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In the current study, the antimicrobial compounds in induced Honey bee larvae (Apis mellifera) from the Taif
region were extracted from hemolymph and assigned as Halal safe product. Their minimum inhibitory
concentrations (MIC) were evaluated. Five different microbes, namely Escherichia coli, Bacillus subtilis,
Pseudomonas aureus, Candida albicans and Micrococous luteus were used in this study by the agar diffusion
assay method. The antibacterial activity of induced honey bee larvae was studied against the 5 above
mentioned organisms and the MIC was differentiated from their inhibition for varies microbial growth. The
inducible antimicrobial compounds extracted from honey bee larvae hemolymph, after one day at room
temperature were used for minimum inhibitory concentration studied. The results showed appreciable
antimicrobial activity (6+1) when the larvae were injected with 15ul Micrococus leutus total protein extract
and when injected with the same concentration (i.e. 15ul Pseudomonas aureus), they showed low activity
(4+1) against Candida albicans. The Amoxycillin was used as a standard positive control. The negative
control of the Phosphate buffer solvent (PBS) and larvae did not show any activity against all five organisms.
All dilutions were executed, minimum inhibitory concentration studies ranging from 10™to 10  did not show
any activity. The most inhibition was obtained with induced young larvae at various ages (L4 young larvae
and L5- youngest larvae) against Candida albicans.

1. INTRODUCTION

[3]. The honey bee (Apis mellifera) is common in Britain, Africa,
Europe and the Middle East. It has been introduced to countries in

Honey contains numerous combinations of chemicals of
plant and honey bee (Apis mellifera) origin such as sugars,
proteins, enzymes, amino acids, vitamins, hormones, flavonoids,
inorganic acids, and minerals. The ingredients and the usage of
honey were varied subject to their geographical locations,
climatic conditions, nature of bee varieties, plant source of the
nectar, storage time in honeycomb and the harvesting methods.
Honey contains proteins and acids such as Gluconic Acid
(CeH1;,04, also known as 2, 3, 4, 5, 6-pentahydroxyhexanoic
Acid), minerals and anti-oxidants such as Hydrogen Peroxide and
Vitamins B6 and B12 [1]. The well-known antibacterial activity
of honey is due to its peroxide-related and non-peroxide-related
activity [2]. The presence of variable compounds in honey led to
the complexity of specifically defining their antimicrobial activity
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Asia, America and Australia [4] and it belongs to the family
Apiidae [5]. The honey bee lacks lymphocytes and
immunoglobulin, unlike many other insects, instead they have
inducible peptide antibiotics i.e. apidaecins (named from the
Apidae, the family of insects to which honeybees belong) found in
lymph fluids of the honeybee (Apis melifera). Apidaecins are
highly active against Gram negative bacteria. It was reported that
three different apidaecins showed comparable activities towards
the Escherichia coli [6]. In the honey bee’s immune system, the
antimicrobial peptides (AMP) are the significant components [7].
Four types of AMP are found in bees: apidaecin present in twelve
isoforms [8], abaecin [9], hymenoptaecin [10],) and defensin
present in two isoforms [10, 11,12,13]. AMP is similar to
antibiotics and can be used in the development of drugs with
antifungal and antibacterial properties [14]. The alcoholic extracts
of Eurycoma longifolia (leaves and stem) extracts were active on
gram-positive bacteria, reported by Farouk et al [15].
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Amongst all the AMPs of honey bees, only defensin has
cytotoxic activity against fungi; fungus of chalkbrood
Ascosphaera apis, fungi of aspergillosis Aspergillus flavus Link
and Aspergillus niger Tieghem, yeast-like fungi Candida albicans
and Aurobasidium pullulans [16] [17]. Few moths and flies
contain bactericidal constituents such as cecropins, attacins,
diptericins and insect defensin (sapecin) [18, 19, 20, 21, 22 ].
Certain B. Laterosporus strains exhibited a broad-spectrum
antimicrobial activity against various bacteria and fungi. B.
laterosporus isolated from diseased honey bee larvae affected by
European foulbrood (EFB different strains of B. laterosporus),
showed a broad spectrum of antimicrobial activity, especially
against bacteria and fungi. The same occurrence was observed in
B. laterosporus isolated from larvae of the codling moth
Cydiapomonella L. (Lepidoptera: Tortricidae), collected from
leaves of apple trees in Turkey [23]. The role of extracellular
proteases produced by B. laterosporus strain G4 in toxicity to
nematodes has been confirmed [24]. Eight gram-positive bacterial
strains belonging to Lactobacillus spp. (such as Lactobacillus
rigidusapis, L. constellatus) and five Enterococcus spp. were
isolated from the gut of worker bees (Apis mellifera L.) [25].
Gram-negative bacteria, such as Achromobacter, Citrobacter,
Enterobacter, Erwinia, Escherichia coli, Flavobacterium,
Klebsiella, Proteus and Pseudomonas, and yeasts were present in
Apis mellifera L. bees [26, 27, 28, 29,30].

