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ABSTRACT

Objective: This study objective to compare two adsorbents in the ability to recover ethanol in the propolis production by-product.

Methods: Research methods include initial identification of the compound content in ethanol by-products of propolis production with GC/MS and
determination of ethanol levels by GC-FID. The process of increasing ethanol content is carried out by the adsorption distillation method; the
adsorbent used are synthetic zeolite 3A and white silica gel which has activated with the furnace.

Results: The result obtained from the study is the initial ethanol content 27.5%. After the ethanol recycle process using synthetic zeolite 3A 30, 60, and
90 grams, it was obtained content 82.3%, 87.1%, and 90.9%. By using 30, 60, and 90 grams silica gel, it was obtained content 72.0%, 79.2%, and 82.2%.

Conclusion: Based on these results it can be concluded that the ethanol content of the by-products of propolis production has been successfully
increased by the distillation adsorption method with synthetic zeolite 3A 90 grams as the best result. The ethanol which recycling with this
formulation has the characteristic odor of ethanol, which is very strong and does not has the characteristic odor of propolis.
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INTRODUCTION

Propolis is a primary product produced by bees, besides honey,
which is widely used in the health sector [1]. Propolis is a mixture of
resin and bee saliva collected by honeybees from plant buds, leaves,
and stems with various physical properties [2]. It acts as the primary
protection for bees nests [3]. The chemical composition of propolis
depends on the geography and plant-dependent variables [4].
Previous research has discovered the existence of various
components contained in propolis, such as phenolic acid, caffeic acid
phenethyl ester (CAPE), flavonoids, terpenoids, fatty acids, steroids,
aromatic aldehydes, and alcohols [5-10]. Indonesian propolis
generally has a number of pharmacological properties as the
antioxidant, anti-inflammatory, antibacterial, anticancer, anti-
angiogenic, xanthine oxidase inhibitory and antifungal [7, 10-13].
Propolis is found in the market with many different forms such as
capsule, tablets, liquid drop, and mouthwash, toothpaste, mixing
with honey, face creams, and ointments. The medical applications of
propolis led to an increased interest in its chemical composition as
well as its origin [14, 15].

Propolis can be obtained by extracting raw propolis. The solvent
used for the raw propolis extraction process is ethanol, while the
extract is called ethanol propolis extract (EEP) [16]. The Propolis
production process has developed using the bubbling vacuum
evaporator method as a substitute for a rotary vacuum evaporator
because in the ethanol regeneration process with a rotary vacuum
evaporator unit, ethanol cannot be regenerated optimally because
water and other volatile compounds are evaporated with ethanol.
Besides, the small evaporator capacity and the type of evaporator
that can only be used for the distillation process, resulting in the
inability of the rotary vacuum evaporator unit to regenerate the
ethanol by-product of propolis production. By using the bubbling
vacuum evaporator method, it can provide more ethanol
regeneration results than the rotary vacuum evaporator method.
The bubbling vacuum evaporator method has proven can regenerate
ethanol up to 5 liters from the initial use of ethanol in the extraction
process of 10 liters [17]. Seeing these conditions, the greater the
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propolis capacity produced is directly proportional to a large
amount of regenerated ethanol.

Ethanol produced from the regeneration process has a distinctive
odor of propolis and does not has the distinctive odor of ethanol,
then the value of ethanol content and composition are not known, it
is necessary to carry out the initial testing and recycling process so
ethanol can be reused as a raw material for hand sanitizer, soap, or
other product. The ethanol recycle process can be done by extractive
distillation, pressure swing distillation, membrane technology, and
adsorption distillation, but the adsorption distillation method is the
most effective in the ethanol recycle process [18-21]. Adsorption
distillation is a separation method in which process distillation and
adsorption are carried out simultaneously. The ethanol that wants to
be recycled is heated with a heating mantle; then the steam will pass
through the adsorbent in the adsorption column. The adsorbent will
adsorb both volatile and non-volatile impurity components that
have a smaller size than the adsorbent pore, so the ethanol purity
content will increase, then the ethanol vapor enters the distillation
column and changes the phase to liquid [22]. The adsorbents used
are called desiccants. These include molecular sieves, chloride salts,
silica gel, and biobased desiccants. Type molecular sieves are the
most used in the application of ethanol-water azeotrope separation
[23]. In addition, the adsorption distillation process with silica gel
has also been carried out and gives a good value [24]. The aims of
this study to compare two adsorbents in the ability to remove
ethanol impurities in the propolis production by-product.

