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INTRODUCTION

ABSTRACT

INTRODUCTION: The composition of honey depends on intrinsic and extrinsic factors,
including place of origin, the floral types, the season, and the storage conditions. This
study investigates the effect of bee species (Meliponini or Apis) on the quality
characteristics, antioxidant, phytochemical, and anticancer potential of unprocessed
stingless bee honey (SBH) and honeybee honey (HBH) collected from the same
environmental factors including the location of the nest, floral type (Acacia), harvesting
month (August) and storage conditions (<5°C). MATERIALS AND METHODS: To
measure the honey quality, 5-hydroxymethylfurfural (HMF) and diastase activity were
analysed, followed by total phenolic content (TPC) and total flavonoid content (TFC) for
phytochemicals. Antioxidant activity was assessed via a 2,2-diphenyl-1-picrylhydrazyl
(DPPH) assay. Cytotoxicity towards cervical cancer cell line (HeLa) was measured using
a 2-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay (IC50).
RESULTS: The results indicated that HBH exhibited significantly higher diastase activity
(2.17 £ 0.07 DN), TPC (338.95 £ 3.49 mg GAE/kg); better DPPH scavenging activity
EC50 (80.06 mg/ml) and MTT activity IC50 (64.80 mg/ml) towards HeLa as compared
to SBH with absence of diastase activity, TPC (250.60 + 3.98 mg GAE/kg), DPPH
scavenging activity EC50 (165.80 mg/ml) and MTT activity IC50 (75.76 mg/ml).
However, there were no significant differences in HMF and TFC between HBH and
SBH. CONCLUSION: Even though many believe that SBH is superior to HBH, the
present study found that in similar environmental conditions, HBH demonstrates better

antioxidant capacity, anticancer potential, and phenolic content as compared to SBH.

Honey is mainly made up of sugars and other minor
substances including proteins, enzymes, amino acids, organic
acids, vitamins, polyphenols, minerals, and phytochemicals
such as flavonoids and carotenoids. These compounds are
associated with the therapeutic benefits of honey.! Previous
studies suggested that honey contains ingredients that offer
antioxidant, antimicrobial, anti-inflammatory, and anticancer
properties with broad positive effects against many diseases.?
Research has proven the ability of honey to prevent many

diseases.3

Honey from the Apis species is the most common type of
honey and is widely used around the globe. Apis is native to

Europe, western Asia, and Africa.# In South-East Asia, bee
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honey is mainly used in health care and is commonly
described as the best producer of honey, as it is adaptable to
environmental changes, especially A. mellifera.> The stingless
bee is a small type of bee which is known as Meljponini sp or
Trigona sp. This bee is also known as kelulut in Malaysia.
Stingless bees are associated with low honey productivity,
with only 4 kg per colony annually. Honeybee honey and
stingless bees have been reported to differ in terms of
morphology, nectar collection, foraging activity, and hive
build.6

Honey’s physicochemical composition is crucial in the

determination of honey quality. Hydroxymethylfurfural

(HMF), for instance, is an indicator of the deterioration of
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honey and is formed during the decomposition of
monosaccharides via Maillard’s reaction. Meanwhile, diastase
activity is an important determinant of honey quality.
Extensive heating and high acidity result in a lower diastase
number (DN) due to the denaturation of the enzyme.” The
phenolic acids of honey include gallic, coumaric, and caffeic
acids, and flavonoids such as catechin, kaempferol, and
apigenin.? These compounds are the main contributor to the
potency of honey as an antioxidant. Reactive oxygen species
(ROS) are the causer of oxidative stresses that lead to various
diseases and disorders such as cardiovascular disease and
cancer.? Several studies have claimed that both honey bee
honey (HBH) and stingless bee honey (SBH) are very
effective in combating ROS and are one of the best

antioxidant sources that can be acquired naturally.!0.!1

A thorough understanding of the characteristics of honey is
also requited for commercialization. However, studies
involving samples that are taken from different geographical
the

