CHAPTER II

LITERATURE REVIEW \z
2.1 Stingless bee .&3

Stingless bee known as meliponines are a massive class of honey bee (a&ut 500 species),
small in size compared to the sting bees and many of them are poorly Mgown (Rasmussen

et al.. 2010). Stingless bees (Hymenoptera: Apidae: Meliporfd), social insects which

are vastly spread over all tropical and subtropical areas ¢ ng sorpe ocegnic islands,

are significant pollinators in Peninsular Malaysia’s diptegocarp1orcpts. b!ae%iroups
. : >

present in perennial settlement consisted of hundreéany tho d' wb‘ﬂ?ers and

employ the resins of more than a hundred va pl&t\"s iCs fe&ood. nest

construction, and protection against invaders. In #ala iann?on 9] .59 q‘stingless bee

nests are existent in living trees, and at le of ne wgddbig enough to be

harvested. Colonies are typically 10ng-liv€ but ha NT 'wm harvesting mostly
1

causes the deaths of many bee coloi IHTE ke ect;cees. Previous findings

. d tl t 2 1 = 4 . ~ . . ~
proposed that stingless bees co& usceiNgs Jlesse y perfect indicators of

environmental integrity because beds argy thfluchded by tree health and local

disturbance considerably (Sal 7, 20129. St

the plentiful researches ﬂing es
experiments of stingles &av ne in iinsularMalaysia.
" O

!
Salim et al. (217) Jondyct i&cles;?e investigation of stingless bee variety in
and around six MwIM, hip 8n ppe@ dipterocarp forest reserves existent in four

gtsges have an ecological value and

&

ave ﬁgm achieved in Borneo but some

V

different parts W PMinsular Malaysi d reported that there are 17 species of stingless

bees and v of different genera co}pared with those recorded by past studies achieved

in Bopr y observed that Apidae, exactly stingless bees, were in rainforest places

an 1ore widespread in primary and secondary forests than in more disturbed

places. This study provided baseline data on stingless bee variety in forests over

Peninsular Malaysia.



Honey collected from stingless bee in Malaysia have active antagonistic

substances against some pathogenic bacteria. The lower acidity of the honey pHW.Z

to 4.5 is probably the principle factor that inhibit the pathogenic bacter% et al.,

2015). The antibacterial activity of honey collected from several sting b& species

Trigona spp., Hetrotringona laeviceap, H. thorasica, H. itama and H. wata revealed
X

that Malaysian stingless bee honey has antimicrobial propertiew t some Gram
negative and positive pathogenic bacteria. Y.

NY.

2.2 Lactic acid bacteria \Y.
(N

Most study on LAB from honey bees have concentr

s% fA@'spp. LABs
e

llen ing bees Apis

ded_&gcrobacillus-group

which is prevailed by Lactobacillus [unkec®, e ure _\bees contained more
complicated microorganisms. LAB waS\gp eca ci ahd &?Ble in stomach of bees,

pollen and fourteen days old bee bre { not e 1 1 1s old bee bread (Vasquez

et al., 2009). The researchers su
present in honeybee stomach 1 as bean a ec’ tobe pollen during the regurgitated
nectar in the honeybee stosgach ndl \PhQ ont{@i that LABs are associated in the
production of bee bread.&arly rsqafn et e X2010) isolated Lactobacillus spp. and

Bifidobacterium Sp}lﬁ%on y b?wlac.ﬁ%aﬁd cleven LAB phenotypes showed total
; ¢

ce Wathge @Jbaciﬂus larvae; the authors suggested that

inhibition against @
the LAB contri > honCy Vealt&_
G . oy _
Hon%s have a plentiful, Wied and ancient LAB in their honey product with
useful efor bee health and protect them against bacterial threats. Vasquez et al.,
(2 ¥od that L. kunkeei was the dominant LAB member and showed antimicrobial

hside the honey crop of the Western honeybee Apis mellifera. The crop

activi
microorganisms of A. mellifera consisted of 13 microbial species in the genera

Lactobacillus and Bifidobacterium and consider having an important function in the



production of honey and beebread for long-term stored nourishment for both mature

honeybees and larvae. \Y’

Many LAB have analogous nutritional and growth need, it is not %identify
these microbiota using conventional technique. Thus, the requirement to effective method
of identification is needed; Balcazar et al. (2007) isolated and identm’nineen LAB
strains from the intestinal healthy salmonids using polygeraW chain reaction

amplification of about 500-bp region of the better conserved

f,ene. V1 and V2
1

entifitationg@f unknown

LAB. During the modern years, sequencing of 16S rDN Adhas bten gonsigerab®y UQed and

