CHAPTER I1

LITERATURE REVIEW

S
2.1 Honey Y'

Honey 1s made by bees and other insects. Bees are the only ifWgep’ that produce a

delicious food consumed by people. Honeys are primgril de of water and

carbohydrates (Sampath ef a/., 2010) and 1t 1s produced woRdWpde wllere he bees are

able to find nectar source. The use of natural honeysW 3s peen 1n

humans (Abdulwahid er al., 2012). Copper, nia*" ;i '

C
riboflavin. 1ron, and zinc can be found inn homMav.
flavonoids and phenolic acid which ar pegCred

Hng aﬂ{tioxidants due to
ability of eliminate potentially destructive 16‘@311 body (Sampath

, radc<15 |
%‘rney%) * é@dicine) can bring high
@
S

nutritional benefits and therapeuti 1S€ O@'

1coly 20
N
O[)@ey are classified in the family

l'ef@ts of the honeybees are the orchid

et al., 2010). It was noted that feedu

Honey bees are so(ca] !:i ts (Nifola,
Apidae, subfamily Apinag, tribe®Apgh

, tribe®Ap
@ to
a queen, some ma w hyher
% {f {lous bees in the hive. The bees developed

marked division r aghon™ t
ﬁﬂéptio%

bees (Euglossini); the r of BSRienoptera. They live in colonies with

m‘lercg}emales workers (Mary, 2007) with a

§%r collection of pollen. All bees have at least
a few plun&alrs and broaden@nd legs; they are necessary to gather the pollen

and to tQ\;? rt it back to the colony. A colony contains one queen, 500 to 1,000

specialized m

drogges about 30.000 to 60.000 workers: these numbers are varied according to the

>s. There are two types of bees that produce honey for human consumption

(Nicola, 2009).



2.2.1 Sting Bee Species That Produce Honey

There are 4,000 species of native sting bees worldwide. The members of the four most
common families are Apidae, Halictidae, Andrenidae and Megachilidae, from remote

wildernesses to gardens and backyards. Bees are absent at high mountain (wls'set,

2011). The scientific classification of sting bee species is shown in Table

=\,

Tablel. Scientific Classification of Sting Bee Species |

Kingdom Anima V

Phylum Arthropoda

Class
Order

Suborder

Subfamily
Tribe

Genus

AN

2.2.2 Stingless Bee Species lemduqf Ho
| glea

Stingless bee 1s called stinglesg 1011@{ ' orééo;ly meliponines. They are a large
500 peci@mt, they are small in size compared

po@nown (Rasmussen & Cameron, 2010).
'3

Opinagl gre found i all tropical area of the world.

Comparative

\ " "
. s has%een given to these bees In beekeeping
developmgunts'o grams and 1imited‘§;u:dies were done on their honey.
N

Hm\, it is now realized that stingless bees are not less important than the

cofi mNpee; they are good resources for the production of a special type of honey
al er products with high nutrition value (Marinus e al., 1999). The nests ot
stingless bees are more elaborate and complicated than those of common honey bees.
The nests of most species are built within protective cavities like a hollow tree and
sometimes in the ground. Few species built their colonies in exposed position because

they cannot protect the nest as well as the sting bees. Most of stingless bee built the



nest shaped as a tlower (Figure 1). Cerumen, a mixture of beeswax and plant resins 1s
the main material they used to build the nest (Marinus, 1999; Vera, 2009). Stingless
bee 1s from a diverse group of highly eusocial bees (meliponines) comprising the tribe
Meliponint 1n the family Apidae. Stingless bees have played an importanigle 1n
supplying excellent honey (David, 2006). These bees are found in NYE

and

subtropical regions, ot which they are more diverse and numerous in | south

and Central America (Alan ez al., 2013).
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Table2. Scientific Classification of Stingless Bee Species

Kingdom Anima
Phylum Arthropoda
Class Insecta

Order Hymenoptera
Family Apidae
Subfamily Melipininae
Tribe Meliponini

Genus: Meliponula ferruginea  (eg: Melipo™ek
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Figure 2: Locations of
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Berembun Forest Re

s Kl@‘g Saiong Forest Reserve; SFR =
@mbak Forest Reserve (Salim ez al.,

Gunung Tebu Fores
Semangkok Fore

2012)



