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Antioxidant Capacity

The generation of reactive oxygen species (ROS) and other free radicals during
metabolism is an essential and normal process that ideally is compensated through
the antioxidant system. However, due to many environmental, lifestyle, and pathological situations, free radicals and oxidants can be produced in excess, resulting in
oxidative damage of biomolecules (e.g., lipids, proteins, and DNA). This plays a
major role in the development of chronic and degenerative illness such as cancer,
autoimmune disorders, aging, cataract, rheumatoid arthritis, cardiovascular, and
neurodegenerative diseases (Pham-Huy et al. 2008; Willcox et al. 2004). The human
body has several mechanisms to counteract oxidative stress by producing
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antioxidants, which are either naturally synthetized in situ, or externally supplied
through foods, and/or supplements (Pham-Huy et al. 2008).
Research indicates that foods rich in antioxidants such as honey can protect from
the damaging effects of free radicals and ROS and thus exhibit beneficial effects on
human health; such as cardiovascular protection by preventing ROS-induced low
density lipoprotein (LDL) oxidation (Schramm et al. 2003); cell death in some cancer
cell lines (Jaganathan et al. 2015); enhance the human antioxidant defense system
(Schramm et al. 2003) among others (Ajibola 2015). For instance in animal models,
honey showed a protective effect against damage and oxidative stress induced by
cigarette smoke in rat testis (Mohamed et al. 2011); honey supplementation exhibited
a hepatoprotective and nephroprotective effect in rats with experimental aflatoxicosis
due to its antioxidant activity (Yaman et al. 2016).
The antioxidant capacity (or antioxidant activity) of honey is commonly attributed to its phenolic compounds. These compounds exhibit several preventive effects
against different diseases like cancer, cardiovascular diseases, inflammatory disorders, neurological degeneration, wound healing, infectious diseases and aging
(Khalil et al. 2010).
The main antioxidant phenolic compounds in honey are: (a) phenolic acids: gallic acid, caffeic, ellagic, ferulic and p-coumaric acids, syringic acid, benzoic acid,
cinnamic acid; chlorogenic acid, and (b) flavonoids: apigenin, chrysin, galangin,
hesperetin, kaempferol, pinocembrin and quercetin (Fig. 4.1) (Rao et al. 2016;
Erejuwa et al. 2014). While some of these bioactive compounds are found in most
honey samples, others such as hesperetin and naringenin are found in few honey
varieties (Erejuwa et al. 2012).
The amount and type of the phenolic antioxidants depend largely upon the honey’s floral source and/or variety of the honey (Gheldof et al. 2002). Generally, darker
honeys have been shown to have a higher total phenolic content (TPC) and consequently a higher antioxidant capacity than lighter honeys (Eteraf-oskouei and Najafi
2013). Beside this, Ferreira et al. (2007) found that the dark honey contained the
highest concentration of other antioxidants such flavonoids, ascorbic acid, and
β-carotene compared to the light and amber honeys.
In addition, some in vivo studies have shown that the antioxidant compounds of
honey are bioavailable to the human body. Schramm et al. (2003) observed that