TR &S
counted as the “gold standard™ for identification and genetic fest@ft LA ‘Ofajabadi
et al., 2013). Y- 0 "3

2.3 Probiotic properties of LAB c

A probiotic is a culture of living m nism fun amen@ Jactic acid bacteria and

bifidobacteria that can influence_the 1tl
,th

host. The settlement of probiCic bZ‘tcria 11
petity

of hurtful microbiota by comp g@ n&‘é)hc production of organic acids and

e ex

antibacterial componcnr@ioticlb' it

positions in the ston 'N} /1ths e @ salts at the beginning of bowels. The
el

H hakes gejcria survived in gastric juice. The pH of

tract inhibits the multiplication

«
&
z

1a hz&%to be capable to survive the acidic

N e 45
the @Ntence of food increases the acidity rate to the
the liver syntth; bile salts and stores it in the gall bladder then

released 1 Mthc small intestine }Ycr ingestion of the fatty food. This is important as

pH 3. CholegteWl 1

deterge hicroorganisms since their cell membranes are consisted of lipids and fatty

twhile. some microbiota have the ability to hydrolyse bile salts with bile salts
hydrolyse enzyme reducing their solubility, and subsequently weakening the ability of
their detergent impact. Erkkila et al. (2000) determined the probiotic properties of LAB
strains isolated from eight commercial meat cultures under condition analogous to those

in the gut and found that Lactobacillus. sake and Pediococcus acidilactici had the best



survival capabilities under acidic situations with high concentration of bile acids. Pochart
et al. (1992) proved a strain of Bifidobacterium has the ability to survive passage &fer the
upper gastrointestinal tract when ingested in fermented milk. Chowdhur m2012)
found that four Lb. plantarum isolates from eight homemade yoghurt &es showed
resistant to bile-acid 0.05-0.3% and maintain good growth in the aTnvironment,

while the highest growth was observed at acidity around pH 6.0. THagsgyates were tested

b(&ﬂ\g to both Gram-
. eval)l'ium, B. cereus

ATCC 10876, Staphylococcus aureus ATCC 25923, EscMegichlfi cOR CC 8739,

®
Pseudomonas aeruginosa ATCC 27853, Sa/monel/@ ATCE 65 51.@?(')1761/(1
Jan

Paratyphi and Vibrio parahaemolyticus ATCC 180 d fgu at gi?wth of all
. - B
targeted bacteria were inhibited to some extent put bygger Mon zggﬂras observed

against B. cereus and lower inhibition againt.\% 0CO8E eus &

Mourad et al. (20006) evaluated thegrgbiotic s §f M\ Lb. plantarum strains

for their antimicrobial effect against nine human pathogen

positive and Gram negative bacteria such as Bacillus subtilis

o

isolated from fermented olives for their ang@e to high aci@condition and high bile
q

P

salt value; the isolates showed high § tibilit biﬁﬁmd concentration 2% oxgall

and tolerance at pH 2. Simil 'IyVHn—ur,Rasl' et ;1@‘2007) assessed the probiotics

traits of LAB strains isolated ‘aditio&al fe ]}1@1i1k; some of them showed good
resistance to low acidity 'Mgh b'lc Sé onc%‘dtion and found that Lb. delbrueckii

subsp. bulgaricus migl\ - culture in fermented milk. Vasiee et
al. (2014) identified % ar

butter milk andyV ﬂo;r'
properties. Sii &Ashraf

N
ability to S\\ in bile at conccnm&?m 0.5 to 2.0 % and pH 3. All tested LAB showed

C

o described and distinguished 17 LABs for their

 /

good groy bile salt and pH 3, these traits are important in the selection of probably

probic



2.4 Antimicrobial activity of LAB

Honey from the Apis spp. has an antimicrobial effect against certain species @bee
pathogen due to the activity of some strains of bacteria that reside in t cd intestine
and/or honey. Sabaté et al. (2009) determined the ability of Bacillus spp%s collected
from bee gut and honey and discovered that some strains of Baci//us?d' antimicrobial
effect against honey bee pathogens P. larvae and Ascosphaera a;N vitro. Likewise,

Forsgren et al. (2010) reported that lactobacillus and bifidobafiteri®n 1solated form honey

bee stomach had antagonistic effect against honey bee pat Y la )c!e.
N,
Honeybees’s gut of 4. mellifera L. is associated nicroo[gani n hé%}gc'onsist
of yeasts, Gram- positive bacteria and Gram-negatﬁray raryible @eﬁa. The
bee’s normal bacteria come from pollen ingestion OWU t to bees. These
) Aéo et al. (2011)

microorganisms are probably endemic in the Nm t
25

isolated and identified LAB from a workerN

showed that it had an antibacterial impa%inst thht:gt?r'

- N
foodborne pathogen. @ 4 Q‘-?