compositions of honey differ according to their floral,

sources may produce variations in results as
geographical, and entomological sources, and are also
influenced by extrinsic factors such as the environment,
seasons, storage conditions, time and processing.!2 Therefore,
a comparative study of samples obtained from an identical
geographical source and environment is required to identify
the difference in characteristics between the different types
of honey. There were studies reported on the difference in
honey composition affected by different bee species.t!3 The
physicochemical properties, sensory characteristics, and
glycemic load of SBH and HBH have been reported
previously, with a significant difference in moisture content
observed between the different types of honey obtained
from the same geographical source, but no significant
difference in ash content, pH and electrical conductivity
observed. In addition, raw and unprocessed HBH was much
more preferred as compared to SBH based on sensory
evaluation with both of the samples categorised as low
glycemic load (GL) that are suitable to be consumed by

diabetic patients with moderate intake.!3

Although various studies have been conducted previously on
SBH and HBH, further studies are still required to obtain a
clear distinction between different types of honey by
obtaining samples from the same geographical source and
providing further information for its commercialization.
Therefore, the present study sought to compare the
cytotoxicity, quality, and antioxidant activity of SBH and
HBH honey from the same location (Marang, Malaysia),
floral type (Acacia), and harvest time (June to August).
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MATERIALS AND METHODS

Sample preparation

SBH and HBH were obtained from the Big BEE honey farm
in Marang, Terengganu. The honey was stored at a
temperature ranging from 1-5°C and then left at room

temperature for about 2 hours prior to any assays.

Determination of hydromethylfurfural (HMF) content

The HMF content of honey was determined using a method
proposed by the International Honey Commission (IHC).14
The HMF (mg/kg) was calculated using the following

formula:

mg ) = (A284 — A336) x 74.87

HMF
(100mg weight honey

Measurement of diastase number (DN)
The diastase number (DN) of the honey was determined using

the Phadebas® Honey kit

Diagnostics, Sweden).!* Analysis was performed according to

Diastase Test (Pharmacia
the manufacturer’s instructions. The blank was prepared with

the same treatment by using acetate buffer without a sample.

Total phenolic content (TPC) and total flavonoids content
(TFC)

Total phenolic content (TPC) was measured based on the
method used by Ibrahim Khalil e 4/ 1> The absorbance was
recorded at wavelength 765 nm and TPC was expressed as mg

GAE/kg via the calibration of gallic acid.

Total flavonoid content (TFC) was measured by mixing 1.0 ml
of diluted honey with 4.0 ml of distilled water, 0.3 ml sodium
nitrite, 0.3 ml aluminium chloride, and 0.3 ml NaOH. The
absorbance of the solution was then recorded at 510 nm and
TFC was expressed as mg CEQ/kg.15

DPPH scavenging activity

The DPPH assay was done as reported previously.!6 A volume
of 20 ul of honey samples at various concentrations were
loaded into 96-well plates, along with 200 ul of DPPH
solution (2.37 pg/ml in methanol). The result was reported at
a half-maximal effective concentration (ECsp).

Cytotoxicity assay

A cervical cancer cell line (HelLa) was purchased from ATCC
(Virginia, USA). Cells were maintained in MEM medium
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supplemented with 10% fetal bovine serum (FBS), 1%
penicillin, 1% of non-essential amino acid, 1% of sodium
pyruvate and incubated in a humidified incubator with 5%
CO; at 37°C according to ATCC® HTB-22™. The honey
was filtered by using a sterile nylon syringe filter of 0.45
micron and a stock solution of 500 mg/ml in DMSO was
prepared.

A cell cytotoxicity assay was performed based on the
previously described procedute.’” Cells (8 x 104/well) wete
harvested and seeded on 96-well plates for 24 h. The cells
were then treated with honey at different concentrations and
further incubated at 37°C, 5% CO, for 72 h. Cell inhibition
was expressed in terms of inhibitory concentration (ICsp),
which refers to the concentration of honey needed to inhibit

half of the maximum cancer cell population.
Cell morphology

Cells (8 x 104 cells/ml) were seeded into a 96-well plate and
incubated overnight at 37°C with 5% CO; and 95% water in a
humidified incubator. Then, the desited concentrations of
samples were loaded into the plate. The plate was incubated
for 72 hours. Morphological changes in the cells were
observed and captured under an inverted microscope
(Olympus IX50, Pennsylvania, USA).

Statistical analysis

The triplicate data obtained were presented as mean *
standard deviation. Independent t-test and one-way ANOVA
with post-hoc Tukey’s test were performed using Statistical

Package for Social Science (SPSS) version 16 software. In all

analyses, p < 0.05 indicates a significant difference.

