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The purpose of this study is to determine the optimal pyrolysis time and temperature in the production of
liquid smoke by employing a Response Surface Methodology (RSM). Liquid smoke was prepared by slow
pyrolysis of durian rinds at 300 °C, 340 °C, and 380 °C. A Box-Behnken design (BBD) was employed to
determine the optimum production of liquid smoke from durian rinds waste to obtain higher production.
A quadratic model was developed for predicting the production (ml) based on BBD using RSM. The RSM
was employed with two processing parameters including pyrolysis temperature and pyrolysis times in
the production of liquid smoke. Based on the analysis, the optimum pyrolysis temperature and time to
produce liquid smoke were 347 °C and 99.4 min, respectively.

© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (https://creativecommons.org (licenses/by-nc-nd/4.0) Selection and peer-review under responsi-
bility of the scientific committee of the 3rd International Conference on Chemical Engineering and
Applied Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

1. Introduction

Indonesia is a tropical country and home to a variety of tropical
fruits. Durian (Durio zibethinus Murr.) is one of the most popular
fruits in Indonesia and Southeast Asia. Durian consumption in
Indonesia is relatively high and penetrates all population groups.
In general, people only consume the flesh while the seeds, to a lim-
ited extent, are processed into certain food items, while the rinds
are discarded as waste. This condition ultimately leaves durian
rinds as waste that can cause environmental problems if left to
their own devices without any further processing. The Indonesian
Central Statistics Agency (BPS) recorded that durian production in
Indonesia reached 1.35 million tons in 2021. [t was 19.40% higher
than the previous year's production, which was 1.13 million tons
|1]. Durian rinds are biomass waste containing a mixture of
polysaccharides such as cellulose, hemicellulose, lignin, and pectin
|2]. Several previous studies have utilized durian rinds as a heavy
metal bioadsorbent [3,4], paper making [5,6], biofertilizers [7]
and liquid smoke production [8,9]
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Liquid smoke can be used for various purposes including rubber
coagulation, biopesticides, and food preservation. Liquid smoke has
been produced from various agricultural biomass such as lamtoro
wood [10], coconut shells [11], palm kernel shells [12], bamboo
|13], rice husks [14], Mahogany wood [15], cocoa pod shells [16],
and oil palm trunks [17]. In addition, there is a growing interest
among researchers to find out other applications. Various charac-
teristics of liquid smoke have been studied including its physical
characteristics (pH, color), chemical compounds, and antibacterial
activity. However, the quality of the liquid smoke produced is also
influenced by such factors as the pyrolysis temperature and time as
well as the raw material's size and type. Studies on the optimiza-
tion of liquid smoke from Acacia mangium wildwood have been
carried out [18]. Ngo et al. [19] evaluated the effect of particle size,
pyrolysis temperature, and pyrolysis time on liquid smoke pro-
duced from palm kernel cake in a fluidized bed reactor. One
method that can be used to increase the yield of liquid smoke is
optimization by RSM. The RSM modeling is useful to study the
influence and interaction between independent variables to opti-
mize the desired results [20]. An optimization has also been carried
out on the liquid smoke production from Euphorbia rigida by a fast
pyrolysis reactor [21]. However, studies on the RSM optimization
on the quantity of liquid smoke from the pyrolysis of durian rinds
have not yet been carried out. This study aims to evaluate the opti-
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mum temperature and time in an RSM modeling to obtain the
highest liquid smoke yields from the pyrolysis of durian rinds.

2. Methodology
2.1. Preparation of liquid smoke

Prior to pyrolysis, the durian rinds were washed and dried in
the sun for 1-2 days until the remaining water content was 8-
10%. Having been dried, the rinds were chopped into 2-3 cm in
size. A total of 3 kg of durian rind chips were put into a pyrolysis
reactor (homemade, stainless steel, 40 cm diameter and 60 cm
high). The reactor is equipped with a jacket, fire bricks and temper-
ature control. The pyrolysis temperature was maintained at 300,
340, and 380 °C until the pyrolysis time ended (60-100 min). Dur-
ing the pyrolysis, the produced liquid smoke was collected in a
tank and the volume was recorded. The complete procedure of
the liquid smoke preparation referred to the previous study [8].

