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Abstract— Generally only used the leaves of tobacco plants as
raw material for cigarettes and stems discarded as waste. The use
of waste tobacco rod has the potential to be converted into primary
packaging such as trays range chicken eggs because it has a high
cellulose content. Tobacco rod contains a relatively high amount
of cellulose, reaching 56.10 percent of dried tobacco stalks. The
process is done in making pulp fiber or tobacco stem through
process of alkali (NaOH) with specific concentration to produce
pulp that is good. The use of NaOH aims to degrade lignin by
means of partial overhaul of bond. The existence of lignin in the
pulp generally unfavorable effect on the quality of pulp for fiber
becomes rigid, Statistical data analysis using ANOVA If treatment
showed differences do a further test using Duncan's Multiple
Range Test (DMRT) at significance level of 5 percent. The data
generated is the highest grammage at 5 percent NaOH treatment
amounted to 201.1 g.m-2 and the lowest 15 percent NaOH
treatment 132.8 g.m-2, the highest thickness of 5 percent NaOH
treatment of 2.509 mm and the lowest 15percent NaOH treatment
of 1,835 mm. The highest density of 5 percent NaOH treatment of
80.81 kg.m-3 and the lowest at 10 percent NaOH treatment of
57.61 kg.m-3. While the highest tensile resistance in the treatment
of 10percent NaOH 76.27 N.m-1 and the lowest at 5 percent NaOH
treatment is 45.82 N.m-1, the highest thickness of 5percent NaOH
treatment of 2.509 mm and the lowest 15 percent NaOH treatment
of 1,835 mm. The highest density of 5 percent NaOH treatment of
80.81 kg.m-3 and the lowest at 10 percent NaOH treatment of
57.61 kg.m-3. While the highest tensile resistance in the treatment
of 10 percent NaOH 76.27 N.m-1 and the lowest at 5 percent NaOH
treatment is 45.82 N.m-1, the highest thickness of 5 percent NaOH
treatment of 2.509 mm and the lowest 15 percent NaOH treatment
of 1,835 mm. The highest density of 5 percent NaOH treatment of
80.81 kg.m-3 and the lowest at 10 percent NaOH treatment of
57.61 kg.m-3. While the highest tensile resistance in the treatment
of 10 percent NaOH 76.27 N/m and the lowest at 5 percent NaOH
treatment is 45.82 N.m-1.

Keywords— Tobacco stems, local chicken eggs, NaOH dan egg
tray

. INTRODUCTION

One of the superior commodities in Jember is tobacco.
Utilization of tobacco only relies on the leaves while the
tobacco rod is not utilized optimally. Tobacco rod is a waste of
tobacco plants with plentiful amounts. Tobacco rod contains a
relatively high amount of cellulose, reaching 56.10 percent of
dried tobacco stalks. Tobacco rod contains 42.1 percent
cellulose, 23 percent hemicellulose, and lignin 20.8 percent [1].

Opportunities to make a tobacco rod waste paper pulp
according to the study [2].

The use of waste tobacco rod has the potential to be
converted into primary packaging such as trays range chicken
eggs because it has high cellulose content. The development of
the egg tray of the tobacco rod has never been done in
Indonesia, especially in areas that have an abundance of high
waste tobacco rod. The existence of tobacco plantations in
Indonesia with 1.97.507 ha plantation area has reached [3], can
be a source of papermaking or primary packaging tray of eggs
are very valuable if processed properly, but otherwise will be
environmental problems if not treated. Protective packaging is
the design of a product with the aim of preventing the
occurrence of damage. It can protect the product, as well as
physical disturbance (friction, impact, pressure).

