CHAPTER I

LITERATURE REVIEW .b
2.1. Honey Y' '

Man and bee have had a relation since the era of the Ston ran gp honey

that bees produce is a viscous sweet liquid and cq @'ﬂ the fec oI’flacQTérs Honey

is not only a food, but a healing substance as we herNK a re@_%ce to it in the
Holy Quran in Surat EI-Nahl (verses 98 alﬁwhe fi ﬁnce about honey

mentioned its use as a drug and an 0|ntmen ran 197 hereQmple evidence in the

literature that mentions the use of ey rﬂ) e as%%urce of nutrition and for

medical purposes, and using ho drwnt a mtment has been carried into
\
e ag(, ho %

modern times. Since a tng Ih% en a very important source of
carbohydrates and use as adwe r |I T‘ rial sugar was produced after 1800

(Crane, 1975). The&%’uce ' atlve\ dicine called apitherapy offers various
treatments based%\we;fn& Voe&(p'h)ducts against many diseases (Potschinkova,

1992; Cherpuili ng re 00@\T he healing quality of honey can be seen in its

many amuons to treat Woun@burns and infections as reviewed by Molan (1999),

S

t al. (2008) and Shakespeare (2011).



2.2. Chemical Composition of Honey T

\

Honey is rich in many compounds including sugars, organic and amifs , proteins,
minerals, polyphenolics, aroma compounds and vitamins. It is suggested tha® the chemical

composition of honey is related to its botanical origin (Persano &% 04).

2.2.1. Sugars z l
Carbohydrates are the main contents of honey, comprjsing a®out SMO hcqey’s dry
r
Whit

\
weight. The sugars composition in honey varies fro type to gno c’e ing on the

source the honey comes from and the origin of tthowe \G&'Q hi e%’l\/laher, 1953;
Fuente et al., 2011). The viscosity of hone@ fr Q‘he h a@gn

present in it and ranges from 80 to 85% (m}/ se ru_(ﬁ)se) (Buba et al., 2013).
Honey samples from Noﬂh-Centra@we«e oun .,0 igésugar content ranging from
63.82 0 80.25% (James et al., 2009g Aj $
The monosaccharide fruct%g;ucp!eoj

@)

different oligosacchar@we t@tified.@oner, 1977; Siddiqui, 1970). The main

t of sugar that is

S o
‘ihiQ in sugars in honey and about 25

&

oligosaccharides i Nm or;eéo’lder@natic honey) are the disaccharides sucrose,
a

maltose, turan trehglose {&)some nutrition-relevant ones like panose, 1-

s
kestose, pa mand 6-k toé. InNFomparison with honeydew honey (Forest honey),
o
0

honeydetw,contains more of the otigosaccharides melezitose and ranffinose. Following
h ake the primary carbohydrates fructose and glucose are transported rapidly into
blgod to be used for energy requirements by the human body. A dose of 20 g honey

every day could cover about three percent of the daily energy (Bogdanov et al., 2008).



Generally, honeys with high content of fructose are sweeter in comparison with high

X
O

Studies on the proteins of honey are very limited which % due to the low

glucose concentration (Bogdanov et al., 2007).

2.2.2. Protein, Peptides and Amino Acids

concentration of proteins in honey (0.1 to 0.5%) (Chua et al., ?7 Several reports have
n rc@?preoipitaﬁon,
but they did not include identification of proteins ghich ayjbe ust g¢the low
| &
recovery of the instrument used nowadays (Chu al., 2(.)’1 | rece%_ imes, some
g- N
researchers have been attracted to the honey prot&ps th \y\be reladgto the potential

applications of honey proteins in phar@(c Q‘et ., 2&{5) For the extraction
C

et@dy like ammonium sulphate

precipitation and, the Bradford andASDSs GE@'S were used to determine

Y
protein content and profile (Chua d Chuét al., 2015). These researchers

concluded that most of r ) i; proteifis wgre b@n%tin honey, and Apis mellifera bee
d F &
proteins were more wnt ES') \Hs( n A&iﬁ honeys. Other peptides such as bee
defensin-1 was repagted ® be P RS@'(ey but not from other types of honey from
c ; ¢
different sourﬁ; ile lso e h&]@ntained proteinases (Mundo et al., 2004;
Gallardo- % taI.,‘EO@OZ’ $
)

g

Hon Wains about 0.5% proteins, free amino acids and enzymes. The three major
~

extracted the proteins using ultrafiltration, ultracentrif

of honey proteins they have us hefhic

ymes are amylase (decomposing starch into smaller sugar units), a-glucosidase

Qﬂposing sucrose into fructose and glucose), as well as glucose oxidase (producing

hydrogen peroxide and gluconic acid from glucose) (Bogdanov et al., 2008). The protein



content of 22 honey samples from Ceara State, Brazil varied between samples and from

