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ABSTRACT
Obtained cellulose from the cocoa shell is expected to reduce the free fatty acid content, water
content, and peroxide value in used cooking oil. The highest contaminants from used cooking oil
will harm health and the environment. The effectiveness of the adsorbent on the content of free
fatty acids and peroxide value from used cooking oil was carried out by a titration process. Further
information, the moisture content was carried out by drying from the oven to a constant weight.
Based on the results obtained adsorption process on a 100 mesh reduction of free fatty acids
0.327%, 0.010% moisture content, and peroxide value of 3.25 meq O2/kg. At 120 mesh the free
fatty acids were 0.278%, the water content was 0.009% and the peroxide value was 1.25 meq
02/kg. The decrease occurred caused the interaction between the hydroxyl group (OH-) of cellulose
with -COOH in the free fatty acids, the interaction of hydroxyl group (OH-) with active peroxide, and
the interaction hydroxyl group (OH-) with oxygen atoms at water content. The particle size of the
adsorbent has the optimum adsorption ability of 120 mesh. This happens because the surface area

is greater than 100 mesh.
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INTRODUCTION

Cooking oil is a triglyceride in liquid form at
room temperature which can provide 9
kcal/g of energy to the body. Cooking oil
consists of two types, namely vegetable oil
and animal oil. Cooking oil that is often
consumed by the community is a vegetable
oil made from palm oil. The most abundant
chemical compound in palm cooking oil is a
palmitic fatty acid (CH3(CH2)14COOH). Cooking
oil functions as a heat conductor, a savory taste
enhancer, an increase in caloric value, and a
solvent for vitamins A, D, E, and K in foodstuffs.
(Ubaidah & Nuryanti, 2018).

Along with the development of the food
business in Indonesia, many business people
use cooking oil repeatedly in the frying process.
This happens to save the capital spent. Cooking
oil that is used repeatedly can cause a decrease
in the quality of cooking oil, which can be seen
from the physical changes in the oil and harms
health. Fitriani, et al. (2018) revealed that the
deterioration of cooking oil can be
characterized by a change in color to brown, a
change in taste, foaming, and odor.

Damage to cooking oil occurs due to a
heating process that causes an increase in water
content, free fatty acids, and peroxide values in
cooking oil. Yustinah, et. al, 2015 reported that
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during heating, cooking oil degraded, namely a
decrease in quality caused by oxidation,
hydrolysis, and polymerization reactions.
Oxidation reactions also occur during the
storage process. Oxidation events that occur in
oil can trigger peroxide and aldehyde reactions.

The number of peroxides and free fatty acids
can increase due to heating at a temperature of
300-3500C which can cause poisoning, cancer,
and accumulation of fat in the blood vessels
(arthero sclerosis) (Octarya & Fernando, 2016).
The high free fatty acids in cooking oil indicate
that the quality of the cooking oil has been poor
so that if it is discharged into the environment,
it can disturb the environment and clog the
sewers. (Waluyo et al, 2020).

Reduction of peroxide number, free fatty
acid, and water content contained in cooking oil
can be done by the purification process. The
purification of cooking oil can be carried out by
an adsorption process using an adsorbent so
that the purified oil can be reapplied and
suppress the community's economy (Yustinah
etal, 2017).

In this study, the adsorbent used was
derived from cocoa pods. Cocoa pods contain
the main components that can be used as
adsorbents, namely, cellulose 36.23%,
hemicellulose 1.12%, and lignin 20-27.95%
(Purnamawati et al., 2014). However, the cocoa
pod skin has not been used further. Patria
(Sukmawati et al., 2014) reported that 75% of
the waste generated was cocoa pods. This
causes environmental pollution if left
unchecked and the benefits are not transferred
(Sukmawati et al., 2014). Therefore, cocoa pod
peels are used as adsorbents by utilizing the
cellulose contained in them, following Patria's
research (Sukmawati et al, 2014) that cocoa
pod peels can be used as bio adsorbents
because they contain 23-54% cellulose.

One of the factors that affect the adsorption
capacity of the adsorbent is particle size. The
smaller the particle size, the larger the surface
area of the adsorbent so that the absorption of
the adsorbate is more effective. Suryadi et al,
(2019) reported in his research that the
adsorbent of kepok banana peel which was
effective in reducing free fatty acids was an
adsorbent with a particle size of 230 mesh of
73.38%, and a particle size of 35 mesh of 8.57%.

