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Abstract

It is known that the factors identified as contributing to the bactericidal activ-
ity of honeys are the high sugar concentration, hydrogen peroxide (H,0,) and
low pH, and its bactericidal components depend on honey plant and natural
environment. Manuka honey has been studied a lot about bactericidal effect.
However, since Japanese honeys are mainly used as food, detailed analyzes of
bactericidal components and its actions have not been reported. Therefore,
we analyzed bactericidal components contained in nine Japanese honeys us-
ing Lucigenin-CL-HPLC. As our results, four species components of H,O,,
glucose, fructose and methylglyoxal were detected from nine Japanese ho-
neys. The H,O, concentrations were 4.1 x 107 - 1.8 x 10™* mol/L, the glu-
cose concentrations were 1.4 - 2.8 mol/L, the fructose concentrations were
1.9 - 2.4 mol/L, the methylglyoxal concentrations were 4.0 x 107 - 1.6 x
107> mol/L. In this study, we confirmed that methylglyoxal is also contained
in Japanese honeys, although it is a bactericidal component which is reported
to be characteristic of manuka honey. It is considered that the further study
of Japanese honeys is useful for more safe use, quality control, and clinical
application.

Keywords

Japanese Honey, Bactericidal Components, Hydrogen Peroxide, Methylglyoxal,
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1. Introduction

Honey has been known to possess bactericidal activity, and has been used in the
treatment of injuries as well as against bacteria associated with disorders of the
digestive system [1] [2] [3]. The bactericidal action of honey is ascribed to its

high sugar concentration, presence of hydrogen peroxide (H,O,) and antibac-
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terial peptides such as bee defensin-1, or its pH. Further, the composition of the
honey is known to depend on the type of honey plant, from which bees gather
nectar for its conversion to honey [4]. This nectar, stored in the flowers of honey
plants, contains a wide variety of nutrients such as sucrose, fructose, and glu-
cose. After the nectar is extracted by honey bees, decomposed by their internal
enzymes, stored in hives, and acted upon by elements such as yeast, pollen, and
royal jelly, it matures into honey. Therefore, honey constitutes of many compo-
nents due to its biosynthetic route characterized by multiple steps and numerous
molecular effectors. In addition to bactericidal action, honey exhibits keratin re-
moval and moisturizing effects; and hence, is also used in foods, cosmetics, and
medicines.

There has been much research on honey, such as manuka honey [4] [5] [6]
[7], including the analysis of its bactericidal components, its effect on microor-
ganisms, and its clinical applications. However, at present, not much is known
about the bactericidal action of or distribution of components in honey derived
from Japanese plants. Among bacteria that have been studied, anti-bacterial ac-
tivity of manuka honey has been reported in many, including Escherichia coli,
Staphylococcus aureus, multidrug resistant Staphylococcus aureus (MRSA), En-
terococcus faecium, vancomycin-resistant Enterococci (VRE), Pseudomonas
aeruginosa, and Helicobacter pylori [4] [8] [9]. In addition, chemicals such as
methylglyoxal (MGO) and leptosin have been studied in their capacity as bacte-
ricidal components [5] [10] [11] [12] [13], and several methods of analyzing the
components of manuka honey have been reported [7] [13] [14] [15] [16]. We
have earlier utilized lucigenin chemiluminescence high-performance liquid chro-
matography (lucigenin-CL-HPLC) for the development of simple analysis me-
thods with high precision for MGO, dihydroxyacetone (DHA), fructose, glucose,
and H,O,, which are five bactericidal components found in manuka honey. We
have reported that components that are capable of generating active oxygen play
an important role in the reported bactericidal action [17].

The bactericidal effect of Japanese honey has been ascribed to the presence of
H,O, generated by glucose oxidase, low pH, and high sugar concentration. The
differential effect observed for other bactericidal components could be rationa-
lized by the fact that the components depend on the type of honey plant. As men-
tioned above, since honey is considered a food in Japan, its antibiotic content
[18], amino acid composition [19], residual chemicals [20], and pollen [21] has
been extensively analyzed, along with research on honey quality control [22].
However, research on clinical applications of honey is mostly limited to studies
on its suitability in treating injuries in mice [23]. At present, detailed analysis of
the bactericidal components and insights into the bactericidal action of Japanese
honey is not available.

Therefore, we have analyzed the bactericidal components in nine types of
Japanese honey, utilizing methods including bis-(2,4,6-trichlorophenyl)oxalate
chemiluminescence (TCPO/ANS-CL) [24], electron spin resonance (ESR), and
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lucigenin-CL-HPLC [17]. In addition, we used isoluminol chemiluminescence to
measure the antioxidative potential of Japanese honey and to study the relation-
ship between the bactericidal components of honey and their antioxidative po-

tential.