honey fed at 1.5 g/kg body weight increased both phenolic antioxidants and plasma
antioxidant capacity inhealthy human subjects. These results supported the concept
that phenolic antioxidants from honey are bioavailable and that these compounds
may augment oxidative defense in the human body. Similar evidence has was
observed by (Gheldof et al. 2003).
The antioxidant activity of phenolic compounds is related to a number of different
mechanisms, such as free radical-scavenging, hydrogen-donation, singlet oxygen
quenching and/or metal ion chelation (Eteraf-oskouei and Najafi 2013). Therefore, in
order to obtain more accurate and representative results, the antioxidant capacity of
honey is generally measured by use of various in vitro assays such as: in the form of
antiradical activity using 1,1-diphenyl-2-picrylhydrazyl (DPPH) scavenging assay;
2,2′-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) assay; oxygen radical absorbance capacity (ORAC) assay; and commonly used ferric reducing antioxi-
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dant power (FRAP) assay, that measures the conversion by antioxidants of the oxidized
form of iron (Fe3+) to the reduced form (Fe2+) (Erejuwa et al. 2012). Several in vitro
studies showed that the antioxidant capacity is strongly correlated with the content of
the total phenolics in honey (Chua et al. 2013; Sagdic et al. 2013). For instance, a positive correlation was found between antioxidant capacity (ORAC assay) and TPC of
various commercial honeys contributed to their antioxidant properties.
However, Gheldof et al. (2002) stated that the levels of single phenolic or other
compounds in honey are too low to have a major individual antioxidant significance.
Hence, the total antioxidant capacity of honey has been associated to the result of
the combined activity and interactions of a wide range of compounds, including
both enzymatic: catalase, glucose oxidase, peroxidase and non-enzymatic substances: ascorbic acid, α-tocopherol, carotenoids, amino acids, proteins, organic
acids, Maillard reaction products, and other minor components (Nayik et al. 2016;
Eteraf-oskouei and Najafi 2013; Ferreira et al. 2007).
Erejuwa et al. (2012) described the synergistic antioxidant effect of honey and
thus considered the advantage of honey over other antioxidants, such as vitamins C
and E. In fact, these vitamins in their antioxidant action do not end with scavenging
or elimination of free radicals. Instead, they can become themselves pro-oxidants
which can require other antioxidants for their regeneration into the active or antioxidant form. The advantage of honey is that it comprises several antioxidant constituents and if any of them exhibit pro-oxidant properties, there would be sufficient
other antioxidants, which can protect the one against oxidative destruction, and thus
lead to the regeneration into the antioxidant form. In fact, honey contains both aqueous and lipophilic antioxidants and thus can act at different cellular levels as an
ideal natural antioxidant (Oryan et al. 2016).
Moreover, the quantity of honey consumed in the diet is low compared with the
quantity of many of the food sources of antioxidants. According to (Erejuwa et al.
2012), if honey would be used instead of refined sugars as a sweetener for food and
drinks it could make a substantial difference to the quantity of antioxidants consumed in the diet.

