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Honey as
Nutrient and Functional Food,

Stefan Bogdanov
INTRODUCTION

As the only available sweetener honey was an impbfbod for Homo sapiens since his very beginnings
Indeed, the relation between bees and Homo sagiaried as early as stone dgén order to reach the
sweet honey, man was ready to risk his life (FidreAlready the first written reference to honay,
Sumerian tablet writing, dating back to 2100-20GD), Bientions honey’s use as a drug and an ointfient
see Chapter 1 on Honey and History. In most ancigliires honey has been used for both nutritional
purposes and for medicife %® 1% 12 According to the bible, the wise Solomon has :sé&idt honey my
son, because it is good” (Old Testament, proverb34The belief, that honey is a nutrient, drud an
ointment has been carried into our days. For a tong in human history it was the only known sweete
until industrial sugar production began to repla@dter 1800°. In the long human history honey has been
not only as a nutrient but also as a medi¢iheA medicine branch, called apitherapy, has deesldp
recent years, offering treatments for many disebgdsney and the other bee products (see Chapter 7

At present the annual world honey production isuatio? million tons, which is less than 1% of tbeat
sugar production. Today, honey is one of the lagtated natural foods. The consumption of honfgrdi
strongly from country to country. In the major legrproducing and exporting countries China and
Argentina the annual consumption is small: 0.1.20kg per capita. It is higher in developed cowstyi
where the home production does not always covemtmiet needs. In the European Union, which is both
major honey importer and producer, the annual aopsion per capita varies from medium (0.3-0.4 k) i
Italy, France, Great Britain, Denmark, Portugalhigh (1-1.8 kg) in Germany, Austria, Switzerland,
Portugal, Hungary, Greece, while in overseas camsuch as USA, Canada and Australia the averge p
capita consumption is 0.6 to 0.8 kg/year (see H@leapter on this homepage)

Different surveys on nutritional and health aspettsoney have been compil&®> 3¢ 150 156, 233,238

COMPOSITION AND NUTRITIONAL REQUIREMENTS
Carbohydrates

Main sugars are the monosaccharides fructose aedsg. Beyond the two monosaccharides, about 25
different oligosacharides have been detected, legtwheem nutrition relevant ones such as panose, 1-
kestose, 6-kestose, palatind&e?®’ The principal oligosaccharides in blossom horreytlae disaccharides
sucrose, maltose, trehalose and turanose. Honeyde®&y compared to blossom honey contains higher
amounts of oligosaccharides, and also trisacclmsedeh as melezitose and raffinose. During digeshe
principal carbohydrates fructose and glucose aigkyutransported into the blood and can be utdizer
energy requirements of the human body. A daily ddst0 g honey will cover about 3% of the required
daily energy

Proteins, enzymes and amino acids

Honey contains about 0.5% proteins, mainly enzyamesamino acids. Its contribution to human protein
intake is marginal with respect to quantity (Tab)e

Three main honey enzymes are diastase (amylassyngesing starch or glycogen into smaller sugasuni
invertase (sucrase, glucosidase), decomposingsuorto fructose and glucose, as well as glucogass,
producing hydrogen peroxide and gluconic acid fglatose. Since the saliva yields a sufficientlyhhig
activity of amylase and glucose oxidase, honeyrdrdaution to sugar digestion is of minor importanc
Honey glucose oxidase producing hydrogen peroxiuight exert an antibacterial effect in the oralitav
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Table 1.A. Main honey nutrients, after’® B Vitaminsin honey, according t
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dO, 94, 95, 108

Ingredient Amount Recommended Daily I ntake"

in 100 g 1-4 4-15 After 15

yearsold yearsold yearsold
Carbohydrates kca 300 1000- 1400-2700 2400-3100
1100
Proteins g 0.5 13-14 17-46 44-59
Fats g 0 - - -
Minerals mg
Sodium (Na) 1.6-17 300 410-550 550
Calcium (Ca) 3-31 600 700-1200 1000-1200
Potassium (K) 40-3500 1000 1400-1900 2000
Magnesium (Mg) 0.7-13 80 120-310 300-400
Phosphorus (P) 2-15 500 600-1250 700-1250
Zinc (Zn) 0.05-2 3 5-9.5 7-10
Copper (Cu) 0.02-0.6 0.5-1 0.5-1 0.5-1
Iron (Fe) 0.03-4 8 8-15 10-15
Manganese (Mn) 0.02-2 1-1.5 1.5-5 2-5
Chromium (Cr) 0.01-0.3 0.02-0.06 0.02-0.1 0.03-1.5
Selenium (Se) 0.002-0.01 0.001- 0.001-0.006 0.003-0.007
0.004

Vitamins mg/kg
Phyllochinon (K) ca. 0.025 15 20-50 60-70
Thiamin (By) 0.02-0.9 0.6 0.8-1.4 1-1.3
Riboflavin (B,) 0.01-0.9 0.7 0.9-1.6 1.2-1.5
Niacir? (Bs) 0.10-2.7 (170-355)* 7 10-18 13-17
Panthothenic acid @3 0.02-1.9 4-6 6
Pyridoxin (Bs) 0.01-0.32 0.4 0.5-1.4 1.2-1.6
Folic acid (B) 0.01-0.7 0.2 0.3 0.4
Ascorbic acid (C) 0.1-2.5 (52-62)* 60 70-100 100

% Niacin equivalents: 1 mg nicotinamide = 1 mg niaei60 mg tryptophan ( = niacin-precursor), *-@ueting to Chua
for Malaysian honey

et al®*

Table 20ther trace dementsin honey, after”

Element mg/100 g Element mg/100 g
Aluminium (Al) 0.01-2.4 Lead (Pb)* 0.001-0.03
Arsen (As) 0.014-0.026 Lithium (Li) 0.225-1.56
Barium (Ba) 0.01-0.08 Molybdenum (Mo) 0-0.004
Boron (B) 0.05-0.3 Nickel (Ni) 0-0.051
Bromine (Br) 0.4-1.3 Rubidium (Rb) 0.040-3.5
Cadmium (Cd)* 0-0.001 Silicium (Si) 0.05-24
Chlorine (CI) 0.4-56 Strontium (Sr) 0.04-0.35
Cobalt (Co) 0.1-0.35 Sulfur (S) 0.7-26
Floride (F) 0.4-1.34 Vanadium (V) 0-0.013
lodine (1) 10-100 Zirkonium (Zr) 0.05-0.08

*- elements regarded as toxic, can be partiallgraghropological origin
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Vitamins, minerals and trace compounds

The amount of vitamins and minerals is small ardcntribution of honey to the recommended daily
intake (RDI) of the different trace substances @égmal (Table 2). It must be born in mind thafetiént
unifloral honeys contain different amounts of maisr®. A possible exception is the high content, measure
in Malaysian hone}.

Honey contains a number of other trace elementenfine nutritional point of view the minerals chm
manganese and selenium are of nutritional impoetaggpecially for children of the age of 1 to 1&ryd@he
elements sulphur, boron, cobalt, fluorine, iodme)ybdenum and silicon can be important in human
nutrition too, although there are no RDI valuesposed for these elements (Table 2).

Honey contains 0.3-25 mg/kg choline and 0.06 toglkmacetylcholiné®®. Choline is an essential for
cardiovascular and brain function, and for cellu@mbrane composition and repair, while acetylcieoli
acts as a neurotransmitter.

Aroma compounds, taste-building compounds and polyphenols

There is a wide variety of honeys with differersites and colours, depending on their botanicalrotig

The sugars are the main taste-building compounesefally, honey with high fructose content (e.@qcée)
are sweet compared to those with high glucose cdrat®n (e.g. rape). Beyond sugars the honey aroma
depends on the quantity and quality of honey aamndsamino acids. In the past decades some resgarch
honey aroma compounds has been carried out andthar&00 different volatile compounds have been
identified in different types of honey. Indeed, tnasoma building compounds vary in the differemqey of
honey depending on its botanical originHoney flavour is an important quality for its dipation in food
industry and also a selection criterion for constsnehoice.

Polyphenols are another important group of compsuwrith respect to appearance and functional
properties. 56 to 500 mg/kg total polyphenols weted in different honey types, depending on theeyo
type'® *> Polyphenols in honey are mainly flavonoids (eugercetin, luteolin, kaempferol, apigenin,
chrysin, galangin), phenolic acids and phenolid arivatives™. The flavonoid content can vary between
2 and 46 mg/kg of honey and was higher in samplesyzed during dry season with high temperattifes
The polyphenols are responsible for the antioxigoperties of honey.

ATHLETIC PERFORMANCE

The physiological action of gel and powdered foohlhoney as a
carbohydrate source for athlete performance, mailing one,
was studied recently under controlled condition&bsider and
coworkerst” 119 190-192. 9% 5 hay increases significantly the heart
frequency and the blood glucose level during pemgorce®. It did
not promote physical or psychological signs of fglgoemia in
fasted subjectS* 2°® during resistance trainirfig’ or following
resistance training” **® In another trial the effect of low and high
glycemic index carbohydrate gels and honey wetedasn 64 km

z cycling performancé™ **> Both high (glucose) and low Gl
(honey) gels increased cycling performance, homéygoslightly better than glucose. The carbohydrate
profile and Gl response of honey was identicahti bf a popular sports g& 2" According to these
authors honey is well tolerated and can be an tefeecarbohydrate source for athletic performance.
Summarising the research on honey and sport mutiitis recommended that the amount of honey shoul
be adapted to the body weight and to the ingesitiom before exercisE®

. 4 hours before exercise: ingest 4 g per kg bodghiei

. 1 hour before exercise: ingest 1 gram per kg boeight

. 10 minutes before exercise: ingest 0.5 g per ky baelght

. During exercises 30 to 60 g can be ingested dwautp hour of exercise.

After physical exercise or competition carbohydsatkeould be supplemented by protein for optimal
recovery. Dry honey, combined with whey protein f@asd to be more effective than protein combirregio
with glucose or maltodextriti’. For optimal recovery athletes should consume abarhoney per kg body
weight within 15 minutes and repeat this procedarghe next 4 to 6 hours. Combining of honey with
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protein (3:1) may help to inhibit protein catabuligfter the exercis€. The results by Kreider and co-
workerg!” 1191991915 |d be confirmed by other researchers.