2. Materials and Methods
2.1. Honeys

Mr. Ogihara of Ogihara yohoen, Inc. (Nagano Prefecture) kindly donated nine
types of Japanese honey, as well as chestnut leaves and chestnuts, to us. Honeys
obtained from some plants (horse chestnut, blueberry, bush clover, clover, apple,

mixed flowers, cherry, acacia, and chestnut) were used for this study.

2.2. Reagents

Bis-(2,4,6-trichlorophenyl)oxalate (TCPO), bis-(N-methyl acridinium) (lucige-
nin), and isoluminol manufactured by Tokyo Chemical Industry Co., Ltd. (TCI,
Tokyo) were used for the chemiluminescence assays. 8-anilino-naphthalene-1-
sulfonic acid (ANS) and micro-peroxidase were acquired from Wako. MGO
manufactured by Sigma and dihydroxyacetone, H,O,, glucose, and fructose
manufactured by Wako were used as standard bactericidal components. The
enzymes catalase manufactured by Nacalai Teque and superoxide dismutase
(SOD) manufactured by Wako, each prepared at concentrations ranging from
100 to 10,000 U/assay, were used to check for enzymatic generation of active
oxygen. 2-bromo-4’-nitroacetophenone utilized as internal standards for HPLC
was obtained from TCI. 5,5-dimethyl-1-pyrroline N-oxide (DMPO) was ob-
tained from Dojindo Laboratories. A pH paper (pH indicator strips, pH 0 - 14
universal indicator) manufactured by Merck was used for pH measurement. The
water purified in a Milli-Q system (Merck Millipore) was used for all experi-

ment.

2.3. Sample Preparation

The nine types of Japanese honey and the manuka honey within one year of col-
lecting them were used. Some of the horse chestnut within one year of collection,
while some has been stored for ten years were used. 0.1 - 0.5 g of each type of
honey was dissolved in 1 mL of water (aqueous solutions from 10% to 50%) and
these solutions passed through a hydrophilic 0.45 um membrane filter (Kurabo
Industries Ltd., Osaka) were used as samples. We have included values on the
component concentrations in the various types of honey, converted into units of
concentration (mol/L) in 100% aqueous solution of honey. In enzyme reac-
tions, each solution of catalase and SOD was formulated by dissolving the re-
spective enzyme (100 - 10,000 units/assay) in analytical grade water. A honey
sample was combined with an enzyme solution and the mixture was incubated
for 30 min at 37°C.
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2.4. Measurement Method for H,0; using TCPO/ANS-CL

100 pL of 0.05 mmol/L TCPO dissolved in ethyl acetate and 100 uL of ANS solu-
tion (0.02% ANS, 0.1% BSA, 0.2 mol/L barbital) was mixed with 10 pL of sam-
ple. The mixture was allowed to react for 10 seconds, and then the luminescence
(integrated value) was measured during 10 seconds with a BLR-301 lumines-

cence reader (Aloka).

2.5. Identification of H,0. (Hydroxy Radicals) Using ESR

270 pL of a spin trapping solution (containing 50 mmol/L phosphate buffer (PB)
(pH 7.4), 0.5 mmol/L FeSO,, 1 mmol/L diethylene triamine pentaacetic acid, and
H,0) and 5 pL of DMPO were mixed with a 30 pL sample aliquot, and the ESR
spectrum was measured with a JES-FR30 ESR spectrometer (JEOL Resonance,
Inc.). The ESR conditions included a microwave power of 4 mW, a modulation
frequency of 9420.0 MHz, a field center of 335.250 mT (width 5.0 x 1 mT), a
mod of 100 kHz (width 1.0 x 0.1 mT), an amplitude of 5.0 x 10, a time constant

of 0.03 sec, and a sweep time of 1 min.

2.6. Simple Method for Measuring O; and
Reducing Agents Using Lucigenin-CL

100 pL of lucigenin luminescence reagent solution (2.4 x 10~ mol/L lucigenin,
0.16 mol/L KOH, and 0.02% Triton X-100) was mixed with a 10 pL aliquot of
the sample. This was allowed to react for 10 seconds, and the subsequent lumi-
nescence (integrated value) was measured during 10 seconds with a BLR-301

luminescence reader (Aloka).