Quantitative analysis of honey bee larvae infected with
the bacterium Paenibacillus larvae showed an elevated expression
of immunity proteins, chaperones, certain metabolic proteins with
an accelerated consumption of energy stores [31].

Honey bee larvae collected nectar primarily from flowers
in Rumaida, Taif. The extracts of flowers of R. damacena cv. Taifi
showed antimicrobial activity, reported by Farouk et al. [32] .

During metamorphosis, all of the honey bees experienced
dissimilar growing stages (egg, larvae, pupa, and adult). Drones
have an extended development period (24 days), workers are
intermediate (21 days), and queens are the fastest (15-16 days).

Honey bee larvae, grub-like immature form of the honey
bee after it has developed from the egg and before it has gone to
the pupa stage, were used for this study. Although the average
number of days a worker bee needs to complete all development
stages from egg to adult takes 21 days, it remains as an egg for the
initial 3 days. The next 6 days they are found in the larva stage.
Then in the pupa will be reach its stage for 12 days. Both the
young (L4) and the youngest larvae (L5) were used for the
induction. The larval growth difference is wider than the embryo’s
growth in other organisms. l.e. instead of growing by cell division,
the larvae grow larger expansion of their cells. The curled larvae
(round larvae) at the bottom of the cell in the comb were taken
before their 9" day for the study. The nectar (the sweet fluid
produced by flowers containing 60% water and 40% solids),
collected by larvae’s of different ages and matured bees were
taken for the present study on “Inducible Antimicrobial Compound
Production in Honey Bee Larvae (Apis mellifera) from Rumaida,
Taif by injecting of various dead Microorganism extracts”. The

immune system in the honeybee, Apis mellifera L larvae of
different stages was induced by different microbes (Bacillus
subtilis, Escherichia coli, Pseudomonas auerus, Candida albicans
and Micrococous leutus) for the production of AMP or the
antimicrobial compounds. It is known that honey bee larvae have
antimicrobial effects [32].

In this study, these honey bee larvae and adults were
assayed for the antibacterial activity and were compared with
standard commercialized antibiotic, Amoxycillin, as positive
control.

2. MATERIALS AND METHODS

2.1 Chemicals

Chemicals were purchased from Sigma-Aldrich
Chemical Co., (St. Louis, Mo, USA) and Himedia, Mumbai, India.
Ethanol was purchased from BHD (Poole, UK-Fluka Chemical,
Buchs, Switzerland). All chemicals and reagents had an analytical
grade.

2.2 Media

Nutrient agar and nutrient broth were used to culture five
different microbial species. The nutrient agar was used to isolate
colonies and to observe the zone of inhibition around sterile agar
plates. The nutrient broth was used in making liquid cultures from
isolated colonies from the agar plates. The liquid cultures which
were grown in the orbital shaker at 100 rpm and 37°C for 24hrs
were then used in the agar plates diffusion assay, the serial
dilutions were in the range of 10" to 10“ The fresh saline
Phosphate Buffer Solvent (PBS), prepared by dissolving NaCl
(89); KCI (0.29); Na,H, (1.42g) and KH,PO, (0.4g) in one liter of
distilled water, was sterilized in an autoclave before usage.

