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Abstract

Honey has been consumption since hundreds of years ago and is believed to have high nutritional
value and has healing properties. This research was conducted in order to characterize the honey
samples from several regions in Indonesia base on SNI 2013, name through the water content, ash
content, reducing sugar, and HMF, followed by the measurement of antioxidant activity of selected
samples. The method used to measure the antioxidant activity of honey samples in DPPH method.
There are five samples honey that pass the test of physicochemical characterization, namely honey
samples S1, TK1, RMBTN, KLKNG, and MRV. IC50 value of the five samples of the honey was 18,18
pg/mL, 20,47 pg/mL, 15,08 pg/mL, 14,78 pg/mL, and 15,94 pg/mL The results of measuring the
antioxidant activity in all five elected honey proved that honey contains antioxidant.
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Introduction

Honey is a natural food product that has been
consumed by the general public. Honey has a
distinctive sweet taste produced by honey bees [1].
The basic ingredients of honey production are plant
flower extracts in the form of floral nectar or other
parts of the plant, namely extra floral nectar[2].
Floral nectar works as a carbohydrate source for
honey, while pollen or extra floral nectar works as a
protein source [3] [4]. Honey components vary
widely depending on the nectar source and the
external conditions of honey fermentation [5][6].
According to [7] Indonesia has several types of
honey nectar sources, ranging from monoflora to
multiflora. So that the components of honey in one
area may be different from other areas, but the
basic components must remain the same. According
to the 2013 Indonesian National Standard
concerning honey, it is stated that some basic
characteristics of honey are water content not more
than 22% w/w, maximum ash content is 0.5% w/w,
minimum reducing sugar is 65%, and maximum
hydroxymethylfurfural content. is 50 mg/kg.

Physiologically, honey is a thick liquid like syrup with
a distinctive sweet aroma, when heated, the honey
aroma will be stronger. Consumption of honey has
been carried out for hundreds of years and is
believed to have high nutritional and healing
properties. Research on honey has been done since
ancient times and still continues today. This is done
to exploit the benefits of honey. Along with the
development of technology, several benefits of
honey have been revealed, including as a food
sweetener, functional food, antioxidant,
antibacterial, and anticancer [8] Consumption of
honey can signifiantly increase the antioxidant
capacity in thebody [9]. Antioxidants can preventor
reduce damage caused by free radicals that can
cause oxidative stress, one of the effects of
oxidative stress itself is that it can trigger cancer
[10].

Every day the human body always interacts with
free radicals that can come from exposure to UV
rays, cigarette smoke, air pollution, radiation, and
by-products of the body's metabolism. Free radicals
can cause oxidation of carbohydrates, lipids,
proteins, and DNA. If the number of free radicals in

the body exceeds the body's capacity to neutralize
them or it can also be called oxidative stress, there
will be oxidation out of control in cells that can
cause damage and mutations to the cells
themselves [11]. This mutation can cause the
proliferation of cells to become uncontrolled, this is
the forerunner of the formation of cancer cells.
Naturally, but the body produces antioxidants, if the
number of free radicals that enter the body is much
greater than the amount of natural antioxidants, it
will cause oxidative stress. To avoid this, it is
necessary to take additional antioxidants, one of the
natural products that may be a source of natural
antioxidants is honey.

This study aims to measure the antioxidant activity
of selected honey from several regions in Indonesia.
honey is done by selecting based on its
physicochemical components in the form of
measuring water content, ash content, reducing
sugar concentration, and the amount of hydroxy
methyl furfural contained in twelve honey samples.
The best honey that has passed the standard
physicochemical test will be tested for its
antioxidant activity.