2.2, Experimental design and statistical analysis

The optimization of liquid smoke production was designed
using RSM based on Box Behnken Design (BBD). Design expert 12
(State-Ease Inc, Minneapolis, MN, USA) was applied to create the
experiment design. The experiment used two independent vari-
ables, namely, pyrolysis temperature (X;, °C) and pyrolysis times
(X3, min), and one response variable (liquid smoke production
(ml}). Table 1 shows the level of factors and the code of variables.
Fifteen runs of experiment at various factor levels were carried out
as described in Table 2.

3. Results and discussion
3.1. Model selection and verification of liquid smoke production

The optimum production of liquid smoke from durian rinds
based on RSM recommendations is summarized in Table 3. A total
of 15 experiments with wvarious independent variables were
selected to obtain a maximum yield of liquid smoke. The optimiza-
tion by RSM has several benefits such as fewer needs to run the
experiments, fewer process parameters, less raw material, less
space, and fewer operators [22]. To test the significance of all vari-
ables in the production of liquid smoke, ANOVA and regression
analysis were carried out. Table 4 presents the ANOVA result for
the quadratic model on the response to liquid smoke production.

The significance of each independent variable on the response
variable is evaluated based on two parameters, namely, F-value
and P-value. The ANOVA analysis in Table 4 shows that the quad-
ratic regression model of liquid smoke production is very signifi-
cant (p < 0.05). The quadratic model was chosen because it has a
high F-value and a low P-value. A low P-value (p < 0.05) and a high
F-value indicate the model's suitability [23]. In the quadratic
model, the F-value is 23.87 with a low P-value (<0.0014), indicat-
ing that the model can be applied well for experiments. Mean-
while, Lack of fit serves to determine the ability of the model to
measure errors that arise due to deficiencies in the model. From

Table 1
Coded levels for the Box-Behnken Design.

Independent Variable Symbol Coded Variable
Low Center High
=1 0 1
Pyrolysis temperature X 300 340 380
Pyrolysis times X 50 75 100
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Table 2
The configuration of the RSM design for liquid smoke production.

Run Coded variables Actual variables

X, Xa X, X2
1 0 0 340 75
2 0 1 340 50
3 1 0 380 75
4 1 0 300 75
5 0 0 340 75
6 1 1 300 50
7 0 0 340 75
8 0 1 340 50
9 1 0 300 75
10 1 1 380 100
11 0 1 340 100
12 1 1 300 100
13 0 1 340 100
14 1 1 380 50
15 1 0 380 75

Table 3
The responses of the Box Behnken Design parameters of liquid smoke production.
Run Coded variable Response
X X Liguid smoke production (ml)
1 340 75 423
2 340 50 349
3 380 75 398
4 300 75 400
5 340 75 440
6 300 50 270
7 340 75 412
8 340 50 336
El 300 75 320
10 380 100 457
11 340 100 439
12 300 100 433
13 340 100 442
14 380 50 386
15 380 75 428

the results, the P-value of Lack of fit is not significant (p > 0.05).
This insignificant value indicates that the model is adequate to
explain the data. Pure error is a description of the data diversity.
To obtain the optimal response variable based on the independent
variables, a regression analysis (Table 4) was carried out to adjust
the mathematical model with the research data. The predicted
response variable for liquid smoke production (Y) with pyrolysis
temperature (X;) and pyrolysis time (X;) is expressed by equation
1 as follows.

Y = 425 + 30.75 X; + 53.75 X2 — 23X, X2 + 2175 X}
~- 1675 X3 (1)

The R? coefficient value indicates that only 3% of the total vari-
ation is not explained by the model and shows the model's poten-
tial to explain 97% of the liquid smoke production. The predicted
value of R? (0.7790) according to the value of adjusted R? (0.93)
has a difference of less than 0.2. A high R? coefficient value indi-
cates a high correlation between the research and predicted values
of the response variable [24,25]. Thus, the response variable can be
used to predict liquid smoke production. The closer the R? value is
to 1, the more appropriate and better the response prediction is.
The adjusted R? value of 0.93 indicates the suitability of the model
for predicting experimental data [26]. The value of the coefficient
of variation is low (CV = 3.44%), indicating that the repeatability
of the research data is very good. Adequate precision is an index
of the ratio to noise, and a value greater than 4 is usually required
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Table 4

Variance analysis for the quadratic liquid smoke production model
Source Sum of square DF Mean squares F value Prob=F
Maodel 39,654 El 4406 23.87 (0.0014) Significant
Residual 923 5 184
Lack of fit 535 3 175 0.87 (0.5710) Not significant
Pure error 398 2 199
Total 40,577 14

Mote: Coefficient of variation (CV): 3.44%: B* = 0.97; adjusted R* = 0.93; predicted R* = 0.7790 and adequate precision = 15.302

Predicted vs. Actual

Predicted

Actual

Fig. 1. Experimental liquid smoke production plotted against liguid smoke
production predicted by the fitted model.

