swabbed with Staphylococcus 

aureus which was obtained from Eth iop ian biod iversity instit ute, by dippi ng sterile swabs into 

inocu lums for ant ibio tic disk d iffusion. Sterile paper di scs were d ipped in d ifferent dilutio n of 

honey placed on swab plates of S.aureus in specific d ilution and were put on agar plate and 

the agar plates were incubated at 37°C fo r 48 hour. T he agar plates were observed and 

measured inhibition zo ne ti·o m each paper d isk in mill and checked the test o rganislll g rows 

on the di sc and safely Illeasured the test o rgan islll (Mot ior et a i, 20 10). 
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Samples of staphylococcus aureus was incubated for 48hours at 37°C and the antibiotic 

comparison tests were done using antibiotic infused disks with tetracycline (30!lg) and the 

disks were placed onto inoculated Muller Hinton agar plates, in which subsequent incubated 

for 48hours at 37°C, after incubation the zones of inhibition were measured (Monica et ai , 

2014). 

Figure 3: Analyzing Antimicrobial Properties of Honey. 

4.6. Antioxidant properties of honeys 

The antioxidant properties of honey was determined based on antioxidant content (phenol and 

flavonoids) and antioxidant activity (DPPH, FRAP, POS). 2g honey sample was extracted by 

stirring with 25 ml of methanol and 25 ml of distilled water and placed at 25°C for 60 minute 

maceration using temperature shaker incubator and filtered through Whatman 4 paper and 

residue was extracted in the same way with two additional 25 ml portion of methanoL 

Combined Methanol extracts were evaporated at 40°C to dry and dissolve in methanol at 

concentration of 50mglml and store at 4°C for further uses. 

4.6.1. Antioxidant contents 

4.6.1.1. Polyphenols 

Polyphenol content of honey was determined based on Asli et al (20] 0). First the standard 

solution was prepared in five different concentrations which were 0, 25, 50, 75 and] OOmglL, 

28 



and the stock gall ic acid solution was made by dissolvi ng 25mg of ga llic acid in 100mi of 

70% methanol. The standard working solution 0, 1, 2, 3,4ml of ga llic acid solution (250mg/L) 

was pipetted in a I Om l vo lumetric flask and subsequently diluted to vo lume with 70% 

methanol. To mak e the standard curve, Iml of each of the standard solution was pipetled into 

a separate test tube then Sml of aqueous dilution of folin-ciocalteu reagent was added and 

mixed we ll using a vortex mixer for about I min. After 5m in 4ml of a 75g/L Na2CO) soluti on 

was added and the mixture was mixed thoroughly for another Imin, and incubated for 15min 

(As li et ai , 20 I 0). 

To determine phenol ic content of honey Folin-ciocalteu method were used by diluti ng 5gm of 

honey sample to 50ml disti ll ed water. O.Sm l of solution were mixed with 2.5ml ofO.2N Folin­

Cioca lteu reagent for 5min and 2ml of 75g/J sodium carbonate, after incubation the 

absorbance of the mixture were measured at 765nm against a methanol blank. Gallic ac id was 

used as standard to produce the calibration curve. 

The sam ple was prepared by dissolving ti ve grams of each honey samples in SOm l of 70% 

methanol and one ml from each methanol ic honey solution was transfe rred to test tubes and 

measured by the procedure used for constructi ng the standa rd curve. Blank sample was 

prepared for eac h honey samples by pipett ing 20m l of honey ex tract into I OOml glass beaker 

and the honey extract was shaken by mechanical shaker at 320rpm fo r 20m in and the mixture 

was fi ltered through whatman fi lter pape 4 and Iml of filtrate was taken and tested. The 

absorbance of standards, sampl es solution and reference were read in UV -spectrophotometer 

at 765nm agai nst zero absorbance of blank. The following fo rmu la was used to calculate the 

total phenolic content: 

Total phenolic conten (mg GAE/Kg honey)= 

GAE (mg/L)*Total volume of methanol extract (m l)*sample wei ght (g)* 10"\kg/g) 

I O">CLlml)* Di lution fac tor 

Where 

GAE = Ga ll ic acid equivalence 

Kg = Ki logram 
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Mg = milligram 

L = Litre 

MI = Millilitre 
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Figure 4 Standard curve for pheno lic content of Belete-Gera honey .li mma-Ethiopia. 

4.6.1.2. Flavonoids 

180 

The total flavonoid content of honey was estimated by al um inum chloride (A ICI}) to quanti fy 

the total flavonoid content; Quercetin was used as the reference which was expressed as 

quercet in equi va lent (QE). 

A standard curve of known concentration of quercetin was generated by preparing and testi ng 

concentrations of quercetin standard solution . Stock quercetin solution was prepared by 

dissolving 25 mg of querctin in 100m i of 80% ethanol then the standard so lutions were made 

up by pipeting stock solution(250mg/l) into 10mi volumetri c flask and adjusting the vol ume 
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with 80% ethanol by using test tubes Iml of each standard solution was reacted wi th 3ml of 

95% ethanol (Asli et ai, 20 10). 

0.2ml of 10% aqueous dilution of AICI3 reagent 0.2m l of potass iulll acetate and 5ml of 

distill ed water and the mixture was mixed thoroughly by vo rtex mixer for about 30 second 

and allowed to stand at room temperature for 30 min and absorbance was measured using 

UV -spectrophotometer at 415nm. 

Dowd method was used to determine the tlavonoid content by mixing 5ml of 2% aluminum 

tri chloride in methanol with the same vo lume of honey so lution and absorption reading at 

415nm were measured in UV -visible spectrophotometer after 10 minute against a blank 

sample consisting of 5ml honey solution without aluminum trichloride and tota l tlavonoid 

were determined wi th Quercetin standard. 

The samples were prepared by di sso lving fi ve gram of each honey samples in 25m I of 80% 

methanol one ml each honey solution was transferred to a test tube and similar procedure was 

used for constructing the standard curve app lied to Im l of each standard solution and a sample 

blank was similarly prepared for each honey sample but the same amount 10% AI CI) solution 

(0.2m l) was replaced by di still ed water and the absorbance reading were taken by UV­

spectrophotometer at 415 and the following formula was used to calculate the final total 

Il avonoid content. 

