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From: food@globo.com
To: budiunsri@yahoo.com
cc

Subject: Food Science and Technology - Decision on Manuscript 1D CTA-2020-0510
Body: 24-Nov-2020

Dear Dr. Santoso:

Manuscript ID CTA-2020-0510 entitled "EFFECT OF NATURAL ACTIVE COMPOUND ADDITION ON MECHANICAL AND FUNCTIONAL PROPERTIES OF CANNA STARCH BASED EDIBLE FILM" which you submitted to the Food Science and Technology, has
been reviewed. The comments of the reviewer(s) are included at the bottom of this letter.

The reviewer(s) have recommended publication, but also suggest some revisions to your manuscript. Therefore, I invite you to respond to the reviewer(s)' comments and revise your manuscript.

To revise your manuscript, log into https://mc04.manuscriptcentral.com/cta-scielo and enter your Author Center, where you will find your manuscript title listed under "Manuscripts with Decisions.” Under "Actions,” click on "Create a Revision.
Your manuscript number has been appended to denote a revision.

You may also click the below link to start the revision process (or continue the process if you have already started your revision) for your manuscript. If you use the below link you will not be required to login to ScholarOne Manuscripts.

**x PLEASE NOTE: This is a two-step process. After clicking on the link, you will be directed to a webpage to confirm. ***

cta-scielo?URL_|

You will be unable to make your revisions on the originally submitted version of the manuscript. Instead, revise your manuscript using a word processing program and save it on your computer. Please also highlight the changes to your manuscript
within the document by using the track changes mode in MS Word or by using bold or colored text.

Once the revised manuscript is prepared, you can upload it and submit it through your Author Center.

When submitting your revised manuscript, you will be able to respond to the comments made by the reviewer(s) in the space provided. You can use this space to document any changes you make to the original manuscript. In order to expedite
the processing of the revised manuscript, please be as specific as possible in your response to the reviewer(s).

IMPORTANT: Your original files are available to you when you upload your revised manuscript. Please delete any redundant files before completing the submission.

Because we are trying to facilitate timely publication of manuscripts submitted to the Food Science and Technology, your revised manuscript should be submitted by 24-Jan-2021. If it is not possible for you to submit your revision by this date, we
may have to consider your paper as a new submission.

Once again, thank you for submitting your manuscript to the Food Science and Technology and I look forward to receiving your revision.

sincerely,

Dr. Adriano Cru

Edito-In-Ghiel Food Science and Techrology
food@globo.com

Associate Editor
Comments to the Author:

The authors should revise the manuscript according to the Reviewers' comments and suggestions, or provide satisfactory rebbutals on them. Also, a detailed point by point response letter must be inclued in the re-submission

Entire Scoresheet:
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Reviewer:

Recommendation: Major Revision

Comments

This article studies the effect of red palm oil and miserly leave extract on mechanical and functional properties of canna starch films. However, the mechanical and functional properties of the films are very poor compared with JIS or references. The
authors are not familiar with the writing format of Sci papers and the paper needs polishing by native English speakers.

Here are the specific comments.

1. Page 1, line 24-31, please describe the influence trend of red paim oll and miserly leave extract, not Just write the value fange.

2. Paoe 1 Iine:oa a1, plesee grien onclion, WucH o the et

3. Page 2, line 26-43, the reference is too old, please u

2 Page 2, line 45-54, as the cholcs of functonal blopolymer materal I very (mpartant, why the authors choose red palm il and miserty leaves extract? According to the resut,the fims do not have th Ideal mechanical and functonal propertis
5. Page 3, line 44, please add the information of the amylose and amylopectin composition for canna star

6. Page 3, line 50, Please list the full name of CMC when first appeared,

7. Page 4, line 10-13, why choose these 3 concentrations? Is It according to literature or pre-experiment?

8. Page 4, line 19-27, the description is too simple, please describe the important parameters in each method.

9. Page 4, Procedure part, please refer to the format of other literature, do not need to describe in sections.

10. Page 5, line 6, could 65°C for 15 minutes guarantee complete gelatinization?

11. Page 5, line 24, what's the stirring speed? There's no homogenization process?

12.P80¢ 5. iE 33, el S thé Saane envircrmer (1ape ot e 5t RN):THe Wil ey imefit bl BEckthe wne ca) i s et of i,
13. Page 6, Table 1, please add the standard deviation of the experimental results, same as other Tables. And please add error bars in Figure:

14, Page 6, Table 1, why only measure the elongation percentage for mechanical propertics? How about the tensic strength?