T'able 3: Stingless bee species in Peninsular Malaysia

. Geniotrigona thoracica Smith 10. Tetragonilla collina Smith

I

Heterotrigona itama Cockerell 1. Tetragonula fuscobalteata C al

3. Homotrigona fimbriata Smith 12. Tetragonula geissleri C 00@

4. Lepidotrigona nitidiventris Smith  13. Tetragonula iridipengis

N

Lepidotrigona terminata Smith
6. Lepidotrigona ventralis Smith
7. Lophotrigona canifrons Smith
8. Sundatrigcona moorei Schwarz

9. Tetragonilla atripes Smith

Source: (Salim et al., 2012)

An example of widely dis Irigona that 1s the

14
' Am&wnera than the present

pecies present ly included 1n

largest group of stingless bees; 1y

asscmblagc (Kwapong et al., 2

%

1] s(é,f‘&ss bees species are divided into two
CJ%])C easily identified by their long, pale

ho? t1®s ees are too small. 7. hockingsi 1s the
E ){11

suring agpre @y mm in length, while the smallest one 1s

®nm (Figure 3) ( roft ef al., 2013). There are over 30 species of

Irigona b N Malaysia (Rasmussen and Cameron, 2010).
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one)%ﬁé‘;till in the

hat &ona bees 1n
é& 30 over species

nd 6 are images of

research and potential commercialization

Malaysia have many species of Kelulut%

[rigona bees (Rasmussen and Camergh, 2010). ?
stingless bees commercially reared in? SIA.
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§ Figure 4. Hetrotringona laeviceap (Dollin et al., 2011)
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ure 7: Hetrotringona terminata (Bahari et al., 2014)
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2.3. Physico-chemical characteristics of honey

Honey 1s classified into four different categories which are (1) blossom honey, this

honey 1s obtained predominantly from flowers that are the main source of nectar: (2)

honeydew honey, which 1s produced by workers bees after they CT

“honeydew™ (secretions of insects belonging to the genus, Rhynchota) N pierce
plant cells, ingest plant sap and then secrete it again; (3) monoﬂora%

the

¥ 1n which

the bees forage predominantly on a type of plant and which is 1

Yaccording to
this plant, and (4) multifloral honey (also known as polyﬂo%ich has several
botanical sources, none of which is predominant, e.g., manh

forest honey (Alvarez ef al., 2014).

ossom honey and

[n Malaysia, Tualang honey 1s related to the TualanWtre (Mﬁw’cvxca/s)

ht’ T_\L%ng tre

Xt ; p%i‘&.larly,

" alaéﬁoney collected 1n

d pectar from 180 species

é}

in which the bees (Apis dorsata) make their nests

can harbour more than 80 combs: each one has

honey 1s considered as the prized possessio szle 21

medicinal benetits 1t has. According to@
as TNt Rees

Ulu Muda 1s among the best in the wor& d
ndiy ‘811 the source (type of flora

The physical properties OM
NN
O@pecmc sugars that the honey

used to produce 1t), temper urw the’prop -

contains. Fresh honey 1s a stperaturatgf JgdPcontaining more sugar than the water

that can typically dissw am}:lie
) ed W '

honey 1s a super ¢

including glucose, %osc,
which the gluc: &ﬂpr?:' | s d granules. This forms a semisolid solution

gWose crystals in m@ation of fructose and other ingredients (Andres
S

of flowers.

h‘nper WTs. However, at room temperature,

'sup@urated solution of four main sugar
f]dcijl(?tose (Weston & Brocklebank, 1999), in

of precipitat

Thcw#osity of honey 1s normally affected greatly by the temperature and the water
content which probably related to changes in weather (dry and wet seasons).
Generally, normal ripened honey has a moisture content of 17.5 to18%, with a water

activity of 0.58 (Matther, 1997).
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The higher the humidity, the easier honey will flow. However, above the
melting point of honey, the water has little effect on the viscosity. Aside from water
content ot honey, the compositions also have little effect on the viscosity, with the
"creased

f

exception of a few types. The viscosity of honey can be increased or

depending on the temperature that occurs very slowly at first. A typ oney

containing about 16% humudity and at 70°C will have a viscosity of arg0'} poises,
while at 30°C the viscosity of this honey will be 70 poises. As coolindNprogresses,
honey will attend to become more viscous at an increasingly rapid e reaching 600

poises around 14°C (Mohammad er al., 2012).