Total tl avonoid content (mgQE/Kg honey) = 

OE Cmg/L)* Total vo lume of Ethanol ex tract *Sample weightCg)* 10·JCkg/g) 

MI* I 0·3( U ml)*di lution factor 

Where 

QE= Quercetin equi va lent 

Mg=mil l igram 

ML= milli litre 
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Figure 5: Standard curve for flavonoid content of Cera honey Jimma-Ethiopia. 

4.6.2. Antioxidant activity 

4.6.2.1. Radical Scavenger activity 

6 

The radical scavenging act ivity of honey ext ract was determined using assay according to 

Chang et al (200 1). The decrease in the absorpt ion of OPPH solution after the dilution of an 

antioxidant was measured at 517nm. Ascorbic acid I Omgiml was used as reference. 

2, 20iphenyll -PicrylHydrazyl is a stable in powder form free rad ical with red color which 

changed to ye llow when scavenged. The DPPH assay uses this characte r to show free rad ica l 

scavenging act ivity. The degree of discoloration indicates the scavenging potential of the 

antioxidant compounds or ex tracts in terms of hydrogen donati ng ability. Reagent was 

prepared by dissolving: O.l mMOPPH solution in 4mg of OPP I-I in I OOm l of methanol. 

Working procedure: Honey radi cal scavenging activi ty was measured by 2, 2-dipheny l-l­

picrylhydrazyl (OPPH) di ssolving honey sample with methanol and mix 0.75 samples with 
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1. 5 ml of DPPI-I and absorbance we re measured at 5 17 nm and asco rbi c acid was used as 

control. 

The scavenging activ ity of honey samples for the radical 2, 2-diphenyl - I- picryl hydrazy l 

(DPPH) with different concentrations of ascorbi c acid (pos iti ve control) and honey sample 

2.5 , 5, 7.5, I Omg Iml were d issolved in methano l and 1.5ml of each sample was mi xed wi th 

3m l of DPP H in methanol (0.02 mg/ml ), wi th methanol serving as blank sample. The mixture 

was vigorous ly shaken and allowed to stand at room temperature for 15m in in a dark room 

and the absorbance was read at 5 17nm using UV -Visible spectrophotometer and the degree of 

stable DPP H deco louri zatio n to DPPHH (reduced form of DPPH) yel low indicated the 

scavenging effic iency of the sample (Ven ugopa l e t al. 20 10). 

Percentage radi ca l scavenging was calculated using the fo llowing formula 

% RSA = Abs contro l - abs sample * 100 

Abs contro l 

Where 

RSA= Rad ical Scavenger activ ity 

Tab le: RSA A bsorbance of honey samples 

S.No Sam ple Absorbance 

of sa mple 

I. Eucalyptus honey 0.4246 

2. G ui zotia-spp 0.3816 

3. Vicia faba 0.4660 

4. Trifo liulll 0.35 57 

5. Ve rn onia 0.5062 

6. Hyperi cum 0.3228 

7. Sati va 0.21 98 

Absorbance Result (%) 

517nm 47.40 

52.72 

42.27 

55.93 

37.29 

60.01 

72.76 
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4.6.2.2. Ferric reducing antioxidant power (FRAP) llssay 

FRAP was determined based on Bolanos (20 14). FRAP assay 75 ~" of sample (0 , 125, 250, 

500, I OOO~lm) was added to 1. 5ml micro-centri fuge tubes follo wed by 1 425~" of worki ng 

FRA P so lution and the mixtu re were incubated in the dark for 30miutes at 37°C and 

absorbance readin g were recorded at 700nm using spectrophotometer (Bo lanos et a i, 20 14) . 

The antioxidant power of honey was determined by Iml of ethanolic honey extract (I O%v/v) 

mi xed with 2.5 ml o f phosphate buffer and 2.5 ml of potass ium ferri-c yanide after incubation 

2.5 ml of tri chloroacetic acid was mixed and the mixturc had centri fuged at 3000rpm for 

10min. Fina ll y 2.5 su pernatant was mi xed with equal amount of ,·vate r and 0.5 111 1 of 0.1 % 

FeCI3. Absorbance was measured at 700nm using spectrophotometer and ascorbi c acid had 

used as a reference standard. Ferri c reduc ing antiox idant power was ca lcu lated us ing the 

fo llowing fo rmu la: 

FRAP value ~ C* A 700 Test 

A 7ooFe2
+ 

Where 

C~Concentrat i on 

A~Absorbance (~m) 
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Figure 6: DPPH Radical Scavenging activity w ith ascorb ic ac id of Belete-Gera honey 
Jimma Eth iopia 

4.6.2.3. Peroxide Radical scavenging activity 

The peroxide radical scavenging aClivily of honey sample was determined by honey so lution 

81111 in deioni sed water mix ing with 1.2 ml H20 2 phosphate buffer after incubating fo r I 10 min 

absorbance were measured at 230nm against phosphate buffer as blank . 1-120 2 phosphate was 

used as negative cont ro l and ascorbic acid was used as positive control and pe rcent inhibitio n 

we re calcu lated as 

Percent inh ibition = CAbs of -ve contro l- Abs of sample/Abs of - ve cont ro l)" 1 00 

Where 

Abs= Absorbance 
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Table: Peroxide absorbance of honey samples 

S.No Sample Absorbance Absorbance Result('Yo Blank 

of samples inhibition) 

l. Eucalyptus honey 0.3012 230nm 63.6 0.8276 

2. Guizotia-spp 0.3376 59.2 

3. Vicia faba 0.1133 86.3 

4. Trifoliulll 0.2259 72.7 

5. Vernonia 0.1969 76.2 

6. Hypericum 0.1456 82.4 

7. Sati va 0.2896 65.0 

4.6.3. Sensory evaluation 

The honey samples were evaluated for sensory acceptability based on the seven po int hedonic 

sca le rated from di slike extremely (I) to like ex treme ly(7) for taste, navour, colour and over 

al l acceptability of honey samples. A 40g of honey sample were put into sampling plate for 

each assessor and spoon, cup and water for rinsing we re served. 

4.7. Statis tical Analaysis 

The stat istical analys is was conducted with SPSS vers ion 20. Resu lts were expressed as the 

mean ±sd and at p:SO.05 were considered to be sign ifi cant. 
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5. RESULT AND DISCUSSION 

5.1. Floral Origin Determination 

The resu lts of pollen dominance of floral origin honey samples of meli ssopalynology finding 

indicated that seven mo nofloral honeyswere found in Be lete Gera lores t. The mo no flora l 

honeys were: Guizoliaspp., Eucalyplus spp. , Hypericum .1'1'1'., Trifhlium .11'1'.. ViciafiJba, 

Vernonia .IPI' .. Salvia ssp. ,(Table I). 