Methods
Materials

The materials used in this study were in the form of
twelve honey samples from various regions in
Indonesia as the main raw material (S1, SLP, TKi,
TK2, TK3, SNTRM, RMBTN, KPK, KLKNG, PLBNG, and
MRV) honey samples. While the materials needed
for testing the water content and ash content
include spiritus, tissue and dH20. Then for the
determination of reducing sugar content, materials
in the form of NaOH, 3,5-disodium nitro salicylate,
KNa-tartrate and dH20 are needed. In addition, in
the process of determining the value of HMF,
additional materials are used in the form of
potassium ferrocyanide for the manufacture of
Carrez | reagent, zinc acetate for Carrez Il reagent,
sodium bisulfate as a standard, and the Ilast
ingredient is alcohol to remove foam in the sample.
Furthermore, the materials used for testing
antioxidant activity include DPPH, absolute
methanol, and dH20.
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Procedure
Determination of Water Content

Water content testing is done by using a moisture
balance tool. A total of 2 grams of honey samples
were dropped onto the measuring plate. The toolis
closed, then the water content measurement is
started by pressing the ‘“start” button. The
measured moisture content of the sample will be
displayed on the moisture balance screen.

Determination of Ash Content [2]

The porcelain cup to be used is cleaned first, then
baked in the oven for 1 hour. Porcelain dishes that
have been baked are weighed and the weight is
recorded as the weight of the empty dish. Then as
much as 3 grams of the sample was put into a
porcelain dish and ashes by means of roasting at a
temperature of 550°C for 4 hours or until all samples
formed ash. After all the samples formed ash, the
cup containing the sample ash was cooled and then
weighed and recorded as the weight of the cup and
ash.

Reducing Sugar Test[2]

DNS reagent generation. A total of 1 gram of DNS
was added with 50 mL of ddH20, after being
homogenized, it was added with 30 grams of KNa
tartrate and 20 mL of 2 N NaOH. Then the
homogeneous solution was put into a 100 mL
volumetric flask and calibrated using ddH20.

Preparation of glucose standards. Glucose
standard was made from glucose 1 gram, 0.8 gram,
0.6 gram, 0.4 gram, and 0.2 gram dissolved in 20 mL
ddH20. 0.1 mL of the solution was sampled and then
1.5 mL of DNS reagent was added. Followed by
homogenization with the help of a vortex, then the
solution was heated at 100C for 5 minutes. After the
solution cooled, 0.5 mL of the solution was sampled
and added with 15 mL of ddH20. The last step is to
homogenize the solution and then measure the
absorbance using a UV-Vis spectrophotometer at a
wavelength of 540 nm.

Determination of sample reducing sugar. 1 gram
of honey sample was homogenized with 20 mL of
ddH20, then 0.1 mL was taken to be mixed into 1.5
mL of DNS reagent. The solution was homogenized
using a vortex, then heated at 100°C for 5 minutes.

After removal from the water bath, the solution is
cooled by washing with running water. This step
must be done carefully so that water does not enter
the test tube. Then 0.5 mL of the solution was taken
and added with 15 mL of ddH20. Followed by
homogenization by vortex, and ended with
measuring the absorbance of the solution using a
UV-Vis spectrophotometer at a wavelength of 540
nm.

Hydroxy methyl furfural Test [2]

A total of 5 gram of honey from each sample was
weighed carefully (to an accuracy of 1 mg), then
dissolved in water and put into a 50 mL volumetric
flask, added with ddH20 until the volume of the
solution was 25 mL. Added with 0.5 mL of Carrez |
solution, shaken and added with 0.5 mL of Carres Il
solution, shaken again and then added with ddH20
to the limit of tera. A drop of alcohol is added to
remove the foam that forms on the surface. Then
filtered with filter paper, the first 10 mL of the filter
was discarded. A total of 5 mL of the filter was put
into 2 different test tubes, in each tube 5 mL of
ddH20 and 5 mL of 0.2% sodium bisulfide were
added to the other tube. The two tubes were then
shaken until well mixed, and the absorbance was
measured at a wavelength of 284 nm and 336 nm. If
the absorbance is higher than 0.6 then it is diluted
using dH20 for the sample and 0.20% NaHSO3 for
the comparison solution.

Antioxidant Test

Preparation of DPPH reagent. A total of 1 mg of
DPPH was weighed with an acauracy of 0.2 mg then
dissolved into 15 mL of absolute methanol by
stirring with a stirrer for 30 minutes. Then the
reagent solution was diluted using ddH20 as much
as 15 mL.

