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ABSTRACT

Honey is a natural food item produced by honey bees. Ancient civilizations considered honey as a God
gifted prestigious product. Therefore, a huge literature is available regarding honey importance in almost
all religions. Physically, honey is a viscous and jelly material having no specific color. Chemically, honey is
a complex blend of many organic and inorganic compounds such as sugars, proteins, organic acids, pig-
ments, minerals, and many other elements. Honey use as a therapeutic agent is as old as human civiliza-
tion itself. Prior to the appearance of present day drugs, honey was conventionally used for treating many
diseases. At this instant, the modern research has proven the medicinal importance of honey. It has broad
spectrum anti-biotic, anti-viral and anti-fungal activities. Honey prevents and kills microbes through dif-
ferent mechanism such as elevated pH and enzyme activities. Till now, no synthetic compound that
works as anti-bacterial, anti-viral and anti-fungal drugs has been reported in honey yet it works against
bacteria, viruses and fungi while no anti-protozoal activity has been reported. Potent anti-oxidant, anti-
inflammatory and anti-cancerous activities of honey have been reported. Honey is not only significant
as anti-inflammatory drug that relieve inflammation but also protect liver by degenerative effects of syn-
thetic anti-inflammatory drugs. This article reviews physico-chemical properties, traditional use of honey
as medicine and mechanism of action of honey in the light of modern scientific medicinal knowledge.
© 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Honey is a super saturated solution or semi-solid natural pro-
duct synthesized from necter of flower by honey bees (Aljadi and
Kamaruddin, 2004; Dashora et al., 2011; Hilary et al., 2017). Honey
bees collect nectar, secretion of flowers or other living parts of
plants and excretions of plant sucking insects. Honey bees then
transform these substances by combining with specific substances
of their own. These are deposited, dehydrated and kept in the
honey comb for ripening and maturing(Alimentarius, 2001). Honey
is the oldest food stuff. It has been used as a major sweetener in the
ancient world until sugar cane was cultivated. This is why since
ancient times humankind introduced honey and honeybees with
much gratitude for their value (Samarghandian et al., 2017;
Dewey, 2004).

1.1. Physical properties of honey

Different physical parameters like color, pH, enzyme activity,
ash contents, electrical conductivity and even taste of honey varies
with honeybee species, geographical origin and presence of impu-
rities (Terrab et al., 2003). The color of honey varies from pale yel-
low to darkish red to black depending upon plant source. The
darkness mostly occurs due to change in temperature (Lawal
et al., 2009). The tendency of granule formation is the character
of honey which makes it differ from other sweeteners (Bogdanov
et al.,, 2004). Like other physical parameters, the pH of honey also
indicates the purity or crudeness of honey but it depends upon
the geography of the area. The pH range for Pakistani honey is
about 2.4-4.7 (Khaliq UrrRhman et al., 2013). Moisture is the most
important determinant of honey solidity. High moisture content is
additionally a novel property of honey and is generally ranges from
13-20% (White and Honey, 1978; Jaafar et al., 2017). Like other
Newtonian fluids, viscosity of honey depends upon its moisture
content and temperature. At 24 °C with 18.9% moisture, the viscos-
ity of honey is approximately 9.9 psa (Zaitoun et al., 2001; Sopade
et al., 2003; Yanniotis et al., 2006). Beside all these properties,
honey is resistant to spoilage on account of its high sucrose con-
tents. Therefore, it was used as a preservative for other food sub-
stances (Lawal et al., 2009).

