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Lina Handayani <ijphs@iaescore.com> 1 November 2022 pukul 13.36
Kepada: apt widyasari putranti <widyasari@pharm.uad.ac.id>

The following message is being delivered on behalf of International Journal
of Public Health Science (IJPHS).

apt widyasari putranti:

Thank you for submitting the manuscript, "Formulation of Intra and
Extra-Granularly Croscarmellose in Fast Disintegrating Tablet of Bay Leaf
Extract (Syzygium polyanthum)" to International Journal of Public Health
Science (IJPHS). With the online journal management system that we are
using, you will be able to track its progress through the editorial process
by logging in to the journal web site:

Manuscript URL:
https://ijphs.iaescore.com/index.php/IJPHS/author/submission/22666
Username: widyasari

If you have any questions, please contact me. Thank you for considering this
journal as a venue for your work.

Lina Handayani
International Journal of Public Health Science (IJPHS)
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Kepada: apt widyasari putranti <widyasari@pharm.uad.ac.id>

The following message is being delivered on behalf of International Journal
of Public Health Science (IJPHS).

Dear Prof/Dr/Mr/Mrs: apt widyasari putranti,

We have reached a decision regarding your submission entitled "Formulation

of Intra and Extra-Granularly Croscarmellose in Fast Disintegrating Tablet

of Bay Leaf Extract (Syzygium polyanthum)" to International Journal of

Public Health Science (IJPHS), a peer-reviewed and an OPEN ACCESS journal
that makes significant contributions to major areas of public health

science.

Our decision is to revisions

The goal of your revised paper is to describe novel technical results.

A high quality paper MUST has:

(1) a clear statement of the problem the paper is addressing --> explain in
"Introduction” section

(2) the proposed solution(s)/method(s)/approach(es)/framework(s)/ ....

(3) results achieved. It describes clearly what has been done before on the
problem, and what is new.

In preparing your revised paper, you should pay attention to:

1. Please ensure that: all references have been cited in your text; Each

citation should be written in the order of appearance in the text; The

references must be presented in numbering and CITATION ORDER is SEQUENTIAL
[11, [21, [3], [4], -.....

Please download & study our published papers for your references:

- http://ijphs.iaescore.com

- http://ijere.iaescore.com

- http://journal.uad.ac.id/index.php/edulearn

- http://iaescore.com/journals (other journals)

(Please use “Search” menu under "JOURNAL CONTENT" menu in right side of
the site)

2 An Introduction should contain the following three (3) parts:

- Background: Authors have to make clear what the context is. Ideally,
authors should give an idea of the state-of-the art of the field the report

is about.

- The Problem: If there was no problem, there would be no reason for writing
a manuscript, and definitely no reason for reading it. So, please tell

readers why they should proceed reading. Experience shows that for this part
a few lines are often sufficient.

- The Proposed Solution: Now and only now! - authors may outline the
contribution of the manuscript. Here authors have to make sure readers point
out what are the novel aspects of authors work. Authors should place the
paper in proper context by citing relevant papers. At least, 5 references
(recently journal articles) are used in this section.

3. Results and discussion section: The presentation of results should be

simple and straightforward in style. This section report the most important
findings, including results of statistical analyses as appropriate. You

should present the comparison between performance of your approach and other
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researches. Results given in figures should not be repeated in tables. It is

very important to prove that your manuscript has a significant value and not
trivial.

Please submit your revised paper within 6 weeks.

| look forward for hearing from you

Thank you

Best Regards,
Dr. Lina Handayani

The following template should be used for responses to reviewers:

| would like to thank the reviewers for their insightful feedback. All
comments from Reviewer 1 are highlighted in yellow, those from Reviewer 2
are highlighted in red, and those from Reviewer 3 are highlighted in green.

Reviewer 1

Comment 1: There are some references that are not required.
Response: We thoroughly updated our references; 5 references were
eliminated, and two were replaced by more recent publications.

Comment 2: The presentation of Figures 2 and 3 should be improved.
Response: The necessary adjustments have been made.

Comment 3: Equation (2) seems to be incorrect.

Response: Equation (2) is correct. This can be proven as follows....

In order to clarify equation 9 in the manuscript, the following remarks have
been added... etc.

All changes for reviewer 1 are highlighted in yellow in the main text.

Reviewer 2

Comment 1:
Response:

Comment 2:
Response:

Comment 3:
Response:

All changes for reviewer 2 are highlighted in red in the main text.

Etc.

Such a document clarifies everything and will aid the reviewers in

evaluating the work fast.

When providing your amended primary document files, you must also upload
your corrections statement. Before your manuscript, the declaration of
revisions should appear.

Reviewer J:

Does the paper contain an original contribution to the field?:
Yes

Is the paper technically sound?:
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Yes

Does the title of the paper accurately reflect the major focus contribution
of this paper?:
Yes

Please suggest change of the title as appropriate within 10 words:

Is the abstract a clear description of the
paper?

Yes

Please suggest change of the abstract

Is the paper well written (clear, concise, and well organized)?:
No

Are the equations, figures and tables in this journal style, clear,
relevant, and are the captions adequate?:
No

Please score the paper on a scale of 0 - 10 as per the directions below:

9-10 Excellent - Outstanding
7-8 Good

5-6 Average

3-4 Poor

0-2 Very Poor

5

Comments to the Authors (how to improve this paper)::

-The template of paper needs a double check to follow all preparation rules
and requirements rigidly. See:
https://ijphs.iaescore.com/index.php/IJPHS/about/submissions#authorGuidelines

-Separate citations with commas, For example in your paper, citation [7][8]
can be written: [7], [8].

- Simplify multiple citations, for example in your paper [3][4][5][6]., it
should be write: [3]-[6].

-Write citation from small number. For example in your paper: [10][6] it
should be write: [6], [10].

-If you put citation at the end of the sentence make sure it comes before
".". For example in your paper: "... cholesterol levels.[3][4][5][6]" it

should be write: ...cholesterol levels [3]-[6].

CHECK ALL citing references and do the revision. Use Mendeley/reference
manager to help you manage the citations.

-In subsection "Weight uniformity test" the Perka BPOM RI can be write in
italic style and describe it, since it is using local language. Please note

that not all the readers understand your language. Use English so that your
idea is understood by all the readers. Or you can inform the "BPOM RI" in
nomenclature or explain more in the introduction.

-In second paragraph of introduction, there are abbrevitations: LDL, HDL,
HMG -CoA, for the first appearance in a paper, please expand the
abbreviation(s)/acronym(s). Also, write explanation first then
abbrevitation. For example in your paper: LOD (Loss on Drying), MC (
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Moisture Content), write as: loss on drying (LOD), moisture content (MC).
CHECK ALL abbrevitation on the whole paper.

-Sub-Figures 1(a)-(b) and 2(a)-(d) are not mentioned in the text.

If a figure contains subfigures, explain what the whole figure illustrates

before explaining what the subfigures do. This is important to make the
readers get what the relation between those subfigures is, and why they are
put in the same figure's number instead of making them two different figures
in separate numbering.

Complete the description by explaining the relation of the images, why these
images should be grouped together in the same image as subfigures, and not
split up as several different images.

-The subfigures of 2: (c) sclerenchyma maybe it is (d) sclerenchyma.

-As written in the journal template, table is written with a font size of
8pt, no bold in the row/colum.

-In the method section, re-write "Bay Leaf Ethanol Extract, FDT Formulation
of Bay Leaf Extract, Granule Physical Properties Test Parameters,
Flowability test, Average diameter test, Fragility test, Absorption test" as
sub-section. For example:

2.1 Bay Leaf Ethanol Extract

2.2 FDT Formulation of Bay Leaf Extract

2.3Granule Physical Properties Test Parameters.

... etc

-Some references are in local language, translate it. As this is an
international journal, readers are from all over the world, not all the
readers understand your language. Use English so that your idea is
understood by all the readers.

-Elaborate the biographies into min. 3 sentences. It should include: the
links of the researchers social media accounts of the authors as complete as
possible: Scopus (if available), ORCID (required), Google.

Reviewer K:

Does the paper contain an original contribution to the field?:
Yes

Is the paper technically sound?:
Yes

Does the title of the paper accurately reflect the major focus contribution
of this paper?:

Yes
Please suggest change of the title as appropriate within 10 words:

Is the abstract a clear description of the
paper?

Yes

Please suggest change of the abstract
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Is the paper well written (clear, concise, and well organized)?:
Yes

Are the equations, figures and tables in this journal style, clear,
relevant, and are the captions adequate?:
Yes

Please score the paper on a scale of 0 - 10 as per the directions below:

9-10 Excellent - Outstanding
7-8 Good

5-6 Average

3-4 Poor

0-2 Very Poor

6

Comments to the Authors (how to improve this paper)::

The paper has been written quite well. However, there are some things that
need to be improved to improve the quality of the paper: The references
should be writen in international language (English)

Reviewer L:

Does the paper contain an original contribution to the field?:
Yes

Is the paper technically sound?:
Yes

Does the title of the paper accurately reflect the major focus contribution
of this paper?:
Yes

Please suggest change of the title as appropriate within 10 words:
Not Needed. Title is clear

Is the abstract a clear description of the
paper?

Yes

Please suggest change of the abstract
Not needed

Is the paper well written (clear, concise, and well organized)?:
Yes

Are the equations, figures and tables in this journal style, clear,
relevant, and are the captions adequate?:
Yes

Please score the paper on a scale of 0 - 10 as per the directions below:

9-10 Excellent - Outstanding
7-8 Good
5-6 Average
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3-4 Poor
0-2 Very Poor

8

Comments to the Authors (how to improve this paper)::
Paper is well structured.

Ref. from Journal article must be completed with vol., issue, pages, DOI
- Update references in recent 10 years

- Cite references in IEEE Style, not APA Style

- Write biographies of authors after ref. section

- Complete the ORCID ID for each author in Biographies section.
-Make sure that each paragraph at least contained three sentences.

- Each reference must be completed with DOl and can be traced online.
- Similarity should be no more than 20 percent.

- Proof read the English to expert.

- State the research funding and its contract number, if any in the
acknowledgment section

International Journal of Public Health Science (IJPHS)
http://ijphs.iaescore.com
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Balas Ke: "Dr. Lina Handayani" <ijphs@iaescore.com>
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The following message is being delivered on behalf of International Journal
of Public Health Science (IJPHS).

Dear Prof/Dr/Mr/Mrs: apt widyasari putranti,
some references are old and missed the DOI.

-Make sure that each paragraph at least contained three sentences.
- Add implication of your research in Conclusion section.
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Lina Handayani <ijphs@iaescore.com> 16 Mei 2023 pukul 12.30
Balas Ke: "Dr. Lina Handayani" <ijphs@iaescore.com>
Kepada: apt widyasari putranti <widyasari@pharm.uad.ac.id>

The following message is being delivered on behalf of International Journal
of Public Health Science (IJPHS).

-- Paper ID# 22666
-- Authors must strictly follow the guidelines for authors at
http://iaescore.com/gfa/ijphs.docx

Dear Prof/Dr/Mr/Mrs: apt widyasari putranti,

It is my great pleasure to inform you that your paper entitled "Formulation

of Intra and Extra-Granularly Croscarmellose in Fast Disintegrating Tablet

of Bay Leaf Extract (Syzygium polyanthum)" is ACCEPTED and will be published

on the International Journal of Public Health Science (IJPHS). This journal

is accredited SINTA 1 by Ministry of Research and Technology/National

Research and Innovation Agency, Republic of Indonesia (RISTEK-BRIN) and has
ACCEPTED for inclusion (indexing) in Scopus
(https://suggestor.step.scopus.com/progressTracker/?trackinglD=D331D503BA1584BF)
since 2020 issues
(https://www.scopus.com/results/results.uri?src=s&st1=&st2=&sot=b&sdt=b&origin=searchbasic&rr=&sl|=57&s=
SRCTITLE%Z20(International%20Journal%200f%20Public%20Health%20Science).
Congratulations!

Please prepare your final camera-ready paper (in MS Word or LATEX file
format) adheres to every detail of the guide of authors (MS Word:
http://iaescore.com/gfalijphs.docx, or http://iaescore.com/gfa/ijphs.rar for
LATEX file format), and check it for spelling/grammatical mistakes. Then you
should upload your final paper though our online system (as "author version"
under our decision, NOT as new submission).

You should submit your camera-ready paper along with your payment receipt
and similarity report (that less than 20%) within 6 weeks.

| look forward to hearing from you.
Thank you

Best Regards,
Dr. Lina Handayani

You should submit all your documents:

1. Camera-ready paper

2. Similarity report, along with

3. Your payment evidence

to email: ijphs@iaescore.com within 6 weeks.

All correspondence should be addressed to the emails (support by phone is
not provided).
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IMPORTANT!!

1). PLEASE ADHERE STRICTLY THE GUIDE OF AUTHORS !!
http://iaescore.com/gfal/ijphs.docx and pay attention to the checklist for
preparing your FINAL paper for publication:
http://ijphs.iaescore.com/index.php/I[JPHS/about/editorialPolicies#custom-5

2). It is mandatory to present final paper in the sections structure "IMRADC
style™:

1. INTRODUCTION

2. The Proposed Method/Framework/Procedure specifically designed
(optional)

3. METHOD

4. RESULTS AND DISCUSSION

5. CONCLUSION

See http://iaescore.com/gfalijphs.docx

3). It is mandatory!! Add biographies of authors as our template (include
links to the authors' profiles, do not delete any icons in the template).
See http://iaescore.com/gfalijphs.docx

--> Provide links for all authors to the 4 icons (Scholar, Scopus, Publons
and ORCID)

4). Use different PATTERNS for presenting different results in your graphics
(instead of different colors). It is mandatory!! Re-check all your figures.
See http://iaescore.com/gfa/ijphs.docx

5). Please ensure that all references have been cited in your text. Use a
tool such as EndNote, Mendeley, or Zotero for reference management and
formatting, and choose IEEE style. Each citation should be written in the
order of appearance in the text in square brackets. For example, the first
citation [1], the second citation [2], and the third and fourth citations
[3], [4]. When citing multiple sources at once, the preferred method is to
list each number separately, in its own brackets, using a comma or dash
between numbers, as such: [1], [3], [5]. It is not necessary to mention an
author's name, pages used, or date of publication in the in-text citation.
Instead, refer to the source with a number in a square bracket, e.g. [9],
that will then correspond to the full citation in your reference list.
Examples of in-text citations:

This theory was first put forward in 1970 [9].