2.7.1dentification of O; and Reducing Agents using ESR

200 pL of a spin trapping solution (2.4 x 10~°> mol/L lucigenin, 0.16 mol/L KOH,
and 0.02% Triton X-100) and 5 uL of DMPO were mixed into 30 uL of the sam-
ple, and the ESR spectrum was immediately measured afterward. The xan-
thine-xanthine oxidase reaction was used as an O, control, and 20 uL of 20
mmol/L xanthine, 20 pL of 1 U/mL xanthine oxidase, and 200 pL of 0.1 mol/L
phosphate buffer (pH 7.4) were mixed with 5 uL of DMPO. Then an ESR spec-
trum of the mixture was measured. The ESR conditions were the same as those

used to measure hydroxy radicals.

2.8. Method of Measuring Antioxidative Potential Using
the Isoluminol Chemiluminescence Method

80 pL of 0.8 mol/L bicarbonate buffer (pH 9.5), 200 pL of the isoluminol lumi-
nescence solution (containing 2.5 x 10~ mol/L isoluminol and 1.0 x 10~® mol/L
micro-peroxidase dissolved in 0.8 mol/L bicarbonate buffer), and 5 uL of 1.0 x
107 mol/L H,0, was mixed with a 50 uL sample aliquot. This was incubated for
10 seconds to allow the reaction to attain completion, followed by measurement

of the generated luminescence (integrated value) during 10 seconds with the
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Luminescence-PSM AB-200. We calculated the antioxidative potential relative to

H,O0; from the following formula:

Antioxidative potential (%) =100- (é X 100)

X indicates “luminescence intensity when the sample was added”. Y indicates

“luminescence intensity when the sample was not added”.

2.9. Method of Analyzing Bactericidal Components
Using Lucigenin-CL-HPLC Assay

An intelligent HPLC pump (Jasco Co.) and a CLD-110 chemiluminescence de-
tector (manufactured by Tohoku Electronic Industrial) were used for the HPLC
system. A two linked Inertsil NH, columns (4.6 mm x 250 mm, 5 um particle
size, manufactured by GL Sciences) was used for the separation column. 90%
Acetonitrile was used for the mobile phase. The lucigenin reagent (2.4 x 10°°
mol/L lucigenin, 0.016 mol/L KOH, and 0.002% Triton X-100) diluted by a fac-
tor of 10 was used for HPLC as the luminescence reagent solution. The flow rate
was maintained at 1 mL/min. 5 pL of the sample was injected into the HPLC
system, and a chromatogram was obtained using the generated luminescence
intensity. 4.1 x 107 mol/L 2-bromo-4’-nitroacetophenone (2B) was used as an

internal standard.

3. Results and Discussion
3.1. Detection of H0; Using TCPO/ANS-CL

In order to detect the presence of H,O, in Japanese honey, a 10% aqueous solu-
tion of each honey was prepared and the TCPO/ANS-CL assay was performed.
As shown in Figure 1, the amount of luminescence varied greatly depending on
the type of honey; hence, we verified that the amount of H,O, was different, de-
pending on the honey plant from which the honey was derived. Chestnut honey
showed the greatest value (13.8) for the signal-to-noise ratio (S/N ratio). Also,
since the luminescence values of each honey on catalase treatment decreased, it
was verified that H,O, was included in all these types of honey. Next, the amount
of H,O; in each honey was calculated from an H,O, calibration curve obtained
with TCPO/ANS-CL. Chestnut honey showed the highest value of 3.2 x 10™*
mol/L, followed by the other types with concentrations of at least 2.0 x 107
mol/L. In order to verify whether the H,O, in chestnut honey was derived from
the honey plant, the source of H,O, present in chestnut leaves and fruits were
measured using TCPO/ANS-CL. 1 g each of chestnut leaves and chestnuts were
grounded up in a mortar, were added 50 mL of water, were incubated for 30
minutes at 37°C, and then were filtered the supernatant liquid with a 0.45 pm
filter to prepare samples. Chestnut leaves and chestnuts were shown to have an
S/N ratio of 10.7 and 11.8, respectively; which proves that H,O, is found in ho-
ney plants.
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3.2. Identification of H,0, (Hydroxy Radicals) Using ESR

H,O, generates hydroxy radicals in the presence of FeSO,, thereby becoming a
DMPO adduct. This leads to a characteristic four-line ESR spectrum with an in-
tensity ratio of 1:2:2:1. In this work, The H,O, present in chestnut honey charac-
terized as the one with strongest luminescence among all types of Japanese ho-
ney was identified as hydroxy radicals using ESR. The samples at 50% concen-
tration were prepared, the hydroxy radical content of chestnut honey was inde-
pendently verified. The results of the ESR measurement were shown in Figure
2(a). Next, a complete absence of the hydroxy radical spectrum was observed af-

ter reaction with catalase, as shown in Figure 2(b).
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Figure 1. Chemiluminescence intensity and S/N ration of each honey by TCPO/ANS-CL
(Comparison of relative concentrations for hydrogen peroxide). “Blank” indicates the re-
sult of the reaction with water.
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Figure 2. (a) ESR spectra of hydroxyl radical produced from chestnut honey; (b) ESR spectra of hydroxyl radical produced from

chestnut honey with catalase.
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3.3. Detection of O; and Reducing Agents Using Lucigenin-CL