The adsorption capacity of the adsorbent can
be increased through an activation process
using either an acid or a base solution.
According to Oktasari, 2018, the peanut shell
adsorbent activated with NaOH had a higher

adsorption ability to decrease Pb metal content
than acid activation and without activation
which were 100%, 95.36%, and 97.561%,
respectively. Meanwhile, according to Neni
2014, the 1 N NaOH solution used as an
activator gave a 39.97% reduction in peroxide
value and 52.73% free fatty acids in used
cooking oil.

Dewi et al, (2019) reported in his research
Teak leaves can be made into natural
adsorbents with NaOH activator. The greater
the concentration of NaOH, the greater the
adsorbed FFA. The adsorption process was
carried out with different concentrations of 5%,
10%, and 20%. The best FFA adsorption results
were shown by activated carbon activated with
20% NaOH, where the remaining FFA content in
used cooking oil was 0.2976%. In addition,
Yustinah's research (Yustinah, 2015) reported
that the adsorbent activated with 1 N NaOH
solution had optimum results in reducing the
free fatty acid content by 55% and peroxide
number by 47%. Thus, alkaline-activated
adsorbents have a more effective adsorption
capacity than acid-activated and non-activated
adsorbents. Therefore, a study was conducted
on Purification of Used Cooking Oil Using Cocoa
Fruit Peel Adsorbent (Theobroma Cacao L), with
1 N NaOH activator, which has a variation of
adsorbent particle size of 100 mesh and 120
mesh, with test parameters of free fatty acid
content, number peroxide, and water content in
cooking oil.

METHODOLOGY
Materials

The following materials were used in this
study, cocoa pods from Karang Waru Village,
Musi Banyuasin Regency. Used cooking oil from
the canteen of UIN Raden Fatah Palembang, GR
stretch indicator, filter paper, NaOH ensure 0.1
N and 1 N, ethanol 96%, aquadest, KI emsure,
chloroform,  Na;$;03 emsure 0,01 N,
phenolphthalein (pp) indicator ACS.

Tools

The following tools were used in this study,
250 mL Iwaki beaker, Philips blender, Ohaus
analytical balance, vaporizer cup, cimarec+
digital Thermo scientific hot plate, Memmert
UN55 oven, 50 mL pyrex measuring cup, pyrex
volume pipette, dropper pipette, desiccator,
Erlenmeyer Iwaki 250 mL, buret Iwaki 25 mlL,
magnetic stirrer, sieve 100 mesh dan 120 mesh,
FTIR Bruker Alpha.
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Procedures
a. Cocoa Fruit Peel Preparation

Cocoa pods are cleaned and then cut into
small pieces. Cocoa pods that have been cut are
dried in the sun until the moisture content is
reduced, crushed, and sieved using 100 mesh
and 120 mesh sieves. Furthermore, the
adsorbent powder was characterized using
FTIR.

b. Activation

Cocoa pods that have been sifted weighing 25
grams are put in a 250 mL Erlenmeyer, 100 mL
of 1 N NaOH solution is added, and the mixture
is shaken using a shaker for 2 hours and
filtered. Then rinsed using distilled water until
the pH is neutral and dried in an oven at 1052C.
The activated cocoa powder is cooled in a
desiccator, then weighed repeatedly until the
weight is constant. The activated adsorbent
powder was characterized using FTIR.

c. Preparation and Refining of Used Cooking
0il

Used oil is filtered to separate the rest of the
frying pan. Next, the oil was put in a 72 mL
beaker glass, then 6 g of activated cocoa powder
was added, stirred for 8 hours, filtered and the
filtrate separated. Furthermore, the samples
obtained were taken and analyzed.

d. Cooking oil test parameter
The following are the test parameters
carried out in this study::
1. Free fatty acids (FAA)

Cooking oil weighed 5 grams, then put in an
Erlenmeyer and added 30 mL of 96% ethanol
that had been mixed with phenolphthalein (pp)
indicator. Then the sample was titrated using
0.1 N NaOH solution until it changed to a pink
color and did not disappear for 30 seconds.