Production of liquid smoke (ml)

and measures the signal-to-noise ratio [27]. The value of adequate
precision (15.302) indicates a high fit to the model. According to
the analysis, the model given by Equation (1) can be used properly
to explore the design. Fig. 1. Also shows a plot of experimental liq-
uid smoke production data versus predicted liquid smoke produc-
tion by the fitted model. A three-dimensional (3D) response
surface curve on the effect of pyrolysis temperature and pyrolysis
times on the production of liquid smoke from durian rinds can be
seen in Fig. 2.

3.2. Optimization process of liquid smoke production

In this study, the pyrolysis temperature and the pyrolysis time
are the two factors used in the optimization. After optimization,

Table 5

Regression coefficient and model probability values on liguid smoke yields.
Term Coefficient Probability
Constant 425
X 30.75 00014
Xz 5375 00001
XXz 23 00196
Xi 2175 0.0640
b ~1675 00640

320 A: Pyrolysis temperature (C)

50 300

Fig. 2. Response surface for the liquid smoke production.
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Table 6
Recommended conditions for the optimization of liquid smoke production.
Mumber Pyrolysis temperature Pyrolysis times Production of liguid smoke Desirability
1 347 99.5 462 0.998 Selected
2 358 96.7 460 0.995
3 335 971 457 0.995
4 350 929 457 0.995
Table 7
Dominant compounds in durian rinds liquid smoke (GC-MS test results).
Mo Chemical components Area (%)
1. Acetic acid (CAS) Ethylic acid 74.98
2 1-Tetrazol-2-yl-ethanone 372
3 Pyridine (CAS) Azine 2.66
4, Acetic acid, anhydride (CAS) Acetic oxide 1.40
5. Phenol (CAS) lzal 6.19
G, Phenol, 2-methoxy- (CAS) Guaiacol 346
Table 8
The Validation and acceptable range for optimized liquid smoke production.
Response a5% Cl a5% Pl Validation
Low High Low High Experimental value
Liquid smoke 440,29 483.734 420.882 503.142 478

Cl = confidence interval; Pl = prediction interval.

recommendations were proposed as shown in Table 5. Several
operating conditions to optimize the production of liquid smoke
are presented in Table 6. The desirability value close to 1 (100%)
was selected. The desirability value serves to set limits so that
the optimization process can determine the best value for each
response variable [28]. This value indicates the closeness of the
response to the target [29]. Optimization using RSM can explain
how variable variations can affect the design response when all
conditions are taken into account [27].

The composition of the liquid smoke from durian rinds was
determined using GC-MS (Gas Chromatography-Mass Spectrome-
try). Table 7 shows seven dominant compounds in the durian rinds
liquid smoke. As shown in Table 7, acetic acid was the most dom-
inant components resulting from durian rinds pyrolyzed at 340 °C
(i.e. 7498%). Phenol and its derivatives were the second most
abundant component in liquid smoke derived from durian rinds.

3.3. Validation process

To validate the model recommended by RSM, an experiment
was conducted (pyrolysis temperature 347 °C and pyrolysis time
99.5 min). Table 8 is a validation of the model's predicted results
which shows that the production of liquid smoke is in the pre-
dicted value range, which is 478. In the validation for the response
variable, a 95% confidence interval is obtained. The response result
(liquid smoke production) was at a 95% confidence interval value.
Overall, the validity of the model shows that the production of lig-
uid smoke from durian rinds suggested by RSM can be achieved
optimally. The results obtained reached 95% if the variables were
set as recommended.

4. Conclusion

An RSM-BBD has been successfully carried out in optimizing the
production of liquid smoke from durian rinds. The optimization of
liquid smoke was carried out in 15 runs. The optimized parameters

included the pyrolysis temperature and pyrolysis time that affect
the liquid smoke production. A quadratic model was used to input
experimental data. The results showed that from the optimization
by RSM, the maximum liquid smoke yield was obtained at a pyrol-
ysis temperature of 347 °C and a pyrolysis time of 99.4 min. The
results can be used as a guide for producing liquid smoke from dur-
ian rinds by slow pyrolysis.