178 to 1121 pg/g (da Conceicéo et al., 2013). Azeredo et al. (2003) founwg protein

content in Borreria verticillata honey (2236.00 pg/g) from Piaui, She authors

mentioned that the protein content of 1000 pg/g or more in honey is considered high.
Chromatographic analysis of the amino acids profile in Malaysiag hof®y was carried out

by Chua and Adnan (2014) and found that 64.6 % of tota mw&id was proline which

was the most abundant in all tested honey samples. \d
(3

4
2.2.3. Phenolic Compounds, Flavonoids and Mir@ ’ _S
y is

4 \'Y'

The composition of phenolic and flavonoids in h endent ongREoriginal source

noigéeare present in plants

of the honey; more than 8000 phenoli CQst Q‘fl
and floral. These compounds are tra :hb eTo 'caw and they contribute to
honey flavour, colour, taste and (@h ﬁ%ao@., 2003; Al-Mamary et al.,

ﬁz ine ey are mostly divided into two

2002; Estevinho et al., 2008). PMlc
(rac' s, W flavonoids, which are present in

sub-classes: benzoic aci zin
4
ge!, flavones, and flavonols (Yao et al.,

honey are separated ifg.thre
éﬂnical substances such as aromatic acids,

@D
&
S g

=

2003; AI-Mamarqu., 200

N

flavonoids e & X , 2005, Weston et al., 1999) have been detected in honey.

¢
unknown comg%/\/ith fiff ée i(‘gl properties (Bogdanov, 1997), phenolics and

)
Total A composition of F@ang honeys was from 228.37 to 472.52 mg GAE/Kg,

oids content of Tualang honey samples from Malaysia ranged from 40.23 to

an
@ﬁg GAE/kg, however this content could decrease after storage (Khalil et al., 2012).



The colour of honey varies from one type to another, depending on the botanical origin
(Crane, 1984). The honey aroma depends also on the content and kind of ac@mino
acids (Bogdanov et al., 2007). Polyphenols are also important co &Dﬁs for the
appearance and functional properties of honey (Al-Mamary et %; Gheldof &
Engeseth, 2002). Mostly flavonoids (kaempferol, luteolin, quer@enin, galangin,
chrysin), phenolic acids and their derivatives (Tomé&s-B rbw al., 2001) that are

known for their antioxidant activity. Flavonoids con n Varyyb Ltwe 60 and 460

Hg/100 g of honey and this amount increases in seasons with h eratures
(Kenjeric et al., 2007). Y-.\

Yv

It is known that varying unifloral honeys dlffé‘FFnt els O%merals and trace

elements (Bogdanov et al., 2008). Nutr@ honey caglains @lganese and selenium
~,

@denum and silicon which

are important in human nutriti gdan y 2 . Honey contains 0.06 to 5

and the elements sulphur, boron, ¢ 3

2.3. Health Ben@ﬂ—m ey?"l
@]

2.3.1. om@v o‘b.):
\,

Carie in |b|ted by honey beﬁ'use of its antimicrobial activity (Steinberg et al., 1996;
01b) and could induce a carioprotective effect (Sela et al., 1998; Edgar &
1974) The possibility of honey functioning as food for oral health was studied

by University of Illinois in Chicago, which concentrated on four varying areas including



the effects of the honey on the growth and cariogenic properties of plaque bacteria, the

formation and acidity of human dental plaque, the use of honey treatn&tin caries

formation and aphthous ulcers (Bogdanov et al., 2008). Inhibition of th! %h and acid

production of Streptococcus mitis, Streptococcus sobrinus and Lagigbacillus caseii was
reported from the oral intake of honey (Bogdanov et al., 2008). §milgZ®ly, manuka honey

was reported to have antibacterial activity and positive eﬁ?’gainst dental plaque

development and gingivitis (English et al., 2004). Fro, t Mas e&n digcussed above,
the conclusion is that honey, compared to other suwss caripgeni. -(0‘2'
-\

\,Y'

2.3.2. Wound and Burn Healing % Q‘ k

o)

S
In ancient times, honey was used t oun gre quadays the wide-ranging
%
éwoun

effect of honey on the healin con rrﬁs reputatlon of honey as an

antimicrobial agent and pro f heflln ola 02 Seckam & Cooper, 2013).