Sample testing. A total of 0.1562 grams of sample
was dissolved in 25 mL of absolute methanol, then
the solution was shaken until homogeneous. The
solution formed has a concentration of 6.25 L/mL
which acts as the sample with the highest
concentration as well as the stock. Then, the
dilution was carried out in stages to form solutions
with concentrations of 5 pL/mL, 3.75 pL/mL, 2.5
pL/mL, 1.25 pL/mL, and o pL/mL (as blanks). A total
of 0.6 mL of each concentration was pipetted into a
test tube that had been filled with 0.9 mL of 0.4 mM
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DPPH. Followed by shaking until homogeneous,
then incubated in a dark room for 20 minutes.
Absorption  was  measured using  UV-Vis
spectrophotometry ata wavelength of 517 nm.

Results

The moisture content of honey was measured
using a moisture balance device with a weight range
of 2 grams for each sample. The percentage of
water content measured from twelve honey
samples is between 14% to 25% w/w. The honey
sample with the highest moisture content was
RHU2 of 24.88% while the lowest water content
was found in the MRV honey sample with a
moisture content of 14.45%. The moisture content
of honey as shown in Figure 1.

Measurement of honey ash content was carried

out using the gravimetric method. Ashing was
carried out using a fumace at a temperature of
550°C for approximately 4 hours to obtain a
constant weight. Theash level of honey as shown in
Figure 2.
The reducing sugar content in honey was measured
using the DNS method. The results obtained
showed the amount of reducing sugar content in
honey ranged from67% to 96% of the total weight of
honey. The measurement of reducing sugar in
honey was carried out using the DNS method. The
basic principle of this method is the calculation of
the reduction and oxidation reactions in samples
and reagents. The reducing sugar contained in
honey when placed under alkaline conditions can
reduce 3,4-dinitrosalicylate (DNS) which is yellow to
orange in color. This color change is proportional to
the amount of reducing sugar in the sample. The
higher the amount of reducing sugar in honey, the
more concentrated the orange color will be. This
color change can be measured using UV-Vis
spectrophotometry at a wavelength of 540 nm. The
reducing sugar content of honey as shown in Figure
3.

Hydroxy  methyl furfural or commonly
abbreviated as HMF was measured using the Carrez
method based on colorimetry. Colour readings were
carried out using a UV-Vis spectrophotometer at a
wavelength of 284 nm and 336 nm. The hydroxy
methyl furfural of honey as shown in Figure 4.

Measurement of antioxidant activity was carried
out using the DPPH method. The samples whose

antioxidant activity was measured were only
samples that had passed the physicochemical
quality test using the 2013 SNI standard on honey.
The number of honey samples that managed to pass
was only five honey samples out of twelve total
samples. The antioxidant axtivity of honey as
shown in Table 1,

Discussion

The 2013 Indonesian National Standard (SNI) has
set the maximum value for the water content of
honey, which should not be more than 22% w/w. If
the water content exceeds this value, it can be said
that the quality of the honey tested is not good. The
water content value will represent the amount of
water in the honey. The higher the water content,
the more water content in honey. Referring to 1
show that there are five honey samples that have a
moisture content of more than 22%, while the rest
are below 22%. Honey thathas a value above 22% is a
sample of SLP honey, TK2, TK3, SNTRM, and PLBNG
with water content values of 25.00%, 27.50%, 24.21%,
30.31%, and 24.40% According to ANOVA statistics
with  Tukey's further test, moisture content
positively affects the quality of a honey, so that the
five samples of honey that have high water content
will certainly not proceed to the final test of
antioxidant activity. High water content will cause
honey to be easily damaged. The trigger for this
damage can be caused by the occurrence of
fermentation by microorganisms. Honey that has a
moisture content of more than 20% is prone to
fermentation because the high water content can
trigger the proliferation of yeast cells [12].

The high-water content in the five honey samples
could be caused by several factors. water contained
in honey comes from nectar that has been ripened
by bees and its concentration on weather
conditions, nectar moisture content, and post-
harvest handling of honey [13][14]. According to [15]
and [14] honey is hygroscopic or absorbs air.
Harvesting ripe honey is done by removing the
honey from the cells, when the honey is in direct
contact with the air, the honey will absorb air from
the surrounding environment until it reaches a
balance. This is because honey is a highly saturated
solution of sugar, the sugar in honey ranges from
65% to 80% [12]and [13]

http://pharmacologyonline.silae.it

ISSN: 1827-8620



PhOL Hasan, et al.