The leve l of domi nance ranged from 45% (Vicia[aba) to 88.9% (Saliva). The honey samples 

obtai ned frol11 Belete-Gera showed that the presence of variety of pollen grai ns. The highest 

po ll en grain was found in Sati va and the euca lyptus (81 .8%). This is in line with a st udy done 

in Romania, which showed that abo ut 72% of honey samples were mono floral and about 

28% were l11ultifloral (Claud ia et a i, 2016). The identification and quantificat ion of the 

pollens in honey sample is one of the best ways to determine the range of nectar type of 

honey. Melissopalynological al so help in identifying the geograp hical orig in (Si ngh et ai , 

20 16). 
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Table 1. Floral oirigin of Belctc gcra honey Jimma-Ethiopia (n=48). 

I-Ioney Source plants (%) 
sample 

Eucalyptus Guizotia Vicia Trifol iul11 Verno nia Hypericum Sativa 
spp spp faba spp spp spp 

A I 81.8 12 0 0 0 6.2 0 

A2 11 .4 13 68 0 0 0 7.6 

A3 8.7 12.3 76 
, 

0 0 ~ 

A4 10 4 79 0 0 I 6 

A5 0 0 13. 1 0 0 86.9 0 

A6 2 0 0 8 58 0 32 

A7 72 12 0 0 0 15. 1 0 

A8 11.4 70 12.6 6 0 0 0 

B9 18.5 15.3 64 0 2.2 0 

BIO 10 
, , 

0 79 0 5 ~ ~ 

BII 5.9 0 14.1 0 0 80 0 

BI2 22.5 6.4 0 5 49.5 0 16 

BI3 42.5 8.1 0 8 0 4 37.4 

BI4 11.4 9.6 68 II 0 0 0 

BI5 8.7 15.3 0 46.5 29.5 0 0 

BI6 23 0 4 5 0 28 0 4 

017 0 0 14. 1 0 0 85.9 0 

018 12.2 6 9 7 14.8 0 5 1 

019 81.8 9 0 
, 

0 6.2 0 ~ 

020 9 68 II 0 10 0 2 

0 21 10.7 12 70 0 0 7.3 

022 10 7.3 8 0 5.7 0 69 

0 23 47 0 10.1 0 0 3 1.9 I I 

024 " II 0 49 5 0 2 ~~ 
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Honey sample Source plants (%) 

Eucalyptus Gu izot ia Vicia Trifo li um Vernon ia Hypericum Saliva 
spp faba 

G25 75 13.8 0 3 0 8.2 0 

G26 II A 11.6 0 8 68 I 0 

G27 15.5 15.3 69 0 0 0 

G28 9 5 80 0 0 0 6 

G29 0 0 II . I 0 0 72 18.9 

G30 54 2 1 0 II 14 0 0 

G3 1 81.8 12 0 0 0 6.2 0 

G32 12 17 6 0 62 3 0 

S33 9. I 0 0 0 2 0 88.9 

S34 9 83 4 0 0 0 4 

S35 4 0 12.1 0 0 83 .9 0 

S36 0 3 0 6 80 0 II 

S37 79 12 0 0 0 7 2 

S38 14 II 67 2 0 0 6 

S39 10.7 I 'i.3 70 4 0 

S40 8 83 4 0 0 0 5 

W41 0 0 11. 1 0 0 85.9 0 

W42 0 18 0 14 0 68 

W43 81.8 12 0 0 0 6.2 0 

W44 10 7 72 II 0 0 0 

W45 10.1 153 0 74.6 0 0 

W46 10 4 0 79 0 0 7 

W47 13 0 II 0 0 76 0 

W48 10 0 0 9 23 0 58 

l 
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5.2. Sugar C ontents 

The sugar content o f the honey was stated in Cfable 2) the sum of Fructose and g lucose was 

found to be a dominant sugars, ranged from 60.76to 63.32g1l00g with a mean of61.S0g/ 100g 

in Saliva and vernonia honeys , respecti ve ly. Thi s was in line with the codex and EU standard 

wh ich is ~60gl1 ~Og (Codex, 200 I ). 

Thi s find ing was lower than the (Be lay et ai , 20 17) findin g wh ich was maxImu m 

concentrat ion of fi'uctose (43.1 ±O.4gl1 ~Og) was found in Acac ia honey and mInImum 

3S±4gl1 ~Og) was Becium grandi/forum and the maxi mum glucose content found in Leucas 

abyssinca (Belay et a i, 2017). 

Table 2: Mean S ugar content of Belete Gem honey Jimma-Ethiopia. 

Honey Types S ugar profiles (gil OOg) 
Fructose G lucose Sucrose Maltose 

Eucalyptus spp 32.020±0.77ab 30.S2±4.S 3a 1.30±0. S7b 0.S3±0.3 0a 
Guizotia-spp 30.S± 1.02b 3 1.18±3.96a 1.1 2±0.31 b 0.70±0.45a 
Vicia faba 3 1.S6± 1.70b 29.52±2.70a I.3S0±0.S4b 0.69±0.20a 
Trifol ium 32.32± 1.29ab 2S.4S± 1. 92a 0.S80±0.SSb 0.S I±0.6Sa 
Vernonia 34.S6± 1.22a 2S.46± 1. 57a 0.S40± 1.16b 0.52±0.40a 
Hyperi cum 3 1.90± 1.56ab 29.9S±2.29a 0.9S0±0.45b 0.63±0.S9a 
Sativa 33.7 1± 1. 6 Iab 27.0S± 1.74a 3.S00±0.3Sa 0.4 7±0.OSa 
Means fo r mono floral honey with different letters are signifiantl y different. 

Anot her study showed that sugar content of samples ranged from 7 l g/ IOOk g 01' honey to 

SOgll OOkg of honey (S hobham et a I. , 20 17). A study conducted in Un ited States regio ns 

sho ws that honey typica ll y contains fructose 3S.2%, Glucose 31.3 %, maltose 7.1 %, suc rose 

1. 3%, (Khan et ai , 20I S).Thi s va ri atio n was happe ned due to the difference in botani cal or ig in 

and geographical locatio n. 