However, while most types of honey is very vis
surface tension (Bogdanov et al., 2008). A few types 0

properties. Honey from heather or Manuka display thi

of honey enter a gel-like state when motionless, bu

is stirred (Krell, 1996). Yv

2.3.2 Electrical and optical properties \

an. 1t ly]
S
W

O
A
%ﬁnu é‘ls [t has the ability to

exhibit varying degrees of the elegMg tivitf. “MggdWirements of the electrical

h A

og‘ in the term of ash content

S

ges from 1.504 at 13% to 1.474 at

Electrolytes are found in honey in th&Jorngof a

conductivity are used to detersgy

(Bogdanov et al., 2008).
The refractive @‘rr

m :
C(Q |

indicator Qﬂuate the ratio @t’he mixture of fructose to glucose 1n honey

Nz/., 2008: Jenifer er al., 2012).

25%. In addition, | wZcd light, it will rotate the polarization

g’

plane; the fruct a negative rotation, on the other hand,

glucose contag{pviM gi

itiv§:$otation. The overall rotations are used as

(Bogdai

mical composition of honey

The specific chemical components of honey are varied according to the flora available
to the bees, locations, harvest season, management, and especially the bee species that

produced the honey (Mohd er al., 2003; Carlos et al., 2008). Adenekan (2012)
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reported differences in the nutritional content of honey, for example, the mean
nutrient contents of honey samples collected from different sources in Ogun State,
Southwestern Nigeria for the year 2008, 2009 and 2010 contained different amount of
sugar content. The glucose content was 18.42 and 18.91 g 100 g obtained from the
samples ot honey collected from Abeokuta and Ijebu-Ode, 1'espectivel<m the
mean value of 25.32 and 30.1 g 100 g glucose were obtained from %nd [lisan

honey samples, respectively. On the other hand, the fructose contentWvaluated 1n

honey samples ranged from 25.42 —38.21 g 100 g™ R *

Additionally, honeys contain low amounts of man ounds thought to

function as antioxidants, including chrysin, pinobanksin, Se, fmd pinocembrin

. wf vitamins,

nd n'otT RJc acid.
1'011,@

manganese, potassium, phosphorus, sodium and ' other %ferent amino

gnesium,

2.4 Antibacterial Properties of Honey

&

Honey is well documented to h 1 e@spccial]y against Gram

positi\-'e bacteria (Molan, 1999; Pat ¢nic bacteria which consist

of Gram negative and Grag We

Honey also has been repor be ¢

donfonas «

vanco mycin—rcsistal%
. , ¢
organisms such as\
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T'able 4: Bacteria that were inhibited by natural honeys

Stenotrophomonas maltophilia Coagulase negative staphylococci

Acinetobacter baumannii Methicillin-resistant Staphylococ *zLY.
aureus (MRSA) %\

Salmonella enterica serovar typhi Streptococcus agalactiae A

Pseudomonas aeruginosa Staphylococcus aureus Y’

Proteus mirabilis Coagulase-negative Sta )COCCUS

aurcus (CONS)