GLYCEMIC INDEX, GLUCOSE AND FRUCTOSE
Glycemic index, diabetes and the human diet

Glycemic index

The impact of carbohydrates on human health isid&ed controversially especially the understandfng
how the carbohydrate content of a given food affétwod glucose levels. Today, the dietary sigaifie of
carbohydrates is often indicated in terms of tlye@hic index (Gl). Carbohydrates having a low Gluioe
a small increase of glucose in blood, while thogh tigh Gl induce a high blood glucose level. Fose,
besides glucose the main honey sugar, has a @, odcrose: 68. Theoretically high-fructose horldes
acacia, tupelo, chestnut, thyme, calluna shoule laarelatively lower Gl. The only comprehensiveadat
honey Gl is the one presented in table 3. It i@basainly on data of different Australian honéy$*
There was a significant negative correlation betwiegctose content and Gl is probably due to therdie
fructose/glucose ratios of the various honey typstes. It is known that unifloral honeys have irayy
fructose contenit® 2°® Indeed, there is a significant negative correfabetween honey Gl and fructose
concentration (Arcot & Brand-Miller, 2005). Somenlegs, e.g. acacia and yellow box, with relativagyhh
concentration of fructose, have a lower Gl thareotioney types (Table 3). A negative correlatiotwieen
Gl and fructose was established, while there wasigmificant correlation between Gl and the othamdy
sugars. In a study with four North American honejth different fructose content the resulting Glues
were higher than those of the Australian study\aried between 69 and 7%. In another US investigation
the Gl of a honey of an unidentified botanical rigzas found to be 3%. Recently a study with German
honeys revealed Gl values lying between 49 antl 89 In these studies acacia, chestnut, linden and
heather honey had Gl between 49 and 55. A rapeyhtacba Gl of 64 while a honeydew honey had the
highest Gl with 89, which was due to its high mitse content.

In experiments with humans Ahmad et al showedttiehoney induced glucose rise in blood is less
pronounced that that after intake of artificial Bgrcontrol and gluco&e

The effect of ingestion of a 75 g sugar solutiontaming linden honey or fructose/glucose controserum
insulin and C-peptide values of healthy humans exasnined. These parameters were significantly lower
for honey. The mean serum glucose concentratioravgasower for honey, but direct comparisons at th
various times showed no significant differencesvieen the honey and the control. However, the andaru
the concentration-time profile for glucose respomas lower for the honey than the corftfol

The Gl concept claims to predict the role of cagishtes in the development of obe&ity meaning that
low GI honeys could be a valuable alternative ghitel sweeteners. In order to take into considematie
guantity of ingested food, a new term, the glycelméd, is introduced. It is calculated as the giyimeindex
multiplied with the carbohydrate content in a giyemtion, divided by 100. Values lower than 10 are
considered low, 10 to 20 are intermediate onesaéingle 20 belong to the category “high”. For an el
honey portion of 25 g the glycemic load of mostdymis low and some are in the intermediate range
(Table 3).

Diabetes

The GI concept was developed to provide a numéagsidication of carbohydrate foods on the assumnpti
that such data would be useful in situations inclviglucose tolerance is impaired. Therefore fodt veiw
Gl should provide benefits with respect to diabated to the reduction of coronary heart disEas€hus,
consumption of honeys with a low Gl, e.g. acaciadyomight have beneficial physiological effects and
could be used by diabetes 2 patients.

Diabetes 2 type

This diabetes type is not dependent on insulin.@yamas well tolerated by patients with diabetes of
unspecified typ€ and on diabetes type-2 pati€it¥" > According to a recent study, long term
consumption of food with a high Gl is a significaisk factor for type-2 diabet&$ while relatively high
amounts from 70 to 90 g honey were administeretowitany problems for the type 2 diab€té$ or even
had favourable effects on such patiéhts
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It is important to study not only the short terrfeef but also the long term ones on diabetes 2maEti The
results of this study demonstrate that 8-week cmipsion of honey can provide beneficial effects ony
weight and blood lipids of diabetic patients. Oa tther hand, haemoglobin A (1C) values increased,
meaning that a cautious consumption of honey ismecendet

Diabetes type 1

Diabetes type 2 depends on insulin and is an antaime disease. Honey seems to be also well tolebbgted
type 1 diabetes patients. Honey caused a higheptge increase than comparable amounts of suorose
glucosé. The c-peptide is a mass of the insulin increadsdod.

It has been also hypothesised that fructose migfiribute to the positive effect of honey on dia}ét

Also, it was shown that honey (Gelam honey fromaysaia) induced differential expression of MAPK, NF-
kappa B, IRS-1 (ser307), and Akt in HIT-T15 celslaxerts protective effects against diabetes-and
hyperglycemia-induced oxidative stress by improviraulin content and insulin resistarite

On the other hand it was found that linden honessed lower c-peptide increase than comparable asioun
of a fructose/glucose mixtufé The contradiction between the two studies shbaldesolved.

Table 3.Glycemicindex (GI) and glycemic load (GL) for a serving (25 g) of honey, after! 13
honey origin Fructose Gl AC GL (per
g/100g g/serving serving)
Acacia (black lockust)* Romania 43 32 21 7
Yellow box Australia 46 354 18 6
Stringy bark Australia 52 44+4 21 9
Red gum Australia 35 463 18 8
Iron bark Australia 34 48+3 15 7
Yapunya Australia 42 5245 17 9
Pure Australia Australia 58+6 21 12
Commercial blend Australia 38 62+3 18 11
Salvation June Australia 32 64+5 15 10
Commercial blend Australia 28 7216 13 9
Honey of unspecified origin Canada 8718 21 18
average 55 5545 18 10
Glucose 100
Fructose 19

AC = available carbohydrate

Fructose and obesity

Fructose is the main sugar in most honeys (Tablaripver-consumption of fructose in today’s Amanc
diet, mainly in the form of high-fructose corn sgris suspected to be one of the main causes for
overweight problent§®. After reviewing clinical studies these authorsrid that fructose ingestion leads to
a rise of de-novo lipogenesis, which finally hasuafavourable effect on energy regulation and aybo
weight.

In rat feeding experiments the hypertriglyceridegfiect observed after intake of fructose alonesdum
take place after feeding of honey fructose. Congpsveats fed with fructose, honey-fed rats hadhérg
plasmaa-tocopherol levels, higher-tocopherol/triacylglycerol ratios, lower plasma N§dncentrations
and a lower susceptibility of the heart to lipidgeadation. These data suggest a potential nuadidenefit
of substituting fructose by honey in the ingestisdsi®.

It was shown that in patients with hypertriglycendia, artificial honey increased TG, while honey
decreased T&. Recently it was found out that feeding rats by/d@oney solution decreased the weight of
the rats by decreasing their feeding frequéhcy

Feeding of honey or sugar to Wistar rats resultgt m increase of weight in comparison to controls
Sucrose fed fat cells were significantly largemtittae honey fed oné&'

Honey ingestion by humans leads to a rise of bfaattose concentration: in one case (rape honkig), t
rise was lower than that achieved after fructosetmge controls, in the other cases it was sambeaagtze
controls (acacia honey). Fructose metabolism mapwlbited by unidentified substances present & th
rapeseed honé{}
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Summarising the above research, honey has probably no or a weak effect on obesity compared to pure
fructose. However, thereis need of further tests with human nutrition studies, carried with a variety of
unifloral honeys.

INFANT NUTRITION

The application of honey in infant nutrition usedose a common recommendation during
the last centuries and there are some interestisgreations reported. Infants on a diet
containing honey had better blood building andghéri weight increase compared to a diet
without honey™. Honey was better tolerated by babies than suéfdaad compared to a
water based placebo significantly reduced cryinasess of infant§’’. Infants have a higher
weight increase when fed by honey than by sucarst showed less throw up than the
sucrose contro&°. Compared to sucrose, ingestion of honey by tsfegsulted in an
increase of haemoglobin content, better skin coldite no digestion problems were
encounterelf® **2 Infants exposed to a honey regimen had a betigshwvincrease and during the regimen
were less susceptible to diseases than infantsdiedally or infants given blood building agefits

The positive effects of honey in infant diet areilatited to effects on the digestion process. Qrssible
cause is the well established effect of oligosaddba onB. bifidus®*’. When fed on a mixture of honey and
milk infants showed a regularly steady weight gaid had an acidophilic microorganism flora rictBin
bifidus™®®. In an other experiment with honey and milk it véaswn that the infants were suffering less
frequently from diarrhoea, and their blood contdingre haemoglobin compared to a diet based owseicr
sweetened mifR®. Feeding honey to infants improved calcium upiake the blood, resulting in lighter and
thinner faeces.

There is a health concern for infants regardingptiesence oflostridium botulinumn honey. Since the
presence of this bacterium in natural foods is uitdgs and honey is a non sterilized packaged famd
natural origin the risk of a low contamination cahhe excluded. Spores of this bacterium can sativiv
honey, but they cannot build toxin. But in the séam of infants younger than one year the bactpoees
from honey can survive, grow, and theoreticallyidbthie toxin. On the other hand humans older than 1
months can ingest honey without any risk. In soames, infant botulism has been explained by ingesti
honey®" 2% 24%:3%|n Germany about one case of infant botulismyear is reporte®. As a result of the
reported infant botulism cases some honey packeagysthe British Honey Importers and Packers
Association) place a warning on the honey labdl‘thaney should not be given to infants under 12the
of age”. Recently, a scientific committee of the & examined the hazard@f botulinumin honey. It
has concluded, that no microbiological examinatioiisoney are necessary, as the incidenca.of
botulinumis relatively low and tests will not prevent infdootulism. In the EU countries the health
authorities have not issued a warning label on Zg@ogs. Also, the counter-indication of honey in
nourishing of infants in developing countries hasmquestionetf?.

For safety reasons honey should be given only to infants older than 1 year

FUNCTIONAL PROPERTIES

The functional properties of honey are tested imals and cell cultures. They are discussed inildata
separate sections and are summerised in the foliptable:

Effect Tested honey type

Antibacterial, antifungal and antiviral Different honey types

Antioxidant and hepatoprotective Different honey types

Anti-inflammatory Different honey types

Anticancerogenic and antimutagenic Different honey types

Radioprotective Tualang and Gelam honey

Immunoactivating and immunosuppressive Different honeys, often unspecified
Antiatherogenic Different honeys, often unspecified

Probiotic and prebeiotic Different honey types

Antinociceptive Different honey types

Anti-neurogenerative Different honey types

Anti-osteporosis Tualang and honey of a unspecified floral origin
Improves the renal funciont Honey of a unspecified floral origin

Improves the spatial memory of rats Honeydew honey

Anxiolytic, antinociceptive, anticonvulsant, antilessant  Different Nigerian honey of specified floral origin
Improves the fertility of rats Tualang, Malaysia and Palestine honey
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ANTIMICROBIAL PROPERTIES

The antimicrobial action of honey has been extamgikeviewed in 1992 by Mold#" **°and in 2011 by Al-
Waili et al. *°. It has both a direct and an indirect action.

I ndirect antimicrobial action

Honey can fight microbial infection by its immunoti@ating, anti-inflammatory and prebiotic
activity.

Direct antimicrobial action

Honey inhibits the growth of microorganisms andgiuffhe antibacterial
effect of honey, mostly against gram-positive baateés very well
documented® 2%+ 2%* 27 Both bacteriostatic and bactericidal effects have
been reported, against many strains, many of wdmelpathogenic (Table
5).