Many different types of \h were iﬂ reated with honey dressings (Molan,

2001a). In Wound li th@ effe@vere observed, including fast healing,

N

clearance of |nf t| re CHO f 'nf atlon stimulated healing process, wound

s’
cleansmg ulat tisgue eg tlon and comfortable dressings which did not
adhere to es (Mol , ZgO@n recent times, the wound healing quality of honey

has Nedlscovered (Molan, 2001b) Laboratory investigations have confirmed the

ness of honey against many infection causing pathogens such as some antibiotic
igfant bacteria like MRSA (Methicillan resistant Staphylococcus aureus) and VRE

(Vancomycin resistant enterococci) (Allen et al., 2000; Cooper et al., 2000a & b).
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Honey can cure burns more effectively than traditional dressings (Postmes et al., 1997).
Several studies from India have reported that dressing with pure unproces&d,qnailuted

honey obtained from hives showed positive impact over conventional E%treatments
rahm

such as OpSite® (Subrahmanyam, 1993a), Silver sulfadiazine ( nyam, 1997)
and traditional, low-cost treatments such as boiled potato peels (&brafmanyam, 1996). A
comparison of various dressings elaborated that honey i aw&llent dressing which
hastens healing, improves the formation of tissue, r flw and scaring
(Cowley, 1990). Other advantages are the low coast @ .honey afjd ea (ireg Q. On top

of that, it was found that significant curing of skin g occysred a oom?mperature in

Yv N
honey (Subrahmanyam, 1993b). V \ g

&

Honey can be effective in curing infecti -healing gin Wt@is (Mclnerney, 1990;

—=

Somerfield, 1991). Honey was eval F‘(‘) 1eTs, o gg"q% with topical unprocessed
o
honey and exhibited fast heal\eem, ; ajaﬁg"al., 1996). Ampicillin and
. e N
nitrofuazone were compaggd oney in aftimal s@y using buffalo and, honey was
'S
anggioti

more effective than teste € ; Kumar et al., . Rozaini et
ffective th d GSQ ¥3ke1992; K 1., 1992). Rozaini

al. (2004) reported @al i@on of@ey on burn wounds can improve healing
with regard to t@ile trén ’l’Op&%/'.) Nasir et al. (2010) noted that Malaysian
t @

Tualang ho %a }9 erigiddl afel™ bacteriostatic effect against wound and burn

b 4
organisms Nit 18 beneficial as aci)&sing due to its ease of application and reduced
A N

sticki N comparison with Manuka honey. On the other hand, in the case of Gram
&E bacteria, Tualang honey loses out in effectiveness compared to silver-based
I

ng or medical grade honey dressing.
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Honey was evaluated in surgical dressing for vulvectomies due to its bactericidal

properties and it was also successfully used to treat ulcerations after radicgl\sqgery for

breast carcinoma and varicose veins (Bulman, 1955). Other reseas%have been

reported to use undiluted honey after radical operations for vulva carginoma’and the result
showed no infections, minor debridement and shorter hospitagysta :Cavanagh et al.,

1970). Honey is recommended to be applied on woungs (%Yally surgical wounds

because of the low cost of honey (Ustunol, 2000). \d
(3

2.4. Antimicrobial Activity Vi \
Honey was reported to inhibit the grO\Naubella Vil

and three species of the Leishma i%asite % t &1\997) and Echinococcus
? (|}

A

(Kilicoglu et al., 2006). Mund\ . (Wectﬁ&ney samples from different

sources and evaluated thevast ff S iageo.'ganisms and pathogens namely,
(

Alcaligenes faecalis, Asws n%ﬁj?cch;}n candidum, Penicillium expansum,

Lactobacillus acido MSe Jomo S quQb%Cens, Bacillus cereus, E. coli O157:H7,
N

Listeria monocy(%m, Sllmo o dnt Ser. Typhimurium, S. aureus, S. aureus

9144 and B %\he‘r‘m phivjs Thééb)sults showed that B. stearothermophilus was
highly seﬁm honey, Icaﬁga@'faecalis and L. acidophilus were less sensitive, and

the fi N niger, P. expansum}. candidum and S. aureus were unaffected by honey.

o

ormyjpa et al. (2001) observed that honey from six different sources in USA showed
tory activity against E. coli O157:H7, Shigella sonnei, S. typhimurium, L.

monocytogenes, B. cereus and S. aureus; the activity was related to hydrogen peroxide
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and non-peroxide components. The antibacterial agent hydrogen peroxide is produced by

honey glucose oxidase (White et al., 1963). \?

Malaysian honey has been reported to have antibacterial activity (Aljadk soff, 2003;
Tan et al., 2009). Tan et al. (2009) evaluated the antimicrobial m of Malaysian

Tualang honey from different aromatic and medicinal plants_agaiM’ multidrug resistant

bacteria isolated from human; all honey samples showed s t|V|ly against E. coli, S.
aureus, B. subtilis and P. aeruginosa. Recently, Ab observed that
Tualang honey obtained from seven different sour Iay5| sh o'ggémmhlbltory
activity against E. coil, S. Typhimurium, B\X;reus slight

ep|d$|d|s Voidarou et

inhibitory activity towards S. aureus, and @

<3'fv):§’