4.2

Antibacterial Activity

The treatment of bacterial infections is being increasingly complicated by the ability of
bacteria to develop resistance to current available antimicrobial agents. This evidence
leads to the need of less and better use of antibacterials and antifungals, improved
infection control and research on new therapeutic compounds (Feás et al. 2013).
Antibacterial activity of honey is one of the most important findings that was first
recognized in 1892 by the Dutch scientist Van Ketel (Eteraf-oskouei and Najafi
2013). The recent research indicates that the effectiveness of honey in many of its
medical uses is due to its antibacterial activity that is capable of inhibiting Gram-
positive and Gram-negative bacteria, including multidrug resistant strains (Kwakman
et al. 2008), and some species of fungi and viruses (Irish et al. 2006; Naama 2009).
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For instance, Junie et al. (2016) compared in vitro antibacterial activity of several
types of honey of different origins against the bacterial resistant strains isolated
from patients, including Pseudomonas aeruginosa, Escherichia coli, Staphylococcus
aureus, Staphylococcus epidermidis, Salmonella enterica serovar Typhimurium,
Bacillus cereus, Bacillus subtilis, and Listeria monocytogenes. The results showed
that all the honey samples presented antibacterial activity against the studied strains
and that all the honey samples inhibited bacterial growth. This evidence was similar
to other studies conducted elsewhere (Huttunen et al. 2013).
The quantitative determination of the reduction of microbial colonization against
a representative panel of bacteria is generally analyzed by in vitro tests including (a)
determination of minimum inhibitory concentration (MIC) using broth tube dilution
methods through visual inspection and (b) by determination of minimum bactericidal concentration (MBC) by sub-culturing tubes showing no visible sign of growth/
turbidity (Wasihun and Kasa 2016); these determinations allow a distinction between
whether a honey is just stopping the bacteria from growing (bacteriostatic action) or
is killing the bacteria (bactericidal action), respectively (Molan 1992). It has been
stated that honey possessed a significant antibacterial activity against some bacteria
which are resistant to antibiotics (Junie et al. 2016; Mohapatra et al. 2011).
In a study by Wasihun and Kasa (2016) the antibacterial activity of honey was
evaluated against multidrug resistant human pathogenic bacterial isolates
(Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Proteus mirabilis, coagulase-negative Staphylococcus, Streptococcus pyogenes and Klebsiella pneumoniae). The MIC and MBC values indicated that the tested honeys had potential
bacteriostatic and bactericidal activities against the tested bacteria. Unlike most conventional antibiotics, honey dose may not lead to development of antibiotic-resistant
bacteria and it may be used continuously (Eteraf-oskouei and Najafi 2013). According
to Alandejani et al. (2009), antibiotics tested (cefazolin, oxacillin, vancomycin,
azithromycin, fusidic acid, gentamicin, and linezolid) were not bactericidal to methicillin-sensitive Staphylococcus aureus, methicillin-resistant Staphylococcus aureus
(MRSA), or Pseudomonas aeruginosa (PA) biofilms. But the bactericidal rates for the
Sidr and Manuka honeys were significantly higher than those seen with the single
antibiotics. Thus, the use of honey in a medical setting is considered to be helpful in
combating bacterial resistance (Kwakman et al. 2008).
The bacterial strains differ in their sensitivity to honeys. Due to the different floral
source, locations, bee species, storage (time and temperature), and processing, the
antibacterial potency of different honeys can vary (Grego et al. 2016; Sousa et al.
2016), for some by more than 100-fold (Lusby et al. 2005). Thus it is difficult to
standardize honeys and assess their usefulness in a medical application (Sousa et al.
2016). In spite of this, there are medical grade honeys like Revamil source (RS)
honey and Manuka (i.e., Medihoney). Having reproducible antibacterial activity,
these honeys are produced under controlled conditions in greenhouses and each
batch is analyzed individually to assess the Unique Manuka Factor (UMF) that gives
a number based on its bactericidal activity (Knight 2013).
However, the mechanism by which honey exerts the activities against a broad
spectrum of organisms is still under debate. There are some factors that are closely
related to the antibacterial capacity of honey, including the level of hydrogen perox-
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ide (H2O2), which is formed when honey is diluted (Knight 2013). According to
Hadagali and Chua (2014), enzymes convert sucrose into a simple and soluble mixture of monosaccharides. The sugar molecules in the honey solution bind to free
water molecules (Fig. 4.2), which means that there is no water available for microbes
to use, preventing their survival. The enzyme glucose oxidase (produced by bees)
converts glucose into gluconic acid, making the honey too acidic for microbes to
grow and survive. The H2O2 produced as a by-product of this reaction acts as a sporicidal antiseptic that sterilizes the honey (Fig. 4.3).
Further, the osmolarity of honey, due to about 80% of its composition being sugars, is another important factor to prevent growth of bacteria (Kwakman and Zaat
2012). Different concentrations (or dilutions) of honey used in the in vitro tests have
been associated with a different antibacterial response (Steinberg et al. 1996).
Beside the sugar content, the low pH (between 3.2 and 4.5 for undiluted honey)
is inhibitory to many pathogenic bacteria. However, when consumed orally, the
honey would be so diluted by body fluids that any effect of low pH is likely to be
lost (Molan 1995). In spite, honeys have substantial antibacterial activity due to
non-peroxide components including methylglyoxal and the antimicrobial peptide
bee defensing-1. For instance, these compounds have been identified in Manuka and
RS honey as antibacterial compounds (Kwakman and Zaat 2012). In addition, fac-
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Fig. 4.3 Formation of gluconic acid and hydrogen peroxide (H2O2) (Hadagali and Chua 2014)