Zadeh [10] has argued that ...

Several recent studies [7], [9], [11]-[15] have suggested that....

... end of the line for my research [16].

6). Please present all references as complete as possible and use IEEE style
(include information of DOls, volume, number, pages, etc). If it is

available, DOI information is mandatory!! See
http://iaescore.com/gfalijphs.docx

In order to cover part of the publication cost, each accepted paper is
charged: USD 265 (~IDR 3850K).

This charge is for the first 8 pages, and if any published manuscript over 8
pages will incur extra charges USD 50 (~IDR 800K) per page. Your paper is 9
pages.

The payment should be made by bank transfer (T/T):

Bank Account name (please be exact)/Beneficiary: LINA HANDAYANI
Bank Name: CIMB NIAGA Bank

Branch Office: Kusumanegara Yogyakarta

City: Yogyakarta

Country : Indonesia

Bank Account #: 760164155700
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SWIFT Code: BNIAIDJAXXX (PT. BANK CIMB NIAGA, TBK. in JAKARTA)

or as an alternative of the bank transfer, through PayPal to email:
info@iaesjournal.com

International Journal of Public Health Science (IJPHS)
http://ijphs.iaescore.com
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IJPHS Editor <ijphs@iaescore.com> 11 Agustus 2023 pukul 10.37
Kepada: widyasari putranti <widyasari@pharm.uad.ac.id>

Baik bu terima kasih, kami tunggu segera untuk camera ready dan hasil similartynya

On Fri, Jul 28, 2023 at 3:22 PM widyasari putranti <widyasari@pharm.uad.ac.id> wrote:
Berikut terlampir payment utk artikel 22666. Utk camera ready paper dan similirity menyusul. Terima kasih
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Kampus 1: JIn. Kapas No. 9 Yogyakarta
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Telp. : (0274) 563515, 511830, 379418, 371120
Fax. : (0274) 564604

widyasari putranti <widyasari@pharm.uad.ac.id> 14 Agustus 2023 pukul 14.46
Kepada: [JPHS Editor <ijphs@iaescore.com>

berikut kami lampirkan camera ready paper dan cek similirity
Widyasari Putranti, M.Sc., Apt

Departement of Technology Pharmaceutical

Pharmacy Faculty of Ahmad Dahlan University Yogyakarta Indonesia
Hp 081.328.899.770
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Formulation of Intra and Extra-Granularly Croscarmellose in
Fast Disintegrating Tablet of Bay Leaf Extract (Syzygium

polyanthum)

Widyasari PutrantfEDesty Restia Rahmawati!, Nining Sugihartini', Teuku Nanda Saifullah?
'Faculty of Pharmacy, Ahmad Dahlan University, Yogyakarta, Indonesia
Faculty of Pharmacy, Gadjah mada University, Yogyakarta, Indonesia

Article Info ABSTRACT

Article history: Bay leaves contain the Mavonoid quercetin which can be used as an
anlihypﬂidemic drug. The development of antihyperlipidemic drug

Received month dd, yyyy formula in the form of Fast Disintegrating Tablet (FDT) is needed for patients

Revised month dd, yyyy who experience dysphagia. FDT preparations require [§BJoptimal super
Accepted month dd, yyyy disintegrant concentration to produce a good drug formula. This study aims to

develop the FDT formula for 70% ethanol extract of bay leaves using the super
disintegrant croscarmellose sodium (CCS) intra and extra-granular, FDT
Keywords: Formulation using the wet granulation method with varations in CCS

" . concentrations, namely F1: 2%, F2: 3.5%, and F3: 5% (extra granular), while
Bay Lfia? Eml‘“’,l 2% (intra granular), The formulation process, in-process control (IPC)
Fast Disintegrating Tablel granules, weight uniformesls. and various physical properties tests of
Croscarmellose sodium tablets were carried out. Data were statistically analyzed using One Way
Extra granular ANOVA. test (1=95%). The results of statistical tests of IPC granules,
Intra granular uniformity of weight, and tablet size of all FDT formulas were not
significantly different (p>0.05). CCS concentration difference extra granular
significantly affected the wetting time, disinte gration time, hardness, and the
value of % friability of FDT (p< 0.05). The combination of intra and exira
granular CCS (2%:5%) gave the most optimum physical properties of bay leafl
extract FDT.

This is an open-access article under the CC BY-SA license.

Corresponding Author:

Widyasari Putranti

Faculty of PharmacAhmad Dahlan University, Yogyakarta, Indonesia
Email: Widyasari@pharm.uad.ac.id

1. INTRODUCTION

Plant germplasm resources as raw materials for medicinese of which is a bay leaf (Syzygium
polyanthum). Bay leaves are known to contain secondary metabolites, such as saponins, terpenoids, e/()noids
(quercetin), polyphenols, alkaloids, steroids, and essential oils (sesquiterpenes)[1]-[2]. Based on the Decree of
the Minister of Health of the Republic of Indonesia (2009), bay leaves contain a total flavonoid of not less than
0.40% which is calculated as quercetin[3]. Querom in bay leaves the potential as an antihyperlipidemic which
has been shown to be able to significantly reduce levels of triglycerides, total cholesterol, and anLow-Densityty
Lipoprotein (LDL) cholesterol in plasma and tissues in hyperlipidemic rats with a parallel increase in High-
Density Lipoprotein (HDL), as well as inhibiting 3-hidroksi-3-metilglutaril coenzyme A (HMG -CoA) activity,
reductase, and LDL oxidation.[4]-[5]

Conventional drugs for hyperlipidemia are generally available in tablet form. However, the tablet
dosage form has several disadvantages. Some of them require a long absorption time in the body, slow drug
action, and elderly patients may experience difficulty swallowing or dysphagia[6]. Seeing the problems that
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arise from conventional tablets, the herbal Fast Disintegrating Tablet (FDT) of bay leaf extract is the right
alternative so that the drug can be used comfortably and has a therapeutic effect more quickly. FDT is a solid
dosage form containing pharmaceutically active substances that can be disintegrated quickly, generally within
seconds when placed on the tongue, so that FDT can release the active drug substance immediately, speed up
the onset, increase the oral bioavailability of the drug in the body so that therapeutic t:tivcncss can be
achieved|[7]-[8]. FDT preparations combine 2 advantages of preparations, namely liquid which can increase
the solubility and bioavailability of drugs. as well as the advantages of solid dosage forms that have high
physicochemical stability, relatively constant homogeneity of the active ingredients of the preparation, and
easier manufacturing.

FDT is formulated with croscarmellose sodium (CCS) super disintegrant which is classified as a
strong swelling product with a good wumclbsorption mechanism[8].[9]. CCS is effectively used in FDT
preparations because it rapidly expands to 4-8 times its initial volume when in contact with water, thus
accelerating the tablet-crushing process. CCS is effective intra-granular which allows for better capillary and
swelling processes, causing the tablet to disintegrate quickly and reduce disintegration time[9]. The addition
of intra and extra-granular crushing materials can increase the effectiveness of tablet disintegration through
two stages, namely extra granular which breaks the tablet into granules, and intra granular breaks down the
granules into smaller particles, with the mechanism of the crushing material that experiences rapid swelling
and water absorption (wicking) through the gaps between the granules and the particles that make up the
granules[10]. This study aims to develop herbal fast-disintegrating tablets (herbal FDT) with the active
ingredient of bay leaf ethanol extract. The concentration of CCS super disintegrant intra and extra-granular
needs to be determined to obtain the FDT of bay leaf extract with optimum physical properties.

2. METHOD

The ingredients used were simplicia and bay leaf extract (Beringharjo Market, Yogyakarta Indonesia)
in the form of fresh bay leaf simplicia, ethanol, croscarmellose sodium (PT. Phapros Tbk), lactose, magnesium
slearate, aspartame, menthol and corn starch paste. The tools used are Ohaus Analytical Balance, Absorption
test equipment granules, Volumenometer (Tapped Density Tester), Flow Tester granule, Oven, Rotary
evaporator calipers, Sieving Machine, Vacuum Pump, Dry Granule Sieve, Wet Granule Sieve, Pan, Halogen
Moisture Analyzer, Single Punch Tablet Printing Machine, Hardness Tester, Friability Tester, and
Disintegration Tester.
2.1 Bay Leaf Ethanol Extract

Bay leaves were extracted by maceration method using 70% ethanol solvent with a sample: solvent
ratio (1:10) (w/v)[3]. Maserati and pulp were separated by the vacuum pump and filter paper. The solvent
was evaporated using a rotary evaporator. The viscous extract obtained was calculated for its yield.

2.2 FDT Formulation of Bay Leaf Extract

FDT was made by the wet granulation method. At the granulation stage, the process of mixing,
extracting, super disintegrant CCS (intra granular), lactose, and corn starch. The mixture was sieved through a
wet (No. 18 mesh)., oven-dried (50-60°C). then sifted dry (No. 20 mesh). Extra granular granules and excipients
consisting of magnesium stearate, aspartame, menthol, and CCS (extra granular) mixed until homogeneous (30
minutes). Mixture Extra granular granules and excipients that have been homogenized are compressed using a
single punch tablet press.

2.3 Granule Physical Properties Test Parameters
Moisture content (MC) test

The moisture content of granules can be determined based on the value of LOD (Loss on Drying) and
MC. LOD is a test for measuring the difference in heavy total granules when before and after drying or a
moisture content statement based on wet weight. Meanwhile, MC is a statement of moisture content based on
dry weight. Measurements using the Halogen Moisture Analyzer tool. Good granule moisture content if the
LOD and MC values are 10% [11]
Flowability test

The flow properties of the granules can be tested by calculating the angle of repose, the flow time test,
and the determination index (Hausner ratio). The granule angle of repose is said to be very good (25 -30); good
(30-35%) or 25° > < 35. A good granule flow time is not more than 10 seconds for 100 grams of granules.
Excellent granule setting index (<10); good (11-15). and the Hausner ratio index that meets the require ments
for the physical properties of the granule mass, which is very good (1.00-1.11); good (1.12-1.18).[12]
Average diameter test
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Sieve No. 14, 16, 20, 30, 50 mesh and pan, installed in stages on the sieving machine (50 amplitude,
15 minutes). The granules left on each sieve were weighed and the percentage was calculated.[11]
Fragility test

The fragility of the granules is based on the number of fines that occur after the friability test by
sieving[ 13]. The granules were put into a graded sieve with the top sieve No. 30 mesh and bottom pan, using
a sieving machine (50 amplitude, 30 minutes).
Absorption test

The water absorption of the granules affects the tablet’s disintegration time (disintegration). It was
carried out with a series of absorption test equipment by placing 300 mg of granules on a water-saturated sheath
paper. The absorbed water was measured using a digital scale for 15 minutes or until it was constant.[8]

2.4 Physical Properties Test Parameters of FDT
Weight uniformity test

Requirements and weight uniformity tests are determined based on the regulation of the National Food
and Drug Agency of the Republic of Indonesia concerning the quality requirements of traditional medicines.
The test was carried out by weighing 20 tablets one by one, from 20 tablets no more than 2 tablets, each of
which deviated from the average weight by more than the price specified in column A and not one tablet whose
weight deviated from the average weight. the average is greater than the price specified in column B [14]
Size uniformity test (diameter and thickness)

Each tablet was measured in diameter in a horizontal position with a caliper, and the thickness of the
et was measured in a vertical position with a caliper (millimeters).

Hardness test
The tablet hardness test was carried out by taking a sample of at least 6 tablets from each formula.

The tablet hardness test is carried out using hardness tester tablets. One by one the tablets are tested by placing
the tablets in the center perpendicular to the hardness tester. A good FDT hardness is 3-5 kg/em?.[12],[15]
Fragility test

For tablets with a single weight of exactly or less than 650 mg, the total weight of the tested samples
was close to 6.5 grams. Prior to testing, the tablets were dusted and weighed. All tablets were put into the
friability tester (speed 25 rpm, 4 minutes). The tablets were cleaned of adhering fines and re-weighed. A good
friabilityaluc should not be more than 19 [12]
Wetting time test

The wetting time test was done by placing a sheet of filter paper that has been folded twice into a petri
dish with affffimeter of 5 cm. The petri dish was filled with 5.0 mL of distilled water containing the strawberry
red dye. A tablet is lhelmmed on the filter paper, and simultaneously with the start of the test instrument, the
stopwatch is turned on. Wetting time was calculated as the time required for a red color to appear on the entire
surface of the tablet.[16]
Disintegration time[Z} (disintegration)

A total G{S tablets of each formula were placed in each tube and a disk was placed on it, the test was
carried out with water medium at a temperature of 37+ 2 °C or 35-39 C using a 1000 mL glass beaker. The
disintegration time requirement for FDT preparations is at least < 1 minute disintegration time.[12],[17]

2.5 Data analysis
The results of the physical cxﬂmon of granules and tablets of FDT bay leaf extract were analyzed
using the One Way ANOVA test method with a 95% confidence level.