Nl

unds Responsible for the Antimicrobial Activity in Honey

contalns a mixture of compounds, some of which are known while others remain

unldentlfled or uncharacterized; most of these compounds may contribute to the
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antimicrobial activity of honey. Some researchers divided the antimicrobial activity of

honey into two types, the first one is hydrogen peroxide activity and the {gd one is

non-hydrogen peroxide i.e. other compounds present in honey (S%ov, 1997;
ew

Kwakman & Zaat, 2012; Aggad & Guemour, 2014). It has been r ed by Kwakman
and Zaat (2012) that honey contains antimicrobial compounds Iih@&;glyoxal (MGO)
and hydrogen peroxide (H20,). These compounds were n utn?! and tested against S.
aureus and found that neutralization of one of thes pound !ioes ot affect the

antibacterial activity of honey, while neutralizatiow resulfed i gfgmction in

the antibacterial activity of honey. Substances otanigal orighn ok‘-honey could
N

o Bo@/, 1997). From
y owey may not be from

xide % methylglyoxal, but the
N
t o

contribute to the antimicrobial effects of hquey (Wol

these observations, it can be said that tf\ﬁ@:robia

one specific single compound Whic(ii hydro

result of various combinations o%und and

&
pH of honey can also contri t0%the L actrial @/ity as observed by Yatsunami

and Echigo, (1984). So% he k} n i?‘h ds with antibacterial activity are

discussed in next sectﬁlg\ '

N
2.5.1. Hydrogen@je '?'ol (-)(J

&
One of t r ydra‘t @oli@ enzymes is glucose oxidase. This enzyme is

N

transfe the nectar of the ﬂ@ers by bees, and glucose oxidase converts glucose to

gl cid and hydrogen peroxide (H.0,) (White et al., 1963; Bang et al., 2003;

@nan & Zaat, 2012). The assumed function of hydrogen peroxide is to prevent the

spoilage of unripe honey when the sugar levels do not reach the amounts that will not
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allow the microbes to grow (Kwakman & Zaat, 2012). H,0, is inactivated in the ripe

honey, and once honey gets diluted it becomes activated for antibacteria@ H20;

reaches its highest levels when honey diluted in the range of 30 to 5 M decreases
hone

very quickly below 30% honey due to the relatively poor affinity bee glucose

oxidase for its substrate glucose to produce hydrogen peroxide% artz et al., 1964).

ow (Kwakman & Zaat,
n ;@ca in Malaysia

contained non-peroxide factors of antimicrobial $/; thes ty ’of‘ &ggy were
A

shown to inhibit the growth of S. aureus and E. coli (%yjadi &gY¥s0 2003%
NV

Y' \ <
2.5.2. Methylglyoxal V °‘ é

\C‘) S

fter h e e'f&c‘ts and it is one of the

Methylglyoxal is formed by sugarsc

compounds present in honey es@ afluka y \gel et al., 2004). Manuka
&

honey is a type of honey that m fr anukeiee (Leptospermum scoparium)

and its origin is from Ne%i;d (Kwgkmgh & 152012). Methylglyoxal is reported
in lo

2o/ ¢
1

Hydrogen peroxide can be affected and destroyed by hegt

2012). It was reported that coconut honey and ge

to be found in some . W ane nectar of the Manuka tree flowers

contains high amougts 0% me
0\ :

other foods in des 3tg4ar

in Manukiw e Iefe&‘zl‘

)
., 2008 vric et al., Zoo&b(wakman et al.,, 2010; Kwakman & Zaat, 2012).

I ( ‘&fns et al., 2009). Methylglyoxal found in

£ e

QdJln other honeys with amounts of 24 mg/kg but,

D

Y
m@ﬂgher ranging from 38 to 1,541 mg/kg (Adams et

al
M@yxal from Manuka honey showed antimicrobial activity and that has been
ro many of studies (Kwakman & Zaat, 2012). In addition, the amount of

methylglyoxal in honey is found to be correlated to the antimicrobial activity of honey
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which indicates that methylglyoxal is the compound responsible for the antimicrobial

activity of that honey. Manuka honey contributes non-peroxide antimicrobiwlﬂgvity that

is mostly related to the presence of methylglyoxal (Adams et al., 2008; S%an & Zaat,

2012). :
V
X~

Phenolic compounds with antibacterial activity were J ro ‘\/Ian a honey and
identified using a thin layer of chromatography (TLC}(Russ€ll etfal., '\/Kégron et al.
(1999) reported that Manuka honey contains phe% aciﬂs, be oic’@? cinnamic
acids and flavonoids and also that these compoUgds s \ed\inhibit &\El’ctivity against

phatogenic bacteria. A total of 23 sam@ey dged 8@rthwest Spain were
analysed for their antibacterial phenojge contént, YTO (ﬂmpounds were extracted
and showed antibacterial activi st @taph occ@pidermidis, Enterococcus

faecalis, Staphylococcus aurehmri uteuﬁacillus cereus, Pseudomonas

2.5.3. Phenolic Compounds and Flavonoids

S

aeruginosa, Salmonella% urium, § Esc erlch@'coli, and Proteus mirabilis. The
’

¢
antibacterial phenolic %cts @na yse(g.slng solid-phase extraction (SPE) and
HPLC/DAD and K’%ult p-c@}h’aric, caffeic, pinocembrin, ellagic acids,

|

¢

galangin, chryﬁ %ﬁ! pf{ol te toq;?sin were present in all fractions (Escuredo et
1@“2f

al., 2012).