In 1937 Dold et al. determined the antibacterialigcas inhibine. The antibacterial assay caraet with
Staph. aureusvas senstitive to hydrogen peroxide. Researclsing this method found a good correlation
between the capacity of honey to produce peroxidetlae inhibine value. Honey glucose oxidase preduc
the antibacterial agent hydrogen peroxitie while another enzyme, catalase breaks it dbwAoney with

a high catalase activity have a low antibacterabgide activity” "X White established a good correlation
between the peroxide accumulation capacity andntibacterial activity expressed as inhibine€”? Lavie

was the first to postulate the existence of otiéibacterial substances in hoA8y

Table 4l nfections caused by bacteria that have found to be sensitive to honey %4 2%

Pathogen I nfection caused

Bacillus anthracis anthrax

Corynebacterium diphtheriae diphtheria

Escherichia coli diarrhoea, septicaemia, urinary infections,
wound infections

Haemophilus influenzae ear infections, meningitus, respiratory
infections, sinusitis

Klebsiella pneumoniae pneumonia

Mycobacterium tuberculosis tuberculosis

Proteus sp. septicaemia, urinary infections

Pseudomonas aeruginosa urinary infections, wound infections

Salmonella sp. diarrhoea

Salmonella cholerae-suis septicaemia

Salmonella typhi typhoid

Salmonella typhimurium wound infections

Serrata marcescens septicaemia, wound infections

Shigella sp. dysentery

Staphylococcus aureus abscesses., boils, carbuncles, impetigo, wound
infections

Streptococcus faecalis urinary infections

Streptococcus mutans dental carries

Streptococcus pneumoniae ear infections, meningitis, pneumonia, sinusitis

Streptococcus pyogenes ear infections, impetigo, puerperal fever,

rheumatic fever, scarlet fever, sore throat,
wound infections

Vibrio choleriae cholera

Actin. pyogenes, Kleb. Pneum., Noc. asteroids,iStreus, mastitis

Streptoc. agal., dysgal.,

Epiderm floccosum, Microsp. canis, M.. gypseunchioph.  tinea

rubrum, T. tonsurans, T. mentagr. var

E coli, Salmonella, Shigella, Vibrio, Hel. pylori peptic ulcer
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Honey has been tested generally on individual bacteut it is able to inhibit a mixture of highly
concentrated different human pathogen bacteria

Different antibacterialsincrease the efficiency of action and reduce the chancesfor bacterial
resistence

It was reported that depending on the antibactesdlit is possible to differentiate between theogide

and non peroxide antibacterial action. Using test tlifferent types of antibacterial substance Heeen
determined, the chemical identity of which remambe determined. The substances have different
chemical characteristics: acidic, basic or newtral that the main non-peroxide antibacterial agtigi

acidic®.

Studies with Malaysian Tualang honey showed alsat,the main non-peroxide antibacterial activity is
acidic’®. Interestingly, honey acts best against bactaracedic medium. This is important from therapeutic
point of view as the wound medium is also acitlic

Truchado et al, using another antibacterial testaueed also mainly non-peroxide antibacterial &gfiV/.
Thus, depending on the antibacterial test diffetgmes of antibacterial activity can be determined.
Summarising, antimicrobial effect of honey is dodlifferent substances and depends on the botanical
origin of honey’® #** 2% 2’ There are non-peroxide antibacterial substandsdifferent chemical origin,
e.g. and compounds with different chemical properti

1. Phenolics and flavonoidpresent in honey are also likely candidates, asyrofthem have been shown
to have antibacterial activity 102 130 180 217. 242,32 1t in one study no correlation between honeyphies
and antibacterial actidt. In a study with Cuban unifloral honeys honeyswhigher phenolic content
tended to have a higher antibacterial actiVity

2. The high sugar concentration of hof{éyand also the low honey pHcan be responsible for the
antibacterial activity.

3. Undetermined components of the water and methaagtiact of chestnut honey inhibit pathogenic
bacteria likeErwinia carotovora Yersinia enterocoliticaandAeromonas hydrophilaterfering in the
quorum signal (QS) system of bacteria. The bad¢t@®%asystem is thought to determine the virulerfce o
bacteria. The substances are thought to belorfgetoarbohydrate fraction of hon&y.

4. Carbohydrate break-down Maillard products, preBeCanadian honéy®3and probably also in any
honey, have an antibacterial activity. These sulgstsare also present in fresh honey.

5. Antibacterialaromatic acid$® and 10-HDA, the main royal jelly acid with antitverial propertie’$®
have also been found in honey.

6. An antibacteriahoney protein as defensin-1, which originates yatgelly, was also found in hon&¥;.
7. Honey bacteria produce antibiotic-like antifungeptide compounds, e.g. bacillomycif®f 2%

8. The strong antibacterial activity of Manuka hpisedue to the presence of the antibacterial amiost
methylglyoxaf?®

9. Lysozyme™®®
10. MRJP1-containing glycoproteffis

Summarising, following antibacterial factors arspensible for the antibacterial action

e Osmotic effect of sugars

e pH and honey acids

e Hydrogen peroxide

* Others: phenadlics, carbohydrates, Maillard products, proteins, antibiotic-like peptides
methylglyoxal, and other non-deter mined substances

Contrary to the non-peroxide activity, the peroxite can be destroyed by heat, by light and byageSf
(Table 6). The antibacterial activity of light bsmsn honey was more influenced by these differestbfa
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that of the dark honeydew honey. Thus, for optinantibacterial activity, honey should be stored toal,
dark place and should be consumed when fresh.

Some of the antimicrobial activity originates frone bees (the peroxide producing enzymes, the honey
acids, carbohydrates, defensin-1, antibiotic-liespounds) while some of it originate of it from hlants
(methylglyoxal, polyphenols) while a third part migbe created during honey storage (Maillard presjuc

Influence of heat and storage

Table 5.Influence of heat, light and storage on the antibacterial activity of honey against Staph. aureus
65, 68

after
Non-peroxide activity Peroxide activity
Storage: 15 monthsat rt light dark light dark
Blossom honey 76 86 19 48
Honeydew honey 78 80 63 70
Heat: 15 min 70°C
Blossom honey 86 8
Honeydew honey 94 78

antibacterial activity in % of the untreated colgrat — room temperature 20-26

Only fresh and unheated honey has optimum antibacéetivity. Early research showed that the petex
activity is destroyed by heat and by storage irlitjte *** 32% 327 On the other hand it was shown that the
non-peroxide activity is less susceptible to heatlaghf> °® *® On the other hand, Maillard products which
are produced upon heating and storage of honeydiawentibacterial activity ® The results are difficult

to interpret as it is not clear which type of aatiterial activity has been tested in many studiesvever,
taken a whole there is an overall decrease ottility upon storage, less if stored in the dark.

For optimum activity store unheated honey in a dark cool place.
Bactericidal or bacteriostatic?

In most of the reports on honey antibacterial actio distinction has been made between the twot Mos
experiments report on stop of bacterial growthradteertain time. The higher the concentrationdhger is
the period of growth inhibition. Complete inhibiti@f growth is important for controlling infecticiis

The bactericidal action of honey seems to be dep#rah the time of honey action. The time for
bactericidal action depends on the bacteria typevary from several to 40 hours. The concentradion
honey also plays a role. Honey concentrations kgrfiom 5 to 50 % have been found to be bactelicida
Generally, the higher the concentration, the fastebactericidal action can take plate

Antiviral, fungicide, anti-parasite activity and neamaticidal activity

Antiviral activity: it was reported that honey has been shown tiinini vitro theRubellavirus **° , Herpes
virus™ **and has anti- HIV-1 activity as tested by PCR, wusmethylglyoxal®

High inhibitory activity against the influenza virof various sources was reported for Manuka hBhey
Anti-parasite activity

It was reported that honey inhibited the growtlthoée species of tHeeishmanigparasite’® Honey extract
exhibited anthelmintic activify* Pakistan honey was found to exibit antiparasitiivity against the model
nematode Caenorhabditis eleg&hs

Neamticidal activity of honey against the model nemat@inorhabditis elegaris reported

Honey hadgungicide acitivity, but not many funghi species have bessted. It has antifungal activity
against dermatophytes, that can cause human my€lisesa). Such mycoses is a common disease in
humans. Honey has been shown to have a fungictdgtyaeagains dermatopytes from the genera
EpidermophytonMicrosporumandThrichophytonall species that can affect humafis

Recently honey samples from different floral soaraere evaluated for their ability to inhibit theogth of
40 yeast straingJandida albicans, C. krusei, C. glabrata and Trisbporon spp. Rhododendron and
multifloral honeys have generally more inhibitoffeet than eucalyptus and orange honeys (P < 6°45)
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Different unifloral honey from Slovakia also showarttifungal activity againg®enicillium crustosum, P.
expansum, P. griseofulvum, P. raistrickii and Rrveosum, mostly at concentration higher than 18%
Further studies are now required to demonstratesfantifungal activity has any clinical applieati

A mixture of honey and yoghurt was successfullye$o control vulvovvaginal candidasis of pregnant
womerf

The fungicide effect of honey agair®andida albicanss due to the effect of honey flavonofisOn the
other hand bacteria strain BH072 with a antifurmgitide was isolated in horiéy

Different Iranian honeys have antifungal activitgr@ida, Aspergillus Species and Trichophyton Rubfum

Invasive aspergillosis has become an increasingigmoin immunocompromised patients in recent years.
Due to increased antimicrobial resistance, natgehts with medicinal and immunomodulatory effects
have gained more attention. Aspergilus infectederféd with honey have a longer survival than cdstro

Why is honey successful in antIVIruIencetherapy’7

A review of Maddocks and Jenkins addresses thigidsis
becoming increasingly apparent that honey impacthe

gt virulence of bacterial pathogens in addition t@etfiihng cellular
Siaf e structure and metabolism. This is an attractivwebatte for an
S antimicrobial, and studies investigating novel waj/freating

bacterial infection are beginning to focus on antience
treatments rather than traditional bactericiddyacteriostatic
remedies. honey inhibits quorum sensing and viadehloney
ApfE e it reduces the capacity of pathogenic microorganisnabtain iron
Sl st from their host is detrimental to both colonizatenmd subsequent
progression of infection. Moreover these mechanisms
demonstrate that honey functions via two independen
mechanisms, being both bactericidal and antivituteaking it
an attractive antimicrobial whose multifaceted aeiis not likely
to promote resistance. In summary: the multiple@# of honey can be assigned to individual suljgrou
but collectively exert a combined effect againgnewous different types of microorganism (see figure
above)zi—sloney can be used together with antibiatiessynergistice way in order to increase antibiot
action.

ANTI-INFLAMMATORY EFFECTS

S 4 Anti-inflammatory effects of honey in humans wenedsed by Al Waili and
: i1t Boni ' after ingestion of 70 g honey. The mean plasmaemtnation of
A\ ; /84 thromboxane B(2) was reduced by 7%, 34%, and 3B&baf PGE(2) by
A F}-' ._ M deh 14%, 10%, and 19% at 1, 2, and 3 hours, respegtiaéier honey ingestion.
N MMATION The level of PGF(@) was decreased by 31% at 2 hours and by 14% at 3
- hours after honey ingestion. At day 15, plasma eotrations of
STOF thromboxane B(2), PGE(2) and PG&J2vere decreased by 48%, 63% and
50%, respectively.

e
i

»
]
1

Ingestion of honey had a positive effect in an expental model of inflammatory bowel disease irs fat
Honey administration is as effective as predniseliveatment in an inflammatory model of colitiseTh
postulated mechanism of action is by preventingah@ation of free radicals released from the imite
tissues. The reduction of inflammation could be tuthe antibacterial effect of honey or to a direc
antiinflammatory effect. A support of the latterpoyhesis was shown in animal studies, where
antiinflammatory effects of honey were observediunds with no bacterial infectidf?. Experiments

with honey to reduce artificial inflammation of kits point out that the antifinlammtory effect midie due
to imp;g\éed blood parameters such as reducedratfdn of neutrophils and decreased myeloperoxidase
activity .