227 (pag 223-233)

The moisture content of honey is also influenced
by the relative humidity of the environment. If an
environment has a relative humidity of about 66%,
the moisture content of honey harvested in that
environment will reach 21.5% [16]. According to [7],
Indonesia is a tropical area with relative humidity
ranging from 60% to 90%, so it is natural that the
water content level in Indonesia is higher than 21.5%.
And [7] also explained that to meet the SNI
standard for honey, post-harvest handling must be
carried out in the form of reducing air content. One
example of a post-harvest method to reduce water
content is to use adsorption drying [16].

The post-harvest processing of honey in Indonesia
is still not evenly distributed. There are several areas
that have used tools for honey processing, such as
using extractors and reducing water content
However, there are still many areas in Indonesia that
use manual processing for honey. Farmers outside
Java generally squeeze honey manually, then it is
packaged immediately without post-harvest
processing. Meanwhile, honey originating from Java
Island has undergone more modern processing, so
that it has a water content that is in accordance
with SNI quality standards.

The ash content of honey was measured using the
gravimetric method which was carried out using a
fumace at a temperature of 550°C for approximately
4 hours or until a constant weight of the ash was
obtained. The basic principle of measuring ash
content is to compare the weight of the initial
honey and the final honey. The final honey weight is
obtained by heating the honey until all the water
and organic components have evaporated, from
which the ash content of the honey can be
measured. According to the 2013 SNI standard, the
ash content of honey should not be more than 0.5%
w/w. Referring to Figure 2 which describes the data
from the analysis of the ash content of 12 honey
samples, the ash content value is in the range of
0.010% to 1.205%. SNTRM honey has the highest ash
content of 1.205% and the lowest ash content is
RHUs5 honey sample with an ash content value of
0.010%.

There are two honey samples that have higher
ash content than the standard requirements of SNI,
namely SNTRM and PLBNG honey samples. The high
ash content of the sample indicates that the

inorganic components in honey have a large enough
amount. According to [17] the value of ash content
is significantly influenced by the type of bee species.
In addition, the source of nectar and harvesting
techniques can also affect the ash content of a
honey [18] Twelve honey samples tested had
different places of fermentation, sources of nectar,
types of bees, and processing methods. This is what
causes the ash content values are very diverse.

One of the important factors that affect the ash
content of honey is the method of harvesting. There
are two types of honey harvesting, namely by
manual extortion and by using an extractor. Based
on the value of ash content, it is predicted that the
samples of SNTRM and PLBNG honey are harvested
using manual squeezing. This can be seen from the
high value of the ash content of the two samples.
Manual harvesting allows the honey to mix with the
pollen in the honeycomb. According to Krell 1996,
pollen contains various minerals such as K, Na, Ca, B,
Cl, I, Mn, and the ash content value is 3-4% The
pollen mixed with honey causes the ash content of
the SNTRM and PLBNG samples to be higher than
the honey quality standard in SNI 2013. So the two
samples will not proceed to the final antioxidant
activity test because they do not pass the
phytochemical quality test.

Referring to the experimental results shown in
Figure 3, all honey samples contained more than
65% w/w reducing sugar. This value is in accordance
with the rules of the Indonesian National Standard
on honey in 2013, that honey that has good quality
must have a reducing sugar content above 65% w/w.
The results of the sample measurement showed
that the lowest honey content was owned by the
PLBNG honey sample with a reducing sugar content
value of 67.97% while the highest reducing sugar
contained in the KPK honey sample was 92.03%. The
other honey samples contained reducing sugars
between 67% to 92%.