2.3 Bacteria/Fungi

Five different species of bacteria, namely: Escherichia
coli ATCC 25922 (gram-negative), Bacillus subtilis ATCC 6633
(gram- positive), Pseudomonas aureus ATCC27853 (gram-
negative), and fungi Candida albicans ATCC 10231 and
Micrococus leutus ATCC 9341(gram-positive) were used in this
study to explore the effectiveness of both adult and honey bee Apis
amellifera larvae on the inhibition of growth; the bacteria chosen
for this study were both gram-positive and gram-negative Bacteria.

2.4 Culture Preparation

Six 50ml bottles, each containing 25ml of nutrient broth,
were inoculated separately with five microorganisms (Escherichia
coli, Bacillus subtilis, Pseudomonas aureus, Candida albicans and
Micrococous leutus) using an inoculums loop in sterile conditions.
The nutrient broth solutions which were inoculated were then
incubated at 37°C for up to 24 hours.

2.5 Honey bee larvae /Adult bee
During the winter seasons of 2015/2016, the honey bee
larvae, pupae and /adult bee Apis mellifera were collected from the
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Taif area. The nectar was gathered with the larvaes of different
stages (i.e. ages from 3 days up to 8 days) and matured bees (21
days). Both larvae and adults were used for the present study.

2.6 Avrtificial infection of larvae and adults:

The hatched larvae, after 3 days of egging, were
collected from honey combs with a Swiss grafting tool and
transferred into a 1.5ml tube with a basic PBS in it. (600ul). The
honey bee larvae and an adult bee were injected dorsally with 10
pl of dead bacterial and fungal extracts from five different
microorganisms. For injection, a disposable calibrated (0.1-0.5
ml) sterile plastic injector (BD Micro-fine Plus, USA) was used.
The Adult bee and larvae were injected laterally between the
second and third tergum of the abdomen. The grafted larvae and
bee were kept at 30°C and 70% relative humidity for one day. For
each series of experiments, the collected bee’s hemolymph was
divided into groups of 3 individuals and kept in separate tubes
named as L1, L2, L3, L4 and L5. After one day at room
temperature, all the tubes were individually mixed thoroughly in a
vortex mixer (Labnet). Afterwards, they were warmed for 2
minutes in a Branson Ultrasonic cleaner (1510). They were then
kept at -80°C for 5 minutes, followed by a heat treatment at 42°C
for 5 minutes in a water bath. The process of temperature shocks
was repeated one more time. The tubes were centrifuged in
MIKRO 120 instrument at 13,000 rpm for 5 minutes. Transferred
50ul, the filtrate in ager well for the antimicrobial study were
applied.

Note: For the serial dilution of honey bee larvae
preparation, the larvae were injected dorsally with 15 pl of each
dead bacterial and fungal extracts from five different
microorganisms.

2.7 Serial dilutions of honey bee larvae hemolymph extract
preparation

In this serial dilution or dilution series of honey bee
larvae, a series of successive dilutions were used to diminish a
thick culture of cells to a more practical concentration. The
concentration of bacteria or fungi in each dilution was lessened by
a precise amount. So, by calculating the total dilution over the
entire series, it was possible to know with which amount bacteria
one can begin with. The same dilution factor, with the diluted
material from the previous step, was used to make the subsequent
dilution. When executing very high dilutions (like 1/10,000 or
1/1,000,000), it was more accurate to do the dilution in a series of
smaller dilutions rather than in one giant dilution. Hundred
microliters (100 pl) of the original honey bee larvae culture
(labeled as U.S. -Undiluted solution) was measured initially.
Before starting the dilution process, several dilution blanks, which
were tubes containing diluting liquid (sterile water) in exact
guantities, were prepared.  Four dilution blanks in 1.5ml
microcentrifuge tubes (Eppendorf tubes), were numbered 1 to 4. In
each tube, exactly 900 pl of liquid media was taken. By gently
shaking the tube initially, the honey bee cells were evenly

distributed in the tube to avoid the threat of not getting adequate
cells.