New Zealand rewarewa, manuka and kanuka honey saraphibited potent, dose-dependent reduction of
human neutrophil superoxide production in vitroisTinhibitory activity did not correlate with levebf
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known phenolic-based free radical scavengers. Eurtbre, the active honeys did not scavenge supkroxi
generated in a cell-free xanthine/xanthine oxidesay. In C57BL/6J mice, topical application of oian
and rewarewa honey samples with the highest ip wittivity suppressed arachidonic acid-induced ear
oedema, and rewarewa honey suppressed both oedeneukocyte (monocyte and neutrophil) infiltration
Together, these findings demonstrate that somgendius NZ honeys exhibit clinically relevant anti-
inflammatory activity®’

Gelam honey from Malaysia attenuates Carrageerdregd rat paw inflammation via NF-kappa B
pathway®°

Honey flavonoids significantly inhibited the releasf pro-inflammatory cytokines such as TNF-alphd a
IL-1 beta. The expressions of INOS and the produaatif reactive oxygen intermediates (ROS) were also
significantly inhibited. Accordingly, the presentidy demonstrates that HFE is a potent inhibitor of
microglial activation and thus a potential preveatiherapeutic agent for neurodegenerative diseases
involving neuroinflammatiotf

Ingestion of honey by rats showed that honey hakyasic and anti-inflammatory effects by the
involvement of autonomic receptdts

Inflammation in specific parts of the human bodthmught to be a major cause of many chronic
deseases, such as cardiovascular dised8eFhus, the positive effect of honey on cardioviascu
health can be explained by the ant-inflammatoryégtof honey.

Analgesic action

Pain soothing action can come into being by diaatiinflammatory action and by action on the
brain. The analgesic action of honey has been stiowa due to the anti-inflammatory action (see
above) but also to a action on the brain via theidsystem, due possibly to honey flavondifis

ANTIOXIDANT ACTION AND OTHER ACTIONSLINKED TOIT

>

S : In vitro measured antioxidant activity
° e , » » » Theterm “oxidative stress” describes the lackepfibrium in the organism
LI : between the production of free radicals and thexidant protective activity.
deoy 8 e, ¢ The protection against oxidation is thought to préxsome chronic diseases.
00" . . e . . L. .
o | The oxidative modification of the lipoproteins isnsidered to be an
“e¢ important factor for the pathogenesis of arteriesisis.
Honey has been found to contain significant antiart activit
139, 146, 146, 162, 251, 2840 antioxidants being glucose oxidase, catatsmrbic acid,
flavonoids, phenolic acids, carotenoid derivativ@ganic acids, Maillard reaction products, aminols,
proteins. Recent results show that high-moleculassimelanoidins found in honey are also potent
antioxidant& ®?These and other Maillard products seem to be dhairtant antioxidants

yl, 18, 30, 56, 64, 81, 103, 134,

body cells

Different methods have been applied and also adox activity units determined. The different hads
for the determination of the antioxidant activigve been reviewéd

Honey seems to potentiate the antioxidant actidmedbs, thus making it an ideal sweetener of herb
infusiong®

The impact of heat on the antioxidant capacitylover and buckwheat honey during storage was agdlys
recently. Processing clover honey did not signififaimpact antioxidant capacity. Storage duringi@nths
reduced the antioxidant capacity of honeys by aBo%6, with no impact of storage temperature or
container type detected at the end point of theagwperiod. Another work also reports a decrefise o
phenolic content and the antioxidant capacity eicahoney after one year of storage of honeyahro
temperaturg®

In another study both antioxidant activity and bngeigment formation increased with heat treatment a
time ®*°. This can be explained by the formation of thecxidants HMF and similar Maillard products.

Bee Product Scienceiww.bee-hexagon.netApril 2016 11




Book of Honey, Chapter 8

On the other hand other works report no changatidxidant capacity of processed and raw honeys aft
storage’®  In another work honey heating at high tempeestdoes not seem to influence the antioxidant
activity of honey™

If honey is fermented to mead it loses some ddritsoxidant activity, this loss is less pronounaedcacia
and linden honéy’.

Summarising the results it seems that heating néhat high temperatures does not seem to influéece
antioxidant properties of honey, while storage leal to both decrease and increase of acitivitytheu
research is necessary to clarify the conflictirguhes.

Antioxidant effect in vivo
The antioxidant activity of honey was not influedadter digestioft”

There is a significant correlation between theamtiant activity, the phenolic content of honey el
inhibition of the in vitro lipoprotein oxidation dfuman serum. It was found that honey intake caased
higher antioxidative effect in blood than the ireak black tea, although its in vitro effect measlias

ORAC activity was five times smaller than that &k tea*’.

Generally, the darker the honey, the higher itsiplie content and its antioxidant pow&t 9 146. 222, 269, 287,
320 Further, in a lipid peroxidation model system kwiceat honey showed a similar antioxidant actisisy
1 mM a-tocopherof°. Also, the influences of honey ingestion on thicidative capacity of plasma was
also tested® %! In the first study the trial persons were givesiza syrup or buckwheat honeys with a
different antioxidant capacity in a dose of 1.5ggfiody weight. In comparison to the sugar contooidy
caused an increase of both the antioxidant ancethecing serum capacity’. In the second study humans
received a diet supplemented with a daily honeygooption of 1.2 g/kg body weight. Honey increade t
body antioxidant agents: blood vitamin C conceidraby 47% p-carotene by 3%, uric acid by 12%, and
glutathione reductase by 7% It should be borne in mind that the antioxidastivity depends on the
botanical origin of honey and has remarkable viariatin honey from different sourcts*® 139 146. 196,320

The antioxidant activity of honey is probably tleason of the protective effect of honey againstabe
and oxidative stress induced by CS in rat t&8tis

Manuka honey protects middle-aged rats from oxtdatiamage. Ingested honey resulted in different
antioxidant effects: the level of DNA damage wadueed, as well as the malondialdehyde level and the
glutathione peroxidase activity in the liver of bdhe young and middle-aged groups. The glutathione
peroxidase activity was increased in the erytheeyand the catalase activity was reduced in viee éind
erythrocytes of both young and middle-aged ratergsupplementatioff

Linksto other diseases

In a review by Erejuwa et al. the antioxidant pmips of honey are reviewed and honey is praised as
“novel antioxidant”. This review presents findindst indicate honey may ameliorate oxidative stiesse
gastrointestinal tract (GIT), liver, pancreas, lkdgnreproductive organs and plasma/serum. Bediues,
review highlights data that demonstrate the sysgogantioxidant effect of honey and antidiabetiggs in
the pancreas, kidney and serum of diabetic rats.i$lstrengthened by the finding that honey podéed
the antioxidant effects of he38These data suggest that honey, administered aldnecombination with
conventional therapy, might be a novel antioxidanhe management of chronic diseases commonly
associated with oxidative stress. In view of thet that the majority of these data emanate frormahi
studies, there is an urgent need to investigaseathiioxidant effect of honey in human subject$iwhronic
or degenerative diseases. The authors go on tesutigat honey might be the better antioxidant than
accepted antioxidants such as vitamin C and Eheakatter act also as oxidants

Hepatopr otective effects

Generally, antioxidant and hepatoprotective pragertorrelate well with each other, as decreasargful
radicals will protect the liver from them.

The amelioration of oxidative stress, as a redutiomey administration, was accompanied by sigaific
reductions in the size of enlarged hepatocytesdedha, restoration of bile canal iculidilatationlan

Bee Product Scienceiww.bee-hexagon.netApril 2016 12




Book of Honey, Chapter 8

reduced number of apoptotic célfs Similar hepatoprotective effect of honey was atgmrted in rats with
obstruction of the common bile difét

In rats with N-ethylmaleimide (NEM)-induced liverjury, honey supplementation significantly restoitegl
levels of hepatic glutathione, ameliorated the (NEMIuced congestion and mononuclear cell infilérat
in the live®. These findings, generally, suggest that amelimmaif oxidative stress in the liver may
contribute to the hepatoprotective effect of honey.

Honey can be used as an effective hepatoproteatjent against paracetamol-induced liver daffage
Anti-inflammatory effects

Inflammation in the body is often caused by fredigals. Thus antioxidant and anti-inflammatory eféeof
honey are probably linked to each other. Indeeslatiti-inflammatory action of honey is well docurezh
(see above).

Radioprotective effects

Gelam honey from Malaysia modulates the expressi@mtioxidant enzymes at gene and protein levels i
irradiated HDFs indicating its potential as a radatectant ageft Tualang honey protects keratinocytes
from ultraviolet radiation-induced inflammation ablA damagé®

Honey, oxidative stress, hypertension and diabetes

Oxidative stress is implicated in the pathogenas@or complications of hypertension and/or diabete
mellitus. A combination of these disorders increabe risk of developing cardiovascular eventss Bhildy
investigated the effects of streptozotocin (60 mpif)-induced diabetes on blood pressure, oxidativess
and effects of honey on these parameters in thelgglof streptozotocin-induced diabetic Wistar-Kyot
(WKY) and spontaneously hypertensive rats (SHRabBtic WKY and SHR were randomized into four
groups and received distilled water (0.5 mL) aradang honey (1.0 g/kg) orally once daily for thveseks.
Control SHR had reduced malondialdehyde (MDA) armlgased systolic blood pressure (SBP), catalase
(CAT) activity, and total antioxidant status (TASBP, activities of glutathione peroxidase (GP>J an
glutathione reductase (GR) were elevated while WaS reduced in diabetic WKY. In contrast, SBP, TAS,
activities of GPx and GR were reduced in diabeH&RSAntioxidant ( tualang honey) treatment further
reduced SBP in diabetic SHR but not in diabetic WiMlso increased TAS, GSH, reduced glutathione
(GSH)/oxidized glutathione (GSSG) ratio, activit®GPx and GR in diabetic SHR. These data suggest
that differences in types, severity, and complaraiof diseases as well as strains may influersporeses

to blood pressure and oxidative stréss

Antioxidant scavenging activity is linked to theyention of many chronic and age dependent pagizab
conditions like cancer, diabetes, atherosclerasasaract and others chronic pathological conditidhs?’

ANTIMUTAGENIC AND ANTITUMOR EFFECTS

Antimutagenic effects

Mutagenic substances act directly or indirectlypbymoting mutations of genetic
structure. During the roasting and frying of foagtdrocyclic amines are built, e.g. Trp-
p-1 (3-Amino-1,4-dimethyl-5H-pyridol [4,3-b] inddleThe antimutagenic activity of
honeys from seven different floral sources (acdmi@kwheat, fireweed, soybean,
tupelo and Christmas berry) against Trp-p-1 waetega the Ames assay and
compared to that of a sugar analogue and to ingilig tested simple sugars. All
honeys exhibited significant inhibition of Trp-priutagenicity. Glucose and fructose
were found to be similar antimutagenic as honeyveee more antimutagenic than
maltose and sucro$g.