15. Page 6, line 20-39, The molecular interaction and reaction mechanism can be analyzed by FTIR and other methods, do not just speculat

16. Page 6, line 57-60, elongation percentage in present study is much lower than reported data. Does it mean that the two selected polymers are inappropriate?
17. Page 8, line 5-6, all the values are above the data of JIS 1975 Standard. The film property is poor.

18. Page 8, line 35-37, water vapour transmission rate has decrease with the decline of red palm oil?

19. Page 11, line 12-36, the antioxidant activity of the film is not very good. Why the miserly beave extract is added at 65 °C, and why Utk dned s cy
20. Page 11, line 42, the inhibition diameter is too small. How can the value be measured? Take a photo of the inhibition zone ex;

31, Page 13, Conclosion part, do ot need to descibe the concusion i sections, and please derive conclusions rather than fust e 0p STesuls.

Additional Questions:
Does the manuscript contain new and significant information to justify publication?: Not applicable

Does the Abstract (Summary) clearly and accurately describe the content of the article?: No
Is the problem significant and concisely stated?: Yes

Are the methods described comprehensively?: No

Are the interpretations and conclusions justified by the results?: Yes

Is adequate reference made to other work In the field?: Yes

Length of article is: Too short

Number of tables is: Adequate

Number of figures is: Adequate
Please state any conflict(s) of interest that you have in relation to the review of this paper (state "none” if this is not applicable)

Rating:

.+ none

Interest: 4. Below Average

Quality: 4. Below Average
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Overall: 3. Average

Reviewer: 2

Recommendation: Reject

Comments:

Several studies have been evaluating the incoporation of different components in films based on natural polymers in order to improve some properties, especially mechanical and barrier properties. The improvement of these properties can allow
several applications. So the subject is relevant. However, the article presents several shortcomings. Below are listed some noted deficiencies, which compromise the quality of the work.

-Several recent works have evaluated the impact of incorporating lipids and active compounds in the production and characterization of biodegradable and / or edible films. The introduction is weak and does not allow contextualizing the relevance
of this study in relation to the others in the area. The references used are not recent.

~Materials and equipments: complementary information about the materials is necessary to allow a reproduction of the tests. For some equipment the brand and model were informed, for others not. This item needs to be completely revised.
~Design of experiment: the concentrations of red palm oil and miserly leave extract better explained. Exemple: concentration of (% v / v) represent volume of red pam oil / volume of film-forming solution?

Production of edible film:

- the most complex stage i the production of the film is the incorporation of the lipid, which normally involves intense agitation. Stirring parameters (type of stirring, stirring time and speed) were not reported. These parameters are fundamental
for the description and allow the reproducibility of the assay.

~the films were conditioned in which temperature and relative humidity conditions, before the analysis.

~Characterization of the films: although some methodologies mentioned are standardized (ASTM), information related to the preparation of the samples is essential. Other information, for example, how extracts were prepared to determine total
phenol and antioxidant activity should also be provided.

- Results and discussion: the values of the standard deviations of the results should be presented.

-Some theoretical explanations should be reviewed. Example: Water vapor transmission (Lines 199-203: "... easily penetrated by water vapor

-Comparison with results of recent works should be included, In view of the high number of recent publications in the area.
“The conclusion is poor, check the objective. Discussions related to the effect of different treatments should be addressed.
Additional Questions:

Does the manuscript contain new and significant information to justify publication?: Yes

Does the Abstract (Summary) clearly and accurately describe the content of the article?: No

Is the problem significant and concisely stated?: No

Are the methods described comprehensively?: No

Are the interpretations and conclusions justified by the results?: No

Is adequate reference made to other work in the field?: No

Length of article is: Adequate

Number of tables is: Adequate

Number of figures is: Adequate

Please state any conflict(s) of interest that you have In relation to the review of this paper (state “none” If this is not applicable).: None

Rating:

Tntarack: 2 Gand
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Food Science Technolo

Decision Letter (CTA-2020-0510.R1)

From: food@globo.com
To: budiunsri@yahoo.com
cc
Subject: Food Science and Technology - Decision on Manuscript 1D CTA-2020-0510.R1
Body: 14-Jan-2021
Dear Dr. Santoso:

Manuscript ID CTA-2020-0510.R1 entitled "EFFECT OF NATURAL ACTIVE COMPOUND ADDITION ON MECHANICAL AND FUNCTIONAL PROPERTIES OF CANNA STARCH BASED EDIBLE FILM" which you submitted to the Food Science and Technology,
has been reviewed. The comments of the reviewer(s) are included at the bottom of this letter.