V.NaOH = N.NaOH = 25,6

Gh FFA =
b Sample

® 100%

Description :
% FFA :Free fatty acids
V NaOH: Volume titration NaOH

2. Water content

The empty evaporating dish was weighed
and the weight was recorded. Furthermore, the
cooking oil weighed 5 grams, heated in an oven
at 1052C for 1 hour, removed and cooled in a
desiccator and the water content was
calculated.

my; —m

Water content = 2 % 100%

my
Description :
mi: sample weight before heating (gram)
m;y: sample weight after heating (gram)
3. Peroxide number

Used cooking oil weighed 5 grams, put into a
250 mL Erlenmeyer then added 30 mL of acetic
acid-chloroform solution (3: 2), shaken until
homogeneous, then add 0.5 mL of homogenized
saturated KI solution, add 30 mL of distilled
water. The mixture is titrated with 0.01 N
Na2S203 until the yellow color decreases, add
starch indicator and titrate again until a color
change occurs and the peroxide value is
calculated.

ml J‘;ﬂ:j':os w M. J‘lrﬁ:S:ng 100C

Peroxide number:
Sample

Description :

Na,S;03 (mL): The volume of sodium
thiosulfate solution required for the titration.

N NayS;03 (0,01 N): Normality of sodium
thiosulfate standard solution (eq/V).

Sample mass (gr): Cooking oil weight

RESULT AND DISCUSSION
a. Cocoa Fruit Peel Preparation

Cocoa pod preparation begins with cleaning
the cocoa pod skin from impurities such as soil
and sap. Cleaning is carried out to maintain the
quality of the adsorbent. Then, the cocoa rind is
cleaned and dried. Furthermore, it is mashed
and sieved to obtain cocoa rind powder with
particle sizes of 100 mesh and 120 mesh.

b. Cocoa Fruit Peel Adsorbent Activation

Process

The activation process of NaOH causes the
breaking of bonds from the basic structure of
lignin (Kusumawardani, Zaharah, & Destiarti, et.
al, 2018). The bonds that are broken during
activation are hydrogen bonds (OH-) which are
the link between cellulose and lignin or
hemicellulose with lignin. Meanwhile, Na+ will
bind to lignin to form sodium phenolate. This
phenolic salt has properties that are easily
soluble (Rudy, 2015). Moreover, according to
Fui (Liew et al., 2015), NaOH solution used in
the activation process causes severance
between lignocellulosic which then with an
excess amount of NaOH solution causes the
reaction to continue so that the ester bond in
hemicellulose is broken according to the FTIR
spectra in Figure 3.
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Following is the reaction for breaking the
bonds between lignin and cellulose:

CH,OH | CH,0H
CH,

(IZH—ONa ﬁ
+NaOH + HO—C HO
O.
R
. © |
Lignocellulose Natrium cellulose
phenolate

Figure 1. The reaction of breaking the bonds
of lignin and cellulose

The decrease in lignin content was indicated
by the formation of a black solution, and a
change in sample weight, where the activated
sample had a lighter weight than the weight
before activation, which was originally 25 g to
15 g for a particle size of 100 mesh and 12 g
with a particle size of 120 mesh. . This indicates
that the lignin has dissolved in the activation

process.
The following is a picture of the absorbent
before and after the activation process.

(a) (b)
Figure 2. (a) before activation (b) after
activation.

Cocoa rind adsorbents were further
characterized using FTIR which aims to
determine the functional groups contained in
Cocoa rind powder, before and after activation.
The FTIR spectra of the cocoa rind changed
properties due to absorption shifts. FTIR
spectra of Cocoa rind before and after activation
can be seen in Figure 3.

Based on the FTIR spectra above, shows a
shift in the absorption of the hydroxyl group
(OH) from the wave number 3308 cm-1 to 3306
cm-1. The IR spectra also show that stretching
vibrations -C-H sp3 occur at wavenumbers
2914 cm-1 and 2907 cm-1. At a wavenumber of
1608 cm-1, the absorption shift of the aromatic

-C=C group becomes 1604 cm-1. In addition, at
a wavenumber of 1738 cm-1, there is a
significant difference in absorption between the
cocoa pod skin before and after activation
which indicates the -C=0 group is lost after the
activation process. This happens because of the
addition of NaOH solution in the activation
process which causes the breaking of the ester
bond between cellulose and lignin. The loss of
the -C=0 group indicates that the activation
process has been carried out optimally and the
lignin contained in the cocoa pod skin has also
been dissolved in the NaOH solution.

-
o
o]
1

Tansmitansi (%)

o
o
1

I L | L | L |
4000 3000 2000 1000
Bilangan Gelombang (cm-1)
Figure 3. (A) Spektra FTIR kulit buah kakao

sebelum aktivasi (B) kulit buah kakao
setelah aktivasi.