Stingless bee honeys from west Amazonian Ecuaduvesth anti-mutagenic activity assayed with
Saccharomyces cerevisiae D7 strain, inhibiting baakation over the entire tested concentrationeghg

Antitumor effects

A 2012 review summarises the anticancerogenic ptiegeof a number of honey flavonoids

The anticancerogenic effects of honey have beamtgcreviewed '#* #° These effects of honey have
been thoroughly investigated in certain cancerk sisdreast, liver and colorectal cancer cell lihes
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contrast, limited but promising data are availdbteother forms of cancers including prostate, tead
endometrial, kidney, skin, cervical, oral and boaacer cells.

Breast cancer

Breast cancer is the most frequent cause of deatloien. Anticancer activity is targeted to regeilkdie
estrogen signal pathway.

Tsiapara et al. investigated the influence of Gleakey extracts (thyme, pine and fir honey) on the
oestrogenic activity and cell viability of breas®-7 cancer cells. The authors found that the honey
samples exhibited a biphasic activity in MCF-7 selépending on the concentration—an antiestrogenic
effect at low concentrations and an estrogeniacefehigh concentrations. In the presence of distra
thyme and pine honey extractswere found to antagastrogen activity, while fir honey extract enteth
estrogen activity in MCF-7 cells. The study alspared variations on the effects of the three hanéagacts
on cell viability. While the study found no effasftthyme and pine honey on MCF-7 cells, fir honey
enhanced the viability of MCF-7 cells. These ddtdats of honey extracts are mostly likely dueheit
high contents of phenolic compounds such as kaewiEad quercetin. The authors concluded that
modulation of oestrogen activity was linked to tied phenolic content of Greek honeys and suggedhbetd
a thyme honey-enriched diet may prevent canceteckarocesses in breast, cafter

Tualang and Manuka honeys also exert an antitustivity against breast cancer lif&s>® 17

Several studies have also confirmed the antimetasitiproliferative and anticancer effects of hooa
breast tumor or cancer in rodef{s?*%>°

The above cited studies suggest that honey exlaibtisancer effect as evident by its antiestrogzivity
and potential in inducing mitochondrial membranpalarization and apoptosis in breast cancer cells.

Colorectal cancer

This is the third commonest cancer in the world alsd second or third leading cause of cancer death
In different studies the anti-liver cancer studiesell studies and mice mod&l§>>° 168 169 324 136

Details of some of the cited studies:

The antimetastatic effect of honey and its possitibele of antitumor action was studied by applyiogdy
in spontaneous mammary carcinoma, in methylchotent#iinduced fibrosarcoma of CBA mouse and in
anaplastic colon adenocarcinoma of Y59 fatsA statistically significant antimetastatic effecas
achieved by oral application of honey. These figdimdicate that honey activates the immune systain
honey ingestion may be advantageous with respegirtoer and metastasis prevention. In addition, the
authors postulate that honey given orally befonedwr cell inoculation may have an impact on tumour
spreading.

In another work of the same group the effect ofdyoon tumour growth, metastasising activity and
induction of apoptosis and necrosis in murine tunmadels (mammary and colon carcinoma) was
investigated. A pronounced antimetastatic effed alaserved when honey was applied before tumour-cel
inoculation (peroral 2 g kgfor mice or 1 g kg for rats, once a day for 10 consecutive days)

The anti-proliferative effect of honey in colon cancells was explained by its antioxidant and-anti
inflammatory propertie®®

Honey exerted antiproliferative potential agaihg HCT-15 and HT-29 colon cancer cells as assdnsad
(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazaath bromide (MTT) assay. Flow cytometric analysis
showed the increasing accumulation of hypodiplaidi@ in the sub-G(1) phase of cell cycle indicgtin
apoptosis. Honey transduced the apoptotic sigaahitial depletion of intracellular non proteiridts,
consequently reducing the mitochondrial membranergial (MMP) and increasing the reactive oxygen
species (ROS) generation. An increasing earliét lgyer break was observed in the treated celispawed
to the control. Honey induced apoptosis was accairgaby up-regulating the p53 and modulating the
expression of pro and anti-apoptotic proteins.rrapoptosis induction was substantiated using DNA
fragmentation assay and YO-PRO-1 staining. Resbltsved honey as a plausible candidate for induction
of apoptosis through ROS and mitochondria-depenaechanisms in colon cancer cells. This will proenot
honey as a potential chemotherapeutic agent agaitest cancef®.
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Gelam and Nenas monofloral honeys inhibit prolifieraof HT 29 colon cancer cells by inducing DNA
damage and apopto$is

Manuka honey has antiproliferative activity of mikadnoney on three different cancer cell lines, meiri
melanoma (B16.F1) and colorectal carcinoma (CT26yell as human breast cancer (MCF-7) cells in
vitro™*®

Liver cancer

In different studies the anti-liver cancer studiesell studies and mice models has been demoedttdt*
152, 154, 173

Other cancers

Honey ingestion by rats induced antitumor and puoced antimetastatic effects. The experimental
evaluation of antitumor properties of honey wasiedrout using five strains of rat and mice tuméteney
potentiated the antitumor activity of 5-fluoroutiaamnd cyclophosphamid®

In another study the antitumour effect of bee haagginstbladder cancer was examined in vitro and in
vivo in mice®’. According to these results honey is an effeatigent for inhibiting in vitro the growth of
different bladder cancer cell lines (T24, RT4, 2&88d MBT-2). It is also effective when administered
intralesionally or orally in the MBT-2 bladder candémplantation mice models.

3 Spanish honeys induced apoptosis in a conceniratid time dependent-manner, in addition, honélys w
the higher phenolic content, heather and polyflakaire the most effective to induce apoptosis in@aL
cells. However, honeys did not generate reactiygex species (ROS) and N-acetyl-L-cysteine (NAC)
could not block honeys-induced apoptosis in HL-6lls¢ a human peripherblood promyelocytic

leukemia cell line. These data support that honeys indapegtosis in HL-60 cells through a ROS-
independent cell death pathway, indicating thatthigproliferative and apoptotic effects of honeyied
according to the floral origin and the phenolic temf*?

Tsiapara et al. investigated the influence of Gleakey extracts (thyme, pine and fir honey) on the
oestrogenic activity and cell viability of breaBtCF-7), endometrial (Ishikawa) angrostate (PC-3)
cancer cells. Thyme honey reduced the viabilitisbikawa and PC-3 cells, whereas fir honey stineaat
the viability of MCF-7 cells. The authors concludédt modulation of oestrogen activity was linkedtte
rich gghgenolic content of Greek hon€eys especially to the action of protocatechuic artygroxybenzoic
acid

The antiproliferative activity, apoptosis, and #ritumor effects of honey druman renal cancer cell

lines (ACHN) were studied. Honey decreased thewvadility in the malignant cells in a concentratiand
time-dependent manner. Honey induced apoptostseoACHN cells in a concentration-dependent manner.
It is concluded that honey may cause cell deathémACHN cells by inducing apopto$f§

HMF, a compound found in heated honey has beertdftmpossess antitumor propertiésThus,
overheated honeys could potentially compensati#seof quality by winning anti-cancer properties.

Jungle honey, collected from tree blossom by wilddybees that live in the tropical forest of Niggri
enhanced immune functions and antitumour activityice*.

Tualang honey from Malaysia has: antiproliferaegivity on OSCC and HOS cell lines, exerting garl
apoptosis effectd® and antitumor effects in experimental breasteain rats’®. This honey induces
apoptosis and disrupts the mitochondrial membratenpial of humarbreast andcervical cancer cell
lines (uterine cancety® and inhibits also primary human keloid fibrobld%ts

Polish honey exhibitednti-brain tumor activity, measured by the inhibition of glioblastoma moiltifie
Us7MG™*

Manuka honey has antiproliferative activity of mkaunoney on three different cancer cell limasyine
melanoma (B16.F1) and colorectal carcinoma (CT26) as welhaman breast cancer (MCF-7) cells in
vitro™*®

Honey inhibitsmouth cancer cells (oral squamous cell carcinoma) armhe cancer cells **
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M echanism of action

Two recent rewiew$* ***discuss the possible mechanisms of action inld&ainmarising, following
effects lead to the anticancer activity of honelye3e include, but are not limited to: cell cycleear
(antiproliferation), activation of mitochondrial thavay, induction of mitochondrial outer membrane
permeabilization, induction of apoptosis, inhihitiof Tumor Necrosis Factor (TNF), modulation of
oxidative stress, anti-inflammatory action, immumodulation, modulation of insulin signaling and
inhibition of angiogenesis, anti-mutagenic effects.

IMMUNOACTIVATING AND IMMUNOSUPPRESSIVE PROPERTIES

Immuno-activating properties

The effect of honey on the antibody production agfaihymus-dependent antigen sheep
red blood cells and thymus-independent antigestiierichia coli in mice was studied

28 According to this study oral honey stimulatestady production during primary and
secondary immune responses against thymus-depearuititymus-independent
antigens.

. It has been reported that honey stimulates T-lyroptes in cell culture to multiply, and
LSl activates neutrophifs

In a study with humans receiving a diet suppleneentith a daily honey consumption for two weeks &f 1
g/kg body weight ingestion of honey following effeevere observed: Increase of serum iron by 20% and
decrease of plasma ferritin by 11%, an 50 % iner@snonocytes and slight increases of lymphocgte a
eosinophil percentages, reduction in serum of imoglobulin E (34%) aspartate transaminase (22%) and
alanine transaminase (18%), lactic acid dehydroge(#l%), fasting sugar (5%) and creatine kinage an
finally an increase in blood of copper (33%) angdrglelevations of zinc and magnesium, hemogloboh a
packed cell volumé&

Honey increase proliferation of B- and T-lymphosy&ad neutrophils in vitfo

Nigerose, another sugar, present in hoi&y®’ has immunoprotective activity.

In another study with rats, feeding of honey cawseihcrease of lymphocytes in comparison with the
sucrose fed contrats

Apalbumine 1, the dominant royal jelly in honeywitnmunostimulating properties, is present in h8hey

I mmuno-supressive propeties

In animal experiments honey showed an immunosupeactivity'*“. In experiments with isolated
leukocytes honey inhibited phagocytic myeloperos@activity”>.

These findings is in line with the common beligdttingestion of honey can relieve pollen hypergafisi.
Immuno suppression plays also a positive role tnimmmune diseases.

Honey causes both an enhancement of the immunensspnd an immuno-supression. The
immunoactivating effects are in line with the comrhelief that honey improves human reaction tolvira
infections. Honey may be also trigger immunoaditigatactivity by its stimulatory effects on lympyies
and also by its probiotic effects (see above).

On the other hand the immunosuppressive activibhpoey is probably due to ts anti-inflammatory @ffe
These effects are in line with the belief that lyadingestion will decrease allergic reactions likeytfever.