Range of chicken egg packagings generally use a wooden
crate and given a straw mat with a dimensions of 43,5cm x
35cm x 19 cm for a capacity of 15 kg. This research aims to
design the primary packaging in the form of free-range chicken
egg tray by utilizing waste tobacco rods. Selection of primary
packaging tray-shaped due to the possible friction between the
egg and the friction between the eggs and the packaging is very
small because there are barriers in each egg packaging
arrangement. The process is done in making pulp fiber or
tobacco stem through the process of alkali (NaOH) with
specific concentration to produce fine pulp. Tobacco rod has
abundant cellulose that can be used as packaging filler material
to reduce vibration during delivery. Tobacco rods are also easy
to get and relatively cheap. Utilization of waste as a filler
tobacco rod wooden crate egg packaging is expected to reduce
damage significantly, so that the egg damage during delivery to
customers can be brought down using the alkali extraction
process, which will produce cellulose which varies depending
on the raw material.

Il. METHODOLOGY
A. Materials and tools

Materials used in this study were: tobacco stems, NaOH
(sodium hydroxide), tapioca flour, water, distilled water. The
tools used in this study were: digital scales (Acis BC-500), an
analytical balance, blender (National), thickness gauge
(Mitutoyo), tensile strength, glass beaker, flask 1000 ml,
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spatula glass, pipette, ruler, mould shaped tray, drum capacity
of 10 L, knives, basins, and stove.

B. Research methods

This research was conducted by the method of complete
randomized design with three treatments, different
concentrations of NaOH at 5 percent, 10 percent, and 15
percent. The old uniform cooking time was 60 minutes. Each
treatment was performed three times, followed by two
observations (Duplo).

C. Research procedure

The first phase was the downsizing of the tobacco rod with
an average length of 5 cm to simplify the cooking process. The
next phase was drying the rod in the sun until the moisture
content remains 10-15 percent. This aimed to extend the storing
period of tobacco rod and reduce the water content in the
material. The highest amount of cellulose in the dried tobacco
stalks were kept at around 30-51 percent. The tobacco rod
needed to weigh 250 grams for a capacity of one layer tray of
eggs. The ration between the tobacco rod and NaOH solution
was 1:20. The rod was then put into the NaOH solution in
accordance with the treatment drum and then heated to 100 °C.
Tobacco rod weighed mixed with a solution of sodium
hydroxide has been boiling (100 °C). Pulping process was
carried out for 60 minutes. Furthermore, tobacco stems washed
with running water to reduce the content of NaOH were
attached to the tobacco rod as a result of the cooking or pulping
process. Clean tobacco rod was milled using a blender to
smooth so malleable. 600 ml of water was added into the
mixture while grinding the tobacco rod to facilitate the grinding
process. The water was drained to reduce the water content
contained in the material. After that, the tobacco stem pulp
which had been drained was added with tapioca equal to 3
percent of the weight of raw material. 2 ml of tapioca mixed
with water was used as an adhesive and as a power base tray of
eggs produced. The tobacco rod was added with 600 ml of
water to facilitate the grinding process. The mixture was then
drained to reduce the water content in the material. After that,
the drained tobacco stem pulp was mixed with equal to 3
percent of material. 2 ml of tapioca mixed with water was used
as an adhesive and as a power base tray of eggs produced. The
tobacco rod was added with 600 ml of water to facilitate the
grinding process. . The mixture was then drained to reduce the
water content in the material. After that, the drained tobacco
stem pulp was mixed with equal to 3 percent of material. . The
mixture was added with 2 ml water as an adhesive..

Egg tray moulding was done by pressing the tobacco rod
manually using simple tools to shape the tray measuring 22cm
x 22cm x 5¢cm (length x width x height). Fillers range chicken
egg carton-shaped tray with a capacity of 1 kg, was formed with
the content of £ 16 eggs every single layer tray. After printing
the egg tray dried tobacco rod using sunlight for 7 hours, drying
aims to strengthen the packaging shape after the printing or
stamping process. Flowchart of manufacturing egg trays from
tobacco rods can be seen in Figure 1.
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Figure 1. Flowchart of egg tray ri);cguici{iron

D. Parameters of observation

Parameters measured were grammage, thickness, mass
meetings, tensile strength (resistance pull the paper), and
Endurance Egg endurance.