RESULTS

5- Hydroxymethylfurfural (HMF)

Diastase activity

Diastase activity was also measured to determine the quality
of the honey samples (Table I). The present study found that
diastase activity was not detected in SBH, while HBH showed
a small amount of diastase activity at 2.168 DN, as shown in
Table I. This value was lower than IHC standards, as high-
quality honey should at least contain 8 DN.

Total phenolic content (TPC) and total flavonoid
content (TFC)

In terms of TPC content, SBH with 250.60 * 3.98 mg GAE/
kg yielded a significantly lower TPC as compared to HBH
with 338.9513.49 mg GAE/kg as shown in Table I (p< 0.05).
Furthermore, the total flavonoid content (TFC) of both HBH
and SBH samples was not statistically different (p>0.05), with
raw Acacia honeybee honey yielding 38.95 3.72 mg/kg of
TFC and SBH yielding 46.85 3.72 mg/kg of TFC.

2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
activity

Table 1T shows DPPH radical inhibition of HBH, SBH, and
quercetin. From the results obtained, significantly different
scavenging activity was observed between samples at all
concentrations. Both HBH and SBH exhibited strong DDPH
inhibition at concentrations of 250.0 mg/ml, with higher than
50% inhibition. Quercetin as the positive control exhibits
stronger DPPH radical inhibition as compared to both of the
honey samples with significantly higher inhibition at lower
concentrations of 1.95 mg/ml. There was no inhibiton
reaction observed for SBH at a concentration lower than 3.91
mg/ml, while HBH showed no reaction at 1.95 mg/ml of

sample concentration

Table II: DPPH inhibition in percentage with various concentrations of
honeybee honey, stingless bee honey, and positive control (quercetin).

Concentration DPPH Inhibition %
. . . (mg/ml) HBH SBH Quercetin
The comparison of the quality and phytochemical content of
. . . 250.00 66.00 + 1.41b 57.90 + 2.97¢ 100.00a
the honey samples is presented in Table I. The quality of
125.00 63.92 £ 0.120 40.84 + 0.23¢ 100.00a
honey was measured based on HMF content whereby no
. . 62.50 40.17 £ 0.23b 25.89 + 0.16¢ 89.89 *+ 14.302
differences in HMF content were observed from both SBH
31.25 23.20 + 0.18> 3.83 £ 0.23¢ 81.50 + 0.71»
and HBH (<5 mg/kg).
15.63 9.83 + 0.24b 1.83 £ 0.23¢ 81.39 + 0.87»
Table I: Comparison of honey quality and phytochemical content. 7.83 7.67 £ 0.47> 1.04 £ 0.05¢ 82.75 + 0.35
M Dinstase TPC (mg TFC (mg 3.91 5.17 £ 0.24b 0c 80.84 + 1.181
(mg/kg)  (DN) GAE/kg) CEQ/kg) 1.95 0b 0b 58.170 % 0.23
SBH <5.00 0.0a 250.60 + 3.982 46.85 + 3.722
Results are the mean and standard deviation of duplicate. In the same
HBH  <5.00 217 + 0.073>  338.95+ 3.495 3895+ 3.72a row, different letters (%, °, and ) indicate significant differences (p<0.05)

Results are mean of triplicate with standard deviation. Letter (* and )
indicate a significant difference (p< 0.05) between kinds of honey by
Independent t-test.
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by one-way ANOVA.

Notes: SBH (Raw stingless bee honey) and HBH (Raw honeybee honey)

IMJM Volume 20 No.4, October 2021



Figure 1 shows the effective concentration (ECso) of samples
with quercetin as the positive control. The results show that
the ECs0 of honeybee honey was significantly lower than
stingless bee honey. This indicates that honeybee honey is a
better free radical scavenger at lower concentrations as

compared to stingless bee honey.

ECsq of DPPH Inhibition %
£165.80

mg/ml
b80.06 :
mg/ml
30.75 mg/ml
HBH SBH Quercetin

Figure 1: The effective concentration (ECso) of honey towards DPPH
radicals. Different letters (3, b, and <) indicate significant differences (p<<0.05)
by one-way ANOVA. Quercetin as a positive control.

MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] assay

IC5, of honey towards Hela cell line

a75.76

b64.80

SBH HBH

Figure 2: The inhibitory concentration of honey (mg/ml) towards cervical
cancer (HeLa) cell lines. Different letters (* and b) indicate significant
differences (p<<0.05) by the Independent t-test.

of

concentration (ICsg), defined as the concentration of honey

Cytotoxicity was expressed in terms inhibitory

required to kill 50% of cells, as shown in Figure 2. A higher

ICs0 value towards the Hela cell line was observed for
Stingless bee honey as compared to honeybee honey samples
with a significant difference (p<0.05) observed between
samples. This indicated that honeybee honey offered a higher
anticancer potential as compared to stingless bee honey with a
lower sample concentration required for inhibition.
Moreover, both SBH and HBH are very cytotoxic towards
the HeLa cell line at concentrations higher than 31.25 mg/ml,
with a 27.38% and 29.94% decrease in cell viability
respectively. The ICso value of HBH was significantly lower
than SBH, indicating that HBH exhibited higher toxicity

towards Hel .a.

The morphology of Hela cells was observed after 72h of
exposure to honey at different concentrations. From Figure 3,
cells treated with both kinds of honey showed morphological

changes, with the presence of clumping of dead cells.

DISCUSSION

Table 1 shows that the HMF values of the honey samples
wete below 5 mg/kg, indicating that both of these kinds of
honey were fresh and high in quality.'® Low HMF values were
also recorded in other studies involving raw honey. For
example, no HMF was detected in eight types of honey,'s 0.0
mg/kg — 11.45 mg/kg in 45 types of honey,!? and 0.0 mg/kg
— 1.6 mg/kg from 46 types of honey.2’ Low HMF indicated
freshness and high-quality honey.!8 On the other hand, high
HMF content is associated with deterioration, heat exposure,
poor handling, and inadequate storage conditions.2!:22 The
maximum value of HMF set by the Codex Alimentatius
Commission? for honeybees originated from non-tropical
regions is 40 mg/kg, while the Malaysian Standard for honey

has established a value lower than 30 mg/kg as permissible.24

Low diastase activities were also detected in several species of
Malaysian SBH from Kelantan ranging from 1.22-1.97 DN.2?
According to Malaysian standards, no minimum value was set

for the diastase activity of Malaysian honey. Diastase can be

HBH
(31.25 mg/ml)

Positive control

(0 mg/ml)

SBH
(31.25 mg/ml)

72 hours

Figure 3: Cell morphology of HeLa at 72 hours of treatment with 31.25 mg/ml of honey at a magnification of 40X.
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reduced over time due to denaturing when exposed to heat
and low pH. Malaysian honey is known to have high
moisture levels due to its tropical climate which caused an
increase in the fermentation of yeasts that releases acid as a
by-product, potentially decreasing the pH. This further leads
to a shorter half-life of the enzyme, rendering it difficult to
be used as a quality parameter.2* Apart from quality, diastase
activity can also be utilized for the determination of honey
putity, as the enzyme is involved in sugar conversion and is

only present in the stomachs and saliva of bees.2>

The results obtained for the total phenolic content (TPC) of
honey are in contrast with a previous study by Peng e# a/26,
which reported that SBH yielded up to 33% higher TPC as
compared to HBH. However, unlike the present study, the
origin, floral sources, or season of samples were not stated in
the previous study.26 The TPC of honey has been reported to
be dependent on floral sources, botanical origins, season,
environment, and pigment, which may contribute to
differences in the results.!? In the present study, all of these
attributes including the time of harvest and place of the
samples tested were identical which indicated that these
differences may be contributed by other factors. It is
postulated that the bee species are responsible for these
differences. A study found significant differences in most of
the honey composition in 23 species of stingless bees.?”
Besides, the

compositions of honey produced by different species of bees

another study also indicated different
who shared a similar botanical origin.2 However, both
studies did not clearly explain the factor that contributes to
the different composition of honey from different bee
species. The possible reason is may be due to the process of
honey production by the bees and also the storage of the
honey. Stingless bee kept their honey in ellipsoidal pots made
with cerumen. Unlike honey bee honey, the high moisture in
the cerumen pots of stingless bees allows the biological
transformation to occur through the fermentation process by
yeasts and bacteria in the pots.?? As the phytochemical
composition of honey is closely related to the presence of the
phytochemicals in the cerumen,® these may explain the
difference of the honey bee honey quality compared to the
stingless bee. Stadelmeier and Bergner3! also found the
difference in the enzyme activity of two different bee species

which may be related to the difference in honey production.