2. Chemistry of honey

Like physical properties, the chemistry of honey also varies
depending upon the geography and purity of the sample. There is
no standard scale globally. However, generally honey has a content
of 80-85% carbohydrates, 15-17% water, 0.3% proteins, 0.2% ashes
and minor quantities of amino-acids, phenols, pigments and vita-
mins (Bogdanov et al., 2008; Miguel et al.,, 2017). Beside these
other components are also found in minor concentration. The trace
elements of honey were determined in mg kg~' as following: Ca
(221.9), Mg (54.15), K (579.6), Na (351.4), Fe (8.3), Cu (0.2), Cr
(0.5), and Pb (1.1) (Serra, 1989). Cantarelli et al. (2008) analyzed
different varieties of honey from different parts of Argentina. They
identified a vast range of trace elements in different samples of
honey. The major trace elements in pgg~' of honey were: P
(1.17-100.66), Fe (1.13-10.32), Al (0.02-13.04), Mn (0.07-0.68),

Zn (0.14-3.87), Cu (0.05-0.68), Ca (18.60-136.14), Mg (6.01-
46.57), Na (6.10-89.98) and K (90.92-1955.75).

The concentration of trace elements in honey samples collected
from Spain, Italy, Turkey and Egypt were also in the same range
(Cantarelli et al., 2008). The concentration of trace elements was
found in a vast range in honey samples collected from different
regions of Poland especially Lead (Pb) ranged from 0.007 to
1.21 mg kg~ ! (Rostkowski and Omieljaniuk, 1989). Different meth-
ods were used to identify diverse elements in honey. Lvanov
(1989) developed a method to identify sugars in honey containing
lower levels of reducing sugars and higher levels of sucrose
(Lvanov, 1989). Similarly Navel methods have been employed to
identify the ascorbic acid, nitrogen and protein contents of honey
(Men et al., 1989; Siegfried, 1989).

The carbohydrate components of honey contain various types of
mono and discccharides. The average concentration of Fructose,
Glucose, Sucrose and reducing sugars are 38.38%, 30.31%, 1.31%
and 76.65% respectively. Irrespective of the origin or variety of
honey, Fructose/Glucose ratio remains the same (i.e. 1.23) (White
et al., 1996). Beside these, more than 22 other sugars have been
found in honey in which dextrose and laevulose are major ones.
Ten disaccharides have been identified in honey including Maltose,
Sucrose, Maltulose, Turanose, Isomaltose, Laminaribiose, Nigerose,
Kojibiose, Gentiobiose and B-trehalose. Some trisaccharides are
also found in honey such as Maltotriose, Erlose, Melezitose, Cen-
tose 3-o5 Isomaltosylglucose, 1-Kestose, Isomaltotriose, Panose,
Psopanose and Theanderose. All these sugars are present in very
small quantities (Bogdanov et al., 2004).

The total polyphenol and vitamin C contents in different honey
varieties are similar. The polyphenol contents of the honey samples
from south Nigeria was found to be in the range of 36.26-
102.80 mg 100 g~! with an average of 65.31 mg 100 g~!, while
vitamin C contents were observed to be within the range of
13.89 and 27.32 mg 100 g~! with an average of 21.15 +3.99 mg
100 g~'. A variety of phytochemicals, as well as other substances
including organic acids, vitamins, and enzymes; some of which
may serve as sources of dietary antioxidant are also present in
honey (Gheldof and Engeseth, 2002; Cantarelli et al., 2008). About
8-11 proteins have been found in various honey sources among
which four proteins are common to all varieties of honey. These
are originated from honey bee instead of the feeding substance.
Honey’s proteins are mainly in the form of enzymes (Omafuvbe
and Akanbi, 2009). The honey bees add different enzymes during
the process of honey ripening. The enzymes added include diastase
(amylase), which digest starch to maltose and is relatively stable to
heat and storage, and invertase (saccharase or o-glucosidase),
which catalyses the conversion of sucrose to glucose and fructose.
The invertase also catalyses many other sugar conversions and is
mainly responsible for the sugar patterns of honey. Glucose oxi-
dase and catalase are two other enzymes added by the honey bees,
which regulate the production of hydrogen peroxide H,0,. The
H,0, produced serve as one of the anti-bacterial factor of honey
(Amir et al., 2010). The differences observed between the total pro-
tein contents of honey samples may be attributed by the botanical
origin of the honey. Later on it was reported that the diastase and
the invertase enzymes differ in wide limits depending on the
botanical origin of honey (Khalil et al., 2014). The range of protein
contents of honey reported by Bosi and Battalglini is 0.01-0.04 g
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100 g~ with proline, lysine, phenylalanine, aspartic acid and glu-
tamic acid as the most abundant amino acids observed (Kamal
et al., 2002). The ash content of honey from Nigeria, Pakistan, Ban-
gladesh Argentina, Spain, Turkey and Algeria was <0.6g 100 g~!
(White, 1975; Oddo et al., 1999; Gheldof et al., 2002; Buba et al.,
2013).