3. RESULTS AND DISCUSSION

Bay leaf simplicia was tested for macroscopic (organoleptic) specifications on fresh and dried
simplicia, as well as microa:pic tests for simplicia parts and identification fragments of simplicia powder.
The simplicia specification test was carried out to ensure the correctness of the identity and quality of the bay
leaf simplicia based on the Indonesian Herbal Pharmacopoeia compendia and Indonesian Materia Medika.
Based on the microscopic test results on figure | there are identifier fragments namely (a) lower epidermis with
stomata, (b) upper epidermis, (c)elements with dots, (d) prism-shaped calcium oxalate crystals, and (e )
sclerenchyma. The results of the specification test for the simplicia of bay leaves showed that the simplicia
aed met the requirements of organoleptic and microscopic terms. The determination test of bay leaf simplicia
at the Biology Laboratory of Ahmad Dahlan University (UAD) was carried out to ensure that the selected bay
leaf simplicia was in accordance with its species or identity.[3]
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(d) (e)
Figure 1. identification fragments of bay leaf; (a) lower epidermis, (b) upper epidermis, (c) floem, (d)
calcium oxalate crystal, (e) sclerenchyma

3.1 Extraction Bay Leaf

Fresh simplicia of bay leaves were sorted wet, dried using an oven (50-60°C) with a moisture content
of not more than 10%, then sorted dry. Simplicia powder for extract preparation is a fine Simplicial (No. 60
mesh) in order to optimize the extraction process[18]. The results of the simplicial extraction of bay leaves
weighing 3.7 kg obtained a thick extract of 347 grams. The total yield of the thick extract obtained was 9.38%.
The morphology of the viscous extract is shown in Figure 2. Screening mmeterminution of the chemical
compound flavonoid quercetin contained in the thick extract of bay leaves was carried out at the Integrated
Research Laboratory of the Faculty of Pharmacy, UAD. According to the NEEstry of Health (2017), bay leaves
contain a total flavonoid of not less than 0.40% calculated as quercetin. Based on the results of the test the
flavonoid content of 0.8079 + 0.0045%, so that it meets the specifications for the total flavonoid content of bay
leaves.[18]

Figure 2. Bay leaf Extract

3.2 FDT Formulation

FDT formulation method with wet granulation is gocﬂsed for water-resistant active ingredients and
heating temperature[ 19]. The active ingredient in bay leaf is quercetin (3,3'4'5,7-pentahydroxyflavone) is a
flavonoid derivative compound that is resistant to heating with a melting point of 316.5 °C [20], while the wet
granulation process ranges from at a temperature of 40-60°C. The wet granulation method can improve the
flowability and compactibility of the material and facilitate the FDT formulation process from the active
ingredient in the form of a thick extract[21]. Wet granulation has the advantage of good content distribution
and uniformity, besides that the hydrophobic surface of the tablet becomes more hydrophilic which affects the
water absorption process into the tablet, thereby increasing the speed of tablet disintegration[22]. The work of
woven fibers between granules can increase the speed of tablet disintegration[23], it is synergistic with the
presence of CCS super disintegrant extra granular which facilitates swelling and absorption of water into
granules and their small particles.

The concentration of CCS super disintegrant intra-granular of the three formulas was the same, ie 2%
(10 mg/tablet), and extra granular was formulated with varying levels, F1 2% (10), F2 3.5% (17.5), and F3 5%
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(25 mgftablet). The FDT formula for bay leaf extract is shown in Table 1. Based on the Handbook of
pharmaceutical excipients the use of CCS in the wet granulation process should be added in the wet or
granulation (intra-granular) stage, as well as in the dry (extra-granular) process[9].]24]. Because this method
can increase the wicking ability (water absorption) and swelling of the CCS super disintegrantt.[9]

Table 1. Formula of FDT Bay Leaf]24]

Composition (mg)

Ingredient Fi = i

TED e exiract 0 70 70
Croscarmellose sodium (intra granular) 10 10 10

Lactose 380 374 366
Croscarmellose sodium (extra granular) 10 17.5 25
Magnesium stearate 3 hj 5
Aspaitame 20 20 20
Menthol 1 1 1
Corn starch paste 5% wiv qs qs qs
Total Weight (mg) 500 500 SO0

3.2.1 Granule Physical Properties Test Parameters

MC and LOD wvalues granules from all formulas (table 2), the results obtained meet the
requirements of 109 ( p> 0.05). The flow properties of the granules show the results of the angle of repose of
the granules ranging from 30-35 (good), granule flow time of 10-14 grams/second (good), and the
determination test/Hausner ratio (very good). The flow properties of granules are very influential on the tablet
compression process, granules with good flow properties will cause the granules to enter the die space to be
relatively constant so that the tablet weights with small weight variations can be obtained and can increase the
uniformity of the resulting tablet dosage [8],[25]

Table 2. Results of Examination of Physical Properties of FDT Granules of Bay Leaf Extract

Test Parameters Formula

Fl1 F2 F3
LOD + SD (6)* 7.03£0.76 6.29+1.28 6.57=1.18
MC = SD (%)* 2.98+0.17 2.35+0.33 2.69+0 31
Angle of repose + 8D (*)* 30.66+1.75 31.18+2.92 3008230
Flow time = SD (grams/second)* 1298+1.28 13,120 89 11 85048
Assignment = SD (%)* 317104 283104 3.83:0.76
Hausner ratio Index = SD* 1.030.01 1.03+0.01 1.04+0.01
Average diameter + SD (g m)* 694 .64+28 87 657 58+39.65 HUR.14226.09
Fragility = SD (%)* 0.8028+0.20 0.8199005 (1.5863=0.04
Absorption = SD (mg/min)* (L 186005 0.188+0 .05 (L127+001

Information:
(*) sig value. (p>0.05) means that the three formulas are not significantly different

The average diameter of all granules ranged from 650-700 m (p> 0.05) and the value of % friability
of the granules ranged from 0.5-0.9% (p> 0.05). The granule absorption test for all formulas had absorption
between 0.120-0.190 mg/minute ( p> 0.05 ). The granule absorption shows the speed of the granules in
absorbing water to crush the granules into small particles so as to speed up the tablet disintegration time. All
In Process Control (IPC) granule parameters have met the requirements so that the tableting process can be
continued with a single punch tablet press with a punch pressure of 13 kg.

3.2.2 Physical Properties Test Parameters of FDT

The uniformity of tablet weight is related to the uniformity of active substance levels and therapeutic
effects. The uniformity of tablet weight (table 3) can be seen from the coefficient of variation F1, F2, ':l F3
all <59%, (0.0942, 0.1246, and 0.2103) %, respectively. The weight uniformity test based on the National Food
and Drug Agency of the Republic of Indonesia requirements, shows the results that meet the requirements,
where the tablet meets the specified weight deviation limit value range.

Hardness ranges FDT be good tablet from 3-5 kg/cm 2[15], while the conventional tablet, is 4-8
kg/em?. The FDT hardness (table 3) shows results that meet the requirements. Hardness affects the brittleness
and disintegration time of tablets, as well as the dissolution/release of the active drug substance[9]. The results
of statistical analysis of tablet hardness with sig. (p<0.05) indicates that the hardness of the three FDT formulas
1s significantly different. The hardness of FDT tablets is strongly influenced by the CCS super disintegrant
excipient. FDT (F3) produced the hardest tablet with the highest extra-granular CCS concentration (5%),
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causing the particles in the tablet to be tightly bound. Croscarmellose sodium (Ac-Di-Sol) is a super
disintegrant with a fibrous cross-linked polymer structure that functions as a disintegrant with a strong swelling
mechanism, fiber is able to bind strongly to the particles so as to increase the hardness and reduce the brittleness
of the tablet[26]. This causes the tablet to have good compatibility. so there is a tendency to increase hardness
as the amount of CCS in the tablet increases[27]. Another factor that affects the hardness of FDT is the upper
punch pressure during the tableting process, the greater the pressure used, the harder the FDT will be. The
results of the diameter and thickness measurements of the tablets showed that the size of the entire tablet was
uniform (homogeneous).

The friability value of the tablet is based on the requirements, which should not be more thz@%[]Z].
The fragility value of FDT is shown in Table 3 with a friability value of <1% so that FDT meets the
requirements. The results of the tablet friability statistical test have a sig value. (p <0.05) means that the fragility
value between formulas is significantly different. CCS super disintegrant is a factor influencing fragility.
Formula 3 with the highest number of CCS has the smallest friability value, where there is a Lerﬂncy to
decrease the friability value as the amount of CCS in the tablet increases. The friability value is inversely
proportional to the tablet’s hardness, where the harder a tablet is, the smaller the friability value will be.
FDT wetting time is shown in Table 3, FDT (F3) with the highest number of CCS has the smallest
wetting time. Wetting time is a palmeter to determine the speed of FDT in absorbing water, which affects the
speed of tabfllisintegration. The faster the wetting time, the faster the tablet disintegration. The wetting time
of tablets is influenced by the structure of the tablet matrix and the hydrophilicity of the excipients[28]. The
result of statistical analysis of FDT wetting time has a sig value. ( p <0.05) means that the formulas differ
significantly. FDT (F3) with the highest number of CCS had the fastest time for wettable tablets, super
disintegrant CCS being the most influential factor. The cross-linked chemical structure of CCS creates
excipients that have hydrophilic properties and very easy-to-absorb solvents resulting in outstanding swelling
properties in the disintegration process.

Table 3. Results of Examination of Physical Properties of Bay Leaf Extract FDT Tablets

Formula Note
Test Parameters
Fl F2 F3
Weight uniformity £ 5D (mg) 50442 048 50 4.78 £0.63 50443+ 1.06 Appropriate *
Diameter + 8D (mm) 1200 =000 1200000 1200000 Appropriate *
Thickness +SD (mm) 3.67+0.00 367000 368001 Appropriate *
Hardness = SD (kg) 4.46+0.25° 450+0.27 © 5242032 % In accordance
Fragility + 5D (%) 0.77+0.05 0.72+0.04 © 0.52+0.04 ** In accordance
Wetting time = 5D (seconds) 50.33+£306° 4333 £404° 20,00 £2.65 In accordance
Disintegration time = SD (seconds) 45,335 86° 38.33£3.79 ¢ 19.67+3.06 0 In accordance

Information:

(*) sig value. (p>0.05) means that the three formulas are not significantly different
(*) means a formula that gniﬁcantly different from the formula 1

(") means a formula that is significantly different from the formula 2

(©) means a formula that is significantly different from formula 3;

F1: CCS intra granular 2% : extra granular 2%

F2: CCS intra granular 2% : extra granular 3.5%

F3: CCS intra granular 2% : extra granular 5%

Disintegration (disintegration) time FDT has at least a disintegration time of less than 1 minute[17].
Another source says that in-vitro about 30 seconds or less[29]. whereas according to Ph. euros. is <3 min in
the oral cavity before swallowing[30].[31]. The faster disintegration time will increase the speed of drug release
from the tablet which affects the effectiveness of therapy . The results of the disintegration time of FDT in table
3 show that it meets the requirements of the disintegration time of FDT (<1 minute). FDT disintegration time
test are shown in table 3 with FDT (F3) having the fastest disintegration time, due to the higher levels of CCS
used in F3 than F1 and F2. The results of the statistical test of tablet disintegration time have a sig value. (p
<0.05) means that each formula 15 significantly different. According to Rowe (2009), CCS has a dual
mechanism, namely water wicking and rapid swelling[9] . The highly porous form of the structure speeds up
the disintegration time, because water quickly enters the tablet and increases the tablet wetting rate, through
the gaps between the granules and the granule pores[32]. This is related to the factor of the amount of CCS
super disintegrant excipient used in each formula intra and extra-granular. The use of intra and extra-granular
affects the decrease in tablet disintegration time through the swelling mechanism, and along with the increase
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in the extra-granular CCS concentration, the disintegration time will be faster. The FDT disintegration pattern
is also facilitated by intra-granular CCS which causes the tablets to be finely crushed not in the form of granules
but into small particles so that the speed of disintegration is optimal. The optimum formula for FDT of bay leaf
extract is shown in Table 4 with the results of all evaluations of the physical properties of the granules and
FDT (F3) that meet the requirements and show the optimum results of physical parameters.

Table 4 . Various Parameters of Optimized Tablet Formula (F3)

No. Test Parameters Optimized Formula Value
1. Weight uniformity = SD (mg) 504.43 =106

2, Diameter = SD (mm) 12.00 = 0.00

3. Thickness = SD (mm) 3682001

4 Violence + 8D (kg) 5244032

5. Fragility + SD (%) 052+0.04

L3 Welting time + SD (seconds) 20000 £ 2 65

7. E;-:;?It:i;minn time = 5D 19.6743.06

1

!he results of this study are in line with the research of Puri et al.[25] and Ainurofiq & Azizah[33].
that the combination of intra-granular and extra-granular can produce tablets with the most effective
disintegration time by providing better tablet physical properties, compared to intra-granular or extra-granular
only. Extra-crushing material Granules have a high tendency to absorb water from the surrounding liquid
through the tablet-breaking mechanism[34]. Tablets with disintegrant intra-granular have a higher hardness
than tablets with extra granular crushing agents [33]. By combining intra and extra granular super disintegrants.
a good level of tablet hardness can be obtained so that the tablet is not brittle and has a faster disintegration
time with the mechanism of tablet disintegration into granules (extra granular factor) and granules into small
particles (intra granular factor).

4. CONCLUSION

The combination of CCS intra granular 10mg (2%) and extra granular 25mg(5%) can produce FDT
with the most effective. In addition, super disintegrant CCS extra granular can affect the physical properties of
FDT.
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Bay leaves (Syzygium polyanthum) contain the flavonoid quercetin which can
be wused as an antihyperlipidemic drug. The development of
antihyperlipidemic drug formula in the form of fast disintegrating tablet
(FDT) is needed for patients who experience dysphagia. FDT preparations
require an optimal super disintegrant concentration to produce a good drug
formula. This study aims to develop the FDT formula of bay leaves extract
using the super disintegrant croscarmellose sodium (CCS) intra and extra-
granular. FDT formulation using the wet granulation method with variations
of CCS concentrations; F1: 2%, F2: 3.5%, and F3: 5% for extra granular, and
2% for intra granular. The formulation process, in-process control (IPC)
granules, weight uniformity tests, and various physical properties tests of
tablets were carried out. Data were statistically analyzed using one way
ANOVA test (0=95%). The results of statistical tests of IPC granules,
uniformity of weight, and tablet size of all FDT formulas were not
significantly different (p>0.05). The CCS concentration for extra granular

significantly affected the wetting time, disintegration time, hardness, and the
value of friability percentage of FDT (p<0.05). The combination of intra and
extra-granular CCS (2%:5%) gave the most optimum physical properties of
bay leaf extract FDT.
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1. INTRODUCTION

Plant germplasm resources are raw materials for medicines, one of which is a bay leaf (Syzygium
polyanthum). Bay leaves are known to contain secondary metabolites, such as saponins, terpenoids, flavonoids
(quercetin), polyphenols, alkaloids, steroids, and essential oils (sesquiterpenes)[1]-[2]. Based on the Decree of
the Minister of Health of the Republic of Indonesia (2009), bay leaves contain a total flavonoid of not less than
0.40% which is calculated as quercetin [3]. Quercetin in bay leaves the potential as an antihyperlipidemic which
can significantly reduce levels of triglycerides, total cholesterol, and low-density lipoprotein (LDL) cholesterol
in plasma and tissues in hyperlipidemic rats with a parallel increase in high-density lipoprotein (HDL), as well
as inhibiting 3-hidroksi-3-metilglutaril coenzyme A (HMG-CoA), reductase, and LDL oxidation [4].