E. Data analysis

Data were processed using SPSS 16 with ANOVA to
determine whether there is a difference of treatment on the level
of a = 0.05. If treatment was confirmed to demonstrate
significant differences, further tests using Duncan's Multiple
Range Test (DMRT) at significance level of 5 percent were
carried out. Furthermore, to determine the best treatment was
investigated by considering the value of grammage, thickness,
density, and tensile resistance. Data were presented in the form
of tables and histograms later described descriptively.

1. RESULTS AND DISCUSSION
A. Grammage

Grammage sheet is defined as the total weight of pulp,
paper or paperboard in grams divided by the cross sectional
area of the paper in square meters, measured under standard
conditions with 1ISO 536-2010 method on how to test the
grammage of paper and board. Grammage grades of
tobacco stem pulp sheets arrange in a variety of additional
concentrations of NaOH 5%, 10%, and 15%can be seen in
Figure 2.
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Figure 2. Grammage of pulp sheet

Based on Figure 2, the highest grammage obtained from
the addition of NaOH treatment with 5 percent
concentration was 201.1 g.m™ and the lowest grammage
obtained from the addition of NaOH treatment
concentration of 15 percent amounting to 132.8 g.m-2, while
the grammage value in the treatment of the addition of
NaOH 10 percent is moderate with a value of 142.2 g.m™.
Different notations can also be seen in Figure 4.1, so this
shows that the difference in each treatment. 5 percent NaOH
concentration notation is b. The concentration of NaOH 10
percent is a, and the concentration of NaOH 15 percent is a.
It means that the interaction of the grammage of paper is
significantly different. The decline in pulp sheet grammage
tobacco rod is in line with the addition of NaOH
concentration. The use of NaOH aims to degrade lignin by
means of partial overhaul of bonds. The existence of lignin
in the pulp generally generates less influence. The quality
of pulp for fiber becomes rigid. The high content of lignin
also causes the colour of the pulp to be darker, and that
increases the consumption of chemicals cookers . As a
result, it requires longer grinding time [4]. This leads to the
thickness of the paper, which is still stiff with different
grammage. Grammage pulp sheet produced tobacco rod
ranges from 132.8 to 201.1 g.m™2. Pulp sheet grammage
value in the market of this type generally ranges between
130-450 g.m2. Grammage affects all paper properties such
as tensile resistance[5].

Grammage value generated in this research has met the
target grammage is 130-450 g.m2. There are several factors
that affect the value of grammage of them, which include
the concentration of the adhesive, the mass of material,
moisture content, thickness uneven and manual printing.
Grammage measurements are hardly influenced by the
moisture because the paper has been conditioned to certain
humidity so that the moisture content of the paper remains
homogeneous [6]. States that the grammage of paper is not
only affected by the sample of raw materials, namely fiber
mass, but also influenced by adhesive presence. Another
factor that may affect the value of the thickness of the paper
grammage is uneven because of the manual printing. It
resulted in the pulp sheet mass varieties. Therefore,

measurement and calculation of grammage are repeated
three times with twice observations to determine the
average of the pulp sheet [7].

B. Thickness

Thickness is the straight distance between the surface of the
pulp sheet as measured under standard conditions with 1SO-
140435-1998 method on how to test a thick pulp sheet, paper,
and cardboard. Testing the egg tray thickness tobacco rod is
done by using a thickness gage. Pulp sheet thickness
measurements are carried out at three different points with a
size of 7x3 cm pulp sheets on flat surface. Egg tray thickness
values tobacco rod on a variety of additional concentrations,
comprising of NaOH 5%, 10%, and 15%can be seen in Figure
3.
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Figure 3. Thickness of egg tray