CARDIOVASCULAR HEALTH

Feeding of honey or sugar to Wistar rats resultgt m increase of weight in comparison to controls
Sucrose fed fat cells were significantly largemtitize honey fed ones. Compared to the controlsgars)
sucrose feeding increased blood pressure, buhadtdney fed raf¥".

Ahmad et al. tested the effect of honey on bovimenhbin -induced oxidative burst in human blood
phagocytes. Honey treatment of phagocytes activatdmbvine thrombin showed effective suppression of
oxidative respiratory burst. It can be assumedttiiatsuppressive activity of honey could be bemafin

the interruption of the pathological progress ofl@avascular disease and may play a cardioproectil€
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Ingestion of honey by healthy humans has an effiedtlood homostasis by inhibiting platelet aggriesgat
The anticoagulant effect of could be due to sev@rbabnances present in honey: hydrogen peroxide, a
platelet aggregation inhibitor, to honey flavonoidssugar¥ or to by the influence on platelet function
caused by honey induced LDL oxidatioh

Greek honey exerts strong antioxidant activity othdhuman LDL, in accordance to previous studigh wi
honeys of other origins, and on serum total liptgirooxidation in vitro. The exact quantity of hgnehich
can be consumed daily for major antioxidant pratecineeds to be estimatét

In experemints with rats Tualang honey confersiogrdtective effects on ISO-induced oxidative sirbg
contributing to endogenous antioxidant enzyme #gtisa inhibition of lipid peroxidatiot,

Compared with fructose-fed rats, honey-fed ratsahhjher plasme-tocopherol level, and am-
tocopherol/triacylglycerol ratio, as well as a lovaéasma nitrate levels and susceptibility of tear to
lipid peroxidatiof®

Honey ingestion improves experimental heart weadergas extrasystoles, arrhythmia and tachicardia of
ratg’

DIGESTION, PREBIOTIC AND PROBIOTIC EFFECTS

4 ‘f'\ 5 Prebiotic effects
Important honey effects on human digestion have haked to honey
oligosaccharides. These honey constituents hashéotic effect, similar to that
of fructooligosaccharide8® ** The oligosaccharide panose was the most
active oligosaccharide. These compounds exertréf@qgiic effect in a
synergistic mode of action, rather to one of indiidl components, leading to
an increase of bifidobacteria and lactobaéifli According to an in vitro study
on five bifidobacteria strains honey has a growtinting effect similar to that of fructose andalae
oligosaccharide$’. Unifloral honeys of sour-wood, alfalfa and saggio honey stimulated also the growth
of five human intestinal bifidobacterf®. In another study honey increases both in vivoa(semd large
intestines of rats) and in vitro the buildinglafctobacillus acidophiluandLactobacillus plantarumwhile
sucrose failed to produce any effétt

Honey showed prebiotic activity towards 3 Lactobasispecies isolated from human faéles

It is not clear whether all types of honey exibitliotic effects and whether some honeys haveoagsr
prebiotic effect. Sour-wood, alfalfa and sHgand also clover honé&y have been shown to have prebiotic
activity.

The prebiotic activity of chestnut honey was fotmdbe higher than that of acacia hoftéy

Oligosaccharides from honeydew honey have prebéatiwity”®. Theoretically honeydew honeys,
containing more oligosaccharides should have agéoprebiotic activity than blossom honeys. There
need of more research on prebiotic activity of londfl honeys.

When added to yoghurt honey improves the viabilftprobiotic Bifidus® andLactobacillusbacterid’

However the influence of the oligosaccharide canteguestioned. Sage, alfalfa and sourwood honey,
which vary in their oligosaccharide contents, wemmpared with sucrose, high fructose corn syrup and
inulin in their ability to support growth, activignd viability of lactic acid bacteria and bifidaberia
typically used in yoghurt manufacturing. Growth dhe end products of fermentation (lactic and aceti
acids) were determined. Growth and acid produdiiporganisms studied in the presence of different
sweeteners were dependent on the specific organisgstigated; however, it was not influenced by
sweetener type, oligosaccharide content or thalfewurce of the honeys. All the sweeteners studied
supported the growth, activity and viability of thganisms studiéd

Probiotic effects

It has been shown that fresh honey has probRifidus andLactobacilusbacteria. However these bacteria
are viable only in fresh honey, about 2-3 montfas™dl

Gluconobacter oxydans isolated from Indian honey feand to possess probiotic properties with
siderophorogenic potential
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HONEY AND THE BRAIN

The neurological effects of honey have been regeatliewed’: According to the original references cited
in the review honey has following effects:

1. The normal diet of two-month-old rats was supplet@envith honey, and their brain function was
assessed over a one-year period. Honey-fed ratgeshsignificantly less anxiety and better spatial
memory throughout all stages compared with therobgtoup of rats. More importantly, the spatial
memory of honey-fed rats, as assessed by objemgméion tasks, was significantly greater during
later month

2. Honey decreased the number of degenerated newalisain the hippocampal CA1 region, a region
that is known to be highly susceptible to oxidaiivgult.

3. Rats were fed with different concentrations of ho(#0, 20 and 40%) at a dose of hb/100g.
Significant dose-dependent increases in exploraiotiyities in a hole board test and in locomotor,
rearing and grooming activities in an open-fielst twere found in the honey-fed test groups rats
compared with the control group rats. These finglimglicate that the consumption of honey
mitigates anxiety and exerts an excitatory effectre central nervous system, especially at the
highest nonsedative dose.

4. Glial cells may also respond to honey therapy beedioney shows a neuroprotective effect in the
cerebral focal-induced ischemia model in rats

Honey ingestion improves anxiety and the spatiahory of rat§? and also improves memory performance
and hippocampal morphology in stressed ovariectedhiat$’. It also caused an anti-depressant effect as
shown by the inhibition of MA&®, or if Tualang honey was ingested by stressedestamised (OVX)

rats by hypothalamic-pituitary-adrenal axis andaemtement of the BDNF concentration

Research with different Nigerian honeys was caroigtd The results showed that honey significandly (
0.05) decreased locomotion and rearing behavioBBrand amphetamine-induced locomotor activity
when compared to the control group. Exploratoryavédr was significantly increased in both holeboard
and elevated plus maze but had no significant effespatial working memory. Honey sample from
Umudike has significant hypnotic and anticonvulseffécts. The antinociceptive models (hot plate taild
flick tests) showed that the honey samples sigaifiily increased the pain reaction time and naloxone
blocked these central antinociceptive effects. fbhee swimming test showed that only the Idanré (ID
honey sample had antidepressant effect. In comeiusbme of these honey samples have central iahjbi
property, anxiolytic, antinociceptive, anticonvulsand antidepressant effects, thus may be used as
nutraceutic. It can also be inferred that somédne$é¢ effects are probably mediated through dopagine
and opioidergic systertfs

Other effects
Antinociceptive activity

Theantinociceptivegpain-soothing) is thought to be triggered by quimhlkaloids. These quinoline
alkaloids are present in exceptionally high coneiun in chestnut honey, while they were presemiich
lesser quantitities in honeydew, acacia, thymeerder, dandelion, sulla, thymus, sunflower anddimd
honeys$™ .

Antiacetylcholinester ase activity

Antiacetylcholinesterase activity is thought tolip&ed with the prevention of neurodegenerativedses
such as Alzheimer. Several Brazilian honeys haysifitant antiacetylcholinesterase activity, which
depended on the floral soufte

Honey improving renal function
Experiments with rats showed that honey ingestigoroves their renal functidh
Honey for good fertility

Tualang honey from Malaysia was found to have a&fieial effect on menopausal rats by preventing
uterine atrophy, increased bonde density and sepipreof increase of body weidfit
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Malaysan honey had a positive effect of testicfilaction in raté'. A study with Palestine honey showed
that it increased spermatogenesis in’rats

Against osteoporosis

Honey improves on the short term Ca absorptioatitbones in a positive dose response fashionhkzut t
effect disappears on the long t&fnit was shown in a review article that Tualangdynan be used as an
alternative treatment of postmenopausal osteopoobsiomer**

Against radiation-induced inflammation
Tualang honey protects keratinocytes from ultratichdiation-induced inflammation and DNA Daméaye

NUTRITIONAL AND FUNCTIONAL PROPERTIES OF UNIFLORAL
HONEYS

Due to different proportions of the possible sosreectar

H ; . a3 and/or honeydew coming from a great variety of fgano
F honey is completely the same as another one. Hhnighility
could be a handicap, given the market requirenard f
consistent product, but when properly managedsdt eould
—i | represent an opportunity for enhancing honey bgrof) to the

consumer a number of typical products with special

characteristics, according to the particular bai@nbrigin.
Indeed, unifloral honeys are regarded as a moreafe class of honey, and botanical denominatioms a
widely employed on the European market, often awtdehigher prices than honey blends. Unifloral
honeys have higher prices than blend honeys. Intdes like France, Italy and Spain 30 to 50 %hef t
marketed honey is unifloral. In non-European cdasfwith the exception of the Manuka New Zealand
honey, unifloral honeys have a smaller importafidermation on European unifloral honeys is congpiie
the special Apidologie Issue 35 from 2004. In Egrtipere are more than 100 plant species that gan gi
origin to unifloral honey, most of them having omlyocal importancé®.

While the characterisation of microscopical, pbskand physical properties of unifloral honeyw el
advanced, the nutritional and health enhancinggat@s of unifloral honeys is quite a new fieldresearch.

The composition of honey depends on its botanidgirg regarding the main nutrients, the carbohydrates,
and also the minor on@ersano and Pit¥.

Glycemic Index and fructose

The variation of the Glycemic Index (Gl) varies aating to the botanical origin of honey is desatibe
earlier in this chapter.

