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ABSTRACT - Polyphenol, which is very beneficial to the human body, especially as an obesity inhibitor, ARTICLE HISTORY

is one of the leading nutrient content in green tea leaves. To increase popularity and practicability, product ~Received: 15 Jan 2024
development needs to be conducted, one of which is to produce an effervescent instant tea. However, ~Revised: 03 May 2024
a high-density instant tea powder is required in this product development. This study was conducted Accepted: 19 Jun 2024
to predict the significant process variables that affect the density and yield of the instant tea powder. KEYWORDS

The exploration of significant process variables was conducted based on the Design of the Experiment, Green tea

while the tea extract was produced using maceration techniques. Maltodextrin was added to the tea Spray dry

extract based on the concentration filler variable. The instant tea powder was produced by the spray  High-density instant tea
drying method, which variable includes the concentration of maltodextrin (Filler), the feed pump flow  Significant variable
rate (RPM), the outlet temperature (T ), the hot air flow rate (Fan), and the atomization air pressure

(Nozzle). The tapped density of the instant tea powder was analyzed, and the yield was calculated for

each condition. Based on the Pareto graph, it was found that the atomization air pressure (Nozzle) is

the most significant variable in the spray dry process of instant tea powder.

INTRODUCTION

Obesity and overweight have become a global public health problem in recent years. World Health Organization
(WHO) stated that obesity in the European region in May 2022 reached 60% [1]. In 2013, the WHO also reported that
obesity was the fifth leading risk of death globally [2]. A commercially available anti-obesity drug is a gastrointestinal
lipase inhibitor known as orlistat. Orlistat inhibits fat absorption by inhibiting the lipase enzyme that breaks down fat.
However, consumption of orlistat has side effects, including oily stools, farting with discharge, and sudden intestinal
irritation [3]. Therefore, an alternative is needed, one of which is consuming green tea-based functional beverages.

Green tea (Camellia sinensis) has been widely consumed worldwide for thousands of years. Green tea is produced
by heating fresh tea leaves to prevent the enzymatic oxidation of catechin compounds. Dried green tea leaves contain
15-30% catechin compounds consisting of 59.04% Epigallocatechin gallate (EGCG), 19.28% Epigallocatechin (EGC),
13.69% Epicatechin gallate (ECG), 6.39% Epicatechin (EC), and 1.60% Gallocatechin (GC) [4]. The main catechins
in green tea, (-)-epigallocatechin-3-gallate (EGCG), are believed to have anticancer, antiviral, and neuroprotective
activities [5].

Green tea extract was reported to reduce visceral adipose tissue and lower triglyceride levels in diet-induced obese
zebrafish animals [6]. Another study on epidemiological analysis found that individuals who regularly consume green
tea do not experience obesity conditions [7]. A study reported that EGCG can reduce body weight by about 3 kg,
abdominal circumference by 3.3 cm, and 2.5 kg of body fat in 12 weeks [8]. However, conventional green tea still has
disadvantages regarding the practicality of consumption.

In addition, green tea preparations are generally put into porous bags (tea bags). Health issues regarding the chlorine
content of the bag have led to a decrease in the consumption of tea. In addition, one teabag is known to release 11.6
billion microplastic particles into the brewing water [9]. Microplastics contain harmful compounds, polychlorinated
biphenyls (PCBs), metals, and polybrominated diphenyl ethers (PBDEs) due to their accumulation in the human body
[10]. To overcome this problem, an innovation was developed in the form of powdered green tea extract, which is more
practical and easy to consume and has a very high content of active catechin compounds compared to bulk green tea.

One of the powder production processes is the spray dry technology. Spray dryer is widely applied in the industrial
field due to its capability to produce excellent powder quality. The liquid was sprayed through the nozzle, which
generated fine droplets, and then contacted with the hot air in the drying chamber. The drying process occurred as the
droplet moved down to the bottom of the drying chamber and produced a fine powder. The powder is then separated
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from the hot air based on the centrifugal force in the cyclone to be collected in the product pot [11]. The green tea product
was fine as a final product. However, the tea instant is the derived product of the green tea product, where the added
value is incorporated. To get the desired product properties, i.e., yield and density, some significant variables in the spray
dry process need to be predicted.