tors such as phenolic compounds (i.e. flavonoids and phenolic acids) (Kwakman
and Zaat 2012; Sousa et al. 2016) and some unknown floral or bee components are
being considered as contributing to the antibacterial activity of honey as well
(Nishio et al. 2016).

4.3

Anti-inflammatory Capacity

Honey possesses quite a large number of therapeutic properties, including antioxidant and antimicrobial properties, as well as anti-inflammatory activity (Vallianou
et al. 2014).
The anti-inflammatory property of honey is mainly related to its antiseptic nature
that works by removing infectious bacteria stimulating the inflammatory response,
and reduction of the amount of bacteria present in the wound (Hadagali and Chua
2014). In fact, that honey can remove bacteria that cause inflammation, a decrease in
wound inflammation after applying honey gauze has been associated to its direct
anti-inflammatory properties, such as antioxidant capacity (Yaghoobi et al. 2013). In
particular, some of the antioxidant phenolic compounds (i.e. flavonoids) are deeply
related to anti-inflammatory effects as previously reported in the literature (González
et al. 2011). However, beside the wound inflammation (Tomblin et al. 2014), the
correlation of antioxidant capacity of honey with its anti-inflammatory action has
been observed in other inflammation models as well (Owoyele et al. 2011).
For instance, the potential protective effect of a honey flavonoid extract (HFE) has
been studied on the production of pro-inflammatory mediators by lipopolysaccharide-
stimulated N13 microglia. It has been shown that the HFE (containing luteolin, quercetin, apigenin, kaempferol, isorhamnetin, acacetin, tamarixetin, chrysin, and
galangin) can inhibit microglial activation and thus be considered as a potential preventive−therapeutic agent for neurodegenerative diseases involving neuroinflammation (Candiracci et al. 2012). The main evidence that considers the antioxidant
activity as the anti-inflammatory factor is the ability of antioxidants to inhibit ROS
production during the inflammatory process. A number of drugs are available for the
treatment of ulcerative colitis. Manuka honey has been shown to specifically decrease
the inflammatory response associated with ulcerative colitis, an inflammatory bowel
disease characterized by an over-expression of inflammatory cells, possibly by
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increasing antioxidant activity (Prakash et al. 2008). In a study by Borsato et al.
(2014), honey extract decreased edema, reduced leucocyte infiltration, and inhibited
the production of ROS during the inflammatory process induced chemically in mice
ear. The anti-inflammatory activity has been associated with a synergetic effect of the
honey phenolic compounds, including kaempferol and caffeic acid.
In general, the transcription factor nuclear factor-kappa beta (NF-KB) plays a key
role in pathogenesis of inflammation, being known as marker of inflammation
(Vallianou et al. 2014). It enhances pro-inflammatory activity, thereby contributing to
an amplified inflammatory response, and activates genes encoding pro-inflammatory
cytokines – interleukin (IL)-6, IL-8, and tumor necrosis factor-α (TNF-α). These proinflammatory cytokines stimulate nitric oxide production (NO), an important mediator of inflammation (Tomblin et al. 2014).
The anti-inflammatory effect of honey has been observed in numerous reports, stating that honey can inhibit the release of pro-inflammatory cytokines, expression of nitric
oxide synthase (iNOS), production of ROS (Candiracci et al. 2012), and can decreases
prostaglandin levels, one of the major players in the process of inflammation (Al-Waili
and Boni 2003). According to an in vivo study by Owoyele et al. (2011), honey caused
inhibition of NO release in acute and chronic inflammation. Further, Gelam honey has
been investigated in an acute inflammation model system showing the reduction of
edema in inflamed rat paws. The mechanism was associated with the inhibition of cyclooxygenase (COX-2) and iNOS, which resulted in suppressed levels of pro-inflammatory
mediators such as NO, PGE2, TNF-α, and IL-6 (Hussein et al. 2012).
In general, acute inflammation is the body’s primary response to injurious stimuli,
and some of the body’s responses are characterized by pains (Hadagali and Chua
2014). Side effects of the available drugs for the treatment of inflammatory pain can
sometimes limit the use of these drugs (e.g., NSAID, Indomethacin) (Owoyele et al.
2014). It has been shown that honey significantly decreased production of proinflammatory cytokines, which was similar to the effect of the anti-inflammatory
drug Indomethacin (NSAID) (Hussein et al. 2012), and also could modulate muscarinic receptors to produce its analgesic effect (Owoyele et al. 2014), thus being
potentially useful for treatment of inflammation.

4.4

Wound Healing Activity

Several animal studies and clinical trials have examined the application of honey for
acute and chronic wounds (Moore et al. 2001) including burn injuries (Bangroo
et al. 2005), and have demonstrated that it limits the amount of edema, improves
granulation and epithelization in the proliferative phase while decreasing total
wound healing time, reduces scarring and contractures in patients with burn wounds
(Mohamed et al. 2015), without adverse effect (allergy or toxicity) at all (Yaghoobi
et al. 2013). Due to its low adherence in wound surface, honey causes minimal pain
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Fig. 4.4 Wound healing activity of honey. Case 1 (a–e): Diabetic neuropathic ulcer with 3 weeks
time to healing. Case 2: (a–c): Varicose ulcer with 6 weeks time to healing (Mohamed et al. 2015)