Step 1: Exactly 100 pl from U.S. tube was transferred to
tube 1, making itl ml of liquid in tube 1. l.e. exactly one-tenth of
honey bee larvae cells were in a new tube with a final volume of 1
ml. (1 in 10 dilution, or it could be written as 1/10 or 10 ™) where
1 is the volume transferred, and 10 was the final volume of the
tube after the transfer.

Step 2: Tube 1 became the next tube to be diluted. After
swirling tube 1, 100 pl was transferred from tube 1 into tube 2.
Again, exactly one-tenth of honey bee larvae hemolymph in tube 1
were transferred into tube 2, with a final volume of 1 ml. Exactly 9
ml was then remaining in tube 1. Tube 2 now contained a 1 in 10
dilution of tube 1. To calculate the total dilution from tube U.S.
(undiluted solution), we simply multiplied the two dilutions: 1/10
X 1/10 = 1/100. So far, we have performed a 1/100 dilution from
the original honey bee larvae culture.

Step 3 and Step 4: The same procedure for the
remaining dilution blanks was followed: 100 pl from tube 2 was
transferred into tube 3; finally, 100 ul from tube 3 was transferred
to tube 4, each transfer was another 1 in 10 dilution. The final
dilution was calculated by simply multiplying all the dilutions
together: 1/10 X 1/10 X 1/10 X 1/10 = 1/10,000 or 10™

A single dilution was normally calculated as follows:

Dilution = volume of the sample

Total volume of the sample + diluents volume

For example the dilution of 1 ml into 9 ml equals:
1 which was the same as 1 which was written 1/10 or 10™
1+9 10

Amoxycillin Preparation:

500mg of Amoxycillin was dissolved in 100ml water and
alcohol (50:50 mixtures) was considered as the undiluted solution
(U.S). Serial dilutions were made from this U.S from 10™to 10

2.8 Detection of the Minimum Inhibitory Concentration (MIC)

The minimum  inhibitory  concentration was  the
lowermost concentration of an antimicrobial that will hinder the
visible development of a microorganism after overnight
incubation. This concentration endorses the resistance of
microorganisms to an antimicrobial agent and also to decide the
potency of new antimicrobial agents [33, 34]. Minimum inhibitory
concentrations (MICs) can be used in selecting the best
antimicrobial agent with known culture.

2.9 Experimental Methods

The nutrient agar plates were made by weighing 28
grams of nutrient agar (obtained from Himedia, India) and
dissolving it in one liter of sterilized distilled water. The solution
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was autoclaved after adjusting the pH to 7.4 for 20minutes at 15psi
(1.05kg/cm) and at 121°C on liquid cycle. The autoclaved medium
was swirled gently to distribute the melted agar evenly throughout
the solution and was then allowed to cool to between 50 to 60°C.
Then under sterile conditions, 20ml of this medium was poured
onto 90mm Petri dishes and was set to cool. When the medium set
completely, Petri dishes were inverted and stored at 4°C, they were
taken out from storage 2 hours earlier to use [35].

The suspensions of the 5 microbial cultures were covered
completely on the agar plates and were allowed to dry. Note 1:
The bacterial strains used were Bacillus subtilis ATCC 6633,
Candida albicans ATCC 10231; Escherichia coli ATCC 8739;
Micrococcus luteus ATCC 9341 and Pseudomonas aeruginosa
ATCC27853 (ATCC: American Type Culture Collection). The
five strains were maintained on nutrient agar and freshly prepared
sub-cultures in nutrient broth. This was done by transferring two
or three colonies (from the old parent glycerol culture of 5
microorganisms) into a bottle containing 20 ml of liquid nutrient
broth medium and were left to grow for 24 hours (or overnight) at
37°C, a small aliquot was poured on plates and dried.