The main components of honey are glucose and
fructose which are formed from the fermentation of
nectar by honeybees. So that the sweet taste of
natural honey actually exceeds the sweetness of
white sugar. The dominant type of sugar in honey is
fructose, which is pure sugar derived from fruit
juices, while white sugar is made from sucrose,
which is sugar that is processed by humans from
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sugar cane trunks [19]. The level of sweetness of
honey compared to ordinary sugar can reach one
and a half times. However, the sweet taste of honey
does not have the same bad effect as white sugar,
because the carbohydrates in honey are simple
carbohydrates in the form of monosaccharides, so
they are more easily absorbed by the body.

Measurement of reducing sugar content in
honey can be used as a reference to see whether
there is dilution in honey or not. If the honey has
been previously diluted, the reducing sugar content
contained will be below the SNI threshold.
However, testing for reducing sugars cannot be
used as a reference for the total amount of glucose
and fructose in honey samples, because the
reducing sugars contained in honey are not only
glucose and fructose. The disaccharides present in
honey can also be measured as reducing sugars.

Hydroxy methyl furfural (HMF) is the result of the
decomposition of glucose, fructose, and other
monosaccharides which have six C atoms in an
acidic atmosphere and their formation can be
accelerated with the help of heat [20]. HMF is
usually not found in fresh food but is commonly
found in processed foods. An example of food
processing that can form HMF is heating.
Pasteurization and cooking of foods containing
fructose and glucose can also produce hydroxy
methyl furfural [21]. The content of HMF in honey is
usually used as an indicator to see the level of honey
quality.

Measurement of HMF levels in honey samples
was carried out using the Carrez method. The HMF
molecules contained in the sample will react with
the reagents and form a color complex. The more
concentrated the color formed, the higher the HMF
value contained in the sample. The HMF values
contained in the twelve honey samples showed
fluctuating values. As shown in Figure 4, the highest
HMF value was found in the KPK honey sample,
which was 70.43 mg/kg and the lowest was the
SNTRM honey sample with an HMF content of only
1.38 mg/kg. According to the standards set by SNI
2013 regarding good honey quality, the maximum
value of HMF of a honey is 50 mg/kg. If the HMF
content is above this value, it can be said that the
honey sample has been processed by heating, so

that the sugar contained in the honey is dehydrated
to form HMF.

The presence of HMF in a food does not have a bad
effect on the body. High levels of HMF are common
in processed foods. However, for honey itself, HMF
is used as a quality reference. The higher the HMF
content in honey, the lower the quality of honey.
There are two honey samples that have HMF values
higher than the standard (50 mg/kg), namely RHU5
and KPK honey samples with values of 61.29 mg/kg
and 70.43 mg/kg respectively. The high value of the
HMF content of the sample indicates that the
sample has below standard honey quality and is
suspected to have undergone processing involving
heat. Through the statistical calculation of ANOVA
and continued with Tukey's further test, the P value
of 0.000 rejected Ho which means that the HMF
value positively affects the quality of a honey. So
that the RHU5 and KPK honey certainly will not
proceed to the antioxidant test.

Honey has been known to have antioxidant
capacity that can neutralize free radicals, naturally
this antioxidant can protect components in honey
cells from harmful activities [22] [23]. Antioxidants
are substrates that can protect the body from
damage caused by free radicals. Free radicals are
chemical molecules that are very reactive and can
react with other molecules around them. This
results in molecular changes and causes the
molecules to not function properly [24]. If the
molecule that reacts with free radicals is a protein
molecule, it will cause changes in the body and if it
accumulates it can cause premature aging, such as
hardening of the skin and arteries and the
development of cataracts in the eyes. Meanwhile,
when free radicals react with lipids in the cell
membrane, it will cause damage to the cell
membrane and lead to cell death. Free radicals are
also inflammatory activators and compounds that
can damage enzymes and body organs. If the
molecule that is changed by free radicals is a cell's
DNA molecule, it can result in mutations in genes.
This condition can lead to cancer. In addition, if the
DNA is passed on to the next generation through
sperm or egg cells, it can cause abnormalities.