The sum of the fructose and glucose is very close to the sum o f al l reduc ing sugars as fructose 

and glucose represents mostl y more than 90% of al l reducing sugars. The fructose/g lucose 

ratio and the sucrose concentrat ions are good criteria for d ifferentiatin g between unil'l oral 

honeys (Bogdanov et ai, 1999). 
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The sucrose content of the honey samples ranged from 0.84 to 3.S0g/l OOgm and it was within 

the codex standard «Sg/ l OOgm).S ucrosc is an essential sugar fo r honey qua lity and 

screening. The cont ribution of sucrose to total sugar in honey can be increased, if honey is 

harvested before ripening. The ripening process in the combs, the sucrose level is reduced by 

the action oCthe enzyme invertase (Bogdanov, 1999, Belay, 20 17). 

Sugar is the majo r component that gove rns honey property and its content is firml y related to 

the degree of maturity and botanical ori gin of honey. 

The maximum concentration of fructose (34.86±0.86g/l ~Og) was found in Vernonia and the 

minimum Gu izoti a spp (30.8±0.72g/l ~Og). A significant di Ference p<O. OS was observed 

between Vernonia and other mono fl oral honeys in fructose content. Glucose was the second 

most aboundent in Gui zot ia honey. 
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Table 3: Mean ±sd physicochemical propertics of Belctc Gera honey, Jimma- Ethiopia 

(n=48). 

HOlle), type Refrn cti Moistur Aw pH As h HMF Optica l EC Specific Free 
ve index c content density rotation acidity 

Eucalyptus 1.4992 15.0 0.53 4.1 0.30 12.2 0.5 203 0.50 -12 .9 40.0 
±0.004h ±0.16c ±0.04c ±0.01< ±O.Olh ±4.8ba ±O.OOa ±0.04. ±0.90bc ± 1.30<1 

Guizotia-spp 1.4940 17.0 0.56 4.3 0. 10 16.1 0.3792 0.20 -1 2.7 26.0 
±0.002d ±0.32c ±O.Olb ±O.OOa ±0.02d ±3.9ba ±O.OO I < ±O.Olc ±Q,73bc ± 1.23d 

ac 
Vicia faba 1.4895 18.8 0.59 4.23 0.30 16.3 0.3792 0.20 -14 .5 23.0 

±O.OO I a ±O.15ba ±O.Oab ±0.02h ±O.Olb ±4.5ba ±O.OOc ±O.OOc ±0.84ha ±O.59c 

Trifolium 1.4970 15.8 0.54 4.2 5 0. 10 2 1.95 0.3791 0.42 ·1 1. 3 26.0 
±0.002I>c ±O.32d ±0.0 1< ±O.OOb ±O.OOd ±Q,87a ±O.OOc ±O.12h ±0.84b. ± 1. 17d 

" Vernonia 1.4891 19.0 0.60 409 0.6 18.23 0,4498 0.3 1 -16. 0 32.0 
±0.004,d ±O. ISa ±O.OOa ±0.04c ±O.04fl ± 1.72ba ±0.002b ±0.0% ±O.67dc ±O.60h 

c 
i-Iypericurn 1.4960 16.2 0.55 3.70 0.2 12 .25 0,4497 0.37 -10.2 24. 0 

±0.005I>c ±0.29d ±O.Obc ±O.Old ±O.Olc ±4.94b ±0.002b ±0.05b ±O.9Ja O±O.35cd 

• 
Satvia 1.4905 18.4 0.59 3.62 0. 1 19.20 0.3792 0.26 - 12.9 29 .0 

±0.004,b ±0.24b ±O.Oh. ±O.OO, ±OOOd ±5,94ba ±()OO Ie ±0.0411 ±O.60d ±O,43e 
d c 

Means l'o r mono floral honey with different letters are signitican tl y different. 

Thc water activity had signi Ikant correlation at p<0.05 with reli'acli ve index, electrical 

cond uclivity, specific rotation. The electrical conductivity also had correlation with moisture , 

optical density and water activity. 

5.3. Physicochcmical properties 

5.3.1. Moisture Contcnt 

The moisture content of the honey samples was stated in (Table 3) wh ich ranged from 15.8 to 

19.8% with an average of 17.17% which was in the range of codex standard g O%. This 

result was in line wilh other studi es in whi ch the wale r content in honeys ranged fro m 14% to 

18.6% (Helena et ai, 2007). 

Another sludy done in Sudan shows moisture content of anal ysed honey ranged from 17.2% 

to 20.40% (Salah et ai, 2015) .The moisture content has imporlant role in the shelf li fe of 

honey; the lower the moi sture con lent the longer wi ll be the shelf life of honey because it 

prevent the fermentation by osmo-tolerant yeast. 
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A study in Burkinafaso showed that the moisture content of honey varied from 15.0 I±O.O I to 

25. I ±O.O which main ly concluded that the premature ex traction of these honey samples can 

lead to a greater ri sk for fermentati on (Meda et ai , 2005). 

Another study in Brazil showed that the moisture content present in honey in fl uenced the 

fla vour, density, crysta lli zation, solubili ty and conservation . The moisture content of Brazilian 

honey is 18.8% (Costa et ai, 20 IS). 

The moisture content is the composition cri teria which has a part of the standard has to be 

fulfil led in world honey trade and honey having a high water content is more likel y to 

fermented. In routine honey control carried out by the international honey commi ss ion duri ng 

1989- 1997 in more than 3000 honey samp les 91-95% of all honeys had water content of less 

than 20g/ I OOg (Bogdanov et ai , 1999). 

The refl'acti ve index of honey samples In the current study were ranged from 1.489 1 to 

1.4992 which was in line with the international honey commission standard which is 1.0 to 

2.5. 

5.3.2. Water activ ity 

The water activ ity of honey samples were ranged from 0.53 to 0.60, wi th average of 0.56 

(Table 3), a", can be calculated from moistu re content based on the following eq uation: 

all' =0.262+0.0 I 79* Moi sture. 

The water acti vity in honey results mainly from the concentrati on in the wate r of honey of 

monosaccharides fructose and glucose and some disaccharides such as sucrose and maltose 

(Chiri fe et ai , 2006). There is no more mi crobial growth under O.6aw (Novas ina et ai, 2008). 