3. Medicinal value of honey

The concept of using honey as a medicine started at least six
thousand years ago (Ball, 2007). The earliest written records on
papyri and Sumerian clay tablets clearly demonstrate that honey
was used as a medicine before 1900-1250 BC by Egyptians
(StomfayStitz and Kominos, 1960). The scientist and philosopher
Aristotle (384-322 BC) discussed honey as being a good cream
for sore eyes and wounds (Aristotle, 350 BC), while Dioscorides
(50 AD) described honey as being good for all rotten and hollow
ulcers, sunburn (spots on the face), coughs and inflammation of
the throat, and tonsils (Dioscorides et al., 1934). The ancient Greeks
were using honey for the treatment of fatigue. Their athletes were
utilizing a mixture of honey and water before major athletic events
(Willson and Crane, 1975). Zumla and Lulat reviewed that Ancient
Chinese, Greeks, Egyptians, Assyrians and Romanians were also
using honey to treat their wounds and gut infections (Zumla and
Lulat, 1989). More recently, it was found that honey plays a versi-
tale biological perforrmance such as anti-bacterial fungicidal anti-
oxidant. The favorable facts on the anti-oxidant, anti-bacterial,
anti-fungicidal, hepatoprotective are recurrently available in the
scientific literature. In principle, honey is a valuable supplement
for healthy population (Denisow and Denisow-Pietrzyk, 2016).
Recent advances in research, literature highlighted that honey
has potential biological activities with promising health promoting
properties (Muhammad et al., 2016).

All religious books and literature have mentioned honey as a
valuable medicine and food (Ajibola et al., 2012). However in mod-
ern science, despite its long history as medicine, it was not recog-
nized as therapeutic agent until the recent past. It is due to an
incomplete understanding of its mechanism and range of activity
(Blair et al., 2009). In 21st century more research is being done
on the medicinal use of honey. Now it is rapidly becoming a part
of modern medicine (Majtan and Majtan, 2010).

3.1. Honey as a medicine in infectious diseases

The resistance of microbes to modern anti-microbial drugs is a
serious problem globally. Scientists are trying to overcome this
problem by developing such drugs, to which microbes have no or
less resistance. Additionally the drug should have broad spectrum
activity. Recently it was reported by Meo and his coworkers that,
honey plays a key role in modern medicine development. The
nutritional quality of honey is highly effective and show potential
properties against reactive oxegen species, inflammation, infec-
tious agents like bacteria and fungi as well as coughs reducing
and wound curing characteristics. Honey also plays a major role
to improve the reproductive system likes concentration of serum
testosterone, sperm count and fertility (Denisow and Denisow-
Pietrzyk, 2016; Meo et al., 2017a; Muhammad et al., 2016). Only
honey is such a natural food item which is having all these
properties.

The following are some of the important medicinal uses of
honey in infectious diseases in the light of modern research.

3.2. Antibacterial activities of honey

In 1982, it was first reported that honey has antimicrobial activ-
ity. Later on extensive work has been carried on a large number of

honey varieties; which showed antimicrobial activity. One of the
well-known honey varieties is Manuka (Leptospermum scoparium),
which has been reported exhibits inhibitory effect against 60 bac-
terial species. These species include aerobic and anaerobic; Gram-
positive and Gram-negative bacteria (Mandal and Mandal, 2011).
Research has been carried out on Malaysian Tualang honey, which
exhibited broad spectrum activity against enteric bacteria. It was
also demonstrated that it could be used effectively to relieve differ-
ent kinds of wounds (Tan et al., 2009). Similarly work has done on
Egyptian honey that has the capability to exhibits S. typhimuriu-
mand E. coli 0157:H7 (Amiot et al., 1989). It wasreported that sev-
eral numbers of honey sample collected from different
geographical area and the antimicrobial effects were similar of all
sample but considerable variations were found in their composi-
tion. Its means that honey contain drug multi-resistance pathogen
activity (Noori et al., 2013).