Table 1. Differences in FTIR absorption
characterization of Cocoa rind
adsorbents.

Wavenumber cm-!
Cocoa Fruit

C(?coa Peel After Functional Group
Fruit Peel L
Activation
3308 3306 Stretching
vibration OH
2914 2907 C-H sp3
1738 - Stretching
vibration -C=0

1608 1604 Stretching

vibration -C=C

Vibration C-O
Asymmetrical ring

out of the field

1022 1018
893 890

The activation process serves to increase the
absorption of the adsorbent. In addition,
activation aims to separate substances or
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compounds that can interfere with the
adsorption process, namely lignin from
cellulose. According (Yogi, 2019), the alkaline
solution used as an activator can dissolve lignin
so that the adsorption power of the adsorbent
increases. Characterized by the maximum
adsorption capacity of peanut shells for Cd ions
80 mmol g following the Langmuir isotherm
pattern with an adsorption energy of 27671.19
k] mol-l. In addition, the alkaline activator will
dissolve hemicellulose which has the same
properties so that its levels are reduced. A study
(Rambat et al, 2015) reported that activated
cocoa pods with NaOH solution were able to
reduce lignin and hemicellulose content by
32.11% and 42.87%, respectively.

After activation of the cocoa rind adsorbent,
the pH was measured using a universal
indicator to indicate the presence of an
activating agent in the adsorbent. The initial pH
of the activated adsorbent was 12, then the
cocoa rind adsorbent was rinsed using distilled
water until the pH was neutral. The function
of rinsing the adsorbent after activation is to
balance the value of OH- with H* so that it
does not interfere with the work of the
adsorbent in the adsorption of the adsorbate.
The high and low pH of the activated adsorbent
is avoided because at low pH it has H+ ions
which will affect the OH- ions of the adsorbent.
Meanwhile, a high pH can cause the formation
of hydroxide with adsorbate (Kusumawardani
etal, 2018).

The rinsed cocoa rind adsorbent was then
dried at 1052C. This is done to reduce the water
content. When the adsorbent has high water
content, it will be hygroscopic, meaning it can
absorb water vapor in the surrounding
environment. The high water content can clog
the pores of the adsorbent, and interfere with
the absorption between the adsorbent and the
adsorbate. (Ayu et al, 2016) reported that the
high water content of the adsorbent can be a
barrier for free fatty acids to interact with the
adsorbent surface.

c. Refining Used Cooking Oil

Before use, used cooking oil is filtered to
separate the oil from the rest of the frying pan.
The filtered cooking oil was put into an
Erlenmeyer, then the activated cocoa rind
powder was added, and shaken using a shaker.
The stirring process serves to speed up the
reaction so that the entire surface of the
adsorbent is in contact with the oil.

d. Test Parameters
The results of this study can be seen as
follows:

a. 0.5
0,4}
m
j 0.3 HA
2
s 02 EB
0,1
0 MC
100 mesh Sampel 120 mesh
b. 0,025
0,02 gA
g 0,015 uB
£ 001 uc
0,005
0
100 mesh 120 mesh
Sampel
c 20
100 mesh Sampel 120 mesh

Figure 4. Graph (a). Free fatty acids, (b). Water
content, (c). peroxide number. (A) new
oil, (B) used oil, (C) 100 and 120
mesh adsorption

Figure 4 above shows a decrease in the free
fatty acid content, water content, and peroxide
value in the cooking oil adsorbed by the cocoa
rind adsorbent with particle sizes of 100 and
120 mesh. The results of the decrease were free
fatty acids which were originally 0.448% to
0.327% for 100 mesh and 0.278% for 120 mesh.
Moisture content from 0.020% to 0.010% for
100 mesh and 0.009% for 120 mesh. Peroxide
numbers from 15.3 meq 02/kg to 3.25 meq
02/kg for 100 mesh and 1.25 meq 02/kg for
120 mesh.

The decrease in free fatty acid content occurs
because the active hydroxyl group (OH-) of the
adsorbent cellulose can interact with the -COOH
group of free fatty acids (Setyawan & Dwi,
2009). The decrease in water content occurs
due to the interaction between the active group
of cellulose adsorbent with oxygen atoms from
the water forming hydrogen bonds, while the
peroxide number decreases due to the
interaction between the hydroxyl group (OH-)

10

HA
B
uc
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of cellulose with free radical atoms in the active
peroxide (Setyawan & Dwi, 2009).