Vitamins
Table 7:Average concentration of water-soluble vitaminsin Sardinian monofloral honeys
mg/kg +/- SD, aftef®

B, Bs Bs By C Sum
Eucalyptus (n = 5) <1.458 <2.262 <3.686 56 +0.4 3.2 £0.7 <16.2
Sulla (n = 3) <0.417 5+1 52 +0.7 <0.383 1.3 +£0.8 <12
Citrus (n = 3) 22 0.2 26+2 <5.613 <0.383 22 <36
Asphodel (n = 3) 3.7 £0.3 58 +0.1 16+ 6 <1.1 2+2 <28
Acacia (n = 2) <0.25 5+1 <1.75 <0.325 1.2 +0.2 <8.5
Lavender (n = 2) 4+1 <3.125 <0.58 <1.575 22 04 <11.5
Thistle (n = 3) <4.16 8.6 £0.8 <1.75 <1.447 23 x0.3 <18.3
Strawberry-tree (n = 3) <0.87 <4.633 <10.11 <0.39 4+1 <20
Heather (n = 1) <0.25 5.92 +0.01 <0.58 <0.50 2.7 0.9 <10.0
Rosemary (n = 1) <0.25 <0.75 <0.58 1.7 £0.2 15 0.2 <4.8
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Linden (n = 1) <0.25 7.0 £0.3 <0.58 1.28 £0.05 <0.10
Multifloral (n = 1) 1.1 +05 8+1 <0.58 1.8 £0.3 <0.10

Antibacterial properties

<9.2
<11.6

The antimicrobial effect of honey is due to differeubstances and depends on the botanical ofigioney

66, 210, 234, 235, 237

Table 8. A: Antibacterial potency of unifloral honeys

Honey type

Antibacterial potency,
type of antibacterial activity

Reference

Summarising, antimicrobial effect of honey is dod@ifferent substances and depends on the botanical

Buckwheat high potency, undetermined type

Blueberry high potency, undetermined type

Chestnut average to high, both peroxide and non-peroxide
Cotton high, undetermined, peroxide

Fennel High, peroxide

Gelam High, peroxide and non-peroxide

Heather low to high, undetermined type

Honeydew, dark, both coniferous

and non coniferous
Jarrah

Kanuka

Linen vine (Cuba)
Manuka

Marri (red gum)

origin of honey?® #** 2> Park colour

high: both peroxide and non peroxide

high: peroxide and non peroxide
High: non peroxide

high, undetermined type

high: peroxide and non-peroxide
high: peroxide and non peroxide

Medlar high: non-peroxide
Tualang high: peroxide and non peroxide

I ntermediate colour
Eucalyptus, low to high: peroxide and non peroxide
Linden, low to high: peroxide and non peroxide
Revanil high: peroxide and non peroxide
Thyme low to high: peroxide and non-peroxide
Tupello average: peroxide
Ulmo high: probably peroxide

Light colour

Acacia low-average: undetermined, non-peroxide
Christmas vine (Cuba) low, undetermined type
Borage low-medium

Fire-weed (Finland)
Clover

high, undetermined
Average, undetermined, peroxide,

Lavender medium: undetermined or non-peroxide
Lucerne low: undetermined and peroxide

Rosemary low to high, undetermined, non-peroxide
Orange low-average: peroxide and non-peroxide
Rape low to high: peroxide and non peroxide
Rhododendron low to high, undetermined or non-peroxide
Sunflower low-average: undetermined or non-peroxide
Taraxacum low-high: undetermined, non-peroxide

Bee Product Scienceiww.bee-hexagon.netApril 2016

78
78

66, 235, 314, 332
235, 329

39
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185, 304
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B: Summary Antibacterial activity of honey

High activity Intermediate activity L ow activity

blueberry, buckwheat, chestnut, eucalyptus, clover, lavender, acacia, Christmas vine, borage, ,
cotton, fire-weed, gelam, heathe linden, rape, rhododendron, lucerne, orange

jarrah, honeydew, linen vine, rosemary, thyme, tupello

manuka, red gum, revanil,

tualang, ulmo

The antibacterial properties of honey have beeiewed above. The dependence of the antibacterial
activity on the botanical origin is less clear than the antioxidant properties of honey. Thisloan
explained by two facts. On one hand, there aremifit antibacterial factors: hydrogen peroxiddedsint
honey components, most of all acids, and also glesnon the other a part of the antibacterial safrses
are added by the béés

The hydrogen peroxide in honey is produced by glaaxidase and destroyed by catalase. The resultant
between the two enzymes will determine the peroamimulation capacity of honey.

According to White and Dustmann the peroxide acdatimn capacity of honey depends on the botanical
origin of honey. Generally, dark honeys have a éigtttivity'* 3%

The non-peroxide, antibacterial activity depends a@in the botanical source of hoti&y** but there was
no clear cut correlation between honey colour adperoxide activity. Taormina et al found thatletar
honeys (buckwheat, blueberry) have a significamtperoxide activity’®

Manuka is considered the honey with the strongetittacterial propertie$”’, but there is increasing
evidence that other unifloral honeys, most of theth a dark colour have a similarly high antibaeer
potency (table 7).

Antioxidant properties

The antioxidant activity of honey has been revieabdve. The antioxidant properties of honey deymnd
the botanical origin of honey, the darker the hotieyhigher its antioxidative powgr- 3% °9 89, 137,139, 146, 187,
196, 197,197, 222, 241, 264, 267-269, 282, 3% captions are some relatively lighter honels drbutus honey from
southern Europ&,and sourwood honey from Malay&ia

Following dark honey types have especially highcdant power:

* Buckwheat(Fagopyrum sp.)

e Black cuminCarum bulbocastanum)

¢ Chinese milk vetclfAstragalus adsurgens)
¢ Gelam(Malaleuca cajuputi powell)

¢ Heather Caluna vulgaris, Erica umbellaja
* Honeydew (all types of honeydew honeys)
* Manuka [eptospermum Scoparium

» Strawberry tree honey (Arbutus menziesii)
* Sweet chestnyCastanea sativa)

* Tualang Koompassia excel¥a

| munostimulating effects

Apalbumine 1, the dominant royal jelly in honeymwitnmunostimulating properties, is present in wrfiiftal
honeys in different quantities. The quantity oflapaine, and also the immunostimulating properties,

decrease in the following order: Chestnut > dande} Rape, Linden, Acacfa
Prebiotic properties

It is not clear whether all types of honey exibitliotic effects and whether some honeys haveoagsr
prebiotic effect. Sour-wood, alfalfa, sage and etdvoney¥” have been shown to have prebiotic activity.
It was shown that the prebiotic activity of chesthoney is bigger than that of acacia hdiey
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Oligosaccharides from honeydew honey have prebiativity”®. Theoretically honeydew honeys,
containing more oligosaccharides should have agéioprebiotic activity than blossom honeys. There
need of more research on prebiotic activity of longl honeys.

Mineral content

The mineral composition of honey depends on thariical origin of honegf %% 216278310

Variation of honey mineral content, after*

8
§ 7
=z 6 Ol Fir
o
5
& 4 . Rape
§ 3 — [ ] Linden
@ 2 [ ] Rododendron
(%]
¢ | B chesun
g 0~ Lavandula stoechas, Citrus spp. and
Echium K Cu Mn plantagineum honeys collected in Portugal
were determined by fluorometry after reaction

with 2.3-diaminonaphthalene. The selenium levelhefhoney samples studied were low, ranging from
<1.0 to 2.91ug/100 g fresh weight. The honeys from Erica sppsatiza and E. plantagineum presented the
highest selenium values from all the honeys stuftieetlian values 1.69, 1.51 and 1&f/100 g fresh
weight), and the honeys from Eucalyptus spp., eatas and Citrus spp. presented the lowest values
(median values 1.33, 1.28 and 1120/100 g fresh weight). The selenium content of&spp., was
significantly higher than that observed for the &8yptus spp., L. stoechas and Citrus spp. andetleaisim
level o§6the Eucalyptus spp., was also significatttiver than that observed C. sativa and E. planéagn
honeys”.

Gastroprotective properties

The content of nitrate (N§in honey is thought to be the causative actiothefgastroprotective action of
honey. Dark honeys like honeydew and sweet cheladitonsiderably higher concentration than light
honeys (acacia, orange blossom, lavender, sunf]c:a.mmtus)'57

HONEY PRODUCED BY DIFFERENT HONEYBEES

Apismellifera honey

Most studied honeys are those producedpig mellifera which is spread all over the world. In
Europe there are different local honeyldgrs melliferasubspecies, but there are very few studies
comparing the biological properties of the diffedrepecies as there are generally no differences in
the honeys produced by these bees. In a studyilig ®e honeys produced by the local black bees
Apis mellifera ssp. Siculaad about 10 times higher content of polyphenalts higher

antibacterial activity than the same honey speamieduced by othepis melliferabeed®.

Honey of different Asian honeybees

In Asia some of the honey is produced by local dpexiesApis ceranaApis dorsata, Apis florae
and Apis laboriosaln one study in all these honeys both peroxide andpsooxide antibacterial
activity was encountered, Apis florea honey hathgghighest activity. However it is not clear
whether the differences encountered are due tbeber to the honey plant spe¢fésTualang
honey from Malasia, produced Byis dorsatehas an exceptionally high antibacterial activity,
comparable to that of Manuka horfdy 2°% 304

Stingless bee honey
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Honey from different stingless bees has considerabtibacterial activity 10% 164 227. 270. 34§,

some honeys being comparable to the one of Manokeyt' 2’ 3°® Stingless bee honey from
Ghana had a higher antibiotic activity than 8 sgtithantibiotic”®. Honey from the Brazilian
stingless bee Plebeija spp. had a higher antiokalzivity than the honey gather in comparable
hives nearby by the africanized bedelifera'*. The antibacterial activity of honeys from
5different Brazilian stingless bees is diffeféft

QUANTITY AND TIME OF HONEY INGESTION

From nutrition point of view honey is a sugar. Bareeteners a maximum of 40 to 50 g per day is géner
accepted. Taking into consideration that other ugee also ingested a quantity of 20 g daily can b
recommended. However it should be rememberedfahaealth enhancing and medical purposes higher
amounts, 50 to 80 g of honey per day are recomntefsd® Chapter 8 on honey and medicine). But such
high intake should be limited to a certain peribtire.

HONEY USES
Food industry

Heavenly
Honey!

WW"‘M"W ‘Hm;qif |

Due to its various favourable properties honeysisduas an additive to a variety of food and bew=gsee
Table 5). The application of honey as a food adgliis based on its manifold properties. The antdyél
effect of honey (see part Il) counteracts microbjailage of food, e.g. of me&t. The antioxidant effect of
honey prevents oxidation of food during storagenéfoacts against lipid oxidation of mé&t ***and is thus
a efficient meat additive for preventing oxidatgpoilage, e.qg. to poultdl or to meat and muscle of
unspecified origirf>". Effects of honey against enzymatic browning aftérand vegetablée§, soft drinks?®?
light raisin®®®, apple slice$® have been reported. Honey enzymes have a clesdfg in fruit juices and
fruit drinks manufacturing®™ **% Other physical and sensory properties make harggod candidate for an
additive to a wide variety of food: good sensorg ameological properties, superior microwave redgti
than synthetic sugars etc. More information on lyaaplication in food is available through the Aman

National Honey Board (http://www.nhb.org/foodteciaex.html).

Honey enhances the growth of dairy starter culturesilk and milk products. Especially species withek
growth rates in milk such as bifidobacteria areallgdortified by growth enhancers or by honey. The
growth rate of two bifidobacteria Bf-1 and Bf-6nmlk can be stimulated by the addition of honeynitk

318 The effect of honey was more pronounced thamtfeecaused by common growth enhancers based on
other oligosaccharides. Thus, honey can be usageebiotic additive to probiotic milk products.

Honey added to non fat dry milk has a favourabileiémce on some other “good bacterfaThe milk was
incubated withStreptococcus thermophilusactobacillus acidophilugactobacillus delbruecksubsp.
bulgaricus or Bifidobacterium bifidumHoney supported the growth of all strains. Thinars conclude that
various oligosaccharides found in honey may bearesiple for the enhanced lactic acid production by
bifidobacteria.

Due to its antioxidant activity the addition of leynto patties seems to prevent formation of hetelax
aromatic amine and overall mutagenicity in friedugrd-beef patties”.