The thickness of the egg tray tobacco rod produced ranges
from 1.835 to 2.509 mm. The results of the analysis signify the
highest thickness in the treatment with 5 percent NaOH
concentration with the addition of 1,835 mm. The higher
concentration of NaOH in the manufacture of pulp sheets has
resulted in a decrease in grammage which causes the pulp
sheets become thin. In addition, it can also be caused by manual
manual printing, resulting in paper with uneven or variant
thickness. The addition of alkali bases such as NaOH will break
the bond of lignin compounds [8]. The use of high
concentrations of NaOH will cause poor quality paper because
it will produce pulp rigid texture, in addition to the
concentration of NaOH. Extensive cooking will also affect the
quality of the paper. Long ripening optimum delignification
process is approximately 60-120 minutes with constant lignin
content after that time [9]. The longer the cooking time is, the
higher the lignin content in pulp will be This is because the
lignin which has been separated from the raw pulp with a
reduced concentration of NaOH will be reunited with the raw
pulp, and it is difficult to separate them again.

Figure 3. shows a decrease in the thickness of the sheet
thickness tobacco stem pulp. A decrease in the thickness occurs
along with the addition of NaOH concentration. Differences in
paper thickness which is greatly influenced by the addition of
an adhesive (starch) and water content of the pulp. The water
content contained in the pulp is also a factor affecting the
differences in the thickness and surface of the pulp sheet. The



amount of moisture will affect the mechanical properties and
the surface of the paper, and that will affect the dimensional
stability.

C. Density

Mass density is the amount of the stated ratio between the
mass of the pulp sheet in kilograms (kg) divided by the unit
volume in the pulp sheets cubic meter (m®) as measured under
standard conditions. Testing mass density pulp sheets can also
be done by calculating the grammage divided by the thickness
of a pulp sheet. Mass density measurements carried out for
three days in a row. The calculation demonstrates average
results. Measurement of mass density (kg.m?3) aims to
determine the density of the paper produced. Mass density
value of tobacco stem pulp sheets on a variety of additional
concentrations of NaOH at 5 percent, 10 percent and 15 percent.
The data is presented in Figure 4.
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Figure 4. Density of tray egg

Based on Figure 4. density value in the treatment of 5 percent
concentration of 80.81 kg.m, at a concentration of 10 percent
amounting to 57.61 kg.m, whereas the addition of NaOH at 15
percent concentration results in pulp sheet mass density value
that is equal to 72, 89 kg.m3, as well as pulp sheet grammage
value. The value of mass density is also different in each
treatment. Mass density value is closely related to the value of
grammage and thickness. This is because the formulation of the
mass meeting can be obtained from the comparison grammage
(g.m?) with a thickness (mm). Therefore mass density,
grammage and thickness are interrelated in determining the
quality and nature of the pulp sheet [10].

D. Tensile Strength

Endurance pull a pulp sheet resistance to tensile force is
given on each pulp sheet (horizontal or vertical) to the test
material is broken. Durability testing on tobacco rod pull the
tray eggs done by using a tensile tester in which the tensile
resistance values involves the comparison between maximum
traction and the surface area. Tensile resistance values at
different concentrations of NaOH addition of 5%, 10%, and
15%can be seen in Figure 5.
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Figure 5. Tensile resistance of egg tray

Based on Figure 5. it is clear that endurance the highest
endurance to pull is obtained with treatment involving 10 %
NaOH amounting to 76.267 N.m™. The lowest endurance is
obtained with endurance treatment administering 5 % NaOH
amounting to 45.817 N.m%. because the results indicate that the
thickness of a pulp sheet, reaching 2.509 mm, where the thicker
the pulp sheet will be more easily broken when a tensile test,
By contrast, 15 % NaOH concentration obtained tensile
resistance of 54.743 N.m. Low grammage value will result in
thin pulp pulp sheet, so that the value of tear resistance and
tensile resistance are also low. The average tensile endurance
of pulp sheet from tobacco rod ranges from 45.817 to 76.267
N.mL. Tensile endurance of pulp sheet is influenced by several
factors such as different thickness of each pulp sheet caused by
manual printing. The findings demonstrate that the factors
affecting the endurance of the attraction is the strength of
individual fibers, fiber length, the bonding between the fibers
which rely on the process of suppression, pressing and surface
structures of pulp sheet during the printing process. In addition
to the factors affecting the tensile resistance is the addition of
an adhesive. The addition of an adhesive in the manufacture of
paper intended to strengthen the bonds between the fibers with
tensile and tear resistance is high [11]. Tobacco stem fiber
cannot bind well with each other because the tobacco stem pulp
mill imperfect experience. This causes the bonds between the
fibers not formed properly, resulting in lower print quality of
pulp sheet. Milling aims to improve the bonding between the
fibers.