The reviewer(s) have recommended publication, but also suggest some minor revisions to your manuscript. Therefore, I invite you to respond to the reviewer(s)’ comments and revise your manuscript.

To revise your manuscript, log into https://mc04.manuscriptcentral.com/cta-scielo and enter your Author Center, where you will find your manuscript title listed under "Manuscripts with Decisions.” Under "Actions,” dlick on "Create a Revision.”
Your manuscript number has been appended to denote a revision.

You may also click the below link to start the revision process (or continue the process if you have already started your revision) for your manuscript. If you use the below link you will not be required to login to ScholarOne Manuscripts.

%% PLEASE NOTE: This s a two-step process. After clicking on the link, you will be directed to a webpage to confirm, **=

cta-scielo?URL_t

You will be unable to make your revisions on the originally submitted version of the manuscript. Instead, revise your manuscript using a word processing program and save it on your computer. Please also highlight the changes to your manuscript
within the document by using the track changes mode in MS Word or by using bold or colored text.

Once the revised manuscript is prepared, you can upload it and submit it through your Author Center.

When submitting your revised manuscript, you will be able to respond to the comments made by the reviewer(s) In the space provided. You can use this space to document any changes you make to the original manuscript. In order to expedite
the processing of the revised manuscript, please be as specific as possible in your response to the reviewer(s).

IMPORTANT: Your original files are available to you when you upload your revised manuscript. Please delete any redundant files before completing the submission.

Because we are trying to facilitate timely publication of manuscripts submitted to the Food Science and Technology, your revised manuscript should be submitted by 14-Feb-2021. If it is not possible for you to submit your revision by this date, we
may have to consider your paper as a new submission.

Once again, thank you for submitting your manuscript to the Food Science and Technology and I look forward to receiving your revision.

sincerely,

Dr. Adriano Cruz

Editor-in-Chief, Food Science and Technology
food@globo.com

Associate Editor
Comments tn.the Authar:
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Entire Scoresheet:
Reviewer: 1

Recommendation: Minor Revision

Comments:
(There are no comments.)

Additional Questions:
Does the manuscript contain new and significant information to justify publication?: Yes

Does the Abstract (Summary) clearly and accurately describe the content of the article?: Yes
Is the problem significant and concisely stated?: Yes

Are the methods described comprehensively?: No

Are the interpretations and conclusions justified by the results?: Yes

Is adequate reference made to other work in the field?: Yes

Length of article is: Adequate

Number of tables Is: Adequate

Number of figures is: Adequate
Please state any conflict(s) of interest that you have in relation to the review of this paper (state “none” If this is not applicable).: None.
Rating:

Interest: 2. Good

Quality: 2. Good

Originality: 2. Good

Overall: 2. Good

Date Sent: 14-Jan-2021
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Food Science and Technolo

Decision Letter (CTA-2020-0510.R2)

From: food@globo.com
To: budiunsri@yahoo.com
cc
Subject: Food Science and Technology - Decision on Manuscript 1D CTA-2020-0510.R2
Body: 31-Jan-2021
Dear Dr. Santoso:
It Is a pleasure to accept your manuscript entitled "EFFECT OF NATURAL ACTIVE COMPOUND ADDITION ON MECHANICAL AND FUNCTIONAL PROPERTIES OF CANNA STARCH BASED EDIBLE FILM" In its current form for publication in the Food
Science and Technology. The comments of the reviewer(s) who reviewed your manuscript are included at the foot of this letter.
Thank you for your fine contribution. On behalf of the Editors of the Food Science and Technology, we look forward to your continued contributions to the Journal.
sincerely,
Dr. Adriano Cruz

Editor-In-Chlef, Food Sclence and Technology
food@globo.com

Associate Editor
Comments to the Author:
(There are no comments.)
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Abstract