Conventional drugs for hyperlipidemia are generally available in tablet form. However, the tablet
dosage form has several disadvantages. Some of them require a long absorption time in the body, and slow
drug action, and elderly patients may experience difficulty swallowing or dysphagia [5]. Seeing the problems
that arise from conventional tablets, the herbal fast disintegrating tablet (FDT) of bay leaf extract is the right
alternative so that the drug can be used comfortably and has a therapeutic effect more quickly. FDT is a solid
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dosage form containing pharmaceutically active substances that can be disintegrated quickly, generally within
seconds when placed on the tongue. This properties of FDT can release the active drug substance immediately,
speed up the onset, increase the oral bioavailability of the drug in the body so that therapeutic effectiveness
can be achieved [6]-[7]. FDT preparations combine two advantages of preparations, namely liquid which can
increase the solubility and bioavailability of drugs, as well as the advantages of solid dosage forms that have
high physicochemical stability, relatively constant homogeneity of the active ingredients of the preparation,
and easier manufacturing.

FDT is formulated with croscarmellose sodium (CCS) super disintegrant which is classified as a
strong swelling product with a good water absorption mechanism [7]-[8]. CCS is effectively used in FDT
preparations because it rapidly expands to 4-8 times its initial volume when in contact with water, thus
accelerating the tablet-crushing process. CCS is effective intra-granular which allows for better capillary and
swelling processes, causing the tablet to disintegrate quickly and reduce disintegration time [8]. The addition
of intra and extra-granular crushing materials can increase the effectiveness of tablet disintegration through
two stages, i) extra granular which breaks the tablet into granules, and ii) intra granular breaks down the
granules into smaller particles. The mechanism is crushing material that experiences rapid swelling and water
absorption (wicking) through the gaps between the granules and the particles that make up the granules [9].
This study aims to develop herbal FDT with the active ingredient of bay leaf ethanol extract. The concentration
of CCS super disintegrant intra and extra-granular needs to be determined to obtain the FDT of bay leaf extract
with optimum physical properties.

2. METHOD

The ingredients used were bay leaf extract in the form of fresh bay leaf collected from tradisional
market, Beringharjo market, Yogyakarta, Indonesia, ethanol 70%, croscarmellose sodium (PT. Phapros Tbk),
lactose, magnesium stearate, aspartame, menthol and corn starch paste (pharmaceutical grade). The tools for
extraction used are oven, rotary evaporator calipers, waterbath, vacuum pump. The tools for granule physical
properties test used are Ohaus analytical balance, absorption test equipment granules, volumenometer (tapped
density tester), flow tester granule, sieving machine, dry granule sieve, wet granule sieve, pan, halogen
moisture analyzer. the tools for tablet test used are single punch tablet printing machine, hardness tester,
friability tester, and disintegration tester.

2.1. Bay leaf ethanol extract

Bay leaves were dried in an oven at 50-60-C until a moisture content of less than 10% was obtained.
Simplicia were extracted by maceration method using 70% ethanol solvent (1:10) (w/v) [3]. Maserati and pulp
were separated by the vacuum pump and filter paper. The solvent was evaporated using a rotary evaporator.
The viscous extract obtained was calculated for its yield.

2.2. FDT formulation of bay leaf extract

FDT was made by the wet granulation method. At the granulation stage, bay leaves extract was mixed
with intra granular CCS, lactose and corn starch. The mixture was sieved through a wet (no. 18 mesh), oven-
dried (50-60°C), then sifted dry (no. 20 mesh). The granules and excipients consisting of magnesium stearate,
aspartame, menthol, and CCS (extra granular) mixed until homogeneous (30 minutes). Mixture of granules and
excipients that have been homogenized are compressed using a single punch tablet press.

2.3. Granule physical properties test parameters

The moisture content of granules can be determined based on the value of loss on drying (LOD) and
MC. LOD is a test for measuring the difference in heavy total granules when before and after drying or a
moisture content statement based on wet weight. Meanwhile, MC is a statement of moisture content based on
dry weight. Measurements using the halogen moisture analyzer tool. Good granule moisture content if the LOD
and MC values are 10% [10].

The flow properties of the granules can be tested by calculating the angle of repose, the flow time test,
and the determination index (Hausner ratio). The granule angle of repose a (degree) is said to be very good
(25°-30°); good (30-35°) or 25°><35°. A good granule flow time is not more than 10 seconds for 100 grams of
granules [11]. Excellent granule setting index (<10); good (11-15), and the Hausner ratio index that meets the
requirements for the physical properties of the granule mass, which is very good (1.00-1.11); good (1.12—
1.18).

Sieve no. 14, 16, 20, 30, 50 mesh and pan, installed in stages on the sieving machine (50 amplitude,
15 minutes). The granules left on each sieve were weighed and the percentage was calculated [10]. The fragility
of the granules is based on the number of fines that occur after the friability test by sieving. The granules were
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put into a graded sieve with the top sieve no. 30 mesh and bottom pan, using a sieving machine (50 amplitude,
30 minutes). The water absorption of the granules affects the tablet’s disintegration time (disintegration). It
was carried out with a series of absorption test equipment by placing 300 mg of granules on a water-saturated
sheath paper. The absorbed water was measured using a digital scale for 15 minutes or until it was constant

[71.

2.4. Physical properties test parameters of FDT

Requirements and weight uniformity tests are determined based on the regulation of the National Food
and Drug Agency of the Republic of Indonesia concerning the quality requirements of traditional medicines.
The test was carried out by weighing 20 tablets one by one, from 20 tablets no more than 2 tablets, each of
which deviated from the average weight by more than 5% and not one tablet whose weight deviated from the
average weight. the average is greater than 10% [12].

Each tablet was measured in diameter in a horizontal position with a caliper, and the thickness of the
tablet was measured in a vertical position with a caliper (millimeters). The tablet hardness test was carried out
by taking a sample of at least 6 tablets from each formula. The tablet hardness test is carried out using hardness
tester tablets. One by one the tablets are tested by placing the tablets in the center perpendicular to the hardness
tester. A good FDT hardness is 3-5 kg/cmz2 [11], [13].

For tablets with a single weight of exactly or less than 650 mg, the total weight of the tested samples
was close to 6.5 grams. Prior to testing, the tablets were dusted and weighed. All tablets were put into the
friability tester (speed 25 rpm, 4 minutes). The tablets were cleaned of adhering fines and re-weighed. A good
friability value should not be more than 1% [11].

The wetting time test was done by placing a sheet of filter paper that has been folded twice into a petri
dish with a diameter of 5 cm. The petri dish was filled with 5.0 mL of distilled water containing the strawberry
red dye. A tablet is then placed on the filter paper, and simultaneously with the start of the test instrument, the
stopwatch is turned on. Wetting time was calculated as the time required for a red color to appear on the entire
surface of the tablet [14]. A total of 6 tablets of each formula were placed in each tube and a disk was placed
on it, the test was carried out with water medium at a temperature of 372 °C or 35-39 °C using a 1000 ml
glass beaker. The disintegration time requirement for FDT preparations is at least <1 minute disintegration
time [11], [15].

2.5. Data analysis
The results of the physical examination of granules and tablets of FDT bay leaf extract were analyzed
using the one-way ANOVA test method with a 95% confidence level.

3. RESULTS AND DISCUSSION

Bay leaf simplicia was tested for macroscopic (organoleptic) specifications on fresh and dried
simplicia, as well as microscopic tests for simplicia parts and identification fragments of simplicia powder.
Fragments prepared by dissolving in chloralhydrate and water [16]. The simplicia specification test was carried
out to ensure the correctness of the identity and quality of the bay leaf simplicia based on the Indonesian Herbal
Pharmacopoeia compendia and Indonesian Materia Medika. Based on the microscopic test results on Figure 1
there are identifier fragments namely i) lower epidermis with stomata, ii) upper epidermis, iii) elements with
dots, iv) prism-shaped calcium oxalate crystals, and v) sclerenchyma. The results of the specification test for
the simplicia of bay leaves showed that the simplicia used met the requirements of organoleptic and
microscopic terms. The determination test of bay leaf simplicia at the Biology Laboratory of Universitas
Ahmad Dahlan (UAD) was carried out to ensure that the selected bay leaf simplicia was in accordance with its
species or identity [3], [17].

3.1. Extraction bay leaf

Fresh simplicia of bay leaves were sorted wet, dried using an oven (50-60°C) with a moisture content
of not more than 10%, then sorted dry. Simplicia powder for extract preparation is a fine simplicial (No. 60
mesh) in order to optimize the extraction process [18]. The results of the simplicial extraction of bay leaves
weighing 3.7 kg obtained a thick extract of 347 grams. The total yield of the thick extract obtained was 9.38%.
The morphology of the viscous extract is shown in Figure 2. Screening and determination of the chemical
compound flavonoid quercetin contained in the thick extract of bay leaves was carried out at the Integrated
Research Laboratory of the Faculty of Pharmacy, UAD. According to the Ministry of Health (2017), bay leaves
contain a total flavonoid of not less than 0.40% calculated as quercetin. Based on the results of the test the
flavonoid content of 0.8079+0.0045%, so that it meets the specifications for the total flavonoid content of bay
leaves[17]. Quercetin is an active substance that has medicinal effects such as antiherlipidemia, antibacterial,
antidiabetic, antioxidant [18], [19].

Influence of croscarmellose in fast disintegrating tablet ... (Widyasari Putranti)
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Figure 1. Identification fragments of bay leaf; (a) lower epidermis, (b) upper epidermis, (c) floem,
(d) calcium oxalate crystal, (e) sclerenchyma

Figure 2. Bay leaf Extract

3.2. FDT formulation

FDT formulation method with wet granulation is good used for water-resistant active ingredients and
heating temperature [10]. The active ingredient in bay leaf is quercetin (3,3',4',5,7-pentahydroxyflavone) is a
flavonoid derivative compound that is resistant to heating with a melting point of 316.5 °C [20], while the wet
granulation process ranges from at a temperature of 40-60 °C. The wet granulation method can improve the
flowability and compatibility of the material and facilitate the FDT formulation process from the active
ingredient in the form of a thick extract [21]. Wet granulation has the advantage of good content distribution
and uniformity, besides that the hydrophobic surface of the tablet becomes more hydrophilic which affects the
water absorption process into the tablet, thereby increasing the speed of tablet disintegration [22]. The work of
woven fibers between granules can increase the speed of tablet disintegration[23], it is synergistic with the
presence of CCS super disintegrant extra granular which facilitates swelling and absorption of water into
granules and their small particles.

The concentration of CCS super disintegrant intra-granular of the three formulas was the same, 2%
(10 mg/tablet), and extra granular was formulated with varying levels, F1 2% (10), F2 3.5% (17.5), and F3 5%
(25 mg/tablet). The FDT formula for bay leaf extract is shown in Table 1. Based on the Handbook of
pharmaceutical excipients the use of CCS in the wet granulation process should be added in the wet or
granulation (intra-granular) stage, as well as in the dry (extra-granular) process [21]. Because this method can
increase the wicking ability (water absorption) and swelling of the CCS super disintegrant.[8]

Int J Public Health Sci, Vol. 13, No. 1, March 2024: 1-1x



Int J Public Health Sci ISSN: 2252-8806 a 5

Table 1. Formula of FDT bay leaf extract

Ingredient Composition (mg)

F1 F2 F3

Bay leaf extract 70 70 70
Croscarmellose sodium (intra granular) 10 10 10

Lactose 380 374 366
Croscarmellose sodium (extra granular) 10 175 25
Magnesium stearate 5 5 5
Aspartame 20 20 20
Menthol 1 1 1
Corn starch paste 5% w/v gs as gs

Total weight (mg) 500 500 500

3.2.1. Granule physical properties test parameters

One of the most crucial elements of wet granulation is the water content, MC and LOD has been was
measured and the values of granules from all formulas as shown in Table 2, the results obtained meet the
requirements of 10% (p>0.05). Water content will affect granule characteristics, including granule size and
compressibility. The flow properties of the granules show the results of the angle of repose of the granules
ranging from 30-35 (good), granule flow time of 10-14 grams/second (good), and the determination
test/Hausner ratio (very good). The flow properties of granules are very influential on the tablet compression
process, granules with good flow properties will cause the granules to enter the die space to be relatively
constant so that the tablet weights with small weight variations can be obtained and can increase the uniformity
of the resulting tablet dosage [8], [24], [25].

The average diameter of all granules ranged from 650-700 m (p>0.05) and the value of friability
percentage of the granules ranged from 0.5-0.9% (p>0.05)[13]. The granule absorption test for all formulas
had absorption between 0.120-0.190 mg/minute (p>0.05). The granule absorption shows the speed of the
granules in absorbing water to crush the granules into small particles so as to speed up the tablet disintegration
time. All in process control (IPC) granule parameters have met the requirements so that the tableting process
can be continued with a single punch tablet press with a punch pressure of 13 kg.