A &

)
It w \Q@rted that Malaysian honeys (coconut and gelam honey) had antibacterial
I against S. aureus and E. coli and believed to be attributed to components such as
lic acids (Aljadi & Yusoff, 2003). Phenolic compounds were extracted from clear

and dark honeys from Portugal and tested for their antimicrobial properties against a
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range of Gram-positive and Gram-negative bacteria; all extracts showed inhibition
activity against the target bacteria, but S. aureus was more sensitive tha@rains
(Estevinho et al., 2008). These phenolic extracts were analysed using and it was
found that naringenin, phydroxibenzoic acid, cinnamic acid, chrygin and pinocembrin
were present in all extracts (Estevinho et al., 2008). Phenylactigacid®and syringic acid
are the major components found in Manuka honey an bow present in types of

European honeys (Wilkins et al., 1993; Steeg & M 1987) tLese cids are well

7bre Q&ﬁpounds
Zhv-et al., 2011).

In contrast, Weston et al. (2000) concluded %R nor&‘o e ant Terlal activity of

Manuka honey was not correlated to the&

\ *
25.4. Peptides % AY S
>0
N &
Reports on the antimicrobial es yf ey é@ very limited. Bee defensin-1
ine J

known to have antimicrobial activity and they could art of thd res

for the non-peroxide antimicrobial activity of hone im et‘al

?
iy

(Royalisin) is one of the ybed pepfid els |t was discovered in antimicrobial
medical-grade honey. ‘w bee “ -1w (nféutrallzed and tested against B. subtilis
the activity of hon %ase ed ttﬁéé presence of bee defensin-1 (Kwakman et

., 2010). BegageTegBin 1/na bgct (?actlwty only against Gram-positive bacteria
mcludlng us, P‘alelu rvae and B. subtilis (Kwakman et al., 2010;
Bacha aI ., 2002). There a&kome proteinases with antibacterial activity from 6 of
26 (Mundo et al., 2004; Gallardo-Chacon et al., 2008). Proteins from four of

@oneys showed antibacterial activity against Bacillus spp., but not against S. aureus,

similar to what has been observed with bee defensin-1. Therefore, the active proteomic
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compounds in these honey samples can be bee defensin-1. In contrast, Weston et al.

(2000) suggested that the non-peroxide antibacterial activity of Manuka K&was not

from peptides like royalisin and lysozyme which were not detected in ths’ w

2.5.5. Sugars Y.

Honey consists of high amounts of sugar (about 80%) and i e of the well-known

ler (‘2008 reported that
honeys from South African plants possess antimicyggbial activjty a llst‘b(Qeria and
(.)
yeasts and suggested that 25 % of this activity i@ to jh sugar c
N

honeys. In contrast, Weston and Brocklebank, §999) \ﬁed thag T non-peroxide

antibacterial factors in honey (Molan, 1992). Basson
trations in

antibacterial activity of Manuka honey @te Q‘th reyéqe of oligosaccharide,
but mostly from other components. A

G P&

? [} )

2.6. Honeybee |

A member of the gﬁwis h*
honey and cons;gNer]m@l, 'gilia @ nests. Honey bees are the only existent

Apiri, ald bglon to the genus Apis. Nowadays, there are only
4
atd

seven typjwney bees re {J&bgnised, with a total of 44 subspecies, compared to
C-)

histori , only six to 11 @ecies were recognised. However, honey bees are

ative of only a small fraction of the roughly 20,000 known bee species.
thgugh there are related types of bees that also produce and store honey, it is only the

members of t
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members of the genus Apis that are true honey bees. The science of the study of honey

bees is known as apiology (Engel, 1999). \?