In addition, the present study also found that the TPC of
HBH is higher than the previously reported value by Krpan ez
al32 with 43.66 £ 6.45 GAE mg/kg. Another study on three
samples of Acacia honeybee honey reported a range of
between 249 GAE mg/kg-323 GAE mg/kg.33 Raw stingless
Acacia honey has a significantly lower total phenolic content
than raw honeybee honey (p<0.05) with 250.60 * 3.980
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GAE mg/kg. Furthermore, the TPC for SBH was found to
be lower than the results of a study conducted on two types
of Acacia SBH from Johor and from Terengganu which
recorded 558.60 £ 24.00 GAE mg/kg and 331.20 GAE mg/
kg £ 9.10 of TPC respectively.3* It has also been reported
that the total phenolic content of Malaysian stingless bee
honey from Perak ranges between 228.00 GAE mg/kg —
1058 GAE mg/kg.%

Phenolic acids have been widely studied and associated with

reducing cardiovascular diseases and type-2 diabetes.
Previous studies reported that honey contains various
phenolic acids including gallic, syringic, benzoic, cinnamic,
coumaric, and caffeic acids.3 It also contributes to the
anticancer properties of honey. A current review by Waheed
et al' reported that the phenolic acids in honey are the most
crucial substance that provides anticancer activity properties

and acts as a potent antioxidant.

In terms of the total flavonoid content (TFC) of honey, the
TFC values of Acacia HBH from Malaysia ranges between
28.83— 113.06 mg/kg when harvested during all seasons.’?
These results are higher as compared to the TFC of acacia
HBH from other countries such as Romania (9.1- 24.2 mg/
kg), Italy (4.5—- 10.1 mg/kg), and Burkina Faso (17.0- 83.5
mg/kg).3 Meanwhile, four Malaysian SBHs from Gertak
Sanggul, Jasin, Kubang Pasu, and Padang Terap showed
lower TFC than the present study at 10.18 + 1.04 mg/kg,
11.77 £ 0.80 mg/kg, 12.68  0.14 mg/kg, and 10.27 £ 0.29
mg/kg, trespectively. On the other hand, it has been
reported that two types of raw Malaysian stingless bee honey
from Ayer Molek have flavonoid content of 82.38 + 4.12
mg/kg and 60.95 = 4.12 mg/kg of flavonoid content,!?
which is higher than the present study. From this data, it can
be concluded that the flavonoid contents of honey are

dependent on the places of origin.

The DPPH assay was developed by utilising free radicals to
assess the antioxidant activity of a compound. It measures
the scavenging capacity of antioxidants, with the reduction of
odd electron nitrogen in DPPH by acquiring hydrogen atoms
antioxidants the
According to one study, the ECsy of HBH ranged from 44.64

- 407.01 mg/ml, 32 which is consistent with the curtent study.

from to corresponding  hydrazine. %

Another author also reported that the ECso value of Acacia
honeybee honey was 29.85 mg/ml, and much more effective
than the present study. Tualang and Gelam honey also
reported good ECsy values, at 48.90 mg/ml and 15.70 mg/
ml, respectively. Gelam honey exhibited a great free radical
scavenging activity at a much lower concentration,*! and a
study on twenty-one kinds of honey from New Zealand
reported ECso values ranging from 7.5— 109 rng/ ml.42
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Meanwhile, SBH demonstrated less radical scavenging ability
than the values reported in the previous study?* where ECsg
values of 97.24 mg/ml and 76.27 mg/ml for DPPH radicals
were previously recorded. They also found that the ECso
values of stingless bee honey from starfruit and Gelam honey
wete 105.53 mg/ml and 32.58 mg/ml, respectively. A
previous study reported that the ECso values towards DPPH
free-radical ranged from 52.33 mg/ml to 97.30 mg/ml in
vatious places. The high radical scavenging activity of honey
was mainly contributed by its phenolic and flavonoid

contents, as stated previously in several studies.!2

The cell cytotoxicity of honey was assessed by MTT assay, a
sensitive and reliable indicator of cellular metabolic activity
which is preferable over many other methods. The
cytotoxicity of honey is due to its actions on cancer cells,
including apoptosis induction and cell cycle arrest#3 Honey
with hydrogen peroxide (H2O2) accumulated as free radicals
lead to oxidative stress in cancer cells, proceeded by lipid-

peroxide activity that leads to cell death.