MATERIALS AND METHODS
Materials

Ethanol to be recycled is obtained from the by-product of the
production of propolis in the vacuum evaporator bubbling unit from
PT. RIN Biotek Indonesia, Tangerang, Indonesia. Adsorbent synthetic
zeolite used has a specification pore size 34; the synthetic zeolite is
directly imported from Guangdong Xintao Technology Co. Ltd,
Guangzhou, China. Adsorbent white silica gel used has a size
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specification of 2-5 mm; the white silica gel is directly imported PT.
Damases Sejahtera from Klaten, Indonesia.

Determination of ethanol characteristics

Determination of ethanol characteristics was carried out at the
beginning of the process, the content of compounds in the ethanol
by-products of propolis production using the GC/MS instrument, the
ethanol content by-products of propolis production using the GC-FID
instrument. The instruments of GC/MS and GC-FID are
manufactured by Perkin Elmer, Waltham, USA. Ethanol was analyzed
for its compound content using GC/MS Clarus 680 instrument. 1 ul
sample was injected into the GC/MS instrument, which was operated
using a column with dimensions of 30 m long and 250 um in
diameter with a helium carrier gas and elite wax as a stationary
phase. The furnace temperature is programmed between 50-350 °C
with a temperature rise rate of 10 °C/min. Ethanol was analyzed for
its content using the GC-FID Clarus 680 instrument. 1 uL sample was
injected into the GC-FID instrument, which was operated using a
column with dimensions of 30 m long and 250 um in diameter with
hydrogen-carrier gas flowing at a flow rate of 45 ml/min and elite 1
as the stationary phase. The furnace temperature is programmed
between 180-220 °C with a temperature rise rate of 50 °C/min [25,
26].

Adsorbent activation

In this study, the adsorbents used were synthetic zeolite 3A and
white silica gel. Activation is carried out on the adsorbent using
physical methods by heating it in a furnace. The heat generated by
the furnace will evaporate water molecules and other impurities in
the adsorbent, so the adsorbent absorption increases. The physical
activation process aims to maintain the structure of the adsorbent.
Synthetic zeolite was heated at 300 °C for 3 h, white silica gel was
heated at 150 °C for 40 min [27].

Fig. 1: Adsorption distillation process
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Before carrying out the adsorption distillation process, chain the
tools as presented in fig. 1. Put the adsorbent that has been weighed
and activated according to the variables in the column of stuffing
material. Pour 150 ml of the by-product of propolis into a three-neck
flask and heat the ethanol using a heating mantle to a temperature of
87 °C. Furthermore, the ethanol that has evaporated will enter the
adsorption column which has been filled with adsorbent according
to the variables.

The adsorbent will absorb impurity components, both volatile and
non-volatile components, which have a smaller size than the
adsorbent pore; furthermore, the ethanol vapor which passes
through the adsorbent pile will enter the distillation column and
change the phase to liquid [22]. Pure ethanol from the adsorption
distillation process will be accommodated in the Erlenmeyer. Carry
out the adsorption distillation process until no ethanol is dripping.
Furthermore, analysis of the final characteristics of ethanol includes
parameters of compound content and ethanol content values using
GC/MS and GC-FID instruments.

RESULTS AND DISCUSSION
Ethanol recovery from propolis production waste characteristic

The value of ethanol content and composition of ethanol produced
from the regeneration propolis production never known before.
Ethanol from the by-product of propolis production obtained from
the bubbling unit vacuum evaporator was analyzed for ethanol
content quantitatively with the GC-FID instrument, the percentage of
ethanol content produced can be seen in table 1. The solute content
was analyzed by GC/MS instrument. Based on this test, 50
components were detected as dissolved components in ethanol from
the by-products of propolis production, but the main components
that dominate as a by-product of propolis ethanol production
presented in table 1.

Table 1: Results of initial ethanol component analysis

Retention time % Relative area Component Concentration ethanol
0.96 6.21 1,2-propanediol 27.5%

1.51-1.59 21.84 Acetaldehyde

1.61 3.29 Methylamine

1.69 58.24 Ethanol

2.33 0.54 Ethyl acetate

8.38 1.49 1,3,3-trimethyltricyclo[2.2.1.0(2,6)] heptane

9.96 0.76 1-methyl-2-(1-methyl ethyl) benzene

10.06 0.92 D-limonene

16.94 0.83 Copaene

Note: Retention time, % relative, component by GC/MS. Concentration ethanol by GC-FID

Based on the results of the GC-FID, the percentage of ethanol content
was very low. In the propolis production process, ethanol used for
the propolis extraction process has an ethanol content of 96%. In the
propolis production process, water was added to the ethanol extract
of propolis 96% until the ethanol concentration became 70%, which
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aims to form propolis wax deposits. Also, the process of adding
sodium carbonate solution was carried out to increase the pH of the
ethanol extract of propolis. In the propolis production process,
glycerin is added as a solvent in the distillation process, which is
carried out using a bubbling vacuum evaporator which aims to
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regenerate ethanol from the production of propolis [17]. Based on
the odor sensory test, ethanol from the by-product of propolis
production does not have the distinctive odor of ethanol but has a
very strong and pungent distinctive odor of propolis.