A high number of studies exist on the proteins and peptides from diff tyPes of honey
bees. The antimicrobial peptides are some of the compounds preseWoney bees and

they are very important to the immune system of the honey bee, Wgiping it to treat any

infection (Hoffmann et al., 1999). Types of antimicrobia tifes V\‘ere found in honey

9), bwgstg;_ls et al.,

1990), hymenoptaecin (Casteels et al., 1993) and S preseft t stq_r@ defensin

1 and 2 (Casteels et al., 1993; Casteels-Josson el 9454 § ZOG&myasov etal.,
Yv

2012). Antimicrobial peptides from famt' Nabaéﬁin pep®Qes), defensin (29

peptides), apidaecin (13 peptides), and h ptaecin (3 epfi@ were identified from

the Asiatic honeybee, Apis cerana ( L., ‘2‘% °~;§
o

bees: apidaecin present in 12 isoforms (Casteels et al.,

The defensins of honey bees have hlgI polym®rphism and are present as two
peptides-defensin 1 and nsin ¥ is ynlh@ed in the salivary glands and is
4 3

responsible for social unlty,' e sy%éé{s of defensin 2 is by cells of the fat

& res
F S

body and hemoly.
‘K j
Defensin fromﬁne ee efhibi{etya E{ic}erial activity against Gram-positive and Gram-
negative bw gens"a me@ several studies (Mandrioli et al., 2003; Bulet &
)
Stocklé; Ilyasov et al., S&PZ). Of all antimicrobial peptides of honeybees, only

de[%exhlbit cytotoxic activity against Aspergillus flavus, Ascosphaera apis,

Aspapgillus niger Tieghem, Aurobasidium pullulans and Candida albicans (Aronstein et

lforc'r?(vidual immunity (llyasov et al., 2012).

al., 2010; Chernysh et al., 1999; llyasov et al., 2012).



19

2.7. Proteins and Peptides from other Sources and their Antimicrobial Activity

Antimicrobial peptides are one of the natural solutions that could be ﬁ place
commercial antibiotics and preservatives which are based on old ms& dditionally,

most of the known antimicrobial peptides were extracted from d|ﬁ?ﬁources such as

plants, trees, milk, milk fermentation, dairy products, bacte etabolite, fish and
animals (James et al., 1996; Nes & Holo, 2000; Douglas 03,'Hayes et al., 2006;
Broekaerta et al., 2010; Mukesh, 2011; Vriens et al., |Isona et al.,

2012; Rybal'chenko et al., 2013). The foIIowm@m offth e’lo_uﬁ‘keports of
peptides with antimicrobial activity against pat an ng Iudmg,vf:)od spoilage
and harmful bacteria which were extracted fled omY, nou(< ;s

Host defensin peptides are antimicrgbial pe t| af@ar 9&'9 t naturally in skin of
animals and plants to protect and@theﬁ im sy \s against any attacks from
pathogens, viruses or parasﬂesto 01 Iant defensin is antimicrobial
peptide which belongs t%X;c faIHy, efen@ewas detected in plant pathogenic
bacteria infections a%)f the' si:é(woeapons of the plants (Mukesh, 2011).
Plant defensins ar% es h Pntri@}’ to antifungal activity especially against
G I P o
plant pathoge 0 de non \(:)}IC and can be used in medical fields because of
t-vzwt different pathogens. Most previous reports on
NV

defensj based on in wtr{'@tudles while in vivo also should be considered, as

re@y Vriens et al. (2014).

i (2012) extracted peptides from milk and found that the peptides attribute to the

their abili

antimicrobial activity against pathogenic microbes and suggested that the peptides can be
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used as preservatives and health enhancing. The peptides were as,-casein, osi-casein, K-

casein, lactoferrin, a-lactalbumin, lysozyme, and B-lactoglobulin. Host de{ﬂ peptide

acts as a natural antibiotic in milk to protect the animal against neonata!c%eal disease
mil

(Wilsona et al., 2012). Bioactive peptides were extracted from nati and found to
have the inhibitory ability against pathogens and the bioactive qgptig®s were sequenced

and found to contain from 2 to 20 amino acid residues (Jabgari Y, 2012).

Lactic acid bacteria (LAB) have been well known for Thgy ant ngctivity for a

| . | N
long time, and most LAB activity is related to the Repeides that p’ogﬁaad by this
bacteria (Piard & Desmazeaud, 1991; Klaenharfvwl% < ﬁe olo,\gﬁ)o; Hayes et

Yv
al., 2006; Aly et al.; 2006; Rybal'chenko efWS; hi etil&OlS). In addition,

in the last few years more than 50 pept ith anti obia@tivity were extracted
most of those peptides

\ *
from the metabolites produced b % %c\:w%l @
gue

o
contained 20 to 60 amino aci& S. e Jpepti égxlere more effective against

Gram-positive bacteria, ichﬁ!e fo*j sp Ig@?also including pathogens; it was
af

concluded that lactic acid bagj€ria p,QQ ery useful as preservatives or in the

medical field (Nes @2oq®e pe@ of SDIPNPIGSENSEK, VLNENLLR,

and IKHQG LPQ@ p:idute f_'acﬁyacnlus acidophilus DPC6026 fermentation of
e

@

sodium cas '&Aﬁd P] r [@des contribute to antibacterial activity against
a1

Escherichidqcolf DPC5063 and E bacter sakazakii ATCC 12868 (Hayes et al., 2006).