The water acti vity in honey varied from 0.479 to 0.557(Helena, et al 2007). 
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The water activ ity of honey is below 0.6 which is enough to inhi bit the growth of 

osmoto lerant yeast present in honey. Water activity of honey depends on the concentration of 

so luble compounds and thus substances which are present in very small amount li ke 

oligosaccharides, nit rogenous compounds, ac ids. flavou r and mi neral have litt le effect on 

lowering of water activity. Therefore water act ivity mai nl y depends upon the concentration of 

fi·uctose and glucose in the water of honey to lesser extent on some disaccharide's like sucrose 

and maltose (S hafiq et ai, 20 14). 

5.3.3. Ash 

The ash content of honey sample stated in Table 3, which ranged li·om 0. 10 to 0.60gm with 

average 0.24gmll OOgm. The ash content of the sample were wi thin the accepted range which 

is :::0.6gm/ l OOgm of range (Codex al imentarious, 200 I ). 

This stud y was in li ne with (Derebasi et ai, 20 14) ash content of honey samples were ranged 

fi·om 0.00 toO.52%. 

Ash content IS a quality cri terion used for determi nation of the botanical flora and 

geographical origin of honey samples. Harvesting process, beaking techni ques and the 

material collected by the bees foraging on the flora can affect the ash content of honeys. 

5.3.4. Free Acidity 

The fi·ee acidity of the honey samples range from 23.0 to 40.0 with ave rage 28.57 (Table 3). 

The free ac idity of honey according to European Union standards::: 40meq/kg and according 

to codex alematarious :::50 meq/kg. The free ac idity va lue was low which indicate honey 

freshness and the free acid ity of honey ranged from 9.2meq/kg to 41.4meq/kg (S hobham et al. 

20 17). 

The free ac idity is an important quality criteria and honey fermentati on causes an increase in 

acidity value. The standard fi xed a maximum 40milli-equi va lents/kg which has increased to 

50mi lliequivalents/kg in the codex as there are honeys which have a hi gher natu ral acidity 
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(Bodanov et ai , 1999). A study done in Burkinafaso showed that the free ac idi ty var ied h om 

20.3±0.4 to 60.8±0.4meq per kg (Meda et ai, 2005). 

5.3.5. Electr ica l conductivity 

The e lectrica l conductiv ity of the honey sampl es we re ra nged from 0.20 to O.S mS/cm whic h 

were measured according to the harmo nized method of the European honey commission and 

expressed in mS/cm. Electrical conductiv ity was measured at 20°c using conductivity meter 

and all measurements were preformed in triplicate . 

Electrica l conductiv it y va lue of honey samples varied within the range 0.4 1 to 0.79mS/cm 

(Mo hammed et ai , 20 13). A study done in Argenti na showed the average values obtained fo r 

electrical conductivity of honey (0.33mS/cm and pH (4.17) indicate that the ana lysed honey s 

came main ly from nectar (Pia et ai, 2010) . Another study done in India showed that the 

electri ca l conductiv ity va lues ranged from 0.45 mS/cm to 0.46mS/cm (Shob ham et ai, 20 17). 

5.3.6. Specific rotation 

The specitic rotation of the honey range ti'om -16 to -10.25 which was s imilar with the 

resea rc h done in Lat iva wh ich was from -16 to -8 and the spec ific rotation was determined by 

polarimetry with the angular rotation of clear fi ltered aqueous so lutio n which the val ue is 

related sugar composit ion and the specific rotation is one of the physica l att ribute of honey 

classi fi cati on (Fred ij s et ai, 2008). 

The overa ll va lue for s pecific rotati on is a result of the values of the different honey sugars 

and the measurement of specific rota ti on used in EU count ri es was found negative values of 

specific rotation (Bogdanov et ai , 1999). 
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5.3.7. HydroxymethylfurfUl'al 

The HMF content of the honey samples found in Table 3 ranged fi'OI11 3.2mg/kg to 37mg/kg 

with an average result of 16.60mg/kg and were wi thin the Codex :::80mg/kg and :::40mg/kg 

ICH standards respectively. H MF is the quality index which is a good model to esti mate shelf 

life of honey (Biagio et ai, 2009). HMF activity is an international parameter used fo r the 

contro l orthe limit for thermal treatment to honey (Ch ua et ai, 20 14). 

Several facto rs such as temperatu re, time of hea ting durin g process ing, storage condi tions, 

ag ing of honey products and sources of floral were found to influence the HMF content in 

honey (Mo hamed et ai, 20 13). The HMF level of honey ranged from 2.0±2 to 4 I .9±0. I mg/kg 

(Meda et ai, 2005). 

5.3.8. Viscosity 

The viscosi ty of honey affected by temperatu re and fl oral sou rces and as the temperature ri se 

from 25°c to 45°c the viscosity of the honey samples decreased and showed Newto nian now. 

Table 4: The Viscosity of Belete G era honey samples at different temperature {25-

45)Jimma- Ethiopia (1I =48). 

S.No Monofloral Viscosity I'a s at different temperature 
honeys 25°c 30"c 3Stlc 40°c 45"c 

I. Euca lyptus spp 8.21 6.80 5.42 3.09 2.94 
2. Gui zotia-spp 4.23 3.07 2.01 1.38 1.02 
3. Viciafaba 8.20 7.1 4 5.72 4.03 3.91 
4. Trifo lium 1l.36 10.35 3.72 3.53 3.51 
5. Vernonia 12. 83 11.74 4.08 3.84 3.06 
6. Hyperi cum 6.21 5.24 3.06 2. 16 2.00 
7. Sa ti va 6.58 4.29 3.0 I 2.08 1.73 

The temperature dependent of viscosity of monofloral honey was assessed by appl ying the 

Arrhe nius type model. The fitting of the logarithmic of viscos ity in Pa s versus the rec iprocal 

temperature data was exam ined at a tem perature ran ge o f 298. 15-318. I 5K and projected by 

Arrhen ius model. The mono floral honeys Gu izotiaSpp. Sat iva . Euc laptus. Vic iafaba and 
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Hypericum showed Newtonian behaviour. The highest viscosity was observed at 25°C, while 

at a temperature 45°C become smal ler and the finding was in line with (Belay et ai, 2017). 
- -- ---- - ------
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Figure 8: The Arrhenius logarithmic value of viscosity (in Pa s) versus the reciprocal value of 

temperature( Iff) ofBelete-Gera honey Jimma-Ethiopia. 