The objective of this study is to predict the significant process variables that affect the density and yield of instant
tea powder. The variables include the concentration of maltodextrin (Filler), the feed pump flow rate (RPM), the outlet
temperature (T ), the hot air flow rate (Fan), and the atomization air pressure (Nozzle). The exploration of significant
process variables was conducted based on the Design of the Experiment.

EXPERIMENTAL METHOD

The material, including the green tea leaves and the maltodextrin, was from the Research Center for Chemistry
(National Research and Innovation Agency, BRIN) and the Indonesia Research Institute for Tea and Cinchona Gambung,
respectively. The spray dryer and the tapper for the density method were provided by the Research Center for Chemistry,
BRIN.

Green tea

The dried copped green tea leaves were obtained from the Indonesia Research Institute for Tea and Cinchona
Gambung. The tea was a Gamboeng-specific clone containing high polyphenols and was harvested in August 2023.

The Extraction Process of the Tea Leaves

The tea extraction was conducted via a common maceration process using 300 g of dried copped green tea leaves and
2000 g of boiled water at 90°C. The tea was stirred and then settled for 1 hour before being filtered using a cloth filter.
The solid content was analyzed based on the gravimetric method, resulting in a solid content of 4.59%.

Maltodextrin was added to the tea extract as the filler. The amount of maltodextrin was 15% and 25% based on the
weight of the tea extract, depending on the experiment variable.

Spray Drying Process of the Tea Extract

The tea extract was dried using a spray drying apparatus. The spray dry device used in this study was Ohkawara
Kakohki type NL-3 operated in an “open” operation mode. It has a twin jet series as the nozzle type with adjustable
atomization air pressure set depending on the variable. The tea extract was pumped using a peristaltic pump at various
speeds, which are 10 and 20 RPM, corresponding to 9 and 18 ml/min, respectively. The outlet temperature and the hot
air flow rate (Fan speed) were set based on the variable. Meanwhile, the inlet temperature was recorded, and the outlet
temperature was maintained. Figure 1 presents the spray dry apparatus used in the current study. The outlet temperature
can be controlled by changing the inlet temperature if the feed rate, fan speed, and atomization air pressure are defined
and maintained constant. Hence, the effect of each variable can be observed if it is changed.

Product B Product A

Figure 1. The spray dry apparatus used in the current study in the Research Center for Chemistry, BRIN.
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Referring to Figure 1, the product can be classified as “Product A” and “Product B” based on the product’s location.
Product A was collected from the cyclone and the product pod, while Product B was collected from the drying chamber,
cone, and pipeline before the cyclone.

The atomization air pressure in the spray dryer is different from the drying air in circulation. The atomization air
is compressed air from a compressor unit at ambient room temperature (around 23°C), which only affects the droplet
size by the nozzle in a spry-dry system. The higher the atomization air pressure, the smaller the droplet produced by
the nozzle [12]. However, this relation depends on other variables, such as the density of the liquid and the crystallinity
properties of the solid content [13], which are out of the scope of this manuscript. At the same time, the drying air is
circulated heated air to dry the droplet produced by the nozzle.

The Design of Experiment

To simplify the study, the design of the experiment was created using Minitab® software. The version and details of
Minitab® software can be seen in Table 1.

Table 1. Minitab® software version details

Minitab® version details Screenshot of Minitab® details

Products installed: Minitab® 16.2.4 ‘About Minitab X

Installed Components: ..
Language Pack-English: 16.2.4.0 M"“tab 16

Licensing: 16.2.4.0
Core: 16.2.4.0

Product licensed to:
Arifuddin
Products installed:
Minitab® 16.2.4
Installed Components:
J. Language Pack - English: 16.2.4.0 ot
|| ticensing: 16.2.4.0
Core: 16.2.4.0 Installed Products
| [© 2013 Minitab Inc. Al rights reserved. oo I |
| [MINITAB® and the MINITAB logo™ are trademarks of Minitab Inc. Al | |
lother marks referenced remain the property of their respective owners.
| o |

For screening purposes, the factorial design was applied using the Plackett-Burman design. Based on the description
in the previous section, it can be concluded that the factor variables in the current study are the concentration of
maltodextrin (Filler), the feed pump flow rate (feed pump-RPM), the outlet temperature (T, ), the fan speed representing
the hot air flow rate (Fan), and the atomization air pressure (Nozzle). Hence, the factor of the Plackett-Burman design
was set as five factors with 12 runs. Table 2 presents the design of the experiment for the current study. The responses

for the variable will be the yield and the tapped density of the instant tea product.