during application and upon removal preserving the newly forming granulation tissue (Mohamed et al. 2015).
There is evidence that honey can heal partial thickness burns more quickly
(around 4–5 days) than conventional dressings; and post-operative infected wounds
can be treated by honey more effectively than by use of antiseptic or gauze (Jull
et al. 2008). In a study by (Mohamed et al. 2015), a total of 12 patients with chronic
foot ulcers utilized natural honey as an effective alternative to more expensive,
advanced wound products. After the wound rinsing with normal saline, natural
honey was applied and the wound was covered by glycerin-impregnated gauze.
Patients were followed on a daily basis for an average of 4 weeks (Fig. 4.4). The
results showed that all ulcers healed with no contractures or scars with a mean healing time of 3 weeks. Moreover, there was a 75% reduction in the dressing budget of
the health center and a high level of satisfaction among both health professionals
and patients. Also, patients’ pain levels were reduced significantly after using natural honey. Similar evidence has been observed when Manuka honey gel was used
for treatment of partial-thickness facial burns. The healing time was congruent with
or better than what would been expected with standard treatment. No abnormal
bacterial growth was reported and the patients reported overall satisfaction with the
treatment and cost of the treatment. It has been suggested that Manuka honey is a
clinically and economically valuable treatment for partial-thickness facial burns
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(Duncan et al. 2016). In addition, a recent study by Aziz et al. (2017) showed that
honey dressings can promote better results for burn wounds than the silver-based
dressings (i.e., silver sulfadiazine), the currently extensively used method used to
treat a variety of acute and chronic wounds.
The presence of antibiotic resistant S. aureus in wounds is a cause for concern
due to its capacity to acquire resistance to multiple antibiotics that make the
treatment of wounds difficult. Jenkins et al. (Jenkins et al. 2012) showed that
Manuka honey effectively inhibited the strains of vancomycin-intermediate S.
aureus (hVISA, VISA) and the clinical strains of vancomycin-sensitive S. aureus
(VSSA) in the clinical setting. It has been indicated that Manuka honey at low
concentration (≤6% (w/v)) can inhibit the growth of clinical isolates of S. aureus
and thus can be used as a treatment option to help decontaminate wounds infected
with antibiotic-resistant organisms like S. aureus. Besides that, clinical and laboratory data indicate that natural honey is effective against a variety of common
pathogens (see Sect. 4.2).
Honey facilitates wound healing by its ability to create an effective viscous
barrier on the wound surface, thus preventing the invasion of microorganisms
(Aziz et al. 2017) present in the wounds and can remove any dead tissue that may
provide a favourable environment for the growth of microorganisms (Zbuchea
2014). The acidic pH of honey (3.2 to 4.5) inhibits growth of most pathogenic
bacteria within wounds, and increases production of hydrogen peroxide from the
enzyme glucose oxidase at 1:1000 concentration. This is less than the conventional rinse solutions but enough to inhibit bacterial growth without compromising the new granulation tissue (Mohamed et al. 2015). Thus, when applied
topically, honey is capable of cleaning infection from a wound and improving
healing (Al-waili et al. 2011). Nevertheless, the wound healing capacity of honey
is not only through its antiseptic nature, but also through its immunomodulatory
effects, which boost the immune system to fight infection (Fig.4.4). The components in honey related to its immunomodulatory properties have not been yet
fully identified, but are being attributed to lipopolysaccharide (LPS), a 5.8 kDa
component, major royal jelly protein 1, arabinogalactants, polyphenols, and antioxidants (McLoone et al. 2016). Different types of honey have been shown to act
with different mechanisms, and moreover that some of these mechanisms are
more efficient than others (Ranzato et al. 2013). For instance, buckwheat honey
is used in wound healing products because of its high-polyphenolic content,
which make this honey effective in reducing ROS levels causing cell damage and
inhibition of wound healing; Manuka honey has notable antibacterial and healing
activities, which directly originate from the methylglyoxal it contains, and make
this honey useful for treating problematic wounds (Ranzato et al. 2013). The
Manuka honey has been claimed to have therapeutic advantages over other honeys and is thus the type of honey most often studied in controlled wound healing
studies (Majtan 2011) (Fig. 4.5).
The honey for wound healing is being commonly used as a base for ointments, gels,
and in surgical dressings (Shenoy et al. 2012) and some studies successfully demonstrated its healing effect when applied directly in a raw form (Mohamed et al. 2015).
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Fig. 4.5 The immunomodulatory action of honey on immune and cutaneous cells involved in
wound healing. According to Majtan (2014), honey is able to either stimulate or inhibit the release
of certain factors (i.e., cytokines; the MMP-9 protein that plays an important role in normal wound
healing through its involvement in re-epithelialisation and extra-cellular matrix remodeling; and
ROS) from immune and cutaneous cells depending on wound condition. Honey induces secretion
of pro-inflammatory cytokines and MMP-9 during the inflammatory and proliferative wound healing phase, respectively. On the other hand, when the wound inflammation is uncontrolled, honey
abrogates prolonged wound inflammation and reduces the elevated levels of pro-inflammatory
cytokines, ROS, and MMP-9 (Majtan 2014)

However, natural honey from the comb is not medical grade and should not be used in
wound care. Medical grade honey is filtered; gamma irradiated to kill Clostridium
spores, and produced under exacting standards of hygiene. There are some commercially available sterile honey products like Revamil source (RS) and Manuka honey, the
two major medical-grade honeys.