Based on the results of the GC/MS, with the characteristics of ethanol
that is easily oxidized, it is suspected that an oxidation process occurs
in ethanol to acetaldehyde compounds in the ethanol by-product of
propolis production. Furthermore, it is suspected that acetaldehyde
undergoes an oxidation process to become an acetic acid compound
and then an esterification reaction occurs between ethanol and acetic
acid so that the formation of ethyl acetate compounds. The acetic acid
compound formed is also thought to have reacted with ethanol to form
1,2-propanediol compounds. Besides, it is also suspected that there
was a reaction to the breakdown of amino acid arginine from propolis
dissolved in ethanol to form a methylamine compound. D-limonene
compounds, copaene compounds, and 1,3,3-trimethyltricyclo
compounds [2.2.1.0(2,6)] heptane are compounds found in plants;
these compounds are thought to have been carried by bees when
looking for food from plants and fruits so that the compound this is
contained in the propolis content and dissolved in the ethanol by-
product of propolis production. The compound 1-methyl-2-(1-methyl
ethyl) benzene is thought to be the result of the decomposition
reaction of phenolic acids, which is a type of polyphenol that is widely
contained in propolis [6, 28-30].
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Analysis of recycled ethanol using synthetic zeolite 3Aadsorbent

The process of increasing the ethanol content of by-products of
propolis production is carried out by the adsorption distillation
method using 3A synthetic zeolite, which has been activated. The
analysis results are presented in table 2. Based on analysis with the
GC-FID instrument, the percentage of ethanol content that has been
recycled by the adsorption distillation process using synthetic zeolite
3A adsorbent has increased when compared to the percentage of
initial ethanol content. In addition, this study is more better if compared
with previous studies, where pure ethanol concentration increased from
92% to 99.5% [31]. The GC-FID analysis results are in line with the test
results using the GC/MS instrument, where the impurities are
successfully absorbed by the adsorbent so that the recycled ethanol
constituent components are detected less when compared to the initial
constituent components and cause an increase in the percentage of
ethanol content. Based on the sensory odor test, the recycled ethanol
with 3A 30 grams synthetic zeolite adsorbent has a strong characteristic
odor of ethanol, but it still has a weak characteristic odor of propolis.
Recycled ethanol with synthetic zeolite adsorbent 3A 60 grams has the
characteristic odor of ethanol, which is very strong and does not have the
characteristic odor of propolis anymore. Recycled ethanol with 90 grams
of synthetic zeolite adsorbent 3A has the characteristic odor of ethanol,
which is very strong and sting then does not have the characteristic odor
of propolis anymore.

Table 2: Results of analysis of recycled ethanol using synthetic zeolite 3A adsorbent

Mass adsorbent Retention time % Relative area Component Concentration ethanol
30 Grams 1.50 6.60 Acetaldehyde 82.3%
1.53-1.55 12.31 Methylamine
1.58-1.66 75.18 Ethanol
7.57 1.22 1-methyl-2-(1-methyl ethyl) benzene
60 Grams 1.48 5.91 Acetaldehyde 87.1%
1.54 8.26 Methylamine
1.56-1.67 80.84 Ethanol
7.55 1.15 1-methyl-2-(1-methyl ethyl) benzene
90 Grams 1.47-1.50 6.35 Acetaldehyde 90.9%
1.52-1.55 9.38 Methylamine
1.59 69.70 Ethanol
7.56 1.87 1-methyl-2-(1-methyl ethyl) benzene

Note: Retention time, % relative, component by GC/MS. Concentration ethanol by GC-FID