Table 2. Results of examination of physical properties of FDT granules of bay leaf extract

Test parameters Formula
F1 F2 F3
LOD+SD (%)* 7.03+0.76 6.29+1.28 6.57+1.18
MC+SD (%)* 2.98+0.17 2.35+0.33 2.69+0.31
Angle of reposexSD (°)* 30.66+1.75 31.18+2.92 30.08+2.30
Flow time+SD (grams/second)* 12.98+1.28 13.12+0.89 11.85+0.48
Assignment+SD (%)* 3.17+1.04 2.83+1.04 3.83+0.76
Hausner ratio Index+SD* 1.03+0.01 1.03+0.01 1.04+0.01
Average diameter£SD (um)* 694.64+28.87 657.58+39.65 698.14+26.09
Fragility=SD (%)* 0.8028+0.20 0.8199+0.05 0.5863+0.04
Absorption+SD (mg/min)* 0.186+0.05 0.188+0.05 0.127+0.01

Note: (*) sig value. (p>0.05) means that the three formulas are not significantly different

3.2.2. Physical properties test parameters of FDT

The uniformity of tablet weight is related to the uniformity of active substance levels and therapeutic
effects. The uniformity of tablet weight (Table 3) can be seen from the coefficient of variation F1, F2, and F3
all <5%, (0.0942, 0.1246, and 0.2103) %, respectively. The weight uniformity test based on the National Food
and Drug Agency of the Republic of Indonesia requirements, shows the results that meet the requirements,
where the tablet meets the specified weight deviation limit value range.

Hardness ranges FDT be good tablet from 3-5 kg/cm? [13], while the conventional tablet, is
4-8 kg/cm?. The FDT hardness as shown in Table 3 shows results that meet the requirements. Hardness affects
the brittleness and disintegration time of tablets, as well as the dissolution/release of the active drug substance
[8]. The results of statistical analysis of tablet hardness with sig. (p<0.05) indicates that the hardness of the
three FDT formulas is significantly different. The hardness of FDT tablets is strongly influenced by the CCS
super disintegrant excipient. FDT (F3) produced the hardest tablet with the highest extra-granular CCS
concentration (5%), causing the particles in the tablet to be tightly bound. Croscarmellose sodium (Ac-Di-Sol)
is a super disintegrant with a fibrous cross-linked polymer structure that functions as a disintegrant with a
strong swelling mechanism, fiber is able to bind strongly to the particles so as to increase the hardness and
reduce the brittleness of the tablet [26]. This causes the tablet to have good compatibility, so there is a tendency
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to increase hardness as the amount of CCS in the tablet increases [27]. Another factor that affects the hardness
of FDT is the upper punch pressure during the tableting process, the greater the pressure used, the harder the
FDT will be. The results of the diameter and thickness measurements of the tablets showed that the size of the
entire tablet was uniform (homogeneous).

The friability value of the tablet is based on the requirements, which should not be more than 1% [11].
The fragility value of FDT is shown in Table 3 with a friability value of <1% so that FDT meets the
requirements. The results of the tablet friability statistical test have a sig. value (p <0.05) means that the fragility
value between formulas is significantly different. CCS super disintegrant is a factor influencing fragility.
Formula 3 with the highest number of CCS has the smallest friability value, where there is a tendency to
decrease the friability value as the number of CCS in the tablet increases. The friability value is inversely
proportional to the tablet’s hardness, where the harder a tablet is, the smaller the friability value will be.

FDT wetting time is shown in Table 3, FDT (F3) with the highest number of CCS has the smallest
wetting time. Wetting time is a parameter to determine the speed of FDT in absorbing water, which affects the
speed of tablet disintegration. The faster the wetting time, the faster the tablet disintegration. The wetting time
of tablets is influenced by the structure of the tablet matrix and the hydrophilicity of the excipients [28]. The
result of statistical analysis of FDT wetting time has a sig. value (p<0.05) means that the formulas differ
significantly. FDT (F3) with the highest number of CCS had the fastest time for wettable tablets, super
disintegrant CCS being the most influential factor. The cross-linked chemical structure of CCS creates
excipients that have hydrophilic properties and very easy-to-absorb solvents resulting in outstanding swelling
properties in the disintegration process.

Table 3. Results of examination of physical properties of bay leaf extract FDT tablets

Formula Note.
Test Parameters F1 Fo 3
Weight uniformity=SD (mg) 50 4.42+0.48 50 4.78+0.63 50 4.43+1.06 Appropriate*
Diameter£SD (mm) 12.00£0.00 12.00£0.00 12.00£0.00 Appropriate*
Thickness+SD (mm) 3.67+0.00 3.67+0.00 3.68+0.01 Appropriate*
HardnessSD (kg) 4.46+0.25¢ 4.50+0.27¢ 5.24+0.322P In accordance
Fragility=SD (%) 0.77+0.05¢ 0.72+0.04¢ 0.52+0.042° In accordance
Wetting time+SD (seconds) 50.33+3.06° 43.33+4.04° 20.00+2.65*° In accordance
Disintegration time+SD (seconds) 45.3345.86¢ 38.33+3.79° 19.67+3.06%° In accordance

Note: (*) sig value. (p>0.05) means that the three formulas are not significantly different
(a) means a formula that is significantly different from the formula 1
(b) means a formula that is significantly different from the formula 2
(c) means a formula that is significantly different from formula 3
F1: CCS intra granular 2%: extra granular 2%
F2: CCS intra granular 2%: extra granular 3.5%
F3: CCS intra granular 2%: extra granular 5%

Disintegration (disintegration) time FDT has at least a disintegration time of less than 1 minute [15].
Another source says that in-vitro about 30 seconds or less [29], whereas according to Ph. euros. is <3 min in
the oral cavity before swallowing [29], [30]. The faster disintegration time will increase the speed of drug
release from the tablet which affects the effectiveness of therapy. The results of the disintegration time of FDT
in table 3 show that it meets the requirements of the disintegration time of FDT (<1 minute). FDT disintegration
time test is shown in Table 3 with FDT (F3) having the fastest disintegration time, due to the higher levels of
CCS used in F3 than F1 and F2. The results of the statistical test of tablet disintegration time have a sig value
(p<0.05) means that each formula is significantly different. CCS has a dual mechanism, namely water wicking
and rapid swelling [8]. The highly porous form of the structure speeds up the disintegration time, because water
quickly enters the tablet and increases the tablet wetting rate, through the gaps between the granules and the
granule pores [31]. This is related to the factor of the number of CCS super disintegrant excipient used in each
formula intra and extra-granular. The use of intra and extra-granular affects the decrease in tablet disintegration
time through the swelling mechanism, and along with the increase in the extra-granular CCS concentration,
the disintegration time will be faster. The FDT disintegration pattern is also facilitated by intra-granular CCS
which causes the tablets to be finely crushed not in the form of granules but into small particles so that the
speed of disintegration is optimal. The optimum formula for FDT of bay leaf extract is shown in Table 4 with
the results of all evaluations of the physical properties of the granules and FDT (F3) that meet the requirements
and show the optimum results of physical parameters.

The results of this study are in line with the research of Puri et al. [24], that the combination of intra-
granular and extra-granular can produce tablets with the most effective disintegration time by providing better
tablet physical properties, compared to intra-granular or extra-granular only. Extra-crushing material granules
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have a high tendency to absorb water from the surrounding liquid through the tablet-breaking mechanism [32].
Tablets with disintegrant intra-granular have a higher hardness than tablets with extra granular crushing agents.
By combining intra and extra granular super disintegrants, a good level of tablet hardness can be obtained so
that the tablet is not brittle and has a faster disintegration time with the mechanism of tablet disintegration into
granules (extra granular factor) and granules into small particles (intra granular factor).

Table 4. Various parameters of optimized tablet formula (F3)

No. Test parameters Optimized formula value
1. Weight uniformity+SD (mg) 504.43+1.06
2. Diameter+SD (mm) 12.00£0.00
3. Thickness+SD (mm) 3.68+0.01
4. Violence+SD (kg) 5.2440.32
5. Fragility=SD (%) 0.52+0.04
6. Wetting time+SD (seconds) 20.00 +2.65
7. Disintegration time+SD 19.67+3.06
(seconds)

4. CONCLUSION

In the FDT research, to improve the poor flow properties of the extract, the wet granulation method
was carried out. The IPC results for the three formulas showed granules that met the requirements. This
research provides information that the use of extra granular CCS at higher levels will increase the rate of
disintegration. The combination of CCS intra granular 10 mg (2%) and extra granular 25 mg (5%) can produce
FDT with the most effective. By combining intra and extra granular super disintegrants, a good level of tablet
hardness can be obtained so that the tablet is not brittle and has a faster disintegration time. In addition, FDT
bay leaves extract can be used as an alternative treatment for hyperlipidemia in patients who experience
dysphagia. This research still needs development to determine the stability of FDT bay leaves extract where
the active substance is herbal medicine.
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Bay leaves (Syzygium polyanthum) contain the flavonoid quercetin which can
be wused as an antihyperlipidemic drug. The development of
antihyperlipidemic drug formula in the form of fast disintegrating tablet
(FDT) is needed for patients who experience dysphagia. FDT preparations
require an optimal super disintegrant concentration to produce a good drug
formula. This study aims to develop the FDT formula of bay leaves extract
using the super disintegrant croscarmellose sodium (CCS) intra and extra-
granular. FDT formulation using the wet granulation method with variations
of CCS concentrations; F1: 2%, F2: 3.5%, and F3: 5% for extra granular, and
2% for intra granular. The formulation process, in-process control (IPC)
granules, weight uniformity tests, and various physical properties tests of
tablets were carried out. Data were statistically analyzed using one way
ANOVA test (0=95%). The results of statistical tests of IPC granules,
uniformity of weight, and tablet size of all FDT formulas were not
significantly different (p>0.05). The CCS concentration for extra granular

significantly affected the wetting time, disintegration time, hardness, and the
value of friability percentage of FDT (p<0.05). The combination of intra and
extra-granular CCS (2%:5%) gave the most optimum physical properties of
bay leaf extract FDT.
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1. INTRODUCTION

Plant germplasm resources are raw materials for medicines, one of which is a bay leaf (Syzygium
polyanthum). Bay leaves are known to contain secondary metabolites, such as saponins, terpenoids, flavonoids
(quercetin), polyphenols, alkaloids, steroids, and essential oils (sesquiterpenes)[1]-[2]. Based on the Decree of
the Minister of Health of the Republic of Indonesia (2009), bay leaves contain a total flavonoid of not less than
0.40% which is calculated as quercetin [3]. Quercetin in bay leaves the potential as an antihyperlipidemic which
can significantly reduce levels of triglycerides, total cholesterol, and low-density lipoprotein (LDL) cholesterol
in plasma and tissues in hyperlipidemic rats with a parallel increase in high-density lipoprotein (HDL), as well
as inhibiting 3-hidroksi-3-metilglutaril coenzyme A (HMG-CoA), reductase, and LDL oxidation [4].

Conventional drugs for hyperlipidemia are generally available in tablet form. However, the tablet
dosage form has several disadvantages. Some of them require a long absorption time in the body, and slow
drug action, and elderly patients may experience difficulty swallowing or dysphagia [5]. Seeing the problems
that arise from conventional tablets, the herbal fast disintegrating tablet (FDT) of bay leaf extract is the right
alternative so that the drug can be used comfortably and has a therapeutic effect more quickly. FDT is a solid
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dosage form containing pharmaceutically active substances that can be disintegrated quickly, generally within
seconds when placed on the tongue. This properties of FDT can release the active drug substance immediately,
speed up the onset, increase the oral bioavailability of the drug in the body so that therapeutic effectiveness
can be achieved [6]-[7]. FDT preparations combine two advantages of preparations, namely liquid which can
increase the solubility and bioavailability of drugs, as well as the advantages of solid dosage forms that have
high physicochemical stability, relatively constant homogeneity of the active ingredients of the preparation,
and easier manufacturing.

FDT is formulated with croscarmellose sodium (CCS) super disintegrant which is classified as a
strong swelling product with a good water absorption mechanism [7]-[8]. CCS is effectively used in FDT
preparations because it rapidly expands to 4-8 times its initial volume when in contact with water, thus
accelerating the tablet-crushing process. CCS is effective intra-granular which allows for better capillary and
swelling processes, causing the tablet to disintegrate quickly and reduce disintegration time [8]. The addition
of intra and extra-granular crushing materials can increase the effectiveness of tablet disintegration through
two stages, i) extra granular which breaks the tablet into granules, and ii) intra granular breaks down the
granules into smaller particles. The mechanism is crushing material that experiences rapid swelling and water
absorption (wicking) through the gaps between the granules and the particles that make up the granules [9].
This study aims to develop herbal FDT with the active ingredient of bay leaf ethanol extract. The concentration
of CCS super disintegrant intra and extra-granular needs to be determined to obtain the FDT of bay leaf extract
with optimum physical properties.

2. METHOD

The ingredients used were bay leaf extract in the form of fresh bay leaf collected from tradisional
market, Beringharjo market, Yogyakarta, Indonesia, ethanol 70%, croscarmellose sodium (PT. Phapros Tbk),
lactose, magnesium stearate, aspartame, menthol and corn starch paste (pharmaceutical grade). The tools for
extraction used are oven, rotary evaporator calipers, waterbath, vacuum pump. The tools for granule physical
properties test used are Ohaus analytical balance, absorption test equipment granules, volumenometer (tapped
density tester), flow tester granule, sieving machine, dry granule sieve, wet granule sieve, pan, halogen
moisture analyzer. the tools for tablet test used are single punch tablet printing machine, hardness tester,
friability tester, and disintegration tester.

2.1. Bay leaf ethanol extract

Bay leaves were dried in an oven at 50-60-C until a moisture content of less than 10% was obtained.
Simplicia were extracted by maceration method using 70% ethanol solvent (1:10) (w/v) [3]. Maserati and pulp
were separated by the vacuum pump and filter paper. The solvent was evaporated using a rotary evaporator.
The viscous extract obtained was calculated for its yield.