CRediT authorship contribution statement

Muhammad Faisal: Conceptualization, Investigation, Supervi-
sion, Validation, Writing - original draft, Writing - review & edit-
ing. Suraiya Kamaruzzaman: Validation, Investigation, Writing -
review & editing. Hera Desvita: Methodology, Data curation, Writ-
ing - original draft. Dini Annisa: Data curation, Software, Writing -
review & editing. Cut Zahara: Data curation, Software, Writing -
review & editing.

Data availability

Data will be made available on request.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgement

The financial support provided by The Ministry of Education,
Culture, Research, and Technology of Indonesia was appreciated
(Grant No. 145/E5/PG.02.00.PT/2022).




M. Faisal, 5. Kamaruzzaman, H. Desvita et al.

References

[1] Badan Pusat Statistik, Produksi Tanaman- Buah-buahan Menurut Provinsi
(Ton), 2019.

[2] W.W. Wai, AF. Alkarkhi, A.M. Easa, Optimization of pectin extraction from
durianrind (Durio zibethinus) using response surface methodology, |. Food Sci.
74 (8) (2009) C637-C641, https:{{doi.org/101111/].1750-3841.2000.01331 x.

[3] W.W. Wong, FM.A. Abbas, M.T. Liong, M.E. Azhar, Modification Of Durian Rind
Pectin For Improved Biosorbent Ability, Int. Food Res. J. 15(3)(2008) 363-365,

[4] E. Kusrini, W. Wicaksono, C. Gunawan, NZA. Daud, A. Usman, Kinetics,
Mechanism, And Themmodynamics Of Lanthanum Adsorption On Pectin
Extracted From Duran Rind, ). Environ. Chem. Eng. 6 (5) (2018) 6580-6588,
https://doi.org 101016/ jece. 2018.10018,

[5] S.R Masrol, M.H.L Ibrahim, 8. Adnan, Chemi-Mechanical Pulping Of Durian
Rinds, Procedia Manuf. 2015 {2) (2015) 171-180, https://doiorg/10.1016/).
promfiz2015.07.030,

[6] S.R Masrol, M.H.L Ibrahim, 5. Adnan, R. Abdul Raub, AM. Sa‘adon, K1 Sukarno,
M.F.H. Yusoff, Durian Rind Soda-Anthraquinone Pulp And Paper: Effects Of
Elemental Chlorine-Free Bleaching And Beating, J. Trop. For. Sci. (2018) 106-
116, https: {[doLorg/10.26525/jtfs2018.30.1.1061 16.

[7] AA. Roshidi, S.F. Mohamad-Fuzi, H.M. Matias-Peralta, N.L Zaidan, LM. Hailan,
F. Kormin, M.F. Abu-Bakar, 5.F. Sabran, Development of Immobilized Matrix
From Durian Rind Waste In Cultivation Of Microalgae For Biofertilizer
Production, in: IOP Conference Series: Earth and Environmental Science, 0P
Publishing Inc, 2021, p. 1-6 DOI: 10.1088/1755-1315/736(1/012061.

[8] M. Faisal, ARY. Sunarti, H. Desvita, Characteristics of Liguid Smoke from the
Pyrolysis of Durian Peel Waste at Moderate Temperatures, Rasayan ). Chem. 11
(2)(2018) 871-876, https: [/doiorz/10.31788/RJIC.2018.1123035.

[9] M. Faisal, A. Gani, F. Mulana, Preliminary Assessment of the Utilization of
Durian Peel Liguid Smoke as a MNatural Preservative for Mackerel,
F1000Research 8 (240)  (2019) 1-9, https: f{doiorg/10.12688/
F1000research.18095.2.

[10] F. Swastawati, TW. Agustini, Y¥.S. Darmanto, EN. Dewi, Liguid Smoke
Performance of Lamtoro Wood And Corn Cob, . Coastal Develop. 10 (3)
(2007) 189-196.

[11] W.A. Rizal, K. Nisa, R. Maryana, D.). Prasetyo, D. Pratiwi, T.H. Jatmiko, D. Ariani,
AL Suwanto, Chemical Composition Of Liguid Smoke From Coconut Shell Waste
Produced By SME In Rongkop Gunungkidul, in: 0P Conference Series: Earth
and Environmental Science, IOP Publishing Inc ; 2020, p. 1-7. DOL: 10.1088/
1755-1315/462{1/012057.