E. Eggs Resistance

Egg endurance test aims to determine the percentage of egg
cracks caused by friction and collision after replacing straw
filler tobacco rod using egg tray. Testing is done using a bike
with a speed of 40 km.h"* and 60 km.h! to cover a distance of
9 km. Percentage of cracked eggs at various concentrations of
NaOH addition of 5%, 10%, and 15% can be seen in Figure 6.
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Figure 6. Percentage of cracking eggs

Physical damage eggs are packed with wooden crates with
fillers or absorbers of waste tobacco rod on the addition of
NaOH treatment concentration of 5 percent at a speed of 40
km.h and 60 km.h! to get the same percentage of cracking
eggs is 0.83 percent, and the NaOH concentration of 10 percent
at a speed of 40 km.h"! no cracks eggs. By contrast, at a speed
of 60 km.h* the test signifies 0.42% crack. This can occur
because the mass density in the egg tray 10% NaOH results in
wek texture. In addition, the treatment with the highest tensile
resistance is equal to 78.27 N.m so that the tray is resistant to
bending with a low density and strong with high tensile
resistance. The percentage of cracking eggs produced at a speed
of 40 km h™! at a concentration of 15% NaOH is equal to 0.83%
and 1.67% at a speed of 60 km.h. This value is lower when
compared to the old packaging. The bumpier the road, the more
vibration occurrs. During the distribution, the eggs are very
vulnerable to physical damage due to shock, friction, impact or
pressure due to excessive load [12]. The data on egg damage
can be seen in Table |

TABLE | The Appearance of Egg Damage

40 km.ht 60 km.ht

N0

NaOH
Concentratio
5%

10%

15%

This proves that the packing filler material replaced with an
egg tray of the tobacco rod has better protective properties and

durability better compared to the egg tray made of hay. It also
shows that with the use of filler tobacco rod egg tray on a
wooden crate as egg containers capable of suppressing the rate
of physical damage to the eggs caused by vibration. Packaging
is designed to address some of the vibration and shock during
transportation. The selection of materials and packaging design
prioritizes material that can protect the product from physical
damage during transport

(A) (B) ©)
Figure 7. Eggs tray tobacco stems (a) NaOH 5 percent,(b) NaOH 10 percent,
(c) NaOH 15 percent

This proves that the packing filler material replaced with an
egg tray tobacco rod has better protective properties and
durability press compared to the tray made of hay. It also shows
that the use of filler tobacco rod egg tray on a wooden crate as
egg containers is capable of suppressing the rate of physical
damage to the eggs caused by vibration. Packaging is designed
to address the vibration and shock during transportation. The
selection of materials and packaging design prioritizes material
that can protect the product from physical damage during
transport [13].

F. Selection of best treatment

Testing the physical and mechanical properties of paper is
the main indicator in determining the best behavior for physical
and mechanical properties of paper. This can help to determine
the quality of the paper produced. The test results of physical
and mechanical properties of the paper indicate that the best
treatment is at a concentration of 10% NaOH. The selection of
the best treatment based on grammage, thickness, density,
tensile resistance and durability eggs are presented in Table Il

TABLE Il The average value of whole Parameter Observation

Average Value

o Treatment 506 NaOH Nlaog)/oH Nlascof)H
1 Grammage (g.m?) 201.1b 139.9° 132.8°
2 Thickness (mm) 2.5090 2.449° 1.8352
3 Density (kg.m?) 80.81° 57.61° 72.89
4 Tensile Strength (N.m%) 45.822 76.27¢ 54.78b
5  Eggs Resistence (%) 0.83 0.21 1.25

Grammage produced in this study has complied with the
grammage required in the market. ranging from 130 to450 g.m"
2, Grammage at a concentration of 5% NaOH with the notation



(b) generates a value equal to 201.1 g.m? compared to
grammage generated by the treatment with 10% NaOH
concentration of 139.9 g/m? and 15 percent NaOH
concentration of 132 g.m? both have the notation (a). This
happens because the thickness of the paper is uneven so the
value of the paper grammage is also diverse. The best treatment
was obtained in treatment to increase the concentration of
NaOH 5 percent due to the treatment resulted in the highest
grammage paper.