The authors have previously reported on the production of O, from glucose,
fructose, and MGO in manuka honey [17]. Japanese honey could include com-
ponents other than H,O, that are capable of generating active oxygen species.
Therefore, in this study, a 10% aqueous solution of each type of honey was pre-
pared and the lucigenin-CL assay was used to investigate the detection of O,
derived from bactericidal components. The results were shown in Figure 3, all
honey types showed strong luminescence. Among them, acacia honey had the
largest S/N ratio of 1350, due to its rather strong luminescence. On the other
hand, the S/N ratio of chestnut honey was 208, which was the lowest among the
types of honey measured at this time. The results of TCPO/ANS-CL (Figure 1)
for chestnut honey showed the inclusion of a large amount of H,0,, but the lu-
cigenin-CL results estimated the fraction of components that could generate
species such as O, tended to be small. From the above one could suppose that
all types of honey generate O, from some component.

Next, acacia honey, which showed the greatest luminescence with lucige-
nin-CL was carried out its reaction with catalase and SOD to investigate how the
lucigenin chemiluminescence value would change. The amount of luminescence
was weakened to almost a blank value. Therefore, it could be assumed to be due
to the disappearance of O, and H,O, derived from some component, such that

the chemiluminescence with lucigenin was weakened.
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Figure 3. Chemiluminescence intensity and S/N ration of each honey by Lucigenin-CL
(Comparison of relative concentrations for superoxide). “Blank” indicates the result of

the reaction with water.
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3.4. Identification of O; Using ESR

The O, generated from some components of Japanese honey was identified
using ESR. A sample of 50% chestnut honey was used in this study. A xan-
thine-xanthine oxidase reaction was used as a control for the O, spectrum. As
a result, the ESR spectrum by O, generated from a component in chestnut
honey was detected. When the chestnut honey was incubated with SOD and the
O, spectrum in the ESR plot was found to disappear. This allowed an inde-
pendent verification that O, was generated from a component included in
chestnut honey. Figure 4(a) shows the O, spectrum at 50% chestnut honey,
and Figure 4(b) shows O, spectrum at 50% chestnut honey obtained by the
SOD treatment.

3.5. Measurement of Antioxidative Potential Using the Isoluminol
Chemiluminescence Method

In this study, we used the isoluminol chemiluminescence method to examine the
antioxidative potential of each type of honey. The antioxidative potential based
on the weakening of the amount of luminescence due to H,O, was determined,
when each type of honey was mixed with 1 x 10 mol/L H,O,. The strength of
the antioxidative potential to that of 1 x 107 to 10~ mol/L ascorbic acid was
compared as control. As shown in Figure 5, chestnut honey had the greatest an-
tioxidative potential, followed by acacia and then horse chestnut (stored for ten
years) honey. From these results, it appears that the higher H,O, concentration,
as measured by TCPO/ANS-CL and shown in Figure 1, leads to a stronger anti-
oxidative potential. Prior research has mainly studied the active oxygen species
included in honey. It is held that plants generate active oxygen on their own for
its antimicrobial (oxidative) action, in order to protect themselves from external
enemies. On the other hand, data from the present study showed that the meas-
ured antioxidation potential is contrary to that of antimicrobial action. Plants
are credited to produce antioxidants, such as polyphenol, in order to eliminate
internally generated active oxygen, and thereby prevent oxidation of the plant.
Since our data linked higher H,O, content in a type of honey to greater anti-
oxidative potential, certain components of honey must be capable of H,O, pro-
duction potential. This could be the same component as the factor that shows an-
tioxidative potential. With regard to this relationship between H,O, generation
potential and antioxidative potential, similar results have been obtained for aroma
oil [25]. Furthermore, in the results obtained with lucigenin-CL (Figure 3), large
amounts of reducing agents and O, were detected in acacia, horse chestnut
(stored for ten years), cherry, and apple honey. These results may also influence
the antioxidative potential. This could translate to increase in active oxygen on
reduction of oxygen by an electron from some other component. It is considered
that the remaining radical, that has lost an electron, could show antioxidative
potential. Therefore, more detailed analysis of components that show antioxida-

tive potential is needed.
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Figure 4. (a) ESR spectra of superoxide produced from components of chestnut honey; (b). ESR spectra of superoxide produced
from components of chestnut honey with SOD.
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Figure 5. Antioxidative potential of Japanese honeys.