2.2. FDT formulation of bay leaf extract

FDT was made by the wet granulation method. At the granulation stage, bay leaves extract was mixed
with intra granular CCS, lactose and corn starch. The mixture was sieved through a wet (no. 18 mesh), oven-
dried (50-60°C), then sifted dry (no. 20 mesh). The granules and excipients consisting of magnesium stearate,
aspartame, menthol, and CCS (extra granular) mixed until homogeneous (30 minutes). Mixture of granules and
excipients that have been homogenized are compressed using a single punch tablet press.

2.3. Granule physical properties test parameters

The moisture content of granules can be determined based on the value of loss on drying (LOD) and
MC. LOD is a test for measuring the difference in heavy total granules when before and after drying or a
moisture content statement based on wet weight. Meanwhile, MC is a statement of moisture content based on
dry weight. Measurements using the halogen moisture analyzer tool. Good granule moisture content if the LOD
and MC values are 10% [10].

The flow properties of the granules can be tested by calculating the angle of repose, the flow time test,
and the determination index (Hausner ratio). The granule angle of repose a (degree) is said to be very good
(25°-30°); good (30-35°) or 25°><35°. A good granule flow time is not more than 10 seconds for 100 grams of
granules [11]. Excellent granule setting index (<10); good (11-15), and the Hausner ratio index that meets the
requirements for the physical properties of the granule mass, which is very good (1.00-1.11); good (1.12—
1.18).

Sieve no. 14, 16, 20, 30, 50 mesh and pan, installed in stages on the sieving machine (50 amplitude,
15 minutes). The granules left on each sieve were weighed and the percentage was calculated [10]. The fragility
of the granules is based on the number of fines that occur after the friability test by sieving. The granules were
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put into a graded sieve with the top sieve no. 30 mesh and bottom pan, using a sieving machine (50 amplitude,
30 minutes). The water absorption of the granules affects the tablet’s disintegration time (disintegration). It
was carried out with a series of absorption test equipment by placing 300 mg of granules on a water-saturated
sheath paper. The absorbed water was measured using a digital scale for 15 minutes or until it was constant

[71.

2.4. Physical properties test parameters of FDT

Requirements and weight uniformity tests are determined based on the regulation of the National Food
and Drug Agency of the Republic of Indonesia concerning the quality requirements of traditional medicines.
The test was carried out by weighing 20 tablets one by one, from 20 tablets no more than 2 tablets, each of
which deviated from the average weight by more than 5% and not one tablet whose weight deviated from the
average weight. the average is greater than 10% [12].

Each tablet was measured in diameter in a horizontal position with a caliper, and the thickness of the
tablet was measured in a vertical position with a caliper (millimeters). The tablet hardness test was carried out
by taking a sample of at least 6 tablets from each formula. The tablet hardness test is carried out using hardness
tester tablets. One by one the tablets are tested by placing the tablets in the center perpendicular to the hardness
tester. A good FDT hardness is 3-5 kg/cmz2 [11], [13].

For tablets with a single weight of exactly or less than 650 mg, the total weight of the tested samples
was close to 6.5 grams. Prior to testing, the tablets were dusted and weighed. All tablets were put into the
friability tester (speed 25 rpm, 4 minutes). The tablets were cleaned of adhering fines and re-weighed. A good
friability value should not be more than 1% [11].

The wetting time test was done by placing a sheet of filter paper that has been folded twice into a petri
dish with a diameter of 5 cm. The petri dish was filled with 5.0 mL of distilled water containing the strawberry
red dye. A tablet is then placed on the filter paper, and simultaneously with the start of the test instrument, the
stopwatch is turned on. Wetting time was calculated as the time required for a red color to appear on the entire
surface of the tablet [14]. A total of 6 tablets of each formula were placed in each tube and a disk was placed
on it, the test was carried out with water medium at a temperature of 372 °C or 35-39 °C using a 1000 ml
glass beaker. The disintegration time requirement for FDT preparations is at least <1 minute disintegration
time [11], [15].

2.5. Data analysis
The results of the physical examination of granules and tablets of FDT bay leaf extract were analyzed
using the one-way ANOVA test method with a 95% confidence level.

3. RESULTS AND DISCUSSION

Bay leaf simplicia was tested for macroscopic (organoleptic) specifications on fresh and dried
simplicia, as well as microscopic tests for simplicia parts and identification fragments of simplicia powder.
Fragments prepared by dissolving in chloralhydrate and water [16]. The simplicia specification test was carried
out to ensure the correctness of the identity and quality of the bay leaf simplicia based on the Indonesian Herbal
Pharmacopoeia compendia and Indonesian Materia Medika. Based on the microscopic test results on Figure 1
there are identifier fragments namely i) lower epidermis with stomata, ii) upper epidermis, iii) elements with
dots, iv) prism-shaped calcium oxalate crystals, and v) sclerenchyma. The results of the specification test for
the simplicia of bay leaves showed that the simplicia used met the requirements of organoleptic and
microscopic terms. The determination test of bay leaf simplicia at the Biology Laboratory of Universitas
Ahmad Dahlan (UAD) was carried out to ensure that the selected bay leaf simplicia was in accordance with its
species or identity [3], [17].

3.1. Extraction bay leaf

Fresh simplicia of bay leaves were sorted wet, dried using an oven (50-60°C) with a moisture content
of not more than 10%, then sorted dry. Simplicia powder for extract preparation is a fine simplicial (No. 60
mesh) in order to optimize the extraction process [18]. The results of the simplicial extraction of bay leaves
weighing 3.7 kg obtained a thick extract of 347 grams. The total yield of the thick extract obtained was 9.38%.
The morphology of the viscous extract is shown in Figure 2. Screening and determination of the chemical
compound flavonoid quercetin contained in the thick extract of bay leaves was carried out at the Integrated
Research Laboratory of the Faculty of Pharmacy, UAD. According to the Ministry of Health (2017), bay leaves
contain a total flavonoid of not less than 0.40% calculated as quercetin. Based on the results of the test the
flavonoid content of 0.8079+0.0045%, so that it meets the specifications for the total flavonoid content of bay
leaves[17]. Quercetin is an active substance that has medicinal effects such as antiherlipidemia, antibacterial,
antidiabetic, antioxidant [18], [19].

Influence of croscarmellose in fast disintegrating tablet ... (Widyasari Putranti)
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Figure 1. Identification fragments of bay leaf; (a) lower epidermis, (b) upper epidermis, (c) floem,
(d) calcium oxalate crystal, (e) sclerenchyma

Figure 2. Bay leaf Extract

3.2. FDT formulation

FDT formulation method with wet granulation is good used for water-resistant active ingredients and
heating temperature [10]. The active ingredient in bay leaf is quercetin (3,3',4',5,7-pentahydroxyflavone) is a
flavonoid derivative compound that is resistant to heating with a melting point of 316.5 °C [20], while the wet
granulation process ranges from at a temperature of 40-60 °C. The wet granulation method can improve the
flowability and compatibility of the material and facilitate the FDT formulation process from the active
ingredient in the form of a thick extract [21]. Wet granulation has the advantage of good content distribution
and uniformity, besides that the hydrophobic surface of the tablet becomes more hydrophilic which affects the
water absorption process into the tablet, thereby increasing the speed of tablet disintegration [22]. The work of
woven fibers between granules can increase the speed of tablet disintegration[23], it is synergistic with the
presence of CCS super disintegrant extra granular which facilitates swelling and absorption of water into
granules and their small particles.

The concentration of CCS super disintegrant intra-granular of the three formulas was the same, 2%
(10 mg/tablet), and extra granular was formulated with varying levels, F1 2% (10), F2 3.5% (17.5), and F3 5%
(25 mg/tablet). The FDT formula for bay leaf extract is shown in Table 1. Based on the Handbook of
pharmaceutical excipients the use of CCS in the wet granulation process should be added in the wet or
granulation (intra-granular) stage, as well as in the dry (extra-granular) process [21]. Because this method can
increase the wicking ability (water absorption) and swelling of the CCS super disintegrant.[8]

Int J Public Health Sci, Vol. 13, No. 1, March 2024: 1-1x



Int J Public Health Sci ISSN: 2252-8806 a 5

Table 1. Formula of FDT bay leaf extract

Ingredient Composition (mg)

F1 F2 F3

Bay leaf extract 70 70 70
Croscarmellose sodium (intra granular) 10 10 10

Lactose 380 374 366
Croscarmellose sodium (extra granular) 10 175 25
Magnesium stearate 5 5 5
Aspartame 20 20 20
Menthol 1 1 1
Corn starch paste 5% w/v gs as gs

Total weight (mg) 500 500 500

3.2.1. Granule physical properties test parameters

One of the most crucial elements of wet granulation is the water content, MC and LOD has been was
measured and the values of granules from all formulas as shown in Table 2, the results obtained meet the
requirements of 10% (p>0.05). Water content will affect granule characteristics, including granule size and
compressibility. The flow properties of the granules show the results of the angle of repose of the granules
ranging from 30-35 (good), granule flow time of 10-14 grams/second (good), and the determination
test/Hausner ratio (very good). The flow properties of granules are very influential on the tablet compression
process, granules with good flow properties will cause the granules to enter the die space to be relatively
constant so that the tablet weights with small weight variations can be obtained and can increase the uniformity
of the resulting tablet dosage [8], [24], [25].

The average diameter of all granules ranged from 650-700 m (p>0.05) and the value of friability
percentage of the granules ranged from 0.5-0.9% (p>0.05)[13]. The granule absorption test for all formulas
had absorption between 0.120-0.190 mg/minute (p>0.05). The granule absorption shows the speed of the
granules in absorbing water to crush the granules into small particles so as to speed up the tablet disintegration
time. All in process control (IPC) granule parameters have met the requirements so that the tableting process
can be continued with a single punch tablet press with a punch pressure of 13 kg.

Table 2. Results of examination of physical properties of FDT granules of bay leaf extract

Test parameters Formula
F1 F2 F3
LOD+SD (%)* 7.03+0.76 6.29+1.28 6.57+1.18
MC+SD (%)* 2.98+0.17 2.35+0.33 2.69+0.31
Angle of reposexSD (°)* 30.66+1.75 31.18+2.92 30.08+2.30
Flow time+SD (grams/second)* 12.98+1.28 13.12+0.89 11.85+0.48
Assignment+SD (%)* 3.17+1.04 2.83+1.04 3.83+0.76
Hausner ratio Index+SD* 1.03+0.01 1.03+0.01 1.04+0.01
Average diameter£SD (um)* 694.64+28.87 657.58+39.65 698.14+26.09
Fragility=SD (%)* 0.8028+0.20 0.8199+0.05 0.5863+0.04
Absorption+SD (mg/min)* 0.186+0.05 0.188+0.05 0.127+0.01

Note: (*) sig value. (p>0.05) means that the three formulas are not significantly different

3.2.2. Physical properties test parameters of FDT

The uniformity of tablet weight is related to the uniformity of active substance levels and therapeutic
effects. The uniformity of tablet weight (Table 3) can be seen from the coefficient of variation F1, F2, and F3
all <5%, (0.0942, 0.1246, and 0.2103) %, respectively. The weight uniformity test based on the National Food
and Drug Agency of the Republic of Indonesia requirements, shows the results that meet the requirements,
where the tablet meets the specified weight deviation limit value range.

Hardness ranges FDT be good tablet from 3-5 kg/cm? [13], while the conventional tablet, is
4-8 kg/cm?. The FDT hardness as shown in Table 3 shows results that meet the requirements. Hardness affects
the brittleness and disintegration time of tablets, as well as the dissolution/release of the active drug substance
[8]. The results of statistical analysis of tablet hardness with sig. (p<0.05) indicates that the hardness of the
three FDT formulas is significantly different. The hardness of FDT tablets is strongly influenced by the CCS
super disintegrant excipient. FDT (F3) produced the hardest tablet with the highest extra-granular CCS
concentration (5%), causing the particles in the tablet to be tightly bound. Croscarmellose sodium (Ac-Di-Sol)
is a super disintegrant with a fibrous cross-linked polymer structure that functions as a disintegrant with a
strong swelling mechanism, fiber is able to bind strongly to the particles so as to increase the hardness and
reduce the brittleness of the tablet [26]. This causes the tablet to have good compatibility, so there is a tendency
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to increase hardness as the amount of CCS in the tablet increases [27]. Another factor that affects the hardness
of FDT is the upper punch pressure during the tableting process, the greater the pressure used, the harder the
FDT will be. The results of the diameter and thickness measurements of the tablets showed that the size of the
entire tablet was uniform (homogeneous).

The friability value of the tablet is based on the requirements, which should not be more than 1% [11].
The fragility value of FDT is shown in Table 3 with a friability value of <1% so that FDT meets the
requirements. The results of the tablet friability statistical test have a sig. value (p <0.05) means that the fragility
value between formulas is significantly different. CCS super disintegrant is a factor influencing fragility.
Formula 3 with the highest number of CCS has the smallest friability value, where there is a tendency to
decrease the friability value as the number of CCS in the tablet increases. The friability value is inversely
proportional to the tablet’s hardness, where the harder a tablet is, the smaller the friability value will be.

FDT wetting time is shown in Table 3, FDT (F3) with the highest number of CCS has the smallest
wetting time. Wetting time is a parameter to determine the speed of FDT in absorbing water, which affects the
speed of tablet disintegration. The faster the wetting time, the faster the tablet disintegration. The wetting time
of tablets is influenced by the structure of the tablet matrix and the hydrophilicity of the excipients [28]. The
result of statistical analysis of FDT wetting time has a sig. value (p<0.05) means that the formulas differ
significantly. FDT (F3) with the highest number of CCS had the fastest time for wettable tablets, super
disintegrant CCS being the most influential factor. The cross-linked chemical structure of CCS creates
excipients that have hydrophilic properties and very easy-to-absorb solvents resulting in outstanding swelling
properties in the disintegration process.