The thickness of the paper in the notation (b) generates a
value significantly different from the thickness of the paper in
the notation (a). where the notation (b) demonstrates that the
treatment concentration with 5% NaOH 10% vyield paper
thickness of 2.509 mm and 2.449 mm. respectively. At a
concentration of 15% NaOH the test produces a thickness value
of 1.835 mm. The selection of the best treatment in the
thickness test is obtained in treatment to increase the
concentration of NaOH 5 percent because it has the highest
thickness value that is equal to 2.509 mm.

The desired density in this study is the addition of NaOH
concentration treatment that results in the lowest value. due to
the low density tends to have a cavity inside the paper so that it
can hold the eggs when shocks. The best treatment is obtained
in the group notation (a) that the treatment adding 10 percent
NaOH concentration at which these treatments produce the
lowest density value that is equal to 57.61 kg.m,

The best treatment is obtained at a concentration of 10
percent NaOH with a high tensile strength of 76.27 N.m™. The
resulting pulp sheet corresponds to being used as a tray of eggs.
The paper quality is very important from the drop resistance and
tear resistance [14]. The higher value of tensile resistance and
tear resistance of a paper. the quality of the resulting paper. the
better. Increasing concentrations of NaOH causing solvent
penetration grows. the higher the NaOH absorbed by the fiber.
making it even easier fragments of lignin out of the cell wall
and the lower lignin remaining in the pulp. The higher the
concentration and the stronger chemicals are used then the yield
will be smaller because lignin and cellulose were degraded
more and more. The results of the endurance test of eggs at a
concentration of 10 percent NaOH shows the percentage of
eggs lowest rift is 0 to 0.42 percent. then at a concentration of
5 percent the percentage obtained egg cracks of 0.83 percent.
while the highest percentage of cracks eggs at a concentration
of 15 percent. ie 0 . from 83 to 1.67 percent. That is because the
tray of eggs produced at a concentration of 10 percent NaOH is
slightly elastic so that when the shock eggs can withstand the
friction that occurs.

Selection of the best treatment for the concentration of
NaOH 10 percent. States that high concentrations of NaOH
(more than 10 percent) causes the resulting lignin content
increases [15]. Most low lignin content obtained at a
concentration of 10 percent amounting to 11.96 percent. where
the results of the analysis meet the criteria of a good pulp for
non-wood raw materials. while at the concentration of NaOH 5
percent lignin has not degraded completely. the presence of
lignin in the pulp generally give effect poor the quality of pulp

for fiber becomes rigid. so that the mechanical strength of the
pulp to be low [16]

V. CONCLUSION

1. In the process of making the egg tray of the tobacco rod
with a variation of the addition of alkali concentration of
NaOH influence to improve the characteristics and
quality of the paper or pulp sheet is generated based on
the grammage. thickness. density. and tensile resistance.
Grammage produced ranged from 132.8 to 201.1 g.m?
grammage in accordance with the existing market that is
130-450 g.m2. Paper thickness ranging from 1.835 to
2.509 mm. Mass density value ranging between 57.61 to
80.81 kg.m. As for the tensile resistance values ranging
from 45.82 to 76.27 N.m™.. the higher the drag resistance
of the paper quality is getting better.

2. The best treatment is obtained from the treatment of NaOH
10 percent. Egg endurance test proved that the egg tray
tobacco rod at a concentration of 10 percent NaOH to
restrain and reduce cracking eggs that occurs due to shock
and friction.
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