5.3.9.Colour 

The colour of honey sample was measured by Pfund and the result ranged from extra light 

amber Viciafaba (35mm) to amber Hypericum (87mm) (Table 5). 

The result honey color of this study was in more lighter than as compared with a study done 

in India showed that the color of honey ranged from amber to dark amber and the color of 

honey depend on various parameters such as phenolic compounds and pollen content in the 

honey as well as its origin and floral varieties (Shobham et ai , 2017). 

Another study in Nigeria showed that the colour of honey ranged from I ight amber to dark 

amber (Adenekan et ai , 20 I 0). 
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Table 5. Color of Bclcte-Gera honey Jimma-Ethiopia (n=48). 

S.No I-laney Type Colour Prunc! 

I. Euca lyptus spp Light Amber 52 

2. Gui zoti a-spp Amber 87 
, Vic iafaba Extra li ght Amber 35 J. 

4. Trifolium Am ber 87 

5. Ve rn onia Li ght amber 52 

6. Hypericum Amber 87 

7. Sat iva Light amber 52 

5.3.10. Optical Density 

Optical density (00 ) of the honey samples were fro m 0.3 792 to 0.5203 (Table 3). and the 

findi ng was in line with the study of (Owayes et al 2005). One gram of honey was diluted 

with 9ml of di stilled water and centrifuged for 10min at 3000g the absorbance of the fi ltrate 

supernatant was measured at 530nm agai nst di still ed water as a blank using a 

spec trophotometer 

5.3.ll.pH 

The pH va lue o f the honey ranged from 3.62 to 4.30 with average of 4.04 which is within the 

range acco rdi ng to Euro pean union honey pH standards should in the range 3.6-4.6 and 

according to codex alematarious 3.6-4.6. The result of thi s study was in line with stud y done 

in Sudan showed that the pH values of analyzed honey sample ranged t1·om 3.98 to 4.6 1 

wh ich was from Blue Ni le and Darfur respecti ve ly (Salah et ai , 20 15). 

Another stud y done in Roman ia showed that the pH va lues ranged from 3.6 1 to 4.72(Claudia 

et al. 20 16). Anothe r study showed that honey pl-l val ues va ried from 3.5±0. 1 to 4.7 ±O.I 

(Meda et ai, 2005) . 
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5.3.12. Antimicrob ial properties of hon ey 

The values of zone of inhibition using disc diffusion for al l monolloral honey were stated in 

Table 6. The zone of inhibition ranged from 12- 19mm. Honey exhibits antim icrobial acti vities 

against S.aureus bacteria and this study was aimed to compare the effect of seven types of 

honey. 

The inhibitory effect of honey on bacterial growth showed Sativa honey( 19mm inhibition) 

had highest antibacterial growth effect to S.aureus and the efficacy of different types of honey 

aga inst S.aureus was depend on the types of those honeys. 

This study was in line with (Se lvamohan et ai, 20 16) which showed maX ll11llln zone of 

inhibition 18mm and minimum 6mm inhibition against S.aureus. Another study indicated that 

honey sample shown marked inhibition of growth of S.aureus the maximum inhibition zone 

was shown at concentrat ion of 100% as 20mm which red uce to 10mm at 75% concent ration 

(Taha et ai , 2009). The antibacterial acti vity of raw honey compared with popular antibiot ics 

showed that the zone of inhibition ranged from 6.94mm to 37.94mm (Chauhan et ai, 20 I 0) . 

Table 6: Antimicrobial properties of Belete Cera Honey Jimma-Ethiopia (n=48). 

S.No Honey types 

I. Eucalyptus honey 

2 Guizotia-spp 

3. Viciafaba 

4. Tr ifoliul11 

5. Vernon ia 

6. Hypericu l11 

7. Sat iva 

Inhibit ion zone Result 

I 7111 111 

I 0111111 

14111111 

I 5111 111 

I I III III 

I 6111111 

I 9111 111 

50 

Tetracyc line 
control 

26111 111 



5.3.1 3. Antioxidant property 

The pheno l, Ilavonoid , DP PI-I, FRAP and peroxide scavenge va lue o f honey sample is stated 

in Table 7. 

Table 7: Mea n ±sd for phenol, flavonioid , peroxide scavenging and ferric reducing 

properties of Belete-Gcra Honey Jimma-Ethiopia, (11 =48). 

S.No Honey DPPH Free Phenolic Flavonoid Perox ide FRAP 
Type rad ica l content(GAE/kg) Content radica l Values (%) 

scavenger(% ) (mgQE/kg) scavenger(%) 
I. Euca lyptus 47.40± 1.1 3 6 15.6±5.S0 4I.S0±0.84 63 .6±2.82 16. 10± 11.17 

honey 
2. Gu izot ia- 52.72±0.32 536.4±4.00 24.22±0.73 59 .2±0.46 23.30± 13.43 

spp 
, 

Vicia fa ba 42.27± 1.1 3 453. 1±3 .12 3 1.83±0.16 86.3± 11 .03 20.46±8.62 ,). 

4. Trifo lium 55.93±0.69 41 3.2±2.5 1 I 1.09±0. 11 72.7±6.36 15.42± I 0.26 

5. Vernonia 37.29±0. 11 42S.0±2.00 12. 18±0.01 76.2±7.21 62.82± 16.99 

6. Hypericum 60.01±0.87 406.7±3 .13 25. 62±0.08 82.4±7.9 1 46.30± 19.96 

7. Sativa 72.76±5.09 6 1.95± 1.47 18.90±0.11 650± 1. 13 67.82± 18 .13 

5.3.1 4. Phenol content 

The tota l phenolic content of the honey samples ranged from 406.7 to 6 15.6mg GAE/kg 

honey with mean 4 IS.90±3.1 Omg GAE/kg (Table 7), which was done by the modified Fo lin 

ciocateu method which was sensiti ve to phenol and pol ypheno l entit ies. A study in Malaysia 

honey showed that the total phenolic compound range fi'om 3 16.67 to 56 1.67mg GAE/kg 

honey (Wen et ai, 20 14). 

Another study in Argent ina showed that the tota l pheno li c conten t ranged from 40. 3 to 

193.0mg GAEII ~Og and Eucalyptus honeys exh ibited signi fica ntl y higher content and free­

rad ical scavenging acti vity (Maria et ai , 20 14). 
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· A study done Turkey showed that the total phenolic content of honey varied from 3536 to 

365.94 mg GAE/kg with a mean of 155.55mg GAE/kg using a standard curve o f ga llic ac id 

(Asli et ai, 20 10) . The total phenolic content ranged from 250 to 548 mg ga lic acid per kg of 

honey (S il vio et ai , 20 15). 