Table 2. Design of Experiment using factorial Plackett-Burman design five factors for 12 runs

StdOrder RunOrder Feed pump Tout  Nozzle Fan Filler
(RPM)  (C)  (kPa) (Hz) (%) wiw
o 1 10 60 60 36 25
> 2 20 70 60 36 25
12 3 10 60 60 28 15
1 4 10 70 60 28 15
7 5 10 70 180 36 15
6 6 20 70 180 28 25
3 7 10 70 180 28 25
8 8 10 60 180 36 25
2 9 20 70 60 36 15
10 10 20 60 60 28 25
1 1 20 60 180 28 15
4 12 20 60 180 36 15
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The Instant Tea Yield Analysis
The instant tea yield analysis was based on the total solid content of the tea extract, which was calculated with Equation

(D).
TS5 (g) = 4.59% x Tea extract (g) + Filler (g) (1)
The instant tea yield was calculated using the formula in Equation (2).

Mass of instant tea collected
Instant tea yvield (%) = ! TS () (9) x 100% (2)

The instant tea yield was calculated based on Product A and Product B, while the total yield was a summary of both
yields.

Density Analysis

The density analysis was based on the tapped density method using Copley JV-1000. The bulk density was analyzed by
weighing 20 g of the sample into a measuring glass. The volume, which was occupied by the sample, was defined as the
bulk volume. Then, the measuring glass was tapped 1250 times or when the volume remained constant (the difference is
less than 2%) [14], [15]. The volume is reduced after tapped and defined as the tapped volume. The tapped density was
calculated based on Equation (3).

Instant tea sample (g)

Tapped density {g/mI) = 3)

Tapped volume (ml)

RESULT AND DISCUSSION

Table 3 presents the mass and density of Product A and Product B based on the Design of Experiment order. Based
on the data in this table, the yield calculation of each product (Product A and Product B) was conducted.

Table 3. Mass and density of Product A and Product B based on the Design of Experiment variable

Total

RunOrder Total Solid Product A Product B Product Yield of Product Density of Product
€3) (@ (@ €3) A(%)  B(%)  A(g/ml) B (g/ml)
1 443 181.2261 209.669 390.8951 409088  47.3293 0.4412 0.5770
2 400 113.1328 109.6442 222.7770 28.2832 274111 0.4444 0.6667
3 261 111.242 55.1931 166.4351 42.6215 21.1468 0.4762 0.5405
4 252 120.4192 100.68 221.0992 477854 39.9524 0.3774 0.5000
5 240 165.466 22.6524 188.1184 68.9442  9.4385 0.3922 0.3390
6 378 186.0516 85.7481 2717997 49.2200  22.6847  0.4348 0.3704
7 389 191.1688 82.4868 273.6556 49.1437 21.2048  0.3704 0.4000
8 391 142.755 107.4308 250.1858 36.5102 27.4759 0.4545 0.4878
9 291 99.0295 123.4607 2224902  34.0308  42.4264  0.4615 0.6123
10 409 78.0911 26.5026 104.5937 19.0932 6.4799 0.4255 0.7143
11 262 121.4079 88.5455 209.9534 46.3389  33.7960 0.4348 0.4444
12 248 145.6681 60.3996 206.0677 58.7371 24.3547  0.4651 0.4651

The analysis of variance (ANOVA) was conducted based on Minitab® using the data from Table 2 and Table 3. The
result was presented as a Pareto diagram of yield and density in Figure 2 and Figure 3 for Product A and Product B,
respectively.
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Figure 2. Parcto chart of the standardized effects of yield and density of Product A

Based on Figure 2, it can be seen that all standardized effects do not pass the threshold line, where the effect is 3.707
on both the yield and density Pareto graph. This indicates that there is no significant factor in both the yield and density
of Product A. In other words, the significant factor that affects the yield and the density of Product A cannot be predicted
by the suggested model.

However, based on the rank of the factors, it can be stated that the atomization air pressure (nozzle), the concentration
of maltodextrin (filler), and the feed pump flow rate (RPM) are the top 3 most significant factors for yield of Product
A. In addition, based on the rank of the factors, it can be stated that the top 3 most significant factors for the density of
Product A are the outlet temperature (Tout), the feed pump flow rate (RPM), and the fan speed. The feed pump flow rate
(RPM) is suggested to be the significant variable affecting Product A in yield and density because it is included in the
top three variables of both yield and density of Product A.