Malaysian wild honey kn ‘ 1{1 ang Joneyekas inhibitory effects towards
various pathogens of wound Zri‘ abterif. Ding¥e strains of LAB were isolated
'3

proguped in Malaysia, Libya and Saudi
Arabia and, confirmed tl&tin 1CTG Iial fect t -ds multi antibiotic resistant strains of
both Gram negative N ' hézria. Aween et al. (2012) reported the
strains of L. acidgPilud isolpted) fipm (Q.uey produced compounds which may be

responsible for % 1 gper g\of honey. Five LAB isolates presented anti-
adhesion act@amst five Candid, p, Lb. plantarum2 HS isolated from Al-Sedar
&P

honey, L. st HH isolated from Al-Hanon honey, P. acidilactici HC isolated from

Tuala cy and P. pentosaceus HM isolated from Al-Maray honey (Bulgasem et al.,

2014 andPreported that cell free supernatant (CFS) of LAB isolated from honey

Hanon honey showed more effect at pH 7 particularly towards biofilm formation of C.



glabrata ATCC 2001 and C. albicans ATCC 14053 with 65.9 % and 58.6 %,

respectively. Y'

Microorganisms that exist in honey resist the high acidity an %ncrobial
components found in honey. These microorganisms are likely originatﬁkn different
sources such as pollen, the digestive tracts of honeybees, flowers, di t and the air.
Most species of LAB are dominant in the stomach of honeybees AW{éra, A. dorsata,

and bumblebees (Tajabadi et al., 2013) as shown in the cojject®g honey samples from

ct blicill strains Lb.
plantarum, Lb. pentosus, and bL. fermentum from the stomac Ch eM,a’ona.
At AR Sl i . | &
Members of the species Bifidobacterium hav eived }n t dfientiQn Yor use as
probiotic bacteria to protect honey bees frmf N 1 nes§\) he genus
Bifidobacterium was isolated from the stothoney meh@ra and showed

antagonistic activity against P. larvae. WUN th@‘%vestigation on the
Japanese honeybee, A. cerana japonica, %} 18 a%%es @e Asian honeybee and
isolated bifidobacteria from the gut 0@ se fone < an Qfe antimicrobial activity
against Melissococcus plutonius, in N # A‘Q
| ¥osh i
Olofsson et al. (2014)% d the poterflial a@acterial effects of LAB isolated
from honeybees collected gn Sw ‘ag& ser'?@lwound pathogens like S. aureus,
Pseudomonas aeruginos, }Enl ’/'()c'()c (S S ’ETheir research proved that LAB has
strong antimicrobial N\/ 1agns
%‘ ;}?u c( (¢ honey production ought to be present in

suggested that L 1 (K
?i n ﬂ&ure honey. Salleh et al. (2014) noted that the

A% 1al
freshly harvest % nd ot
A\ Y L ¥

antibacterial g8t of crude bacterioé?.s from CFS of LAB strains using well diffusion

forest area in Malaysia. They isolated and identified the dq

ClI

NS
Ith (L’.Gth pathogens. These researchers also

method sl;Nthat some LAB from fermented durian flesh had strong inhibitory effect

again 23 species of Sa/monella associated with food poisoning cases.
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2.5 Antibiotic resistant

Bacteria has the ability to overcome antibiotic stress. These methods fall into : si‘ance"
and "tolerance". In “resistance” category the microorganisms can multiply } xesence
of an antibiotic, taken into account the concentration of the antibiotic so much;
while “tolerance™ refers to when the microorganisms can survive antjgfotic therapy at

different concentration. Ashraf et al. (2016) evaluated LAB isolawm Australia for

their antibiotic resistant and found that all isolates were s emto ampicillin and
Sy
la¥ian

erythromycin and showed rare resistance to gentamycin y i'ue. ditionally,
Muhialdin et al. (2012) evaluated LAB isolated from Ma erm d,fr%gs and
foods and found that all LAB isolated strains were regigf8nt®o vangor ir' akﬁ%ll LAB
qurdd~ct . (20 assessed