A N

Ry@o et al. (2013) suggested that the antimicrobial activity of lactobacilli except
e

is related to peptides with low molecular weight ranging from 4 to 6 kDa. Novel

ﬁ with Antifungal activity against Aspergillus niger was produced by Leuconostoc

mesenteroides, reported by Muhialdin et al. (2015).
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The antimicrobial peptides defensins and thionins were isolated from plants (Broekaerta
et al., 2010). Five hepcidin-like peptides with antimicrobial activity were'S\Re?from
bony fish of Atlantic salmon, Salmo salar (L.) and Pseudopleuro‘nﬁomericanus
(Walbaum) and with amino acids length of 24 to 40 residues (QQuglas-et al., 2003).
Boland and Separovic (2006) reviewed antimicrobial peptides &ive charge and
residues of 13 to 21 were isolated from tree frog; the ep%ere amphipathic o-
ant%eal activity was

7 Nrom the

extracted from biofilm-forming marine bacterium whichjwas s?Iat(a%
A
surface of tunicate Ciona intestinalis (James et al., ). 2 X
N

helices. Novel protein with molecular weight of 190

2.8. Mechanisms of Killing by Antinc %P Yelgs PR
&
2.8.1. Membrane Dysfunction <~ .

The membrane is in chargf for %diatin mary ne y functions in pathogens, such as
: ? 4 3

cellular energetics, synigesis and JMking QJ eptidoglycan, motility, chitin, other

f adpeSths (Yeaman &Yount, 2003). The effect of

1 S

¢
antimicrobial p bn tf m ((31‘ Gram-negative bacteria differs from Gram-
Q— Y
positive ba% Foro‘%ajrega{tﬂ? bacteria the antimicrobial peptides interact

indepentAon the inner and o@fnembranes (Yeaman &Yount, 2003). For example, it

Wasve@that human defensins sequentially permeabilize the outer following by inner

me ne (Lehrer et al., 1989). In Gram-positive cells exposure with antimicrobial

biopolymers, and pm\é&g or

D

peptides results in direct increases in water and ion flow, swelling and osmotic
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dysregulation (Juretic et al., 1989; Ohta et al., 1992; Matsuzaki et al., 1997). These

notions relate to the fast and generalized membrane effects by antimicrg{%peptides

(Kagan et al., 1994; Lehrer & Ganz, 1996; Yeaman &Yount, 2003). :%

2.8.2. Inhibition of Extracellular Biopolymer Synthesis Y'
The antimicrobial peptides could inhibit chitin, peptidoglycan her macromolecular
synthesis, which are considered an important mechanj e nlple, eptidoglycan

biosynthesis is naturally related to membrane fuggction™ (Ydama Y‘b@' 2003).
(.)
Peptidoglycan precursors are activated and transport®eacross cytgplas "\membrane,

N
and crosslinking occurs in the immediate proxi of tting 4 &@tionic or other

peptides perturb membrane and peptidu\g)yynth
rsor \

indirect inhibition of peptidoglycan pr

yn T
may result, all these could end to the ki he Oacte?' ell @man &Yount, 2003).

‘ '3
Membrane perturbation{tal y' W es t((‘gsﬁtimicrobial peptide mechanisms of

action, some studies @ tha
¢
cell death (Lehre %, 19l9;

2003). Thes pt

n ob intracellular processes may contribute to
|
ot at;?998; Sharma et al., 1999; Yeaman &Yount,
Y
tem&ral and functional dissociation of membrane

S
permeabi , depolarization, a@*arget cell viability. In some cases, microorganisms

may sur\or extended periods of time following membrane permeabilization, suggesting

hat -Emembranolytic mechanisms are responsible for cell death (Yeaman &Yount,
2003).
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2.9. Antimicrobial Evaluation Methods

There are several methods used to detect the antimicrobial activity, an %Xthese
methods are considered as qualitative such as disk diffusion method& Il diffusion
method, while others as quantitative like microtiter plates and pIate?M assay method.
The most common methods for detection of the antlbacterlal are disk and well
diffusion methods, both of which are based on the a f tl]e sample’s active
compounds to diffuse into the agar (Bauer et al., 1966; 7 et Aween et al.,

2014). The differences between disk and weII metho uime sample
inoculation. In the disk diffusion method, an u t am&poured into
the disks, while in the well method a kn@unt 3‘ sagple is red into the agar

wells. The results from both methods are

or the wells (Bauer et al., 1966; Per

, 19
(|}
Microtiter plates assay is one of m %gul hods used for the quantitative

antimicrobial activity (M% and hn er|20@' Aween et al., 2014; Muhialdin et
4
., 2015). This me'@m bel r al (ypes of microorganisms and it is not
m

complicated when

amp used In this method, the sample and the

microbe cultu are our iR{0 h@‘ quersaI microtiter 96 well plates and after the
mcubatlon resfl by the Elisa reader. The reading from the Elisa
reader d on the turbrdrty&i! the microbial growth and it is compared with the