[12] M. Faisal, A. Gani, The Effectiveness of Liguid Smoke Produced from Palm
Kernel Shells Pyrolysis as a Matural Preservative in Fish Ball, Int. J. GEOMATE
15 (47)(2018) 145-150, https://doi.org/10.21660/2018.47.06109,

[13] W.E. Triastuti, P.A. Budhi, E. Agustiani, RA. Hidayat, R. Retnoningsih, A.A. Nisa,
Caracterization of Liquid Smoke Bamboo Waste with Pyrolysis Method, IFTEK
1. Proc. Series 3 (2019) 114-117, https://doiorg/10.12962 (123546026,
v2019i3.5853.

[14] R Risfaheri, H. Hoerudin, M. Syakir, Utilization of Rice Husk for Production of
Multifunctional Liquid Smoke, ]. Adv. Agric. Technol. 5 (3) (2018) 192-197,
https: {{dolorg/10.18178(joaat.5.3.192-197,

[15] B. Rahmat, F. Kurniati, E. Hartini, Mahogany Wood-Waste Vinegar as Larvacide
for Spodoptera Litura, BioResources 10 (4)(2015) 6741-6750, https://dotorg/
10.15376/biores.10.4.6741-6750.

Materials Today: Proceedings xxx {xxc) aoex

[16] H.Desvita, M. Faisal, 5. Mahidin, Characteristic of Liquid Smoke Produced From
Slow Pyrolysis of Cacao Pod Shells (theobroma cacao 1), Int. ). GEOMATE 20
(80) (2021)17-22, https:{(doiorz/1021660/2021.80.6154,

[17] HA. Oramahi, T. Yoshimura, F. Diba, D. Setyawati, Antifungal and Antitermitic
Activities of Wood Vinegar from Oil Palm Trunk, |. Wood Sci. 64 (3) (2018)
311-317, https://doiorg/10.1007 (s 10086-018-1703-2,

[18] Y.A. Crespo, RA Namnjo, Y.G. Quitana, CG. Sanchez, E.M.S. Sanchez,
Optimisation and Characterisation of Bio-Oil Produced By Acacia Mangium
Willd Wood Pyrolysis, Wood Sci. Technol. 51 (5) (2017) 1155-1171, https:/|
doi.org 10,1007 /s00226-017-0913-x

[19] T.A. Ngo, ). Kim, 5.5. Kim, Fast Pyrolysis of Palm Kernel Cake Using A Fluidized
Bed Reactor: Design Of Experiment And Characteristics OF Bio-0il, J. Ind. Eng.
Chem. 19(1)(2013) 137-143, https://doi.org/10.1016/]jiec.2012.07.015,

[20] D.C. Montgomery, Design and Analysis of Experiments, John Wiley & Sons,
Hoboken, New Jersey, 2017,

[21] M. Kihe, E. Pitiin, A.E. Pitin, Optimization of Euphorbia Rigida Fast Pyrolysis
Conditions By Using Response Surface Methodology, ). Anal. Appl. Pyrol. 110
(2014) 163-171, https:{/doiorg/10.1016/)jaap.2014.08018,

[22] S.N. Daud, M.N. Norddin, |. Jaafar, R. Sudirman, Development of Sulfonated
Poly  (Ether Ether Ketone)/Polyethersulfone-Crosslinked  Quaternary
Ammonium Poly (Ether Ether Ketone) Bipolar Membrane Electrolyte Via
Hot-Press Approach For Hydrogen/Oxygen Fuel Cell, Int. |. Energy Res. 45 (6)
(2021)9210-9228, https://doLorg/10.1002 (er.6453,

[23] K Charoen, C. Prapainainar, P. Sureevatanapas, T. Suwannaphisit, K.
Wongamornpitak, P. Kongkachuichay, SM. Holmes, P. Prapainainar,
Application of Response Surface Methodology To Optimize Direct Alcohol
Fuel Cell Power Density For Greener Energy Production, J. Clean. Prod. 142
(2017) 1309-1320, https: [[doLorg/10.1016() jclepro.2016.09.059,

[24] MN.S. Said, N.M. Sarbon, Response Surface Methodology (RSM) OF Chicken Skin
Celatin Based Composite Films With Rice Starch And Curcumin Incorporation,
Polym. Test. 81 (2021) 1-8, https:fidoiorg/10.1016/j.
polymertesting. 2019106161,