The standard agar-well diffusion method [36] was
employed to determine the antimicrobial activities for both larvae
and adult honey bee protein extracts. This method is normally vital
for all types of susceptibility testing. The size of inoculums,
contents and acidity of the growth medium, as well as time and
temperature of incubation normally affect the results. Also, the
agar depth, diffusion rate of the antimicrobial agent and growth
rate of the specific bacteria should be considered. The holes
(6mm) were made in agar using sterile yellow tip and 50ul of the
test extract solution was used for the five microorganisms. These
bacteria cultures were then stored at 4°C. A positive (solvent) and
larvae was also used as the control. All test solutions were added
inside the laminar flow cabinet. Allowing solutions in the wells to
diffuse for 15-20 minutes, the plates were then incubated for 24
hours at 37°C. After incubation, clear areas in the region of the
wells containing antimicrobial compounds appeared. This
diameter of the clear area (called the inhibition zones) around the
wells were measured and recorded. Antimicrobial activities of
each larvae group and the adult honey bee extracts were expressed
in terms of average diameter of the inhibition zone (evaluated in
milliliter). Other larvae group’s extracts were tested in the same
manner. The concentrations of the extract used and the inhibition
zones values that give the optimum result were identified.

In case of serial dilution, the larvae were injected
dorsally with 15 pl of dead bacterial and fungal extracts from five
different microorganisms.

3. RESULTS AND DISCUSSION

The inducible antimicrobial compounds extracted from
honey bee larvae/adult (Apis mellifera) and their anti-microbial
activities against all the five extracts obtained from Gram positive
bacteria (Bacillus subtilis, Micrococcus luteus), Gram negative
bacteria (Escherichia coli, Pseudomonas aeruginosa) and fungi

(Candida albicans) were examined (as shown in Table 1) by the
standard agar well diffusion clearing zone method. The results
after 10 days were also stated in Table 2.

Table 1: The protein extract (50 pl) of honey bee Larvae and adult honey bee

injected with extract (10 pl) of five dead microorganisms against selected

microorganisms in nutrient agar plates.

Inhibition zones in individual agar
plates containing five

different micro organisms (mm)

Name of organisam

injected with 10 pl < = §
(Larvae-3Nos)/Honey bee El 2 3 % S_ 8 ERE
Extract used : 50pl E % g 2 é S § 3 S g
m «» O® Q °2c 32 @
w = &
PBS+Larvae Nil Nil Nil Nil  Nil
Bacillus subtilis+ Larvae. Nil Nil 17+1  Nil  Nil
Candida albicans+Larvae. Nil Nil Nil Nil  Nil
Escherichia coli+Larvae. Nil Nil 13+1 Nil  Nil
Micrococous leutus+Larvae. Nil 4+1 11+1  Nil  Nil
Pseudomonas aureus+Larvae. 14+1 Nil Nil Nil  Nil
PBS +Honey bee. Nil Nil Nil Nil  Nil
Bacillus subtilis +Honey bee. Nil 8+1 7+1 Nil  Nil
Candida albicans +Honey bee. Nil 8+1 9+1 Nil  Nil

Table 2: The total hemolymph extract (50 pl) of honey bee Larvae and adult

honey bee injected with extract (10 pl) of five dead microorganisms after 10

days against selected microrganisms in nutrient agar plates.