Many varieties of honey from different from plant origin have
shown antimicrobial activity, e.g. honey, from Erica (Erica arborea);
Canola (Brassica napus); Castafa (Castanea sativa); Abeto (Pinacea-
seabies); Acacia (Fabaceae acacia), and from multi-floral honey. Dif-
ferent honey types have also been reported from diverse
geographical origin like Brazil, Ethiopia, New Zealand, Iran, India
and Pakistan to have potent antibacterial activity (Soler et al.,
1995; Miorin et al., 2003; French et al., 2005; Khalil et al., 2014;
Mulu et al., 2017).

The antibacterial mechanism of honey is not fully understood
till now (Cooper, 2014; Bradshaw, 2011). However, it is proposed
by many researchers that honey inhibit bacterial growth due to a
number of different factors. High sugar concentration, low pH,
hydrogen peroxide generation, proteinaceous compounds, pheno-
lic compounds, or other unidentified components present in the
honey provide antimicrobial activity (Mundo et al., 2004). The
higher concentrations of sugars provide osmolarity to honey which
is a well-known antimicrobial factor of honey. The low humidity
content of honey, leads to aw (water activity) values between
0.56 and 0.62. This hinders the growth of almost any microorgan-
ism except certain osmophilic yeasts and bacteria. Several studies
concluded that the sugar concentration of honey is the only factor
responsible for its antibacterial effect (White et al., 1963; Mundo
et al., 2004; Visavadia et al., 2008). Many researchers have demon-
strated that protein contents are the main source for providing
antimicrobial activity.

The first report about the antimicrobial activity of enzyme glu-
cose oxidase present in honey was proposed by White et al. (1963).
According to them, when it is diluted to 50%, it leads to a subse-
quent increase in the quantity of gluconic acid and hydrogen per-
oxide, which inhibits the growth of S. aureus (Cooper et al., 2002).
The glucose oxidase has been considered as an important factor for
honey activity. However glucose oxidase does not interact directly
with the microorganisms. This enzyme is recognized as an antimi-
crobial agent given the fact that its products contribute directly to
antimicrobial activity (Mohrig, 1968). Lysozyme has also been
reported as an antimicrobial agent in honey. This enzyme hydro-
lyzes the -1, 4 linkage between the residues of N-acetylmuramic
acid and N-acetyl-D-glucosamine in the peptidoglycan of the bac-
terial wall (Molan, 1992). Lysozyme was found to be present in 71
honey samples. Other studies revealed its absence in some samples
of honey (Casteels-Josson et al., 1994; Bogdanov et al., 2008).

More recently it was reported that not only the enzymes but
other proteins biomolecules present in honey, contribute to
antimicrobial activity of honey (Casteels-Josson et al., 1994). Such
biomolecules consist of antimicrobial peptides, such as bee
defensin-1, also known as royalisin. This peptide was previously
identified in bee haemolymph (Klaudiny et al., 2005). It is also pre-
sent in the head and thoracic section of bees and in royal jelly (the
main food of queen bee larvae) It has been reported that bee
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defensin-1 shows a powerful activity against gram-positive bacte-
ria, including B. subtilis, S. aureus, and Paenibacillus larvae
(Kwakman et al., 2011; Kwakman and Zaat, 2012). But still the
mechanism of action has not been described in detail. This peptide
can be considered an antimicrobial agent of honey (Majtan et al.,
2012). Furthermore, it was found that the synergistic effect of
honey and propolis inhibit the antimicrobial activity of single
and mixed microbial culture (Noori et al., 2012).