Acacia honey did not affect the survival of the rolmal flora of yoghurt during a 6 week refrigerte
storage period'®. Also, honey had no effect on pH and lactic aeigkls of the final products. In addition, at
a rate of approximately 3.0% (w/v), it highly impes the sensory quality of the product without hg\a
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detrimental effect on characteristic lactic acidtbda. Another study with sunflower honey showeat t
addition of honey (2,4 and 6 %) increased the whi&treptococcus thermophilasmdLactobacillus
delbrueckii subsp. bulgaricuslues, optimum sweetness was at 4 % hdhey

Another main application of honey in food indussyn baking, cereal and the confectionary indusiry
review on these applications is summarised in a §taBy>*°. Proposed advantages of honey additions to
baked goods are moisture retention, good textomerdved baking, flavour and sensory properties.

Acacia and chestnut honey had a stimulatory etiadhe growth of Lactobacillus casei Lc-01 in coarsl
goat's milk*®

An overview of the different application of honeyfood industry is given in the tabbelow. A wide
variety of the application research on differenlagation of honey as a food additive has been
commissioned by the American National Honey Boéstivw.honey.com)All the mentioned applications
showcase a detailed description of the researctedarut, together with comprehensive explanatufithe
honey use.

Table 9: Honey applicationsin thefood industry
Use Explanation

Sweetener for: sport beverages, non-alcoholic fruit ~ supplies different natural honey flavours and cdpu
beverages, ice tea, yoghurt drinks, chocolate milk honey sugars are fermentable and give alcoholikdri
beverages; fermented beverages; vinegar, vegetable unique flavours; prevents browning due to antiottica
juices; in mead production properties

Additive to poultry and other meat, to fruit andye¢able Antioxidant and preservative (anti-bacterial) pnaies,
processing reduces browning, improves sensory properties
Additive to microwave foods: cakes, muffins, coakie Superior microwave reactivity and water activity
glazes managements than synthetic sugars

Additive to flour bagels, cereals, chicken marirmde  Improves sensory properties, adds/retains moistueeto
French fries, bread, pasta, extruded snacks, ¢ops,c hygroscopic properties; improves browning due to

potato chips reducing sugars;

Additive to frozen ice cream and dough Better stability and sensory properties

Additive to fruit spreads, peanut butter, nut sgrea Better storability and sensory properties

Additive to salsas and sauces Neutralises sour and burn intensity

Additive to fried or roasted beef, poultry Reduces the formation of heterocyclic aromatic &siand
their mutagenic effects

Dried honey Convenient as consistent in texture, flavour ariduwo

allowing blending with other dry ingredients

.

Honey in cosmetics

Since old times honey was used in cosmetics. QGémopatra took a bath of honey and milk for herubga
Today honey is also contained in many cosmetic yotd It is a component of the water soluble pért o
cosmetic emulsions as a humidifier for the cosmatioduct and for the skin. Generally, honey cosmés
suitable for all skin types. Honey is hygroscopintibacterial and fungicide, and its ingredientstume the
skin. It is mildly acetic and contributes to strérening the upper acetic protective skin layer @lthe skin

is 5.5).
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Honey cosmetic products

| Wild Oar & Fouey Mask

Pl o

HONEY e
SKIN CARE CREAM
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Shampoo, Hairbalm and purifying lotions hand cream and sun cream with honey

with honey

Mask is the best form that complies with the cdesisy of honey. It nourishes the skin and keeps it
moisturized. Regular use of them keeps skin jueesnild retards wrinkle formation. To mix the ingssds
you can use mixer. They are left for about %2 arr hiben removed using a gauze and warm water amd th

washed.

Simplerecipesfor honey cosmetics taken from different I nternet sources

Face Masks
Cleopatra mask
Honey 1 teaspoonful
Milk 1 tablespoonful
Egg white of 1 egg

Egg yolk mask

Honey 1 teaspoonful

Glycerin 1 teaspoonful

Egg yolk of 1 egg

Fairness M ask

Honey 10 g

Distilled water 155 ml + alcohol 70% 30 ml
Borax4 g

Bergamot oil 3 drops + orange oil 2drops
Hand Care

Emulsion for hands

Honey 2 teaspoonful

Almond oil 1 teaspoonful

Perfume few drops

Massage your hands, leave for a while and wash Massage your hands B

you need.

Honey mask

Place a cloth in warm water and apply to your face
open the pores. Smear on honey, and leave on for 15
to 30 minutes. Rinse off with warm water, then use
cold water to close the pores.

Use once a week.

Egg white mask

Honey 1 teaspoonful

Glycerin 1 teaspoonful

Egg White of 1 egg

Quick mask

Honey 100 g

Alcohol 25 ml

Water 25 ml

Paste for hands
Honey 10 g

Wheat flour 6 g L=
Water 4 g

S1) HONEY &
SL  HANDCREAM &

100mi €
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Honey Bath

Add 200-250 g of 1/2 cup sea salt

honey to the bathing { 2 tablespoons baking soda

water. e —— 1 cup boiling water

If used once in a while o e 1 cup honey

(e.g. every 2 weeks), it i 2 cups milk

will keep on a good %Y‘[(}NH‘B&TH% 10 drops of vanilla oil

turger of the cells and e i dissolve sea salt and baking soda in bathwater,

nourishes the skin. i ;l dissolve honey in boiling water and add milk, add

milk-honey mixture and vanilla oil to bathwater,igw
water to blend all ingredients

Cracked Lips

Honey 10 g ——
Lemon juice 10 g B 0 DT
To be used concomitantly with lip moisturizer { BURT S B] ‘

containing Panthenol.

I
I

LD BALM =
1 £

Further reading for this sectiof*

ALLERGY AND POTENTIAL HEALTH HAZARDS
Allergy

Up to 5 % of the population is suffering from agjeys. Compared to other foods allergy to honey seem
relatively uncommon. Recently honey allergy wasewed . In epidemiological studies with normal
people the allergy incidence is very low. In onglgtin Turkey with 4331 students no honey allergyld
be detected, while in another Turkish study withB®atients searching consultation in an allergycthe
honey allergy incidence was 18

The incidence of honey allergy, reported in a grolip73 food allergy patients was 2.3% as repdieti”.
In this study with allergic patients the allergynley allergy is explained by the presence of honey
components of bee origin or by dandelion &unpositagollen.

Allergies reported can involve reactions varyingnircough to anaphylaxia

It was also reported that patients allergic togrokire rarely allergic to honey, although them@nis reported
case of honey pollen allerfy

Toxic compoundsin honey

Honey as any other natural food can be contamirfadedthe environment, e.g. heavy metals, pestside
antibiotics etc. Generally, the contamination Isvieund in Europe do not present a health hafard.

A few plants are known to produce nectar contaiminxgc substances. Diterpenoids and pyrazolidine
alkaloids are two main toxin groups relevant intaecSome plants of tHericaceaefamily belonging to the
sub-familyRhododendrone.g.Rhododendron ponticugontain toxic polyhydroxylated cyclic
hydrocarbons or diterpenoids Honey containindR. ponticuris called mad honey and is found in some
regions of Turkey. Ingestion of this type of honeyot lethal, it causes some complaints suchzsngss,
nausea-vomiting, sweating, weakness, blurred vigionvulsions and loss of consciousness, extremity
paresthesia, excessive perspiration and salivVatibaxicity of honey from other plants has also been
reported: Datura plants (from Mexico and Hungaloglladonna flowers and Hyoscamus niger plants (from
Hungary), Serjania lethalis (from Brazil), Gelsemisempervirens (from the American Southwest), Kalmi
latifolia, Tripetalia paniculata and Ledum palu&tfe

Substances of the other toxin group, pyrazolidikalaids, are found in different honey types ang th
potential intoxication by these substances is westkby'*°
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Cases of honey poisoning have been reported veglyiia the literature and concern mostly indivibua
from the following regions: Caucasus, Turkey, Nesaland, Australia, Japan, Nepal, South Africa and
different countries in North and South America. Byeptoms encountered after honey poisoning are
vomiting, headache, stomach ache, unconscioustheggim, nausea and sight weakness. In generaétho
poisonous plants are known to the local beekeetlars,honey, which can contain poisonous substdaces
not marketed. To minimise risks of honey born pwisg in countries where plants with poisonous reata
growing tourists are advised to buy honey fromrtfagket only and not from individual beekeepers.

Clostridium botulinum

There is a health concern for infants regardingotiesence oflostridium(Cl.) botulinumin honey. Since
the presence of this bacterium in natural foodsiguitous and honey is a non sterilized packaged f
from natural origin the risk of a low contaminati@vel cannot be excluded. Spores of this bactecam
survive in honey, but they cannot build toxin. Thiasthe stomach of infants younger than one year t
bacteria spores from honey can survive and theatBtibuild the toxin, while children older than 12
months can ingest honey without any risk. In soa®es, infant botulism has been attributed to inyestf
honey®” ** In Germany one case of infant botulism per ysaeported*®. As a result of the reported
infant botulism cases some honey packers (e.®Btitish Honey Importers and Packers Associatioagel
a warning on the honey label that “honey shouldbeogiven to infants under 12 months of age”.

In 2002 a scientific committee of the EU examinleel hazard o€l. botulinumin honey It has concluded
that microbiological examinations of honey are 1sseey for controlling the spore concentration inéyg
as the incidence @l. botulinumis relatively low and sporadic and as such tefitsat prevent infant
botulism. Thus, in the EU countries the health arties have not issued a regulation for placimgaaning
label on honey jarg".

HEALTH CLAIMSFOR HONEY
According to the EU Regulation 1924/208&different health claims can be made: The claires ar

classified using the Passclaim project classificatf the International Life Science Institute ().$,

wherever possible In the Passclaim project thenslare classified into the following subject areas

. Diet-related cardiovascular disease

. Bone health and osteoporosis

. Physical performance and fitness

. Body weight regulation, insulin sensitivity adidbetes risk
. Diet-related cancer

. Mental state and performance

7. Gut health, digestion and immunity

Honey health claims
Quantity and time of honey ingestion

O Ok~ WN PP

The health enhancing effects in human adults, destin this report were mostly achieved after sigm
of 50 to 80 g of honey per day.

The health claims of honey which are reported beloswalid for intakes of following amounts of hgne

. Adults: after ingestion of 50 to 80 g per day bylé]
. General (adults or infants): 0.8 g to 1.2 g hopey g human weight
The health effects reported in the different pudilans reported above were measured mostly atieB82

weeks of daily honey ingestioRractical apitherapists suggest a daily honegstign_for 1.5 to 2 months
214, 273

The main honey health claims for honey are

Physical performance and fitness
Honey is high carbohydrate food and its ingestimméases performance and fithess

Ingestion of honey increases performance and fitnes

Bee Product Scienceiww.bee-hexagon.netApril 2016 27




Book of Honey, Chapter 8

Gut health and digestion
Long term ingestion of honey can improve gut arstrganterological health

I mmunity
Long term ingestion of honey can improve the imnagical reaction towards infections

Specific nutritional effects
Nutrition of infants

* Honey should not be given to infants less thanyaae old
« Honey can be recommended as food for infants dftdar one year..

Nutrition of Diabetes || patients

There evidence that honey can used as a sweetgimemnians with diabetes Il. Any honey can be ugsed fo
this purpose, the most suitable honey is acaci@hgRobinia pseudoacacia), as it has the lowest Gl.
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