Antioxidants work in two ways, the first is that
antioxidants are involved in reactions with free
radicals so that they stop the chain reaction.
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Second, antioxidants stop the formation of free
radicals. While the source of antioxidants itself is
divided into two, namely antioxidants produced by
the body and antioxidants from outside. For
example, the body's antioxidants are estrogen
which is also a female sex hormone. Antioxidants
from outside the body can be in the form of
synthetic antioxidants such as supplements and
natural antioxidants such as fruits and vegetables.
Each source of antioxidants has a different
antioxidant activity, as well as honey. The
composition and content of honey is strongly
influenced by the nectar source, climate, and
environmental conditions [25]. One way to measure
antioxidant activity is by using the DPPH method.
Antioxidant activity will be expressed in the
percentage of its inhibition against DPPH radicals
[26].

Antioxidants can prevent or reduce damage
caused by free radicals that can cause oxidative
stress, one of the effects of oxidative stress itself is
that it can trigger cancer [10]. Every day the human
body always interacts with free radicals that can
come from exposure to UV rays, cigarette smoke,
air pollution, radiation, and body metabolism. Free
radicals can cause oxidation of carbohydrates, lipids,
proteins, and DNA. If the number of free radicals in
the body exceeds the body's capacity to neutralize
them or it can also be called oxidative stress,
oxidation will occur out of control in cells that can
cause damage and mutations to the cells
themselves [11]. This mutation can cause the
proliferation of cells to become uncontrolled, this is
the forerunner of the formation of cancer cells.

Antioxidants are naturally produced in the body,
but if the number of free radicals that enter the
body is much greater than the number of natural
antioxidants, oxidative stress will occur. To avoid
this, it is necessary to take additional antioxidants,
one source of natural antioxidants is honey. Based
on the experimental results as shown in Table 1, the
IC50 value of all selected samples is quite high,
ranging from 14.78 pL/mL to 20.47 pL/mL. After
going through a phytochemical quality selection
with reference to the 2013 SNI, five honey samples
were selected which were tested for antioxidant
activity, the five honey samples were S1, TKj,
RMBTN, KLKNG, and MRV honey. The LC50 values of

each honey sample were 18.18 pL/mL, 20.47 pL/mL,
15.08 pl/mL, 14.78 L/mL, and 15.94 pL/mL. This
difference in antioxidant activity is influenced by the
location of the honey and the type of bee. This is in
accordance with [27] research that location affects
the value of antioxidant activity.

IC50 is a value commonly used to express the
antioxidant activity of a sample. The meaning of
IC50 is the number of samples needed to neutralize
50% of the total free radicals. So, from the
measurement of antioxidant activity in the five
selected samples, it can be seen that the highest
antioxidant activity was found in the KLKNG sample
with an 1C50 value of 14.78 pL/mL. However, the
antioxidant activity values of the other four honey
samples were still quite high, when compared to
ascorbic acid standards. Ascorbic acid has been
commonly used as a comparison of antioxidant
activity, the 1C50 value of ascorbic acid itself is 5.83
[26]. The high value of the antioxidant activity of
this sample is not surprising considering that the
five honey samples are the best honey samples.

We performed from four parameters of
physicochemical test carried out, namely water
content, ash content, reducing sugar, and HMF.
Through quality testing, five honey samples were
selected, namely S1, TK1, RMBTN, KLKNG, and MRV
honey. The five samples then entered the final test,
namely antioxidant activity testing. The antioxidant
activity values expressed in the IC50 of the five
selected samples were quite high, namely 18.18
pL/mL, 20.47 pL/mL, 15.08 pL/mL, 14.78 pL/mL, and
15.94 pL/mL. Through this value, it can be concluded
that from twelve honey samples from several
regions in Indonesia, there are five honey samples
that have good quality and are proven to have
antioxidant activity.
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Figure 1 Moisture content of honey sample
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Figure 2 Honey ash content
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Figure 4 Levels of hydroxy methyl furfural honey

Table 1 Physicochemical Quality Test and Antioxidant Activity of Selected Honey

Sample

S1

TK1
RMBTN
KLKNG
MRV

Water content Ash Level [glucosa] HMF
(%) (%) (%b/b) (mg/kg)
19,95 0,038 89,96 14,8372
20,70 0,268 85,45 5,0561
18,32 0,088 89,13 49,6680
15,53 0,146 80,14 28,7375
14,45 0,114 71,04 5,6213

IC50

18,18
20,47
15,08
14,78
1594
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