MRJP1 (Major Royal Jelly Protein 1) is a multifunctional protein
that acts as a precursor of short antimicrobial peptides jelleines is
also present in honey (Eick et al., 2014). Most recently it has been
identified that methylglyoxal component of honey kills P. gingivalis
(a common pathogenic bacteria of mouth), therefore honey can be
used for oral disease treatment (Zeina et al., 1996).

3.3. Antiviral activities of honey

A number of studies suggest that some varieties of honey have
strong activity against certain viruses (Shahzad and Cohrs, 2012;
Watanabe et al., 2014) A. In 1996, Zeina suggest that honey has
effective role against rubella virus (Sankum et al., 2002). Similar
study on royal jelly suggested strong antiviral activity against her-
pes simplex virus (HSV) (Hashemipour et al., 2014). The antiviral
activity of royal jelly is greater than honey (Izuta et al., 2009).

The mechanism of antiviral activity of royal jelly has been
ascribed to the impact of 10-HAD (10-Hydroxy-2-Decenoic Acid).
This fatty acid stimulates white blood cells (WBCs), resulting in
the adhesion of WBCs to viruses such as HSV and hepatitis viruses,
leading to their destruction (Shahzad and Cohrs, 2012). Pure clover
and Manuka honey have anti-Varicella Zoster virus (VZV) activi-
ties. It can prevent skin infection but its mechanism of action is
not still known (Zareie, 2011). Research carried out in University
of Waikato described the antiviral activity of honey against Respi-
ratory Syncytial Virus (Feas and Estevinho, 2011).

3.4. Anti-fungal activities of honey

Fungi are abundantly differentiated in nature and environmen-
tally essential symbionts on earth, forming mycorrhizas with
around 66% of all plant species and occurring in basically all biolog-
ical communities (Helgason et al., 2007). Many species of fungi are
more pathogenic than bacteria. Candadia is among the most patho-
genic and opportunistic species of phylum fungi. The cases of Can-
dadia infection are elevating day by day. The increased use of
antifungal agents resulted in development of resistance to the syn-
thetic drugs presently available. It makes necessary to discover
new classes of antifungal compounds, to cure fungal infections.
Natural products have been traditionally used in the treatment of
diseases, as these consist of many active compounds. Honey being
one of these products (Molan, 2002).

Honey may have a large variance in therapeutic components
depending on its origin. The floral source of honey plays an impor-
tant role in its biological properties (Molan, 2002). It has proven
that some varieties of honey have anti-fungal activities against
some species of yeast including candadia (Kacaniova et al., 2009).
It wasinvestigated that jujube honey has a potential antifungal
propertiy against C. albicans and also capable to stop the develop-
ment of C. albicans biofilms and interrupt the developed biofilms
(Ansari et al.,, 2013).

The antifungal activity of honey is due to many characteristics
but a study revealed that the ethanolic extract of honey is having
strong antifungal activity as compare to pure honey or any other
solvent extract (Khosravi-Darani et al., 2013). Recently it has been
proven that different plant extracts in combination with honey
synergize the anti-fungal properties of honey. This will help in

future to use honey in combination with many other natural prod-
ucts for treating fungal diseases (Swellam et al., 2003).

3.5. The anti-tumor and anti-oxidant properties of honey

Different studies indicated that honey can be used as natural
medicine for treating cancer (Attia et al., 2008; Pichichero et al,,
2010; Fernandez-Cabezudo et al., 2013) A study concluded that
honey showed in vitro anti-proliferative effect in bladder cancer
cells used T24, RT4, 253] and MBT2 bladder cancer cell lines (Lee
et al., 2003). Similar study showed that honey has caffeic acid phe-
nyl esters (CAPE) which arrest cell growth in the sub G1 phase of
cancerous cell cycle and induce apoptosis of cells by activation of
caspase-3 by CAPE protein (Orsolic et al., 2005). Moreover studies
also suggested that the anti-tumour effect of honey mostly
depends upon the time of application. It is likely that polyphenolic
components present in honey, stimulate host anti-tumour defense
system. Even in the presence of a tumour, the nutritive con-
stituents of honey prevail. It is possible that honey promotes
tumour growth since it contains a mixture of vitamins, minerals
and amino acids, as well as a large amount of glucose. In addition,
its high osmolarity induces an outflow of lymph. This enhances
nutrification and oxygenation, and its acidity favors release of oxy-
gen from hemoglobin in the capillaries of adjacent tissues (Shati
and Alamri, 2010).