References
Ajibola A (2015) Novel insights into the health importance of natural honey. Malays J Med Sci
22:7–22
Alandejani T, Marsan J, Ferris W, Slinger R, Chan F (2009) Effectiveness of honey on
Staphylococcus aureus and Pseudomonas aeruginosa biofilms. Otolaryngol Head Neck Surg
141:114–118
Al-Waili NS, Boni NS (2003) Natural honey lovwers plasma prostaglandin concentrations in normal individuals. J Med Food 6:129–133

94

H. Scepankova et al.

Al-waili NS, Salom K, Al-ghamdi AA (2011) Honey for wound healing, ulcers, and burns; data
supporting its use in clinical practice. Scientific World J 11:766–787
Aziz Z, Abdul B, Hassan R (2017) The effects of honey compared to silver sulfadiazine for the
treatment of burns: a systematic review of randomized controlled trials. Burns 43:50–57
Bangroo AK, Khatri R, Chauhan S (2005) Honey dressing in pediatric burns. J Indian Assoc
Pediatr Surg 10:172
Borsato DM, Prudente AS, Döll-Boscardin PM, Borsato AV, Luz CF, Maia BH, Cabrini DA, Otuki
MF, Miguel MD, Farago PV, Miguel OG (2014) Topical anti-inflammatory activity of a monofloral honey of Mimosa scabrella provided by Melipona marginata during winterin southern
Brazil. J Med Food 17:1–9
Candiracci M, Piatti E, Dominguez-Barragán M, García-Antrás D, Morgado B, Ruano D, Gutiérrez
JF, Parrado J, Castaño A (2012) Anti-inflammatory activity of a honey flavonoid extract on
lipopolysaccharide-activated N13 microglial cells. J Agric Food Chem 60:12304–12311
Chua LS, Rahaman NL, Adnan NA, Eddie Tan TT (2013) Antioxidant activity of three honey
samples in relation with their biochemical components. J Anal Methods Chem 2013:1–8
Duncan CL, Enlow PT, Szabo MM, Tolchin E, Kelly RW, Castanon L, Aballay AM (2016) A pilot
study of the efficacy of active Leptospermum honey for the treatment of partial-thickness facial
burns. Adv Skin Wound Care 29:349–355
Erejuwa OO, Sulaiman SA, Ab Wahab MS (2012) Honey: a novel antioxidant. Molecules
17:4400–4423
Erejuwa OO, Sulaiman SA, Wahab MSA (2014) Effect of honey and its mechanisms of action on
the development and progression of cancer. Molecules 19:2497–2522
Eteraf-oskouei T, Najafi M (2013) Traditional and modern uses of natural honey in human diseases: a review. Iran J Basic Med Sci 16:731–742
Feás X, Iglesias A, Rodrigues S, Estevinho LM (2013) Effect of Erica sp. honey against microorganisms of clinical importance: study of the factors underlying this biological activity.
Molecules 18:4233–4246
Ferreira ICFR, Aires E, Barreira JCM, Estevinho LM (2007) Antioxidant activity of Portuguese
honey samples: different contributions of the entire honey and phenolic extract. Food Chem
114:1438–1443
Gheldof N, Wang X-H, Engeseth NJ (2002) Identification and quantification of antioxidant components of honeys from various floral sources. J Agric Food Chem 50:5870–7. 5870–5877
Gheldof N, Wang XH, Engeseth NJ (2003) Buckwheat honey increases serum antioxidant capacity
in humans. J Agric Food Chem 51:1500–1505
González R, Ballester I, López-Posadas R, Suárez MD, Zarzuelo A, Martínez-Augustin O,
Sánchez de Medina F (2011) Effects of flavonoids and other polyphenols on inflammation.
Crit Rev Food Sci Nutr 51:331–362
Grego E, Robino P, Tramuta C, Giusto G, Boi M, Colombo R, Serra G, Chiadò-Cutin S, Gandini
M, Nebbia P (2016) Evaluation of antimicrobial activity of Italian honey for wound healing
application in veterinary medicine. Schweiz Arch Tierheilkd 158:521–527
Hadagali MD, Chua LS (2014) The anti-inflammatory and wound healing properties of honey. Eur
Food Res Technol 239:1003–1014
Hussein SZ, Mohd Yusoff K, Makpol S, Mohd Yusof YA (2012) Gelam honey inhibits the production of proinflammatory , mediators NO, PGE 2, TNF-α, and IL-6 in carrageenan-induced
acute paw edema in rats. Evid Based Complement Alternat Med 2012:1–13
Huttunen S, Riihinen K, Kauhanen J, Tikkanen-Kaukanen C (2013) Antimicrobial activity of different Finnish monofloral honeys against human pathogenic bacteria. APMIS 121:827–834
Irish J, Carter DA, Shokohi T, Blair SE (2006) Honey has an antifungal effect against Candida
species. Med Mycol 44:289–291
Jaganathan SK, Balaji A, Vellayappan MV, Asokan MK, Subramanian AP, John AA, Supriyanto E,
Razak SI, Marvibaigi M (2015) A review on antiproliferative and apoptotic activities of natural
honey. Anticancer Agents Med Chem 15:48–56