5.3.15. Flavono ids 

T he total flavono id conten t of honey sample va ri ed fro m I 1.09 t041 .50mgQE/kg and ave rage 

23.55mg QE/kg, with the lowest and highest observed in sample T ri fol iu m and eucalyptus 

honeys respecti ve ly Table 7, and in this study we used a spectrophotometer quantificat ion of 

fla vo noids with aluminum chloride. 
( 

This result was in li ne wi th the study done in T urkey which showed that the total fla vo noid 

content of honey samples was fou nd ranged li'om 4.80 to 54.78mg o f QE/kg with a mean of 

22.80mg of QE/kg (Asl i et ai, 20 I 0). The tota l fl avonoids result ran ged from 9 to 48.6mg of 

quercetine per kg of honey (Si lvio et a i, 20 IS). 

5.3.\ 6. Free rad ical scavengi ng activity 

The free radical scavenging activity of the honey samples resulted from 37 .29 to 72.76% with 

an average of 52.60% discolorati on of the DPPH Table 7. The le50 va lue which is the 

concentration of antiox idant (ho ney concentrat ion) that causes 50% in hibition of DPPH was 

ca lcul ated from the equation of the curve fo r each indi vidual sam ples. 

The antioxidmit properties of each honey sample was in vesti gated b;, eva luating the fi'ee 

radica l scavenging activ ity of DPPH rad ical and the extracted honey 0.5ml was mixed with 

methanoli c so lution 2.7ml contain ing DPPH radi ca l ,0.024mg/ml and the mi xture was shaken 

and left to stand for 15min in the dark in order for the absorbance to stab ilize and the 

redactio n of the DPPH rad ical was determ ined by measuring the absorbance of the mixture at 

5 17nm fina ll y the radical scavengi ng acti vity was ca lculated as the percentage of DPP H 

discoloration using the fo llowing equation. 

%RSA = (ADPPH-As/"D PPH)* 1 00 

52 

l 



5.3.1 7. Peroxide Radical scavenging activit ies 

All Belete-Gera honey samples have good perox ide scavengi ng act ivity in which most of 

them ex hi bited from 59.2 to 86. 3 % with an average of 72.7% Tabl e 7, perox ide inh ibiti on 

which was higher as compared with stud y done in Malaysia with tota l inhibition ranged (i'om 

20.95 to 76.99% (Wen et a i, 20 14) . 

5.3.18. Ferric reducing antiox idant powcr 

The fe rri c reduc ing antiox idant power o f honey samples ranged from 15.42 to 67.825% an 

ave rage 30. (Table 7), thi s was in line with the stud y in Italy with va lue 18 .83 to 79.5% and in 

Sioveni an study (Sari c et a i, 20 12). 

5.3.19. Scnsory a nalysis 

Two groups of samples were set up one Eucalyptus honey and the othe r Sati va honey. the 

sam ples were tested by a pane l of 50 assessors who we re as ked to eva luate the degree o f 

acceptability by g iving a sco re from I to 7 (7-ex tenn ely li ked and I extremely di sliked) about 

taste, smell , co lour and general appearance of the samples . 

Table 8: Sensory quality attribute of Belete-G cra honey Jimma-Ethiopia. 

Honey Types 

Euca I yptus 
honey 

Sati va Honey 

Param eters 

Taste 

Smell 
Colour 
General 
acce ptance 
Taste 

Smell 
Colour 
General 
acceptance 

Total panelli st (N) 

50 

50 

53 

Mean±sci 

5.44±0.95I 

5.54±0.952 
5.52±0.788 
5.78±0.840 

532± 1. 13 

5.20±0947 
5 86±0833 
5.S 8±0.99 1 



The main factors on mean acceptability of Gera fo rest honey with respect to taste. smel l, and 

colour and over a ll acceptability are presented in Table S. The sco re of the taste acceptance 

val ues ranged from 5.32±J.I 3 to 5,44±O.95 with mean va lue 5.38±J.04. There were no 

signifi cant difference (p>O. 05) in the taste acceptance amo ng Eucalyptus and Sativa honey 

samples and a ll the taste score of the honey were between like and extremely like thus the 

taste of honey samples were acceptable by the pane lli sts. 

The sco re o f smell acceptance ranged f'rom 5.20±O.94 to 5.54±O.95 with a mean 5.37±O.945. 

There was no signi fica nt d ifference (p>O.05) in smell accep tance among Euca lypt us and 

sati va honey and the entire sme ll test were between liked and extremely liked. Therefore the 

smell o f Gera forest honey was acceptab le by pane lli sts. 

T he sco re of the co lour accep tance test ranged from 5.52±O.78 to 5.S6±O.S3 and the mea n 

va lue of co lour acceptance was 5.69±O.SO, there was no significant (p>O.05) d ifference in 

colour among Eucalyptus and Sativa honey samples and a ll the co lou r scores of honey 

samples were in between li ke and extremely like based on the sca le indicated the colour of 

Gera honey was acceptable to the pane l li sts. 

The score o f genera l acceptance ranged from 5.5S±O.99 to 5.78±O.S4 in a sca le of seven with 

a mean of 5.68±O.915. General ly the acceptance leve l of Be lete-ge ra honey was between liked 

and extremely like and al l the sco res of acceptab ility we re above liked wh ich indicate high 

level of acceptabi lity. 

The Sensory pro fil e of the honey samples eva luated for the ir va ri ous attribu tes (Taste. Sme ll, 

Colour and Ge nera l appea rance). There is stati sti ca l d iffe rence be tween the honey sam ples 

and thi s can be expla ined by the fact that honey characterist ics are d i ffe ren t by several fac tors 

including bo tani ca l source and climatic conditions. The sensory analysis showed higher 

intens ity of sweetness and smell fo r euca lyptus honey than the sati va honey and sensory 

methodology in combinati on wit h phys icochem ical and mel isnological anal ys is im proves the 

ass ignati on o f tl o ral o ri gin of honey. 
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The color, aroma and flavour are major sensory characteristics of honey which are main ly 

determined by the botanical origin of honey as well as by processing and storage cond itions 

(Nadezda et al. 20 14). 