Honey has remarkable reactive oxygen species (ROS) scaveng-
ing activities. This effect might be due to the phenolic content
and the lipid metabolism-enhancing effect of honey (Elmenoufy,
2012). This is a beneficial effect of honey, which has the ability
to counteract the oxidative damage and protect liver and kidney
tissues (Beretta et al., 2010).

3.6. Honey cure Inflammatory, hepatic and many more problems

Honey can act as anti-inflammatory agent. It can be used in the
management of wounds healing (Postmes and Vandeputte, 1999).
In vivo study of honey on injured tissue showed that honey
reduces the amount of wound exudate. This is most likely a conse-
quence of honey’s anti-inflammatory properties (Molan, 2002). A
decrease in inflammatory cells has been found in animal models
following honey application on full-thickness burns. Similar find-
ings have been reported in animal studies comparing ampicillin
and nitro fuazone in treating infection of full-thickness wounds
(Reyes-Gordillo et al., 2007). It has been reported that honey inhib-
ited enzymes involved in inflammation such as cyclooxygenase-1
and cyclooxygenase-2. It also decreased the amount of poten
inflammatory compounds including prostaglandins such as PGE2
(prostaglandin E2), PGF2a (prostaglandin F2a) and thromboxane
B2 in plasma (Erguder et al., 2008).

The protective and therapeutic effects of honey in liver disor-
ders have also been identified. Honey can prevent damage of liver
due to bile duct obstruction (Adeleye and Opiah, 2003). Other stud-
ies indicated that honey has protective role against certain drugs
mediated hepatotoxicity (Zeina et al., 1996). Traditionally honey
has been used for treatment of cough in both, children and adults
(Croft, 1990). Therefore honey is being used as a key ingredient in
many cough syrups (White and Honey, 1978). Al-Wailiand his
coworkers reported the clinical research of honey that honey has
a great impact in the human health status. They described that
honey has many biological activities rather then antimicrobial
activities (Al-Waili et al., 2013). Honey reduced the cardiovascular
risk factors and has many effects on several metabolic factors.
Recently clinical research was also carried out about honey and
concluded that honey provide a defensive effect from lead-
induced blood, hepatic renal toxic effects (Fihri et al., 2016).
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Honey also has therapeutic effects in Hey fever and diabetes
mellitus (as it reduces glucose level in blood) (Sirnik et al., 1978).
It is also used for treatment of cardiovascular disorders and high
level of High Density Lipids in blood (Onyesom, 2004). It is a good
appetizer and is used for treating disorders related to digestive
tract (Ladas and Raptis, 1999). It is also used against alcohol abuse
(Ladas and Raptis, 1999), constipation (laxative agent) (Kiipliilii
et al., 2006), and some types of allergies (Bogdanov, 2014). More
recently, it is reported that honey decreased the level of diabetes
mellitus and also reduced the level of those compounds which
involved in the development of diabetes mellitus. Honey also has
a property of antioxidant and anti-inflammatory (Meo et al.,
2017b) However, honey contains Clostridium botulinumspores. If
used for infants, it is risky for their health because of poor immu-
nity against Clostridium botulinum (Kipliili et al., 2006).

4. Conclusion

Honey is not food stuff only but a combination of many medic-
inally important chemicals either from plant or honey bee. There-
fore, honey is used in drug manufacturing in modern medicinal
companies. The combined effect of honey and plant extracts has
opened a door for developing a safe and highly potent natural drug
against contagious diseases like tuberculosis, tetanus, influenza,
hepatitis and human immune deficiency syndrome. Beside these
all, it will also overcome the serious problem of microbial resis-
tance to synthetic antimicrobial drugs. Therefore it is still an open
window for researchers to work on it and contribute to the science
of this prestigious God gifted product.
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