Inhibition zones in individual agar
plates containing five

different microorganisms _(mm)

Name of microorganism

injected with 10 o 3 3
ul(Larvae3Nos)/Honey bee 82 § é S § 2 s @
Extract used : 50ul T8 B2 g 95 Ee
T > c 2 c © S T S
m® Ow 8 ST 2°

i s &
PBS + Larvae Nil Nil Nil Nil  Nil
Bacillus subtilis + Larvae. Nil Nil 12+1 Nil  Nil
Candida albicans + Larvae. Nil Nil Nil Nil  Nil
Escherichia coli + Larvae. Nil Nil Nil Nil — Nil
Micrococous leutus + Larvae. Nil Nil 12+1 Nil — Nil
Pseudomonas aureus + Larvae Nil 1+1 11+1 Nil — Nil
PBS + Honey bee Nil Nil Nil Nil  Nil
Bacillus subtilis + Honey bee. Nil 3+1 6+1 Nil — Nil

Candida albicans + Honey bee. Nil 2+1 8+1 Nil  Nil

In our study the antimicrobial activities of honey bee
larvae at different growth stages and adult bee exhibited varying
results against the five different microorganisms (as shown in
Table 1). The serial dilution method was applied for the larvae of
different ages and the results were showed in Table 3. The honey
bee larvae, (three in a group in a sealed tube) and adult bee were
injected with an extract of 10ul each of all five different
microorganisms in 5 separate tubes. A total of 15 larvae were
taken for the study. The protein extracts that were used against the
five microorganisms smeared in nutrient agar plates which were
dried. The inhibition zones showed good results against Candida
albicans (4+1) and Escherichia coli. (11+1) where the larvae were
injected with10ul Micrococus leutus. The inhibition zones showed
higher value results against Escherichia coli (13t£1) where the
larvae were injected with10ul Escherichia coli. The other three
groups of larvae (three each), that were injected with Bacillus
subtilis, Pseudomonas aureus and Candida albicans did not show
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any activity against their own counter parts (as shown in Table 1).
The positive control of larvae hemolymph extract in PBS alone did
not show any activity against all of the five microorganisms. The
total hemolymph extract (50 pl) of honey bee Larvae and adult
honey bee injected with extract (10 pl) of five dead
microorganisms after 10 days against selected microrganisms in
nutrient agar plates were observed (as shown in Table 2). The
inhibition zones showed reduced results against Bacillus subtilis +
Honey bee (3+1) and Candida albicans + Honey bee (2+1). The
prolonged unfavorable extended environment has negative impact
with adult bee and the selected honey bee larvae showed no signs
of life within 24hours. The inhibition zones showed higher value
results against Escherichia coli (12+1) where the larvae were
injected with10ul either Micrococous leutus or Bacillus subtilis.
When the honey bee larvae, three in a group, were injected with an
extract of 15ul Bacillus subtilis orl5ul Micrococus leutus or15pul
Pseudomonas aureus and kept at room temperature. After one day,
the larvae were smashed out and the extracted proteins were used
for minimum inhibitory concentration (MIC) studies. It showed no
antimicrobial activity against Escherichia coli (as shown in Table
3) at varying diluted concentrations from 10 “to 10 ™. But at the
higher original undiluted concentration, denoted as U.S, the
inducible antimicrobial protein/compounds extracted from honey
bee larvae showed appreciable activity (6+1) (as shown in Table 3)
when the larvae were injected with 15ul Micrococus leutus (L4)
and kept at room temperature. After one day, the larvae were
smashed out and the extracted total hemolymph was used for
minimum inhibitory concentration (MIC) studies against Candida
albicans.

Table 3: The total hemolymph extract (50 pl) of honey bee Larvae injected
with extract (10 pl) of five dead Microorganisms against selected three
microorganisms in Nutrient agar plates.

Honey bee larvae Name of Candida
dilution organism albicans Escherichia
Concentrations injected : 15ul) (L4 and coli

(Larvae-3 Nos) L5) (L1)

107 Nil Nil

102 Nil

10°° Micrococous Nil

10 leutus Nil

U.S 6+1

107 Nil

102 Nil

10 Pseudomonas Nil

10 aureus Nil

U.S 4+1

107 Nil

102

10 Bacillus subtilis.

10*

U.S

1071 Amoxycillin 7+1 7+1

102 6+1 6+1

103 1£1 4x1

10* Nil 241

U.S 9+1 9+1

Pipette50ul of the concentrated (undiluted) total
hemolymph extract in agar wells only showed antimicrobial

activity. The varied diluted concentrations from 10™to 10 * did not
show any activity (as shown in Fig.1).