Moreover, the yield and the density of Product A can be predicted based on Equation (4) and Equation (5), respectively.
The equations can be seen as follows.

Yield A=-0.8415A+ 0.5575B + 0.133597C + 0.276875D — 1.25517E + 20.0625 4
Density A =0.00257A —0.00361B + 0.0029125D + 0.558933 5)

A, B, C, D, and E are RPM, Tout, Nozzle, Fan, and Filler, respectively. Based on Equation (4), it can be concluded
that RPM and Filler negatively affect the yield of product A. In other words, the higher the feed flow rate (RPM) and the
filler concentration (filler), the lower the yield. On the contrary, the other variables, i.e., Tout, Nozzle, and Fan, affect
the yield positively, where the yield increases as the variable increases. This phenomenon is in good agreement with the
previous study, which stated that the Tout was in positive relation to the product yield [16]—-[18]. However, some studies
state that Tout has a negative relation to the product yield [19]-[21]. This contentious result was due to the natural
properties of both the raw and the carrier material as well as the process condition applied [22], [23].

Moreover, based on Equation (5), it can be observed that the Tout negatively affects the density of product A, while
the increase of the feed pump flow rate (RPM) and the hot air flow rate (Fan) will increase the density as well. However,
the Nozzle and Filler were considered to have very little effect on density that the coefficient is almost zero. Hence, they
are neglected in Equation (5).
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Figure 3. Pareto chart of the standardized effects of yield and density of Product B
Based on Figure 3, the nozzle pressure is the most significant factor affecting the density of Product B. On the other

hand, the most significant factor affecting the yield of product B cannot be predicted by the suggested model because the
standardized effect of each factor in the Pareto graph is less than the threshold.
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However, based on the rank of the factors, the atomization air pressure (Nozzle), the hot air flow rate (Fan), and the
concentration of the filler (Filler) are the top 3 most significant factors for the yield of Product B, while the feed pump
flow rate (RPM) and the outlet temperature (T ) are included as the top 3 most significant factors that affect the density
of Product B, beside the atomization air pressure (Nozzle).

Moreover, the yield and the density of Product A can be predicted based on Equation (6) and Equation (7), respectively.
The equations can be seen as follows.

Yield B=—-0.1585A + 0.0435B — 0.0636806C + 0.69146D — 0.3085E + 18.2008 (6)
Bensity B =0.03574A —0.02839B — 0.09201C + 0.01486D + 0.02624E + 0.50979 (7

where A, B, C, D, and E are RPM, T, , Nozzle, Fan, and Filler, respectively. According to Equation (6), it can be seen
that T and Fan have a positive effect on the yield of Product B, which will increase if the T and the Fan increase. This
is the same relation to the yield of Product A. On the other hand, the yield of product B has a negative relation to RPM,
Nozzle, and Filler. In other words, to increase the yield of Product B, the feed pump flow rate (RPM), the atomization
air pressure (Nozzle), and the concentration of filler (Filler) should be decreased.

Moreover, based on Equation (7), it can be observed that the RPM, the Fan, and the Filler have a positive relation
to the density of Product B, while the T  and Nozzle have a negative relation to the density of Product B. Almost all
variables resulted in the same effect on the density of Product B as in Product A. However, in Product A, the nozzle and
filler have an insignificant effect that is neglected, while in Product B, it is both in negative and positive relation to the
density, respectively. Previous studies have also reported this phenomenon. The consecration of filler can be in positive
relation [17], [19], [22] or with no relation to the product density [24]. However, some contradictive results were also
reported, where the concentration had a negative relation to the product density [25].

Finally, based on this analysis, it can be concluded that the most significant variable in the density of Product B is
the atomization air pressure (nozzle). Moreover, there were some contradictive results regarding the relation of some
variables to both the product yield and the product density.

CONCLUSION

An experiment was carried out to predict the significant variables in the spray drying process for the production of
instant tea powder. The variables included maltodextrin concentration (Filler), the feed pump flow rate (RPM), outlet
temperature (T ), the hot air flow rate (Fan), and atomizing air pressure (Nozzle). The density and yield were used as
inputs in the analysis of variance (ANOVA), where a Pareto chart was produced as the result, and a predictive equation
was derived.