\

Shigella flexneri Hemolytic strgpl ol

Escherichia coli Enterococe

Fnterobacter cloacae Streptoc

Shigella sonnei Strepto N

CUS S

Salmonella typhi

Klebsiella pneumonia
Stenotrophomonas maltophilia
Burkholderia cepacia

Helicobacter pylori

Source: (Lim et al., ZO@UL

K¢ an antibiotic @h normally targets a specific site within an

the inhibitory effects of honey varies according to type of honey used

Honey is recognized to have antibacterial activity since 1980 when honey has
been known to heal wounds as well (Deb ef al., 2011; Chanpen, 2009). Honey has the
ability to regulate oxidative stress in wounds by the inhibition of reactive oxygen

species and activating polymorphonuclear neutrophils in wound healing (Cutting &
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Bogdanov, 2014). The antimicrobial action of honey depends on the presence of the
components that have antimicrobial properties against pathogenic bacteria, among

them, the presence of hydrogen peroxide which is produced enzymatically during the

production of honey (Dustman, 1979). Aggad and Guemour (2014) GCoYﬂaat
remarkable antimicrobial properties of honeys are mainly attributed to tN ct of

hydrogen peroxide and gluconic acid. In addition, the antimicrobial acts 1ty honey

depends on physical factors; d,, viscosity, water content and the ical factors

(Pimental ef al., 2013). V

ed 'to explain the

f thg h

There are two main theories that have been

antimicrobial activity of honey; first theory is relate peroxide

1
o
hat Shibits

0
coxide gctivi l
nt oﬁwneys, In

o€ev eftect they

actions (Dustman, 1979), and the other i1s the non

microbial growth. Sugars components are found to b®ge ma?r 01

which themselves possess the antimicrobial actionNBecau 0S1

Sy
BN

) |
t the nﬁm@blal properties of honey

thatspsing osmosis; the effect of

QO

re associated with the sugar and

create, although many reports carried out activity using

concentrations at which the sugar conter

2008).

Sampath er al. (2010) also

can be resulted due to (a) the

honey is primarily a satur‘cﬂ Ei
very low water activity; mpost o4
only few remain awail&

ccharides. The mixture has a

-0LghnIsI % S a result, this environment 1S poor
> .

?lroega}peromde effect that is generated by the

€S @15_1 the process of nectar to honey and, (c)

: pey (Neported to range between 3.2 and 4.5. This

level can pr s the growth of many microorganisms. The

relatively A |

antibact thivity 1S reported to be related to a number of factors other than the
oney. Additionally, honey viscosity is high enough to create a physical
ich 1s able to inhibit the contamination of a wound by the infectious agents

present in the air and, by the osmosis due to its high sugar concentration (Pimental ef

al. 2013).
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The antimicrobial activity of honey varies with the bacteria species and water

activity ot honey. The aw of honey 1s evaluated to be in the range of 0.94 to 0.9960.
Many bacteria species are totally inhibited at this water activity. However, few
species that have their maximum growth rate at aw 0.9910 can also be Inhib\AY in

which the inhibition 1s caused by the osmotic effect (water-withdrawilr\dilute
solutions ot honey sample (Peter, 1992). Paulus ef a/ (2010) have x% 1at bees

make a protein which added to the honey during the production, ¢ efensing-1.

This protein gives the honey the ability to treat burns and skin infd

alimicrobial properties
1d€. % peroxide
nsiple {gCrore fpe the
ofe s
rrricatio for\pe€roxide
antibacterial activity of honey diluted to low conTﬂm lés . ght@ attention
to the other antimicrobial agents present in ho%P ne T‘lc\ 20 143.
The geographical region and flo N ey i@rived influenced

the antimicrobial activity of hone %dualem,\_@ 3) ﬁlﬁjies indicated that

N
p@lt in honey, and the

Aggad and Guemour (2014) reported that remarka

of honeys are mainly attributed to the effect hydrogen

and osmosis have long been suggested to be thg res

antibacterial capacity of honey. However, tl

compounds present m medicinal

medicinal components fron

researchers have suggested thatw Al
tn'ouJ] be

lai X
for example, has strong anfiOXifant ang <o z&tQEi)a properties. This honey when

used to treat bacteria@ml lho\h grc;%('l‘)eaction. Alqurashi et al. (2013)
reported that sidr hmw bits e sy th @ﬁim negative bacteria (Acinetobacter
baumannii, Pscudm%w ae ug?n 9K /ﬁs?*!/a pneumoniae and Escherichia coli),
when used at 49%%)" (?/ 1] s

1crease growth agfebition of the tested bacteria (Alqurashi er al.,

nc@fltion. [ncreasing the honey concentration,

in general, le

2013). 1\% science has madc\ck) possible to classify the properties of honey as

bacterigidadpacteriostatic, antiviral, antifungal, antioxidant and antitumor (Bardy e?

stevinho er al., 2008).