A significant decrease occurred in the
peroxide value, where the value obtained was
lower than the new oil (6.46 meq O:/kg),
namely 3.25 meq 02/kg and 1.25 meq O2/kg.
This happens because the new oil used in the
study has changed the storage process.
Following Yulia's research that the peroxide
number can increase during the storage process
and the peroxide number content of the new oil
is 0.203 meq 0O2/kg. In addition, the peroxide
number contained in cooking oil can decrease
because it contains a polar peroxide group.
While the adsorbent has a hydroxyl group that
is polar so the similarity in these properties
causes the peroxide number to be absorbed by
the adsorbent and the peroxide number
decreases.

In this study, the adsorbent that has
optimum absorption is the adsorbent with a
particle size of 120 mesh. Following Sirrajudin's
research (Sirrajuddin, 2018), the smaller the
particle size, the larger the surface area of the
adsorbent. In addition, according to Dian et al,
(2006) the larger the surface area, the more
substances will be adsorbed and the adsorption
process will be more effective. With the
characteristics of the 120 mesh adsorbent,
which is a larger surface area than 100 mesh, it
causes a better reduction in free fatty acids,
water content, and peroxide number.

The proposed reaction mechanism for the
adsorption process of the cocoa pod rind
adsorbent on the free fatty acid content, water
content, and peroxide number is shown in
Figure 5.

CH,0H

OH

|l " o
HC —— 0 —C HO
+NaOH
—_—
0 O akiivasi Selulosa
OH
R + minyak goreng
. bekas
/0 Ligoselulosa
R
ALB
R
| H H H H
Kadar HO —C | ‘ ‘ |
air \\ —c c R
H H R——C—C=—C——C—R,
N o | |
o ! 0—0
| | H
| o—H /
H

—0, o—H Peroksida aktif

Figure 5. Proposed mechanism of the adsorbate
adsorption reaction by the adsorbent

Based on Figure 5, it can be seen that the
possible bond between the adsorbent and the
adsorbate is hydrogen bonding. Following
Donatus' research (Setyawan & Dwi, 2009) that
the water content in used cooking oil can
decrease due to the bond formed between the
active group of the adsorbent and the O atom in
the water content. While the free fatty acids
bond between -COOH and the adsorbent, and
hydrogen bond interactions between the active
peroxide and the active group of the adsorbent.

CONCLUSION

Based on the research that has been done,
cocoa rind adsorbent affects reducing free fatty
acid levels, peroxide numbers, and water
content. The decrease occurred due to the
interaction between the hydroxyl group (OH-)
of cellulose with -COOH in free fatty acids, the
interaction of the hydroxyl group (OH-) with
active peroxide, and the interaction of the
hydroxyl group (OH-) with oxygen atoms at
water content. The particle size of the adsorbent
which has the optimum adsorption ability is
120 mesh. This happens because the surface
area that is owned is greater than 100 mesh.

ACKNOWLEDGMENTS

Thank you to Raden Fatah State Islamic
University Palembang for providing a place to
conduct and manage the sample in this
research.

REFERENCES

Ayu, D. K. (2016). Pemanfaatan Limbah Nasi
Aking Sebagai Adsorben Untuk
Menurunkan Kadar Asam Lemak Bebas
Pada Minyak Jelantah. Skripsi.

Dewi, M. N (2019). Pemanfaatan Limbah Daun
Jati (Tectona Grandis L.F.) Sebagai
Adsorben Alami Dalam Penurunan Kadar
Free Fatty Acid Minyak Jelantah. Seminar
Nasional AVoER X1 2019, 23-24.

Dian, S. D., & Zufi, Z. D., M. (2006). Pengaruh
Waktu Kontak Dan pH Terhadap lon Cr
(VD) Dalam Limbah Tekstil Menggunakan
Bioadsorben Daun Jambu Biji Dan Daun
Teh. 5(2), 141-158.

Eva, Y, A. H. M. dan F. N. (2017). Kualitas Minyak
Goreng Curah Yang Berada Di Pasar
Tradisional Di Daerah Jabotabek Pada
Berbagai Penyimpanan. 17(2), 29-38.