Based on the Pareto chart, the significant variable can be predicted only for the density of Product B. Unfortunately,
the model suggested by Minitab® cannot predict the significant variables for other parameters, i.e., the yield of Product
A, the density of Product A, and the yield of Product B, due to the low standardized effect value of each variable.
However, the top three variables that affect the parameter can be predicted based on the rank in the Pareto graph. Based
on the rank in the Pareto chart, the feed pump flow rate (RPM) and the atomization air pressure (Nozzle) are suggested
to be the significant variable that affects both the yield and the density of Product A and Product B, respectively.

Moreover, some relation between the variable and the response has been discussed. The RPM and Filler negatively
affect the yield of Product A, while the T, Nozzle, and Fan affect the yield of Product A positively. Moreover, the T
negatively affects the density of Product A, while RPM and Fan affect the density of Product A positively. In addition,
T , and Fan have a positive effect on the yield of Product B; on the contrary, the yield of Product B has a negative
relation to RPM, Nozzle, and Filler. The RPM, the Fan, and the Filler have a positive relation to the density of Product
B, while the T and Nozzle have a negative relation to the density of Product B. Some of this relation was also observed
in the other studies.

ACKNOWLEDGEMENT

The authors gratefully acknowledge the research grant and financial support provided by Nasional Research and
Innovation Agency in conjunction with Indonesian Endowment Fund for Education Agency (BRIN-LPDP) with scheme
Riset dan Inovasi untuk Indonesia Maju (RIIM).

REFERENCES

[1] C. Boutari and C. S. Mantzoros. “A 2022 Update on the Epidemiology of Obesity and A Call to Action: As Its Twin COVID-19
Pandemic Appears to be Receding, the Obesity and Dysmetabolism Pandemic Continues to Rage On.” Metabolism., vol. 133,
p. 155217, 2022.

[2] S. M. Fruh. “Obesity: Risk Factors, Complications, and Strategies for Sustainable Long-Term Weight Management.” J. Am.
Assoc. Nurse Pract., vol. 29, no. S1, pp. S3-S14, 2017.

50 https://ejournal.brin.go.id/jsmi =



Fitriady et al. | Jurnal Sains Materi Indonesia | Vol. 26, Issue 1 (2024)

1. J. Douglas, J. Langham, K. Bhaskaran, R. Brauer, and L. Smeeth. “Orlistat and the Risk of Acute Liver Injury: Self
Controlled Case Series Study in UK Clinical Practice Research Datalink.” BM.J, vol. 346, pp. 1-9, 2013.

W. C. Reygaert. “The Antimicrobial Possibilities of Green Tea.” Front. Microbiol., vol. 5, no. 434, 2014.

M. Pervin, K. Unno, T. Ohishi, H. Tanabe, N. Miyoshi, and Y. Nakamura. “Beneficial Effects of Green Tea Catechins on
Neurodegenerative Diseases.” Molecules, vol. 23, no. 6, 2018.

L. Zang, Y. Shimada, H. Nakayama, H. Katsuzaki, Y. Kim, D.-C. Chu, L. R. Juneja, J. Kuroyanagi, and N. Nishimura.
“Preventive Effects of Green Tea Extract Against Obesity Development in Zebrafish.” Molecules, vol. 26, no. 9, 2021.

F. Thielecke and M. Boschmann. “The Potential Role of Green Tea Catechins in The Prevention of The Metabolic Syndrome
- A Review.” Phytochemistry, vol. 70, no. 1, pp. 11-24, 2009.

T. Nagao, Y. Komine, S. Soga, S. Meguro, T. Hase, Y. Tanaka, and I. Tokimitsu. “Ingestion of A Tea Rich in Catechins Leads
to A Reduction in Body Fat and Malondialdehyde-Modified LDL in Men.” Am. J. Clin. Nutr., vol. 81, no. 1, pp. 122-129,
2005.

T. Ali, A. Habib, F. Muskan, S. Mumtaz, and R. Shams. “Health Risks Posed by Microplastics in Tea Bags: Microplastic
Pollution - A Truly Global Problem.” Int. J. Surg., vol. 109, no. 3, pp. 515-516, 2023.