3.6. Analysis of Five Bactericidal Components
Using Lucigenin-CL-HPLC

Simple analytical methods for the simultaneous detection of antibacterial com-
ponents in honey like MGO, DHA, fructose, glucose, and H,0,, have not been
reported. We have focused on reactive oxygen species (ROS) produced from
these five components to permit easy detection of these compounds in honey. Lu-
cigenin-CL is used primarily for the measurement of ROS such as O, . The au-
thors have previously developed lucigenin-CL-HPLC as a new method to simply
and simultaneously detect five bactericidal components (H,O,, MGO, DHA, glu-
cose, and fructose) in manuka honey [17]. We applied this lucigenin-CL-HPLC
method to the analysis of Japanese honey used in this study. The samples of 40%
honey were prepared and the nine types of honey were checked with the lucige-
nin-CL-HPLC method. The four species H,O,, glucose, fructose, and MGO have
been detected in all types of honey. MGO is a bactericidal component believed to
be specific to manuka honey, but the results showed that it is also included in

DOI: 10.4236/ajac.2020.118025

317 American Journal of Analytical Chemistry


https://doi.org/10.4236/ajac.2020.118025

K. Karasawa et al.

Japanese honey. On the other hand, DHA, which was included in manuka ho-
ney, was not detected in Japanese honey. Figure 6 shows two examples of chro-
matograms (corresponding to chestnut and acacia honey). In addition, the con-
centrations calculated from calibration curves for respective standard products of
the included components were listed in Table 1. The H,O, concentration for each
type of honey measured with lucigenin-CL-HPLC was roughly the same as the
value measured with TCPO/ANS-CL. Chestnut honey had the largest content at
1.8 x 107* mol/L. Glucose and fructose showed roughly the same values as in a
previous report [22]. Even though the amount of MGO was smaller than that in
manuka honey, its inclusion in all types of Japanese honey represented a novel
finding. MGO increases on storage of manuka honey due to its gradual conver-
sion from DHA [17]. On the other hand, since Japanese honey did not contain

DHA, it was assumed that the MGO is generated from a different component.
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Figure 6. Chromatograms of chestnut and acacia honey by lucigenin-CL-HPLC.

Table 1. Concentrations of four components in Japanese honeys.

Honey H20: Fructose Glucose Methylglyoxal
(mol-L™?) (mol-L™?) (mol-L™?) (mol-L™?)
horse chestnut 5.8*107° 24 22 8.0*107
bluberry 41%10° 22 2.5 4.0%107
amorpha fruticosa 44*10°° 24 2.6 1.6*107°
clover 4.7*107 2.4 2.1 6.0*107°
apple 48%10° 1.9 1.7 4.0%107
mixed flower 8.2%10° 1.9 1.8 8.0*107
cherry 6.0*10° 1.9 1.4 5.0%107°
acacia 9.0*107 2.2 1.8 1.4*107
chestnut 1.8%10° 2.1 1.4 1.6*10°
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4. Conclusion

In this study, we analyzed bactericidal components present in nine types of Jap-
anese honey. The component analysis of honey showed that the amount of H,0O,
ranged from 4.1 x 107 to 1.8 x 107* mol/L, with the greatest amount found in
chestnut honey. Glucose, fructose, and MGO were identified as the components
in Japanese honey that generate active oxygen species such as O, . Their respec-
tive concentrations were from 1.4 to 2.8, 1.9 to 2.4, and 4.0 x 10~ to 1.6 x 10~
mol/L. We also showed that higher H,O, concentration generally translates to
stronger antioxidative potential. The lucigenin-CL-HPLC assay allowed us to
detect MGO in Japanese honey. Thus, we demonstrated the utility of lucige-
nin-CL-HPLC for simultaneous detection of the five honey components asso-
ciated with antibacterial effect. Previously reported methods for the analysis of
MGO required cumbersome and time-consuming processing. In contrast, the
technique described in the present study permits the detection and identification
of Glucose, Fructose, H,O,, DHA, and MGO within 30 min and without any
special treatments; this technique is based on the detection of ROS production.
Taken together, this study reports on the analysis of bactericidal components in
Japanese honey. We hope that more detailed investigations in the future along
similar lines would lead to safer use and quality control of honey, as well as its
clinical applications.
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