The enzymes present in honey were reported to exhibit the antimicrobial
properties. However, in most honeys, the antimicrobial properties produced can also
be from non-peroxide components. Manuka honey, for example have a high level of

non-peroxide components and display significant antimicrobial effects even when the
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activity ot hydrogen peroxide 1s blocked (Deb er al., 2011; Molan, 2012). Cooper
(2014) reported that the inhibitory effects of manuka honey on S. awreus and

methicillin-resistant S. aureus (MRSA) are caused by the accumulation of cells with

fully formed cross walls that failed to complete the cell division cycle. Y'

Honey also reported to show antibiofilm activity. Cs; ey (2014)
demonstrated that manuka honey prevented biofilm formation of SMeprococcus
pyvogenes by decreasing the expression of two important surface prieins that act as

adhesins 1n facilitating bacterial binding to fibronectin. Bacteria sulas Acinetobacter

baumannii, Klebsiella pneumoniae, Pseudomonas aerugin d E. coli that pose a
serious threat to the public health and antibiotics have
antimicrobial capacity of most types of honey is relat

peroxide and other factors (Alqurashi ef al., 2013)

nti

the existence of other compounds contributing t

such as methylglyoxal and gluconic acid.

2.5 Honeys from Stingless Bees

The properties of honey from

produced by sting bees. Stingl hoge
‘(likezthe clym
flavonoids and catalase as wellffas ..w.@

compounds 1n stingles& oned hav rece@ a special attention from research
groups for examplg N -‘ pr%pnon of illness that associated to the

oxidative stress ( -

PaylGyer al., 2012).
2.5.1 Antimicg { ity \ ‘S‘n@ Bee Honey
N\ S

Nncdicinal value of stingless bee honey has been evaluated. Several

CSS

gldsQse oxidase, phenolic acids,

ﬁt‘jativity. These biologically active

display antioxidant actio1

these bees including Friesiomelita nigra, Melipona solani, M.

appreciated therapeutic and antimicrobial properties (Ortiz et al., 2013). However,

study on honey obtained from singles bee 1s limited.
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Andréa et al., (2013) reported that stingless bee honey to contain flavonoids
that have antimicrobial activity. They also reported that stingless bee honey contains

polyphenols, making it more resistant to fermentation than the honey produced by the

common honeybee, A. mellifera. These two components of stingless bee make it

important medicinal aid to fight agamnst bacterial infection. Altho Rthc
antimicrobial effects of various type of honey are well established, the L,ated

mechanisms remain incompletely understood (Aggad & Guemour, 20 to the

'Involved.

incomplete knowledge of the whole antibacterial components that coul

Additionally, the variability of antibacterial capacity i1s major agits of honey

applications as a treatment. The mechanism of the antimicro ialYWity of honey is
still complex because of the multi-reactions of the componesWwnd Mﬂ* to the
@

variation in the concentration of the components (Paulua ez al

Peter (1992) evaluated the antimicrobial ac@of

unidentified micro-organisms obtained from soil, wa 1d

oney, 30 to

., Sc@e.. air and 25%
\\Tl ,éﬁ the growth of

Sen @ned to be inhibited

honey inhibited the growth of bacterial colonig

60% (w/v) of honey inhibited growth of fungN

(w/v) honey inhibited microorganisms

colonies that obtained from air borne

completely when tested by 20% of h

2.6 Evaluation of the Antimicr

anicrobial compound is added into a well

generally qui llh |\

>s and then, thc\‘C}I'npound diffuses through the agar, which

within an ag
resulted 1n a \ \tration gradient that is inversely proportional to the distance from

degree of inhibition, which 1s measured as the zone (zone of

K here no growth around the well, 1s depending on the rate of the diffusion

the well™
inhibit10

of the compound and the cell growth (Davidson et al., 2005).