B. S. Chandra and V. Gopikrishna. Grossman's Endodontic Practice. Haryana: Wolters Kluwer Health (India), 2014.

C. A. Maulina, A. Rosarrah, and M. Djaeni. “Aplikasi Spray Dryer untuk Pengeringan Larutan Garam Amonium Perklorat
sebagai Bahan Propelan.” J. Teknol. Kim. Dan Ind., vol. 2, no. 4, pp. 84-92, 2013.

L. S. C. Wan, P. W. S. Heng, and C. V. Liew. “The influence of liquid spray rate and atomizing pressure on the size of spray
droplets and spheroids.” Int. J. Pharm., vol. 118, no. 2, pp. 213-219, 1995.

J.J. O’Sullivan, E. A. Norwood, J. A. O’Mahony, and A. L. Kelly. “Atomisation technologies used in spray drying in the dairy
industry: A review.” J. Food Eng., vol. 243, pp. 57-69, 2019.

A. O. Beringhs, F. M. Souza, A. M. de Campos, H. G. Ferraz, and D. Sonaglio. “Technological Development of Cecropia
glaziovi Extract Pellets by Extrusion-Spheronization.” Rev. Bras. Farmacogn., vol. 23, no. 1, pp. 160-168, 2013.

C. A. Bernal Rodriguez, V. L. Bassani, L. Castellanos, F. A. Ramos Rodriguez, and Y. Baena. “Development of An Oral
Control Release System from Physalis peruviana L. Fruits Extract Based on The Co-Spray-Drying Method.” Powder
Technol., vol. 354, pp. 676688, 2019.

M. Fazaeli, Z. Emam-Djomeh, A. Kalbasi-Ashtari, and M. Omid. “Effect of process conditions and carrier concentration for
improving drying yield and other quality attributes of spray dried black mulberry (Morus nigra) juice.” Int. J. Food Eng., vol.
8, no. 1,2012.

H. Vardin and M. Yasar. “Optimisation of pomegranate (Punica Granatum L.) juice spray-drying as affected by temperature
and maltodextrin content.” Int. J. Food Sci. Technol., vol. 47, no. 1, pp. 167-176, 2012.

R. V. Tonon, C. Brabet, and M. D. Hubinger. “Influence of process conditions on the physicochemical properties of agai
(Euterpe oleraceae Mart.) powder produced by spray drying.” J. Food Eng., vol. 88, no. 3, pp. 411-418, 2008.

E. L. Avila, M. C. Rodriguez, and H. J. C. Velasquez. “Influence of maltodextrin and spray drying process conditions on
sugarcane juice powder quality.” Rev. Fac. Nac. Agron. Medellin, vol. 68, no. 1, pp. 7509-7520, 2015.

S. E. Papadakis, C. Gardeli, and C. Tzia. “Spray drying of raisin juice concentrate.” Dry. Technol., vol. 24, no. 2, pp. 173—180,
2006.

G. R. Chegini and B. Ghobadian. “Spray dryer parameters for fruit juice drying.” World J. Agric. Sci., vol. 3, no. 2, pp.
230-236, 2007.

E. Eroglu, I. Tontul, and A. Topuz. “Optimization of aqueous extraction and spray drying conditions for efficient processing
of hibiscus blended rosehip tea powder.” J. Food Process. Preserv., vol. 42, no. 6, p. e13643, 2018.

H. Sahin Nadeem, M. Torun, and F. Ozdemir. “Spray drying of the mountain tea (Sideritis stricta) water extract by using
different hydrocolloid carriers.” Lwt, vol. 44, no. 7, pp. 1626-1635, 2011.

P. Tewa-Tagne, S. Briancon, and H. Fessi. “Preparation of redispersible dry nanocapsules by means of spray-drying:
Development and characterisation.” Eur: J. Pharm. Sci., vol. 30, no. 2, pp. 124-135, 2007.

A. M. Goula and K. G. Adamopoulos. “Effect of maltodextrin addition during spray drying of tomato pulp in dehumidified
air: II. powder properties.” Dry. Technol., vol. 26, no. 6, pp. 726737, 2008.

article distributed under the terms and conditions of the Creative Commons

@ @ @ Copyright © 2024 Author(s). Publish by BRIN Publishing. This article is open access

51

Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0)

https://ejournal.brin.go.id/jsmi =