%rd negative controls after converting the reading to numbers (Magnusson and

@er, 2001; Aween et al., 2014; Mubhialdin et al., 2015).
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Plate count assay is a very successful quantitative antibacterial method and used only for
bacteria, because it is based on bacteria cells count. This method is u@ed to
confirm the ability of the tested sample to inhibit the target bacteri hunting the
survival from the bacteria after spreading them on the agar plate %et al., 2012;
Aween et al., 2014). All the previous methods should be confirmgd by®plate count assay,

because it is the only way to determine survival bacteria fr tw&ed sample.

NY.

Ng
NG
2.10.  Proteins and Peptides Purification and | 'ficati$1 et@gods Y.
\ N
i d pe@g These include

iqu@romatography (RP-
@aphy (Gel filtration).
C‘J

QD

S

2.10.1. Reverse-Phase Hig% ne i Jd&/ omatography (RP-HPLC)
High-performance M chrgmato phy(J LC) was introduced more than three
|
decades ago to eg} sefsitlv o‘ra&‘a)inalysis of proteins and peptides. Nowadays,

N
HPLC playgt ain,ob_}:the acterization of peptides and proteins, which is

Y.
needed 4g Wgost pharmaceutica@stries. HPLC is not only a method of analytical

exper%* but it is also developed to isolate the targeted compounds based on the
fo

llowed and that instrument is called reverse-phase high-performance liquid

chromatography (RP-HPLC). RP-HPLC is one of the most common methods used to
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purify peptides and depends on the biological recovery of the peptides (Espitia et al.,

2012). RP-HPLC separate the peptides based on hydrophobicity, the fir&%ides are

more hydrophilic, followed by the low hydrophilic and finally the ps%which are
b

more hydrophobic (Aguilar & Hearn, 1996). Two mobile phases cag be used to elute the
mixture of peptide sample (A and B), for example: mobilagphase A contains 0.1
trifluoroacetic acid (TFA) and deionized water to elute thWephilic peptides and

mobile phase B consists of 0.1 TFA and acetonitrile fo g the pydropgobic peptides.

RP-HPLC as reported previously could affect th$ of peptide r’p?g; s by its
A

condition (Muhialdin et al., 2015). 2
N \a‘r
Yv
2.10.2. Sephadex G-50 Fine Column ChrO@thyW 3

Sephadex column chromatography orggel filtFati thed ‘eqd to separat the proteins
N,

or peptides based on their molec od ismot complicated as well and

&
(hvr ph@x column allows the use of a

higher amount of samplqliQg ion; § als alo@e use of any buffer that peptide

samples are eluted iﬁ
with high and IK

ht. @his

it is cost efficient compared_t

be separated using Sephadex column
chromatograpb%us fer a sizes of Sephadex including G-10, G-15, G-
25, G-50, C%\ G-Zﬁ@gﬁ)gbr rfine (Porath & Flodin, 1959; Janson, 1987). After

N

pourin pcture of protein O&beptide sample into the column, the high molecular

wej eins or peptides will travel and come out faster as the first fractions followed
@Iower molecular weight proteins and peptides. This method does not denature the

proteins or peptides (Porath & Flodin, 1959; Janson, 1987; Zhao et al., 2013).
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2.10.3. Peptide Identification Methods

Several methods are used in identifying peptides and proteins. Such meth%g de: gas

chromatography (GC), liquid chromatography tandem mass spectro MS-MS),
and nuclear magnetic resonance (NMR), all of which are the mosWﬁcant methods
used in this field. Gas chromatography is the most suitablewument for volatile
compounds, while nuclear magnetic resonance is used m oW enlify the structure of
the low molecular weight compounds. On the other handNgg/M M.most reliable

. : : : . N :
instrument for proteomic studies and it can separat high gan flo@'aunds with

low and high molecular weight including organ t{m d pep&Es However,
tandem mass spectra analysis is complicat eeds andléﬁ/ human experts,
but nowadays analysis software has beeﬁﬁd to | pret @data in order to have
an accurate result. Some of the m %ﬁo @ysmg and identifying the
peptides from tandem mass spe%.u%}AK %epNovo Profound, Mascut,
Swiss-Prot and Pepsea (Per t aI, § Johnson, 2012). The previous
programmes were used to idggtify G‘WJ(;T@; the peptides and were compared to
recorded data base. @r, s@mde@not be found by these software and the
result will com%\s rI d%’!d Gf)(ffe novo, which means that this peptide is
ak,

unknown o @ﬁfleg( ¢

. 2@: Muhialdin et al., 2015).
"9
AN S
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