Fitriani. (2018). Pemurnian minyak goreng



Utilization of Cocoa Shell As Adsorbent Purification For Used Cooking 0Oil

bekas menggunakan adsorben biji alpukat
teraktivasi. Pendidikan Kimia, 9 (No. 2),
65-75.
https://doi.org/10.26418/jpmipa.v9i2.26
770

Kusumawardani, R. (2018). Adsorpsi Kadmium
(II) Menggunakan Adsorben Selulosa
Ampas Tebu Teraktivasi Asam Nitrat. 7(3),
75-83.

Liew, F. K., Hamdan, S., Rahman, R., Rusop, M,,
Chang, ], Lai, H. Rahman, M. (2015).
Synthesis and Characterization of Cellulose
from Green Bamboo by Chemical
Treatment with Mechanical Process.
https://doi.org/http://dx.doi.org/10.1155
/2015/212158

Octarya, Z., & Fernando, A. (2016). Jurnal
Photon Adsorben Arang Aktif Dari Ampas
Tebu Yang Diaktivasi Dengan NaCL.
Photon, 6(2), 139-148.

Oktasari, A. (2018). Kulit Kacang Tanah (
Arachis hypogaea L .) sebagai Adsorben
Ion Pb (1I).2(1), 17-27.

Purnamawati, H., Utami, B., Kimia, P., Keguruan,
F, Maret, U. S, & A ]. L. S. (2014).
Pemanfaatan Limbah Kulit Buah Kakao (
Theobroma Cocoa L .) Sebagai Adsorben
Zat Warna Rhodamin B. SNFPF, 5, 12-18.

Rambat. (2015). Aplikasi Limbah Kulit Buah
Kakao Sebagai Media Fermentasi Asam
Laktat Untuk Bahan Baku Bioplastik. J.
Kimia Kemasan, 37, 103-110.

Rudy, M., & Harni, D. (2015). Pemanfaatan
Serbuk Gergaji Kayu Jati ( Tectona Grandis
L . F.) Sebagai Adsorben Logam Timbal (
Pb ). FMIPA Universitas Pakuan, 2, 1-10.

Setyawan, H. D. P, & Dwi, T. (2009).
Peningkatan Kualitas Minyak Jelantah
Menggunakan Adsorben H 5-NZA dalam
Reaktor Sistem Fluid fixed bed. Jurnal IImu
Dasar, 10(2), 121-132.

Sirrajuddin. (2018). Kadar Cod Pada Limbah
Cair Tahu Menggunakan Arang Aktif. (978-

602-60766-4-9), 42-46.

Sukmawati, P., & Utami, B. (2014). Adsorpsi Zat
Pewarna  Tekstil = Malachite  Green
Menggunakan Adsorben Kulit Buah Kakao
(Theobroma Cacao) Teraktivasi HNOs.
SNFPF, 5,19-25.

Suryadi, J., Widiastuti, E., Idris, M., Alj, A., & Alj,
Z. (2019). Pengaruh Ukuran Adsorben
Kulit Pisang Kepok terhadap Penurunan
Nilai Asam Lemak Bebas Minyak Goreng
Bekas. Jurnal Fluida Volume, 12(2), 65-71.

Ubaidah, N. Al, & Nuryanti, S. (2018).
Pemanfaatan Limbah Cangkang Kelapa
Sawit  (Elaeis = Guineensis)  Sebagai
Pengadsorbsi Minyak Jelantah. 7(August),
152-157.

Waluyo, U., Ramadhani, A, Suryadinata, A, &
Cundari, L. (2020). Review: penjernihan
minyak goreng bekas menggunakan
berbagai jenis adsorben alami. Teknik
Kimia, 26(2), 70-79.

Yogi, M. patr. (2019). Pemanfaatan Kulit Kacang
Tanah (Arachis Hypogaea L.) Sebagai
Adsorben Logam Berat Kadmium. Kimia
UIN Raden Fatah Palembang, 1-9.

Yustinah, Utomo, S., & Cardosh, S. R. (2017).
Pengaruh Waktu Adsorbsi Dalam Proses
Pemurnian Tandan Kosong Kelapa Sawit.

Fakultas Teknik Universitas
Muhammadiyah Jakarta, p-1SSN
240(November), 1-2.

Yustinah.  (2015). Pengaruh  Konsentrasi

Aktivator NaOH Pada Proses Pembuatan
Arang Aktif Terhadap Kualitas Minyak
MeKkas Setelah Proses Pemurnian. Fakultas
Teknik Universitas Muhammadiyah Jakarta,
1-7.