[25] M. Ekpenyong, S. Antai, A Asitok, B. Ekpo, Response Surface Modeling And
Optimization of Major Medium Variables For Glycolipopeptide Production,
Biocatal. Agric. Biotechnol 10 (2017) 113-121, https://doLorg/10.1016/).
beab.2017.02.015,

[26] C. Ma, A. Wang, J. Qin, L. Li, X. Ai, T. Jiang, H. Tang, P. Xu, Enhanced 2, 3-
butanediol Production By Klebsiella Pneumoniae SDM, Appl. Microbiol.
Biotechnol. 82 (1) (2009) 49-57, https://doLorg/10.1007 [s00253-008-1732-7,

[27] AK. Choudhary, H. Pramanik, Optimization And Validation Of Process
Parameters Via RSM For Minimizing Use of Resources To Generate Electricity
From A DEFC, Int. J. Energy Res. 45 (14) (2021) 20413-20429, https://doi.org/
101002 fer.7126.

[28] C.. Luis Perez, On the Application of a Design of Experiments along with an
ANFIS and a Desirability Function to Model Response Variables, Symmetry 13
(5)(2021) 897, https:(/doiorg/10.3390/sym 13050897,

[29] Winarni 5, Sunengsih N, Ginanjar I. Multi Responses Taguchi Optimization
Using Overaid Contour Plot And Desirability Function. In: Journal of Physics:
Conference Series, [OP Publishing Inc ; 2021, p.1-8. DOI: 10.1088/1742-6596/
1776/1/012061.




Response surface methodology for optimization of liquid
smoke production yield from durian rinds

ORIGINALITY REPORT

11, o 6% 24

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

www.gjesm.net

Internet Source 1%

hdl.handle.net ']
Internet Source %

Submitted to University Tun Hussein Onn 1 o

. 0

Malaysia
Student Paper
geomatejournal.com

Internet Source 1%
link.springer.com

Internet Source 1%

ﬂ aura.abdn.ac.uk 1
Internet Source %
fsd.unsyiah.ac.id

Internet Source 1%

Ebadnejad, A., G.R. Karimi, and H. Dehghani.

<
"Application of response surface methodology 1 %



for modeling of ball mills in copper sulphide
ore grinding", Powder Technology, 2013.

Publication

eprints.utm.m

n IntE:)rnetSource y <1 %
www.ksbb.or.kr

Internet Source <1 %

Sri Winarni, N Sunengsih, | Ginanjar. "Multi <1 o
responses taguchi optimization using overlaid ’
contour plot and desirability function", Journal
of Physics: Conference Series, 2021
Publication
koreascience.or.kr

Internet Source <1 %
coek.info

Internet Source <1 %
WWW.Nnewcrops.info

Internet Source p <1 %
Erlin Beliyana, Nining Sari Ningsih, Sekar

| | . <1
Ramdanira Gunawan, Ayi Tarya. "Detecting
Long-term Characteristics of Marine
Heatwaves (1982-2021) in the Indonesian
Waters", Research Square Platform LLC, 2022
Publication

Ngo, Thanh-An, Jinsoo Kim, and Seung-Soo <'I o

Kim. "Fast pyrolysis of palm kernel cake using



a fluidized bed reactor: Design of experiment
and characteristics of bio-oil", Journal of
Industrial and Engineering Chemistry, 2013.

Publication

ipa.ub.ac.id

'Ilnpternet Source <1 %

ip.ulm.ac.id

IFr?tErJnFe)t Source <1 %
Www.iieta.or

Internet Source g <1 %
www.researchgate.net

Internet Source g <1 %
WWW.researchsquare.com

Internet Source q <1 %

Ferly Oktriyedi, Muhammad Hatta Dahlan, <1 o
Irfannuddin, Ngudiantoro. "Impact of latex ’
coagulant various from rubber industry in
South Sumatera", AIP Publishing, 2021
Publication

. R E Putri, A Kasim, Emriadi, A Asben. 1

<l%

"Pyrolysis and Characterization of Liquid
Smoke from Cacao Pod Husks", IOP
Conference Series: Earth and Environmental
Science, 2019

Publication




Exclude quotes Off Exclude matches Off
Exclude bibliography On



Response surface methodology for optimization of liquid
smoke production yield from durian rinds

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5