Analysis of recycled ethanol using white silica gel adsorbent

The process of increasing the ethanol content of by-products of
propolis production is carried out by the adsorption distillation
method using white silica gel, which has been activated. The
recycled ethanol was analyzed for ethanol content quantitatively
with the GC-FID instrument and analyzed qualitatively with the
GC/MS instrument. The analysis results are presented in table 3.
Based on analysis with the GC-FID instrument, the percentage of
ethanol content that has been recycled by the adsorption distillation
process using white silica gel adsorbent has increased when
compared to the percentage of initial ethanol content. In addition,
this study is more better if compared with previous studies, where
the pure ethanol concentration increased from 90.8% to 96.7% [24].
The GC-FID analysis results are in line with the test results using the
GC/MS instrument, where the impurities are successfully absorbed

by the adsorbent so that the recycled ethanol constituent
components are detected less when compared to the initial
constituent components and cause an increase in the percentage of
ethanol content. When compared with 30 grams of white silica gel
adsorbent, based on the GC/MS analysis, 60 grams and 90 grams of
white silica gel adsorbent are better because they can absorb
methylamine components previously detected in analysis with 30
grams of white silica gel adsorbent. Based on the sensory odor test,
the recycled ethanol with 30 grams of white silica gel has a weak
characteristic odor of ethanol and a strong propolis odor.

Recycled ethanol with 60 grams of white silica gel adsorbent has a
characteristic odor of ethanol and still has a distinctive smell of
propolis. Recycled ethanol with 90 grams of white silica gel
adsorbent has a strong characteristic odor of ethanol and still has a
distinctive odor of propolis even though it is weak.

Table 3: Results of analysis of recycled ethanol using white silica gel

Mass adsorbent Retention time % Relative area Component Concentration ethanol
30 Grams 1.00-1.49 6.22 Acetaldehyde 72.0%
1.53 8.20 Methylamine
1.66 65.60 Ethanol
2.05 0.97 Ethyl acetate
60 Grams 1.53 1291 Acetaldehyde 79.2%
1.59-1.66 75.49 Ethanol
2.05-2.08 0.65 Ethyl acetate
1.53 1291 Acetaldehyde
90 Grams 1.53 15.29 Acetaldehyde 82.2%
1.60-1.66 64.87 Ethanol
2.05 0.66 Ethyl acetate

Note: Retention time, % relative, component by GC/MS. Concentration ethanol by GC-FID
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Effect of a mass addition of adsorbent on ethanol content

In the process of increasing the percentage of ethanol content, it
can be influenced by the factor of increasing the mass of the
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adsorbent, the type of adsorbent used, and the adsorbent pore
size. Based on the research that has been done, the effect of
adding the mass of each adsorbent on ethanol content can be
shown in fig. 2.

60 Grams 90 Grams

Mass adsorbent

Fig. 2: Effect of mass addition of adsorbent on ethanol content orange is white silica gel and blue is synthetic zeolite 3A

It can be seen that synthetic zeolite adsorbent 3A is the best adsorbent
when compared to white silica gel adsorbent. The greater the
adsorbent mass used is directly proportional to the increase in the
percentage of ethanol content obtained. This is because the amount of
mass used affects the surface area of the resulting adsorbent. The
surface area is an important factor in the adsorption process because
the more the surface area of the adsorbent, the greater the resulting
adsorption power so that the amount of adsorbate that will be
absorbed also increases [32]. Synthetic zeolite 3A has an adsorption
surface area of up to 1000 m2/g [33]. In general, the pore size of white
silica gel ranges from 3-4 Armstrong [22]. If seen in fig. 2, the mass
condition of the adsorbent 30 grams of white silica gel, has a lower
percentage of level than synthetic zeolite. This is because white silica
gel has an adsorption surface area ranging from 400 to 800 m2/g [34],
which is lower when compared to synthetic zeolites. Besides the
adsorbent surface area factor, the pore area also affects the selectivity
level of an adsorbent. This causes different dissolved components in
each recycled ethanol, which uses different adsorbents. The synthetic
zeolite used in this study has 3 Armstrong specific pores. The general
size of the ethanol molecule is 4,4 Armstrong. Ethanol, which has a
large molecular size will be stuck and only pass between particles,
while other compounds that have a smaller molecular size will be
absorbed in the adsorbent. This is why synthetic zeolite adsorbent 3A
is superior when compared to other adsorbents [23].

CONCLUSION

The ethanol content of the by-products of propolis production was
successfully increased by the adsorptive distillation method. This is
evidenced by the number of essential and non-essential compounds
contained in the ethanol by-product of propolis production that has
been successfully adsorbed so the percentage of ethanol content
increases. 90 grams of synthetic zeolite adsorbent 3A is the best
formulation because it can increase the recycled ethanol content by
up to 90.9306%. Ethanol produced with this formulation has the
characteristic odor of ethanol, which is very strong, sting, and does
not have the characteristic odor of propolis.
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