Table 3. Results of examination of physical properties of bay leaf extract FDT tablets

Formula Note.
Test Parameters F1 Fo 3
Weight uniformity=SD (mg) 50 4.42+0.48 50 4.78+0.63 50 4.43+1.06 Appropriate*
Diameter£SD (mm) 12.00£0.00 12.00£0.00 12.00£0.00 Appropriate*
Thickness+SD (mm) 3.67+0.00 3.67+0.00 3.68+0.01 Appropriate*
HardnessSD (kg) 4.46+0.25¢ 4.50+0.27¢ 5.24+0.322P In accordance
Fragility=SD (%) 0.77+0.05¢ 0.72+0.04¢ 0.52+0.042° In accordance
Wetting time+SD (seconds) 50.33+3.06° 43.33+4.04° 20.00+2.65*° In accordance
Disintegration time+SD (seconds) 45.3345.86¢ 38.33+3.79° 19.67+3.06%° In accordance

Note: (*) sig value. (p>0.05) means that the three formulas are not significantly different
(a) means a formula that is significantly different from the formula 1
(b) means a formula that is significantly different from the formula 2
(c) means a formula that is significantly different from formula 3
F1: CCS intra granular 2%: extra granular 2%
F2: CCS intra granular 2%: extra granular 3.5%
F3: CCS intra granular 2%: extra granular 5%

Disintegration (disintegration) time FDT has at least a disintegration time of less than 1 minute [15].
Another source says that in-vitro about 30 seconds or less [29], whereas according to Ph. euros. is <3 min in
the oral cavity before swallowing [29], [30]. The faster disintegration time will increase the speed of drug
release from the tablet which affects the effectiveness of therapy. The results of the disintegration time of FDT
in table 3 show that it meets the requirements of the disintegration time of FDT (<1 minute). FDT disintegration
time test is shown in Table 3 with FDT (F3) having the fastest disintegration time, due to the higher levels of
CCS used in F3 than F1 and F2. The results of the statistical test of tablet disintegration time have a sig value
(p<0.05) means that each formula is significantly different. CCS has a dual mechanism, namely water wicking
and rapid swelling [8]. The highly porous form of the structure speeds up the disintegration time, because water
quickly enters the tablet and increases the tablet wetting rate, through the gaps between the granules and the
granule pores [31]. This is related to the factor of the number of CCS super disintegrant excipient used in each
formula intra and extra-granular. The use of intra and extra-granular affects the decrease in tablet disintegration
time through the swelling mechanism, and along with the increase in the extra-granular CCS concentration,
the disintegration time will be faster. The FDT disintegration pattern is also facilitated by intra-granular CCS
which causes the tablets to be finely crushed not in the form of granules but into small particles so that the
speed of disintegration is optimal. The optimum formula for FDT of bay leaf extract is shown in Table 4 with
the results of all evaluations of the physical properties of the granules and FDT (F3) that meet the requirements
and show the optimum results of physical parameters.

The results of this study are in line with the research of Puri et al. [24], that the combination of intra-
granular and extra-granular can produce tablets with the most effective disintegration time by providing better
tablet physical properties, compared to intra-granular or extra-granular only. Extra-crushing material granules
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have a high tendency to absorb water from the surrounding liquid through the tablet-breaking mechanism [32].
Tablets with disintegrant intra-granular have a higher hardness than tablets with extra granular crushing agents.
By combining intra and extra granular super disintegrants, a good level of tablet hardness can be obtained so
that the tablet is not brittle and has a faster disintegration time with the mechanism of tablet disintegration into
granules (extra granular factor) and granules into small particles (intra granular factor).

Table 4. Various parameters of optimized tablet formula (F3)

No. Test parameters Optimized formula value
1. Weight uniformity+SD (mg) 504.43+1.06
2. Diameter+SD (mm) 12.00£0.00
3. Thickness+SD (mm) 3.68+0.01
4. Violence+SD (kg) 5.2440.32
5. Fragility=SD (%) 0.52+0.04
6. Wetting time+SD (seconds) 20.00 +2.65
7. Disintegration time+SD 19.67+3.06
(seconds)

4. CONCLUSION

In the FDT research, to improve the poor flow properties of the extract, the wet granulation method
was carried out. The IPC results for the three formulas showed granules that met the requirements. This
research provides information that the use of extra granular CCS at higher levels will increase the rate of
disintegration. The combination of CCS intra granular 10 mg (2%) and extra granular 25 mg (5%) can produce
FDT with the most effective. By combining intra and extra granular super disintegrants, a good level of tablet
hardness can be obtained so that the tablet is not brittle and has a faster disintegration time. In addition, FDT
bay leaves extract can be used as an alternative treatment for hyperlipidemia in patients who experience
dysphagia. This research still needs development to determine the stability of FDT bay leaves extract where
the active substance is herbal medicine.
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Bay leaves (Syzygium polyanthum) contain the flavonoid quercetin which can
be wused as an antihyperlipidemic drug. The development of
antihyperlipidemic drug formula in the form of fast disintegrating tablet
(FDT) is needed for patients who experience dysphagia. FDT preparations
require an optimal super disintegrant concentration to produce a good drug
formula. This study aims to develop the FDT formula of bay leaves extract
using the super disintegrant croscarmellose sodium (CCS) intra and extra-
granular. FDT formulation using the wet granulation method with variations
of CCS concentrations; F1: 2%, F2: 3.5%, and F3: 5% for extra granular, and
2% for intra granular. The formulation process, in-process control (IPC)
granules, weight uniformity tests, and various physical properties tests of
tablets were carried out. Data were statistically analyzed using one way
ANOVA test (0=95%). The results of statistical tests of IPC granules,
uniformity of weight, and tablet size of all FDT formulas were not
significantly different (p>0.05). The CCS concentration for extra granular

significantly affected the wetting time, disintegration time, hardness, and the
value of friability percentage of FDT (p<0.05). The combination of intra and
extra-granular CCS (2%:5%) gave the most optimum physical properties of
bay leaf extract FDT.
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1. INTRODUCTION

Plant germplasm resources are raw materials for medicines, one of which is a bay leaf (Syzygium
polyanthum). Bay leaves are known to contain secondary metabolites, such as saponins, terpenoids, flavonoids
(quercetin), polyphenols, alkaloids, steroids, and essential oils (sesquiterpenes)[1]-[2]. Based on the Decree of
the Minister of Health of the Republic of Indonesia (2009), bay leaves contain a total flavonoid of not less than
0.40% which is calculated as quercetin [3]. Quercetin in bay leaves the potential as an antihyperlipidemic which
can significantly reduce levels of triglycerides, total cholesterol, and low-density lipoprotein (LDL) cholesterol
in plasma and tissues in hyperlipidemic rats with a parallel increase in high-density lipoprotein (HDL), as well
as inhibiting 3-hidroksi-3-metilglutaril coenzyme A (HMG-CoA), reductase, and LDL oxidation [4].

Conventional drugs for hyperlipidemia are generally available in tablet form. However, the tablet
dosage form has several disadvantages. Some of them require a long absorption time in the body, and slow
drug action, and elderly patients may experience difficulty swallowing or dysphagia [5]. Seeing the problems
that arise from conventional tablets, the herbal fast disintegrating tablet (FDT) of bay leaf extract is the right
alternative so that the drug can be used comfortably and has a therapeutic effect more quickly. FDT is a solid
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dosage form containing pharmaceutically active substances that can be disintegrated quickly, generally within
seconds when placed on the tongue. This properties of FDT can release the active drug substance immediately,
speed up the onset, increase the oral bioavailability of the drug in the body so that therapeutic effectiveness
can be achieved [6]-[7]. FDT preparations combine two advantages of preparations, namely liquid which can
increase the solubility and bioavailability of drugs, as well as the advantages of solid dosage forms that have
high physicochemical stability, relatively constant homogeneity of the active ingredients of the preparation,
and easier manufacturing.

FDT is formulated with croscarmellose sodium (CCS) super disintegrant which is classified as a
strong swelling product with a good water absorption mechanism [7]-[8]. CCS is effectively used in FDT
preparations because it rapidly expands to 4-8 times its initial volume when in contact with water, thus
accelerating the tablet-crushing process. CCS is effective intra-granular which allows for better capillary and
swelling processes, causing the tablet to disintegrate quickly and reduce disintegration time [8]. The addition
of intra and extra-granular crushing materials can increase the effectiveness of tablet disintegration through
two stages, i) extra granular which breaks the tablet into granules, and ii) intra granular breaks down the
granules into smaller particles. The mechanism is crushing material that experiences rapid swelling and water
absorption (wicking) through the gaps between the granules and the particles that make up the granules [9].
This study aims to develop herbal FDT with the active ingredient of bay leaf ethanol extract. The concentration
of CCS super disintegrant intra and extra-granular needs to be determined to obtain the FDT of bay leaf extract
with optimum physical properties.

2. METHOD

The ingredients used were bay leaf extract in the form of fresh bay leaf collected from tradisional
market, Beringharjo market, Yogyakarta, Indonesia, ethanol 70%, croscarmellose sodium (PT. Phapros Thk),
lactose, magnesium stearate, aspartame, menthol and corn starch paste (pharmaceutical grade). The tools for
extraction used are oven, rotary evaporator calipers, waterbath, vacuum pump. The tools for granule physical
properties test used are Ohaus analytical balance, absorption test equipment granules, volumenometer (tapped
density tester), flow tester granule, sieving machine, dry granule sieve, wet granule sieve, pan, halogen
moisture analyzer. the tools for tablet test used are single punch tablet printing machine, hardness tester,
friability tester, and disintegration tester.

2.1. Bay leaf ethanol extract

Bay leaves were dried in an oven at 50-60-C until a moisture content of less than 10% was obtained.
Simplicia were extracted by maceration method using 70% ethanol solvent (1:10) (w/v) [3]. Maserati and pulp
were separated by the vacuum pump and filter paper. The solvent was evaporated using a rotary evaporator.
The viscous extract obtained was calculated for its yield.

2.2. FDT formulation of bay leaf extract

FDT was made by the wet granulation method. At the granulation stage, bay leaves extract was mixed
with intra granular CCS, lactose and corn starch. The mixture was sieved through a wet (no. 18 mesh), oven-
dried (50-60°C), then sifted dry (no. 20 mesh). The granules and excipients consisting of magnesium stearate,
aspartame, menthol, and CCS (extra granular) mixed until homogeneous (30 minutes). Mixture of granules and
excipients that have been homogenized are compressed using a single punch tablet press.

2.3. Granule physical properties test parameters

The moisture content of granules can be determined based on the value of loss on drying (LOD) and
MC. LOD is a test for measuring the difference in heavy total granules when before and after drying or a
moisture content statement based on wet weight. Meanwhile, MC is a statement of moisture content based on
dry weight. Measurements using the halogen moisture analyzer tool. Good granule moisture content if the LOD
and MC values are 10% [10].

The flow properties of the granules can be tested by calculating the angle of repose, the flow time test,
and the determination index (Hausner ratio). The granule angle of repose a (degree) is said to be very good
(25°-30°); good (30-35°) or 25°><35°. A good granule flow time is not more than 10 seconds for 100 grams of
granules [11]. Excellent granule setting index (<10); good (11-15), and the Hausner ratio index that meets the
requirements for the physical properties of the granule mass, which is very good (1.00-1.11); good (1.12—
1.18).

Sieve no. 14, 16, 20, 30, 50 mesh and pan, installed in stages on the sieving machine (50 amplitude,
15 minutes). The granules left on each sieve were weighed and the percentage was calculated [10]. The fragility
of the granules is based on the number of fines that occur after the friability test by sieving. The granules were
put into a graded sieve with the top sieve no. 30 mesh and bottom pan, using a sieving machine (50 amplitude,
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30 minutes). The water absorption of the granules affects the tablet’s disintegration time (disintegration). It
was carried out with a series of absorption test equipment by placing 300 mg of granules on a water-saturated
sheath paper. The absorbed water was measured using a digital scale for 15 minutes or until it was constant

[71.

2.4. Physical properties test parameters of FDT

Requirements and weight uniformity tests are determined based on the regulation of the National Food
and Drug Agency of the Republic of Indonesia concerning the quality requirements of traditional medicines.
The test was carried out by weighing 20 tablets one by one, from 20 tablets no more than 2 tablets, each of
which deviated from the average weight by more than 5% and not one tablet whose weight deviated from the
average weight. the average is greater than 10% [12].

Each tablet was measured in diameter in a horizontal position with a caliper, and the thickness of the
tablet was measured in a vertical position with a caliper (millimeters). The tablet hardness test was carried out
by taking a sample of at least 6 tablets from each formula. The tablet hardness test is carried out using hardness
tester tablets. One by one the tablets are tested by placing the tablets in the center perpendicular to the hardness
tester. A good FDT hardness is 3-5 kg/cm? [11], [13].

For tablets with a single weight of exactly or less than 650 mg, the total weight of the tested samples
was close to 6.5 grams. Prior to testing, the tablets were dusted and weighed. All tablets were put into the
friability tester (speed 25 rpm, 4 minutes). The tablets were cleaned of adhering fines and re-weighed. A good
friability value should not be more than 1% [11].

The wetting time test was done by placing a sheet of filter paper that has been folded twice into a petri
dish with a diameter of 5 cm. The petri dish was filled with 5.0 mL of distilled water containing the strawberry
red dye. A tablet is then placed on the filter paper, and simultaneously with the start of the test instrument, the
stopwatch is turned on. Wetting time was calculated as the time required for a red color to appear on the entire
surface of the tablet [14]. A total of 6 tablets of each formula were placed in each tube and a disk was placed
on it, the test was carried out with water medium at a temperature of 37+2 °C or 35-39 °C using a 1000 ml
glass beaker. The disintegration time requirement for FDT preparations is at least <1 minute disintegration
time [11], [15].

2.5. Data analysis
The results of the physical examination of granules and tablets of FDT bay leaf extract were analyzed
using the one-way ANOVA test method with a 95% confidence level.