A study on Tualang honey with oral squamous cell
(OSCC) (HOS)
reported that the viability of both cells was reduced to as low

carcinomas and human osteosarcoma
as 15% with the presence of honey samples# However, in
the present study, lower concentrations of honey promoted
cell viability up to 199.5% and 152.3%, respectively. These
results were supported by a previous study whereby an
increase in malignant glioma cancer cell proliferation was
observed at a low concentration of honey but a high
cytotoxic effect was observed at a higher concentration of
greater than 5%.4 The increase in cell viability indicated that
honey promoted cervical cancer cell proliferation at lower
concentrations. It is believed that glucose in honey may be
the factor for the increase in cell viability and variation of the
results. Glucose is a preferred nutrient for cancer cells, and
sugars present in honey have been suggested to have both
mutagenic, as well as antimutagenic effects. Honey is mainly
composed of carbohydrates, with the major sugars in the

form of fructose and glucose.#

The variability of the results is due to the difference in the
cell used and the composition of the honey itself. Tualang
honey induces apoptosis in MCF-7 and MDA-MB-231 cell
by

membrane that leads to the activation of the initiator

lines promoting depolarization of mitochondrial
caspases-8 and -9 which was followed by the activation of
executioner caspases-3 and -7.47 Manuka honey induced
apoptosis in MCF-7 cells via the activation of caspases-9 and
6.4 Based on Figure 2, low concentrations of honey promote
Hela proliferation up to 199.5%. The over-confluence cells
can be seen on both of the honey at a concentration of 0.098

mg/ml. Glucose from sugars is believed to fuel developing

IMJM Volume 20 No.4, October 2021

cancer cells. Studies have shown that glucose promotes
proliferation in endometrial cancer cell lines.#* Another study
on HPDE-6 cell line also found that glucose also promotes

cell proliferation while increasing their oxidative stress.>

CONCLUSION

HBH demonstrates better phenolic content, antioxidant
capacity and cytotoxicity towards cervical cancer cell line
(HeLa) than SBH harvested from the same place, floral
origin, and season. There were no significant differences
between both HMF and flavonoid contents in both kinds of
honey. All these kinds of honey have demonstrated the ability
to inhibit HelLa growth at lower concentrations and exhibited
high potential for use as an alternative chemotherapy drug.
Both kinds of honey also exhibit antioxidant capacity and can

be used in antioxidant supplements.

CONFLICT OF INTEREST

The authors declare no conflicts of interest. Financial support
was obtained from the Faculty of Fisheries and Food Science,

Universiti Malaysia Terengganu, Malaysia.

ACKNOWLEDGMENTS

This research was partly supported by Fundamental Research
Grant Scheme from the Ministry of Higher Education,
Malaysia (57091).

REFERENCES

1. Waheed M, Hussain MB, Javed A, et al. Honey and
cancer: A mechanistic review. Clin Nutr. 2019; 38: 2499—
503.

2. Ramsay EI, Rao S, Madathil L, et al. Honey in oral
health and care: A mini review. ] Oral Biosci. 2019; 61:32
—0.

3. Samarghandian S, Farkhondeh T, Samini F. Honey and
health: A Review of recent clinical research.
Pharmacognosy Res. 2017; 9:121-7.

4. Akre RD, Reed HALC. Ants, Wasps, and Bess
(Hymenoptera). In: Mullen G, Durden L, eds. Medical
and Veterinary Entomology. USA: Elsevier Inc. 2002:
383-409.

5. Breed MD. The Apis Family Tree. In: Encyclopedia of
Animal Behavior. 2010th ed. University of Colorado,
Boulder, CO, USA: Elsevier Ltd., 2010: 89-96.

6. Biluca FC, Braghini F, Gonzaga LV, Oliveira Costa AC,
Fett R. Physicochemical profiles, minerals and bioactive
compounds of stingless bee honey (Meliponinae). ] Food
Compos Anal. 2016; 50:61-9.

34



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

White JW. The role of hmf and diastase assays in honey

quality evaluation. Bee World 2015; 75:104—17.