Candida albicans-L4 Candida albicans-L5

L1,L4 and L5 are the larvaes
U.S. -Undiluted Solution containg L:
Standard: Amoxyllin

Eschersia.coli-L1
Fig. 1: The total hemolymph extract (50 ul) of honey bee larvae injected with
extract (15ul) of five dead microorganisms against Candida albicans and E.
coli in nutrient agar plates to study the minimal inhibitory concentration.
Inhibition zones were designed in individual Plates corresponding to their serial
dilution factors from 10™ to 10 .

Also, at the higher original undiluted concentration, the
inducible antimicrobial compounds that were extracted from
honey bee larvae hemolymph showed a weaker activity (4+1) (as
shown in Table 3) when the larvae was injected with 15pl
Pseudomonas aureus(L5) and after one day at room temperature,
the larvae was smashed out and all the extracted hemolymph was
used for minimum inhibitory concentration (MIC) studies against
Candida albicans than the larvae was injected with same
concentration i.e. 15ul Micrococus leutus. Pipetted 50ul of the
concentrated (undiluted) total hemolymph extracts in agar wells
showed antimicrobial activity. The diluted concentrations from 10
"to 10 * did not show any activity (as shown in Fig.1), similar to
the larvae injected with Micrococus leutus.

The higher the concentration (named L4), i.e. the 1.5 ml
tube containing larvae and 15pl Micrococus leutus and L5, the 1.5
tube containing larvae and 15ul Pseudomonas aureus, containing
the inducible antimicrobial compounds which were extracted from
the honey bee larvae hemolymph, showed a higher activity than
the other varying diluted lower concentrations.

The degree of antibacterial activity varied according to
the type of bacteria selected. The minimum inhibitory
concentration (MIC) has been observed to lie around (50u1/600pl
PBS), i.e. 8% against CA used in this investigation. The inducible
antimicrobial compounds extracted from honey bee larvae extracts
had no activity against E coli. These results comply with other
reported research outcomes, that the low dilution of alcoholic
extract Eurycoma longifolia Jack showed a higher microbial
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activity as compared to high dilution [37] and also native isolated
bacteria from sea cucumber recorded moderate antimicrobial
activity against P. aeruginosa [38]. In case of honey, 20% was
sufficient to inhibit the growth of a range of isolates. The results
obtained in our study were in agreement with the predictable range
of MIC for honey between 5-10 % [39] and MIC of 30-50 %. [40].

4. CONCLUSION

In this study, the inducible antimicrobial compounds
extracted from honey bee larvae hemolymph were more sensitive
against the fungus Candida albicans than gram-negative bacteria
when injected with either Micrococus leutus or Pseudomonas
aureus. These results were positive and promising due to the fact
that the honey bee larvae is considered to be rich with
antimicrobial sources; therefore, further studies should be carried
out to confirm the purification of the antimicrobial compounds. 9
days after hatching from its egg, the larvae cell was capped with
wax by worker bees and for another 12 days, the larva pupates and
undergoes miraculous metamorphosis. During this time, the
release of antimicrobial compounds by inducing the same or other
microorganisms can be studied for further information. It was clear
from this study that honey bee larvae of different stages acted
differently. This was to be expected since the age of each honey
bee larvae was different and the injected selected different dead
microbial extracts used. Also, the antimicrobial compounds
produced could be varied for different stages of honey bee larvae
according to the different floral sources of honey in which they
grow or the particular species of the bee (African or Middle East).
An extensive study is further required. The results provided
ground information for the potential use of the extracts of induced
honey bee larvae. It is also concluded that the MIC concentration
of extract of induced honey bee larvae hemolymph and the data
proved that honey bee larvae has curative values.
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