4 Honey Health Benefits and Uses in Medicine

95

Jenkins R, Wootton M, Howe R, Cooper R (2012) Susceptibility to manuka honey of Staphylococcus
aureus with varying sensitivities to vancomycin. Int J Antimicrob Agents 40:88–89
Jull Ab, Rodgers A, Walker N (2008) Honey as a topical treatment for wounds. Cochrane Database
Syst Rev 8:CD005083
Junie LM, Vică ML, Glevitzky M, Matei HV (2016) Phisico-chemical characterisation and
antibacterial activity of different types of honey tested on strains isolated from hospitalised
patients. J Apic Sci 60:5–14
Khalil MI, Sulaiman SA, Boukraa L (2010) Antioxidant properties of honey and its role in preventing health disorder. Open Nutraceuticals J 3:6–16
Knight A (2013) The therapeutic effects of honey. Plymouth Student Sci 6:376–385
Kwakman PHS, Zaat SAJ (2012) Antibacterial components of honey. IUBMB Life 64:48–55
Kwakman PH, Van den Akker JP, Güçlü A, Aslami H, Binnekade JM, de Boer L, Boszhard L,
Paulus F, Middelhoek P, te Velde AA, Vandenbroucke-Grauls CM, Schultz MJ, Zaat SA (2008)
Medical-grade honey kills antibiotic-resistant bacteria in vitro and eradicates skin colonization.
Clin Infect Dis 46:1677–1682
Kwakman PH, Te Velde AA, de Boer L, Vandenbroucke-Grauls CM, Zaat SA (2011) Two major
medicinal honeys have different mechanisms of bactericidal activity. PLoS ONE 6:e17709
Lusby PE, Coombes AL, Wilkinson JM (2005) Bactericidal activity of different honeys against
pathogenic bacteria. Arch Med Res 36:464–467
Majtan J (2011) Methylglyoxal-a potential risk factor of manuka honey in healing of diabetic
ulcers. Evid Based Complement Alternat Med 2011:295494
Majtan J (2014) Honey: an immunomodulator in wound healing. Wound Repair Regen 22:187–192
McLoone P, Warnock M, Fyfe L (2016) Honey an immunomodulatory agent for disorders of the
skin. Food Agric Immunol (3):338–349
Mohamed M, Sulaiman SA, Jaafar H, Sirajudeen KN (2011) Antioxidant protective effect of
honey in cigarette smoke-induced testicular damage in rats. Int J Mol Sci 12:5508–5521
Mohamed H, Salma MA, Al Lenjawi B, Abdi S, Gouda Z, Barakat N, Elmahdi H, Abraham S,
Hamza AH, Al Khozaei D, Al Majid S, Al Majid H, Abdini J, Al Jaber M, Al Masseh F, Al Ali
AA (2015) The efficacy and safety of natural honey on the healing of foot ulcers: a case series.
Wounds 27:103–114
Mohapatra DP, Thakur V, Brar SK (2011) Antibacterial efficacy of raw and processed honey.
Biotechnol Res Int 2011:1–6
Molan P (1992) The antibacterial activity of honey: 2. Variation in the potency of the antibacterial
activity. Bee World 73:59–76
Molan P (1995) The antibacterial properties of honey. Chem in NZ 59:10–14
Moore OA, Smith LA, Campbell F, Seers K, McQuay HJ, Moore RA (2001) Systematic review of
the use of honey as a wound dressing. BMC Complement Altern Med 1:2
Naama RTA (2009) Evaluation of in-vitro inhibitory effect of honey on some microbial isolate.
J Bacteriol Res 1:64–67
Nayik GA, Suhag Y, Majid I, Nanda V (2016) Discrimination of high altitude Indian honey by
chemometric approach according to their antioxidant properties and macro minerals. J Saudi
Soc Agric Sci. doi:10.1016/j.jssas.2016.04.004
Nishio EK, Ribeiro JM, Oliveira AG, Andrade CG, Proni EA, Kobayashi RK, Nakazato G (2016)
Antibacterial synergic effect of honey from two stingless bees: Scaptotrigona bipunctata. Sci
Rep 12:21641
Oryan A, Alemzadeh E, Moshiri A (2016) Biological properties and therapeutic activities of honey
in wound healing: a narrative review and meta-analysis. J Tissue Viability 25:98–118
Owoyele BV, Adenekan OT, Soladoye AO (2011) Effects of honey on inflammation and nitric
oxide production in Wistar rats. Chin J Integr Med 9:447–452
Owoyele BV, Oladejo RO, Ajomale K, Ahmed RO, Mustapha A (2014) Analgesic and anti-inflammatory
effects of honey: the involvement of autonomic receptors. Metab Brain Dis 29:167–173
Pham-Huy LA, He H, Pham-Huy C (2008) Free radicals, antioxidants in disease and health. Int
J Biomed Sci 4:89–96