0%

fou@gt all isolates

1101'a1(phenicol, three of

isolates were susceptible to chloramphenicol. Likogd
ntg old

antibiotic resistant of 11 LAB isolated from fegue
were sensitive to penicillin G, ampicillingv N*in

them were entirely sensitive to all antibiotics teS®ed. T

NS
C—) b A; ‘?\
2.6 Bee bread and its health ben \ , ¥§

; ‘ @ (
Bee bread is deemed as nyplete pM cOrftains considerable amount of

carbohydrates, crude ﬁb@teim‘ a\ﬁpids é’minor components such as amino
me Mo T

acids, minerals, trace & Y caropsdids, phenolic compounds, flavonoids,
sterol, terpenes amo%t herd Adgh @allSOit is reported that bee pollen have a

Ke tfumor, chemo-preventive/chemo-protective,

significant effect mn’l alt
antimicrobial, :11 wheal, an oxiaant,v'dnti—radiation and anti-inflammatory actions
O ).

(Kosti¢ et g I'he resezuche‘ls‘?ompiled bee pollen from Serbia and assessed the

structure and techno-functional properties and concluded that bee bread

physicochenNes
ied as food components in varied food products. Bee pollen has been used
centuries in conventional medicine and as a food for human because it has
hutritional and therapeutic traits. Also it is rich source of polyphenol compounds,

especially flavonoids that make it suitable for the human diet. Krystyjan et al. (2015)
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reported that bee pollen can be used as a dietary supplement and revealed that it have a

distinctive activity on the physical, chemical and health-promoting traits. Yv

Abouda et al. (2011) focused their study on determining the antibac e%xmn of
natural bee-bread and bee-pollen collected from different parts in Moro m various
aromatic and medicinal plants on antibio-resistant microbial strains V\Were isolated

from human disease and detected that most of pathogenic strains Wmlpeded by the

ogl alw occurring
*

in hand- and honey bee-collected pollen collected from @glifornia, find 1) paﬁ@a wax

dilution 1/2 and 1/4 of bee-bread and bee-pollen samples.

Loper et al. (1980) determined the chemical and mi

combs to stimulate natural fermentation into bee bread™Qey analyged fe bee"bread after
b 4

m% ﬁv&\_ﬂmm als and

the&es showed the
olleo(%itosterol content

@bn to bee bread. The
vitamins that were reduced when the Eo? welg cony “Ted ee bread were ascorbic
acid and pyridoxine. Similarly, HerN al. 1lecm%land evaluated fresh pollen
and bee-stored pollen extracte fr(WOd

Maryland for their nutrition v

7. 21, and 42 days for three vitamins, inositol, titra a

revealed that lipoidal (fatty acid) and acids wtwere

largest distinction between hand-collecte&

=

1
dg/corbiculd

reduced while titratable acidity increase @ugng cor ' W

Ying colonies from Beltsville,

@ ere tested for moisture, protein,

reducing and non—rcducix$5. li}"f : ated‘&! starch, pH, pectins and crude fiber.
They observed that thegw omehi{fifencesY nutritive value, there were changes in

O
[ ] | ‘ﬂ

bgtweegpgtlen Md bee bread. Also, there was no notable

starch in any of t &WCS ’Oyr ac@ﬁe starch was present in pollen. In addition,

bee bread contd{n igh amo 1ts‘%f r&ucing sugar and crude fiber than pollen except

A\ - i son wi
sh. The pH of bdgbread was at an average 4.1 in comparison with

protein, moisture, an

lower cont

soluble fraction (WSF), and ethanol-soluble fraction (ESF), prepared from fresh bee

bread obtained from Lithuania for its functional characteristic like antioxidative ability

and scavenging action of reactive oxygen species. They proved that the protein and all
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phenolic contents of these samples were high and the bee bread extracts have a
remarkable antioxidant and free radical scavenging properties. Vasquez et al 9)
suggested that bee bread is possibly fermented by the addition of LAB from gh Y:ch
of honey via regurgitated nectar from the honey stomach. Almost all (& B was
recovered in a viable state from both the two-week old bee bread and ?&1 en, but not

from the two month old bee bread.
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