Chew CY, Chua LS, Soontorngun N, Lee CT.
Discovering potential bioactive compounds from
Tualang honey. Agric Nat Resour. 2018; 52:361-5.
Twilley D, Lall N. African Plants with Dermatological
and Ocular Relevance. In: Kuete V, eds. Toxicological
Survey of African Medicinal Plants. Elsevier Inc., 2014:
493-512.

Cianciosi D, Forbes-Herndndez T, Afrin S, et al.
Phenolic compounds in honey and their associated
health benefits: A Review. Molecules 2018; 23:2322.
Yaacob M, Rajab NF, Shahar S, Sharif R. Stingless bee
honey and its potential value: a systematic review. Food
Res 2018; 2:124-33.

Abu Bakar MF, Sanusi SB, Abu Bakar FI, Cong O],

Mian Z. Physicochemical and antioxidant potential of
raw unprocessed honey from Malaysian stingless bees.
Pakistan ] Nutr 2017; 16:888-94.

Raja Nurfatin RMY, Norhayati MK, Mohd Fairulnizal
MN, et al. The physicochemical, sensory evaluation and
glycemic load of stingless bee honey and honeybee
honey. Food Res 2021; 5: 99-107.

Bogdanov S. Harmonised Methods of the International
Honey Commission. International Honey Commission
2009; 1-63.

Ibrahim Khalil MD, Sulaiman SA, Alam N, et al.
Content and antioxidant properties of processed
Tualang honey (AgroMas®) collected from different
regions in Malaysia. Int ] Pharm Pharm Sci 2012; 4:214
9.

Adjimani JP, Asare P. Antioxidant and free radical
scavenging activity of iron chelators. Toxicol Reports
2015; 2:721-8.

Akbari R, Javar HA. Efficacy of capecitabine and 5-
fluorouracil ( 5-FU ) on the human breast cancer cell
line (MCF7) — effect of concentration. Am ] Res

Commun 2013; 1:75-91.

Habib HM, Meqbali FT' Al, Kamal H, Souka UD,
Ibrahim WH. Physicochemical and biochemical
properties of honeys from arid regions. Food Chem
2014; 153:35-43.

Yilmaz H. Composition of Honeys Collected from
Eastern and South-Eastern Anatolia and Effect of
Storage on Hydroxymethylfurfural Content and
Diastase Activity. Truk J Agric 2001; 25:347-9.

Olga E, Maria FF, Carmen SM. Differentiation of
Blossom Honey and Honeydew Honey from
Northwest Spain. Agriculture 2012; 2:25-37.

Ij F, Ab MH, Hilmi M. Physicochemical
Characteristics of Malaysian Stingless Bee Honey from
Trigona Species. Int Med ] Malaysia 2017; 16:187-91.
Saka¢ MB, Jovanov PT, Mari¢ AZ, et al.

35

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Physicochemical properties and mineral content of
honey samples from Vojvodina (Republic of Serbia).
Food Chem 2019; 276:15-21.

Codex Alimentarius Commission. Codex Standard For
Honey. Codex Stand 2001; 12:1-8.

Nordin A, Sainik NQAV, Chowdhury SR, Saim A Bin,
Idrus RBH. Physicochemical properties of stingless bee
honey from around the globe: A comprehensive
review. ] Food Compos Anal 2018; 73:91-102.

Omar S, Enchang FK, Ulul M, et al. Physicochemical
profiles of honey harvested from four major species of
stingless bee (Kelulut) in North East Peninsular of
Malaysia. Malays Appl Biol 2019; 48:111-6.

Peng S, Ling N, Aniza Y, Wei S, Suan L. Total phenolic
contents and colour intensity of Malaysian honeys from
the Apis spp . and Trigona spp . bees. Ital Oral Surg
2014; 2:150-5.

Souza B, Roubik D, Barth O, et al. Composition of
stingless bee honey: Setting quality standards.
Interciencia 2006, 31: 867-75.

Castro-Vazquez L, Diaz-Maroto MC, Gonzalez-Vinas
MA, et al. Influence of storage conditions on chemical
composition and sensory properties of citrus honey. J
Agric Food Chem 2008; 56: 1999-2000.
Simone-Finstrom M, Spivak M. Propolis and bee
health: the natural history and significance of resin use
by honey bees. Apidologie 2010; 41: 295-311.

Abd Jalil MA, Kasmuri AR, Hadi H. Review: Stingless
bee honey, the natural wound healer. Skin Pharmacol
Physiol 2017; 30:66-75.