96

H. Scepankova et al.

Prakash A, Medhi B, Avti PK, Saikia UN, Pandhi P, Khanduja KL (2008) Effect of different doses
of manuka honey in experimentally induced inflammatory bowel disease in rats. Phytother Res
22:1511–1519
Premanath R, Lakshmidevi N (2010) Studies on anti-oxidant activity of Tinospora cordifolia
(Miers.) leaves using in vitro models. J Am Sci 6:736–743
Ranzato E, Martinotti S, Burlando B (2013) Honey exposure stimulates wound repair of human
dermal fibroblasts. Burns Trauma 1:32–38
Rao PV, Krishnan KT, Salleh N, Gan SH (2016) Biological and therapeutic effect of honey produced by honey bees and stingless bees: comparative review. Rev Bras Farmacogn 26:657–664
Sagdic O, Silici S, Ekici L (2013) Evaluation of the phenolic content, antiradical, antioxidant, and
antimicrobial activity of different floral sources of honey. Int J Food Prop 16:658–666
Schramm DD, Karim M, Schrader HR, Holt RR, Cardetti M, Keen CL (2003) Honey with high
levels of antioxidants can provide protection to healthy human subjects. J Agric Food Chem
51:1732–1735
Shenoy VP, Ballal M, Shivananda P, Bairy I (2012) Honey as an antimicrobial agent against pseudomonas aeruginosa isolated from infected wounds. J Glob Infect Dis 4:102–105
Sousa JM, de Souza EL, Marques G, Meireles B, de Magalhães Cordeiro TT, Gullón B, Pintado
MM, Magnani M (2016) Polyphenolic profile and antioxidant and antibacterial activities of
monofloral honeys produced by Meliponini in the Brazilian semiarid region. Food Res Int
84:61–68
Steinberg D, Kaine G, Gedalia I (1996) Antibacterial effect of propolis and honey on oral bacteria.
Am J Dent 9:236–239
Tomblin V, Ferguson LR, Han DY, Murray P, Schlothauer R (2014) Potential pathway of anti-
inflammatory effect by New Zealand honeys. Int J Gen Med 7:149–158
Vallianou NG, Gounari P, Skourtis A, Panagos P, Kazazis C (2014) Honey and its anti-inflammatory,
anti-bacterial and anti-oxidant properties. General Med 2:132
Wasihun AG, Kasa BG (2016) Evaluation of antibacterial activity of honey against multidrug resistant bacteria in Ayder Referral and Teaching Hospital. Springerplus 5(1):842
Willcox JK, Ash SL, Catignani GL (2004) Antioxidants and prevention of chronic disease. Crit
Rev Food Sci Nutr 44:275–295
Yaghoobi R, Kazerouni A, Kazerouni O (2013) Evidence for clinical use of honey in wound
healing as an anti-bacterial, anti-inflammatory, anti-oxidant and anti-viral agent: a review.
Jundishapur J Nat Pharm Prod 8:100–104
Yaman T, Yener Z, Celik I (2016) Histopathological and biochemical investigations of protective
role of honey in rats with experimental aflatoxicosis. BMC Complement Altern Med 16:1–11
Zbuchea A (2014) Up-to-date use of honey for burns treatment. Ann Burns Fire Disasters
XXVII(1):22–30