3. RESULTS AND DISCUSSION

Bay leaf simplicia was tested for macroscopic (organoleptic) specifications on fresh and dried
simplicia, as well as microscopic tests for simplicia parts and identification fragments of simplicia powder.
Fragments prepared by dissolving in chloralhydrate and water [16]. The simplicia specification test was carried
out to ensure the correctness of the identity and quality of the bay leaf simplicia based on the Indonesian Herbal
Pharmacopoeia compendia and Indonesian Materia Medika. Based on the microscopic test results on Figure 1
there are identifier fragments namely i) lower epidermis with stomata, ii) upper epidermis, iii) elements with
dots, iv) prism-shaped calcium oxalate crystals, and v) sclerenchyma. The results of the specification test for
the simplicia of bay leaves showed that the simplicia used met the requirements of organoleptic and
microscopic terms. The determination test of bay leaf simplicia at the Biology Laboratory of Universitas
Ahmad Dahlan (UAD) was carried out to ensure that the selected bay leaf simplicia was in accordance with its
species or identity [3], [17].

3.1. Extraction bay leaf

Fresh simplicia of bay leaves were sorted wet, dried using an oven (50-60°C) with a moisture content
of not more than 10%, then sorted dry. Simplicia powder for extract preparation is a fine simplicial (No. 60
mesh) in order to optimize the extraction process [18]. The results of the simplicial extraction of bay leaves
weighing 3.7 kg obtained a thick extract of 347 grams. The total yield of the thick extract obtained was 9.38%.
The morphology of the viscous extract is shown in Figure 2. Screening and determination of the chemical
compound flavonoid quercetin contained in the thick extract of bay leaves was carried out at the Integrated
Research Laboratory of the Faculty of Pharmacy, UAD. According to the Ministry of Health (2017), bay leaves
contain a total flavonoid of not less than 0.40% calculated as quercetin. Based on the results of the test the
flavonoid content of 0.8079+0.0045%, so that it meets the specifications for the total flavonoid content of bay
leaves[17]. Quercetin is an active substance that has medicinal effects such as antiherlipidemia, antibacterial,
antidiabetic, antioxidant [18], [19].
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Figure 1. Identification fragments of bay leaf; (a) lower epidermis, (b) upper epidermis, (c) floem,
(d) calcium oxalate crystal, (e) sclerenchyma

Figure 2. Bay leaf extract

3.2. FDT formulation

FDT formulation method with wet granulation is good used for water-resistant active ingredients and
heating temperature [10]. The active ingredient in bay leaf is quercetin (3,3',4',5,7-pentahydroxyflavone) is a
flavonoid derivative compound that is resistant to heating with a melting point of 316.5 °C [20], while the wet
granulation process ranges from at a temperature of 40-60 °C. The wet granulation method can improve the
flowability and compatibility of the material and facilitate the FDT formulation process from the active
ingredient in the form of a thick extract [21]. Wet granulation has the advantage of good content distribution
and uniformity, besides that the hydrophobic surface of the tablet becomes more hydrophilic which affects the
water absorption process into the tablet, thereby increasing the speed of tablet disintegration [22]. The work of
woven fibers between granules can increase the speed of tablet disintegration[23], it is synergistic with the
presence of CCS super disintegrant extra granular which facilitates swelling and absorption of water into
granules and their small particles.

The concentration of CCS super disintegrant intra-granular of the three formulas was the same, 2%
(10 mg/tablet), and extra granular was formulated with varying levels, F1 2% (10), F2 3.5% (17.5), and F3 5%
(25 mg/tablet). The FDT formula for bay leaf extract is shown in Table 1. Based on the Handbook of
pharmaceutical excipients the use of CCS in the wet granulation process should be added in the wet or
granulation (intra-granular) stage, as well as in the dry (extra-granular) process [21]. Because this method can
increase the wicking ability (water absorption) and swelling of the CCS super disintegrant.[8]
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Table 1. Formula of FDT bay leaf extract

Ingredient Composition (mg)

F1 F2 F3

Bay leaf extract 70 70 70
Croscarmellose sodium (intra granular) 10 10 10

Lactose 380 374 366
Croscarmellose sodium (extra granular) 10 175 25
Magnesium stearate 5 5 5
Aspartame 20 20 20
Menthol 1 1 1
Corn starch paste 5% w/v gs as gs

Total weight (mg) 500 500 500

3.2.1.  Granule physical properties test parameters

One of the most crucial elements of wet granulation is the water content, MC and LOD has been was
measured and the values of granules from all formulas as shown in Table 2, the results obtained meet the
requirements of 10% (p>0.05). Water content will affect granule characteristics, including granule size and
compressibility. The flow properties of the granules show the results of the angle of repose of the granules
ranging from 30-35 (good), granule flow time of 10-14 grams/second (good), and the determination
test/Hausner ratio (very good). The flow properties of granules are very influential on the tablet compression
process, granules with good flow properties will cause the granules to enter the die space to be relatively
constant so that the tablet weights with small weight variations can be obtained and can increase the uniformity
of the resulting tablet dosage [8], [24], [25].

The average diameter of all granules ranged from 650-700 m (p>0.05) and the value of friability
percentage of the granules ranged from 0.5-0.9% (p>0.05)[13]. The granule absorption test for all formulas
had absorption between 0.120-0.190 mg/minute (p>0.05). The granule absorption shows the speed of the
granules in absorbing water to crush the granules into small particles so as to speed up the tablet disintegration
time. All in process control (IPC) granule parameters have met the requirements so that the tableting process
can be continued with a single punch tablet press with a punch pressure of 13 kg.

Table 2. Results of examination of physical properties of FDT granules of bay leaf extract

Test parameters Formula
F1 F2 F3
LOD+SD (%)* 7.03+£0.76 6.29+1.28 6.57+1.18
MC+SD (%)* 2.98+0.17 2.35+0.33 2.69+0.31
Angle of reposexSD (°)* 30.66+1.75 31.18+2.92 30.08+2.30
Flow time+SD (grams/second)* 12.98+1.28 13.12+0.89 11.85+0.48
Assignment+SD (%)* 3.17+£1.04 2.83+1.04 3.83+£0.76
Hausner ratio Index+SD* 1.03+0.01 1.03+0.01 1.04+0.01
Average diameter+SD (um)* 694.64+28.87 657.58+39.65 698.14+26.09
Fragility=SD (%)* 0.8028+0.20 0.8199+0.05 0.5863+0.04
Absorption+SD (mg/min)* 0.18620.05 0.188+0.05 0.127+0.01

Note: (*) sig value. (p>0.05) means that the three formulas are not significantly different

3.2.2. Physical properties test parameters of FDT

The uniformity of tablet weight is related to the uniformity of active substance levels and therapeutic
effects. The uniformity of tablet weight (Table 3) can be seen from the coefficient of variation F1, F2, and F3
all <5%, (0.0942, 0.1246, and 0.2103) %, respectively. The weight uniformity test based on the National Food
and Drug Agency of the Republic of Indonesia requirements, shows the results that meet the requirements,
where the tablet meets the specified weight deviation limit value range.

Hardness ranges FDT be good tablet from 3-5 kg/cm? [13], while the conventional tablet, is
4-8 kg/cm?. The FDT hardness as shown in Table 3 shows results that meet the requirements. Hardness affects
the brittleness and disintegration time of tablets, as well as the dissolution/release of the active drug substance
[8]. The results of statistical analysis of tablet hardness with sig. (p<0.05) indicates that the hardness of the
three FDT formulas is significantly different. The hardness of FDT tablets is strongly influenced by the CCS
super disintegrant excipient. FDT (F3) produced the hardest tablet with the highest extra-granular CCS
concentration (5%), causing the particles in the tablet to be tightly bound. Croscarmellose sodium (Ac-Di-Sol)
is a super disintegrant with a fibrous cross-linked polymer structure that functions as a disintegrant with a
strong swelling mechanism, fiber is able to bind strongly to the particles so as to increase the hardness and
reduce the brittleness of the tablet [26]. This causes the tablet to have good compatibility, so there is a tendency
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to increase hardness as the amount of CCS in the tablet increases [27]. Another factor that affects the hardness
of FDT is the upper punch pressure during the tableting process, the greater the pressure used, the harder the
FDT will be. The results of the diameter and thickness measurements of the tablets showed that the size of the
entire tablet was uniform (homogeneous).

The friability value of the tablet is based on the requirements, which should not be more than 1% [11].
The fragility value of FDT is shown in Table 3 with a friability value of <1% so that FDT meets the
requirements. The results of the tablet friability statistical test have a sig. value (p <0.05) means that the fragility
value between formulas is significantly different. CCS super disintegrant is a factor influencing fragility.
Formula 3 with the highest number of CCS has the smallest friability value, where there is a tendency to
decrease the friability value as the number of CCS in the tablet increases. The friability value is inversely
proportional to the tablet’s hardness, where the harder a tablet is, the smaller the friability value will be.

FDT wetting time is shown in Table 3, FDT (F3) with the highest number of CCS has the smallest
wetting time. Wetting time is a parameter to determine the speed of FDT in absorbing water, which affects the
speed of tablet disintegration. The faster the wetting time, the faster the tablet disintegration. The wetting time
of tablets is influenced by the structure of the tablet matrix and the hydrophilicity of the excipients [28]. The
result of statistical analysis of FDT wetting time has a sig. value (p<0.05) means that the formulas differ
significantly. FDT (F3) with the highest number of CCS had the fastest time for wettable tablets, super
disintegrant CCS being the most influential factor. The cross-linked chemical structure of CCS creates
excipients that have hydrophilic properties and very easy-to-absorb solvents resulting in outstanding swelling
properties in the disintegration process.

Table 3. Results of examination of physical properties of bay leaf extract FDT tablets

Formula Note.
Test Parameters F1 Fo 3
Weight uniformity=SD (mg) 50 4.42+0.48 50 4.78+0.63 50 4.43+1.06 Appropriate*
Diameter£SD (mm) 12.00£0.00 12.00£0.00 12.00£0.00 Appropriate*
Thickness£SD (mm) 3.67+0.00 3.67+0.00 3.68+0.01 Appropriate*
HardnessSD (kg) 4.46+0.25¢ 4.50+0.27¢ 5.24+0.322P In accordance
Fragility=SD (%) 0.77+0.05¢ 0.72+0.04¢ 0.52+0.042° In accordance
Wetting time+SD (seconds) 50.33+3.06° 43.33+4.04° 20.00+2.65%° In accordance
Disintegration time+SD (seconds) 45.3345.86¢ 38.33+3.79° 19.67+3.06%° In accordance

Note: (*) sig value. (p>0.05) means that the three formulas are not significantly different
(a) means a formula that is significantly different from the formula 1
(b) means a formula that is significantly different from the formula 2
(c) means a formula that is significantly different from formula 3
F1: CCS intra granular 2%: extra granular 2%
F2: CCS intra granular 2%: extra granular 3.5%
F3: CCS intra granular 2%: extra granular 5%

Disintegration (disintegration) time FDT has at least a disintegration time of less than 1 minute [15].
Another source says that in-vitro about 30 seconds or less [29], whereas according to Ph. euros. is <3 min in
the oral cavity before swallowing [29], [30]. The faster disintegration time will increase the speed of drug
release from the tablet which affects the effectiveness of therapy. The results of the disintegration time of FDT
in table 3 show that it meets the requirements of the disintegration time of FDT (<1 minute). FDT disintegration
time test is shown in Table 3 with FDT (F3) having the fastest disintegration time, due to the higher levels of
CCS used in F3 than F1 and F2. The results of the statistical test of tablet disintegration time have a sig value
(p<0.05) means that each formula is significantly different. CCS has a dual mechanism, namely water wicking
and rapid swelling [8]. The highly porous form of the structure speeds up the disintegration time, because water
quickly enters the tablet and increases the tablet wetting rate, through the gaps between the granules and the
granule pores [31]. This is related to the factor of the number of CCS super disintegrant excipient used in each
formula intra and extra-granular. The use of intra and extra-granular affects the decrease in tablet disintegration
time through the swelling mechanism, and along with the increase in the extra-granular CCS concentration,
the disintegration time will be faster. The FDT disintegration pattern is also facilitated by intra-granular CCS
which causes the tablets to be finely crushed not in the form of granules but into small particles so that the
speed of disintegration is optimal. The optimum formula for FDT of bay leaf extract is shown in Table 4 with
the results of all evaluations of the physical properties of the granules and FDT (F3) that meet the requirements
and show the optimum results of physical parameters.

The results of this study are in line with the research of Puri et al. [24], that the combination of intra-
granular and extra-granular can produce tablets with the most effective disintegration time by providing better
tablet physical properties, compared to intra-granular or extra-granular only. Extra-crushing material granules
have a high tendency to absorb water from the surrounding liquid through the tablet-breaking mechanism [32].
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Tablets with disintegrant intra-granular have a higher hardness than tablets with extra granular crushing agents.
By combining intra and extra granular super disintegrants, a good level of tablet hardness can be obtained so
that the tablet is not brittle and has a faster disintegration time with the mechanism of tablet disintegration into
granules (extra granular factor) and granules into small particles (intra granular factor).

Table 4. Various parameters of optimized tablet formula (F3)

No. Test parameters Optimized formula value
1. Weight uniformity=SD (mg) 504.43+1.06
2. Diameter£SD (mm) 12.00£0.00
3. Thickness+SD (mm) 3.68+0.01
4, ViolencexSD (kg) 5.24+0.32
5. Fragility+=SD (%) 0.52+0.04
6. Wetting time+SD (seconds) 20.00 £2.65
7. Disintegration time+SD 19.67+3.06
(seconds)

4. CONCLUSION

In the FDT research, to improve the poor flow properties of the extract, the wet granulation method
was carried out. The IPC results for the three formulas showed granules that met the requirements. This
research provides information that the use of extra granular CCS at higher levels will increase the rate of
disintegration. The combination of CCS intra granular 10 mg (2%) and extra granular 25 mg (5%) can produce
FDT with the most effective. By combining intra and extra granular super disintegrants, a good level of tablet
hardness can be obtained so that the tablet is not brittle and has a faster disintegration time. In addition, FDT
bay leaves extract can be used as an alternative treatment for hyperlipidemia in patients who experience
dysphagia. This research still needs development to determine the stability of FDT bay leaves extract where
the active substance is herbal medicine.
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