6. CONCLUS ION AND RECOMMENDATION 

6.1 Conclusion 

The phys ical properti es of honey are related with the chemical composition of honey and it is 

dependent on the botanical and geographical ori gin . The physical prope rties could be used to 

predict the ant ioxidan t activ ity in honey and pH, color, electrica l cond uct ivity determ ine the 

quality of honey. 

The resul ts obta ined 111 this study confirmed that honey 's composition depends on a great 

extent on its botanical origin thus flo ral origin is also in fl uence most honey's hea lth 

promoting properties and the most appropriate analytical method which to evaluate the 

antioxidant capac ity by determining the tota l phenol ic compounds in a sample wi th 

combination of the radi ca l scavengi ng acti vit y. 

Honey is ri ch in phenolic and fl avonoids which exhibit a wide range of biological effects and 

acts as natural antioxidant. The analysis of polyphenols had been regarded as very prom isi ng 

way o f studying fl oral and geographical origins of honey. The ana lytical procedure to 

determ ine individual phenolic compounds involves extraction fi'om matri x, ana lyti ca l 

separat ion and quanti fi cati on. 

Finall y as a conclusion the quali ty of honey mostl y depend on its chemical composition and 

floral origin. This study showed that the honey samples contained phenol ic compounds, 

Il avonoids and radical scavenging acti vities. The obtained results or honey ana lyse indicate 

the high qua lity of honey produced in .I imma forest and the qual ity of honey corresponds to 

Codex, EU and Ethiopian standard s. 
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6.2 Recommendation 

Based on this research the fol lowi ng points are recommended 

I. Honey is un ique on its flo ral source of the nectar from which it was made; accordi ng ly 

assessment of the physicochem ical and antioxidant property of honey from other area 

IS necessary. 

2. Quality honey is produced in Belete Gera f'o rest; .I imma, Ethiopia so en teri ng to 

international market is requ ired. 
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8. APPENDIXES 

Appendix I. Sensory analysis questioner 

Dear panel ist, 

Use the number scale below to mark which number that you like or di slike about honey 

samp les 

7. Ex tremely liked 

6. Liked a lot 

5. Liked 

4. Nether liked nor di sliked 

3. Disliked 

2. Much di sliked 

I. Ex tremely di sliked 

--------------General appearance 

---------------"faste 

---- ------- ----S mel I 

-------- -- ----Co lor 
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Appendix II. ANOVA for' sugars 

ANOV A for the effect of Fructose 
Source OF Sum or Squares Mean Square F Va lue Pr> F 

Model 6 22. 76 184286 3.79364048 2.10 0.1 770 

Error 7 12.64270000 1.80610000 

Corrected Tota I 13 35.40454286 

ANOVA for the effect of Glucose 
Source OF Sum of Squares Mean Square F Value Pr> F 

Model 6 30.84920000 5. 14153333 0.62 0. 7 105 

Error 7 57.89420000 8.27060000 

Corrected Total 13 88.74340000 

ANOV A lor the eflect of Sucrose 
Source OF Sum of Mean Square F Va lue PI'> F 

Sq uares 

Model 6 10.56234286 1.76039048 4.50 0.0346 

Error 7 2.73 720000 0.39102857 

Corrected Total 13 13.29954286 

ANOV A for the effect of Maltose 
Source OF Sum or Mean Square F Value Pr> F 

Squares 
Model 6 0.13657143 0.02276 190 0.09 0.9950 
Error 7 I. 71320000 0.24474286 

Corrected 13 1.84977143 
Tota l 
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Appendix III. ANOVA for physicochemical 
ANOVA for RI 
Source Sum of 

DF Squares Mean Square F Va lue PI'> F 
Model 

6 0.27787 122 0.0463 11 87 3 104.6 1 < 0001 
Error 

7 0.000 10442 0.0000 1492 

Corrected 13 0.27797564 
Tota l 

ANOVA for Illoisture 
Sum of Mean Square F PI'> F 

Source DF Squares Val ue 

6 30.14857143 5.02476190 80.90 <.0001 
Model 

Error 7 0.43480000 0.0621 1429 

Corrected 13 30.58337143 
Tota l 

ANOVA for a", 
Source DF Sum of Mean F Va lue PI'> F 

Sq uares Sq uare 

Model 6 0.00914286 0.0015238 1 3.56 0.0607 

Error 7 0.00300000 0.00042857 

Corrected Total 13 0.01 2 14286 
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ANOYA or ACI Ity 
Source DF Sum of F 

Squares Mean Square Value PI'> F 
Model 6 4 15.4285714 69.2380952 86. 18 < 0001 

Error 7 5.6242000 0.8034571 
Corrected Total 13 421.05277 14 

ANOYA ~ H ·01' pI 
Source DF Sum of Squares Mean Sq uare F PI'> F 

Value 
Model 6 0.88360000 0. 14726667 343.62 <.0001 
Error 7 0.00300000 0.00042857 

Corrected Total 13 0.88660000 

ANOY A for Ash 
DF Sum of Mean Square F Value PI'> F 

Source Squa res 

Mocle l 6 0. 39428571 0.06571429 143.75 <.0001 
Error 7 0.00320000 0.00045714 

Corrected Tota l 13 0.39748571 

ANOYA fo r HMF 
Source DF Sum of Squares Mean Square F PI'> F 

Value 

6 162. 18297 14 27.0304952 1. 54 0.29 11 
Model 

7 122.8056000 17.543657 1 
Error 

Corrected 13 284 .9885714 
Tota l 
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AN OY Ii . I d A or 0 tlca ens lly 
OF Sum of Mean Square F Value Pr> F 

Source Squares 

0.03699040 0.006 16507 2 157.77 <.000 1 
Model 6 

Erro r 7 0.00002000 0.00000286 

Corrected 13 0.03701040 
Tota l 

ANO YA ofEC 
Source OF Sum of Mean Square F Value Pr> F 

Squares 

Model 6 0.15468571 0.02578095 5.47 0.02 10 

Error 7 0.03300000 0.00471429 

Corrected Total 
13 0. 18768571 

ANOYA for SR 
Sum of 

Source OF Squares Mean F Value Pr> F 
Square 

Model 6 48 .31 428571 8.05238095 12.59 0.0019 

Error 7 4.47560000 0.63937143 

Corrected Tota l 13 52.7898857 1 
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