Stadelmeier M, Bergner KG. Proteine des
Bienenhonigs. VII. Eigenschaften und Herkunft der
Honigamylase. Z Lebensm Unters Forch 1986; 18: 196-9.
Krpan M, Markovi¢ K| Sari¢ G, et al. Antioxidant
activities and total phenolics of acacia honey. Czech ]
Food Sci 2009; 27:245-7.

Czipa N, Phillips CJC, Kovacs B. Composition of
acacia honeys following processing, storage and
adulteration. ] Food Sci Technol 2019; 56:1245-55.
Shamsudin S, Selamat J, Sanny M, et al. Influence of
origins and bee species on physicochemical, antioxidant
properties and botanical discrimination of stingless bee
honey. Int ] Food Prop 2019; 22:239—64.

Yap SK, Chin NL, Yusof YA, Chong KY. Quality
characteristics of dehydrated raw Kelulut honey, Int |

Food Prop 2019; 22:556-71.

Chew CY, Chua LS, Soontorngun N, Lee CT.
Discovering potential bioactive compounds from
Tualang honey. Agric Nat Resour 2018; 52: 361-5.

Moniruzzaman M, Sulaiman SA, Azlan SAM, Gan SH.
Two-year variations of phenolics, flavonoids and
antioxidant contents in acacia honey. Molecules 2013;
18:14694-710.

IMJM Volume 20 No.4, October 2021



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Boussaid A, Chouaibi M, Rezig L, et al.
Physicochemical and bioactive properties of six honey
samples from various floral origins from Tunisia. Arab
J Chem 2018; 11:265-74.

Selvaraju K, Vikram P, Mei J. Melissopalynological ,
physicochemical and antioxidant properties of honey
from West Coast of Malaysia. ] Food Sci Technol 2019;
56:2508-21.

Kedare SB, Singh RP. Genesis and development of
DPPH method of antioxidant assay. ] Food Sci
Technol 2011; 48:412-22.

Chua LS, Rahaman NI, Adnan NA, Eddie Tan TT.
Antioxidant activity of three honey samples in relation
with their biochemical components. ] Anal Methods
Chem 2013; 2013:313798.

Stagos D, Soulitsiotis N, Tsadila C, et al. Antibacterial
and antioxidant activity of different types of honey
derived from Mount Olympus in Greece. Int ] Mol
Med 2018; 42:726-734.

Portokalakis I, Yusof H, Ghanotakis D, Nigam P,
Owusu-Apenten R. Manuka honey-induced
cytotoxicity against MCF7 breast cancer cells is
correlated to total phenol content and antioxidant
power. ] Adv Biol Biotechnol 2016; 8:1-10.

Ghashm AA, Othman NH, Khattak MN, et al.
Antiproliferative effect of Tualang honey on oral
squamous cell carcinoma and osteosarcoma cell lines.
BMC Complement Altern Med 2010; 10:49.

Ahmad F, Seerangan P, Mustafa MZ, et al. Anti-cancer
properties of Heterotrigona itama sp. honey via
induction of apoptosis in malignant glioma cells.
Malays ] Med Sci 2019; 26:30-9.

Meo SA, Al-Asiri SA, Mahesar AL, Ansari MJ. Role of
honey in modern medicine. Saudi ] Biol Sci 2017;
24:975-8.

Fauzi AN, Norazmi MN, Yaacob NS. Tualang honey
induces apoptosis and disrupts the mitochondrial
membrane potential of human breast and cervical
cancer cell lines. Food Chem Toxicol 2011; 49:871-8.
Aryappalli P, Al-Qubaisi SS, Attoub S, et al. The IL-6/
STAT3 signaling pathway is an early target of manuka
honey-induced suppression of human breast cancer
cells. Front Oncol 2017; 7:1-17.

Han J, Zhang L., Guo H, et al. Glucose promotes cell
proliferation, glucose uptake and invasion in
endometrial cancer cells via AMPK/mTOR/S6 and
MAPK signaling. Gynecol Oncol 2015; 138:668-75.
Ito M, Makino N, Matsuda A, et al. High Glucose
Accelerates Cell Proliferation and Increases the
Secretion and mRNA Expression of Osteopontin in
Human Pancreatic Duct Epithelial Cells. Int ] Mol Sci
2017; 18:807.

IMJM Volume 20 No.4, October 2021

36