This research objective was to determine the additional effect of biopolymer materials of red palm oil and miserly
leave extract on mechanical and functional characteristics of canna starch based edible film. The method used in this
research was factorial randomized block design with two treatment factors consisting of red palm oil (0.5; 1.0; and
1.5%v/v) and miserly leave extract (1.0; 2.0; and 3.0%v/v). Research results showed that edible film had thickness of
0.18 to 0.24 mm, elongation percentage of 16.7 to 19.00%, compressive strength of 33.87 to 48.40 gf, water vapour
transmission rate of 11.97 to 44.32 g.m™.d", total phenol of 389.31 to 488.45ppm, antioxidant activity of 389.31 to
488.45 ppm and inhibition zone diameters of 0.1 to 0.73 mm, respectively. The concentration increase of red palm oil
had increased the thickness, compressive strength, total phenol, antioxidant and antibacterial activity of the edible
film, but the percent elongation and the rate of water vapor transmission had decreased. Water vapor transmission
rate, compressive strength, total phenol, antioxidant and antibacterial activity had increased with the increase in
miserly leave extract concentration. The best edible film formula was red palm oil with a concentration of 1.5%(v/v)
and 1%(v/v) miserly leave extract (A;B)).

Keywords: antibacterial; antioxidant; miserly; red palm oil; mechanical property.
Practical Application: The role of red palm oil and miserly leave extract are synergistic and antagonistic in the formation of
functional edible film.
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1 Introduction

Edible film is food packaging material which is safe to be consumed by human and has high potential to be developed in
order to protect food from deterioration, maintaining quality and extending shelf life. It has unique advantage because it can
be used for new product development of functional compound such as food additive, flavor, antibacterial and antioxidant
compounds.

Research on edilble film, especially starch based edible film continues to be developed. Starch resources used in this
development are consisted of canna tubers, cassava tubers, ceeping edible tubers and arrowroot tubers. Santoso (2011) had
stated that edible film from canna tuber starch had better physicochemical characteritics than that of cassava tubers and
gadung bulbs. Along with the progress of research, edible film that has good mechanical properties such as thickness,
elongation percentage and water vapour transmission rate are considered insufficient. Therefore, development of functional
edible film that has antibacterial and antioxidant properties is required.

Addition of functional compounds from natural resource had positive and negative effects on mechanical properties of edible
film. Zheng et al. (2018) had reported that the addition of hardleaf oatchestnut starch and Litsea cubeba oil on chitosan based
edible films could significantly increase antimicrobial activity, tensile strength from 27.33 to 33.54MPa, and antioxidant
activity of 31.67%. Lee et al. (2019) explained that active composite edible film based on hydroxypropyl methylcellulose
which is incorporated with oregano essential oil nanoemulsions could increase antioxidant properties by 46% and
antibacterial by high inhibition zone of 47.5 mm. The addition impact of biopolymer materials containing functional
compound on the decrease of mechanical property of edible film should be minimized because edible film will have optimal
function if its mechanical property and functional property are equally good. Therefore, the choice of functional biopolymer
materials to achieve this objective is very important. One of functional biopolymer materials that can be used for edible film
are red palm oil and miserly leaves extract. Santoso et al. (2020) revealed that canna starch-based edible film incorporated
with red palm oil (1%v/v) and gambier extract filtrate (20%v/v) had produced antioxidant and antibacterial edible films with
ICs, values and inhibition diameter of 12.40 ppm and 5 mm, respectively whereas the mechanical properties of the edible film
was not effected significantly. Mechanical property of edible film was effected not only by biopolymer material type but also
by the form of biopolymer material such as total solid concentration that had effect on decrease of elongation percentage and
increase of edible film thickness (Santoso et al., 2019b [[Q1: QI1]]). Based on this consideration, miserly leave is used in
form of extract

Phoon et al. (2018) had explained that red palm oil (RPO) contains carotenoids (500-700 ppm), tocopherols and tocotrienols
(500-1000 ppm) and the main carotenoids contained in RPO are a- and B-carotene, which act as provitamin A (Lee et al.,
2018). Purnama et al. (2020) had reported that RPO has low content of saturated fats as a result of fractionation. RPO can be
applied to food products such as cooking oil, shortening, spreads, cooking oil, salad dressings, and margarine. Miserly leave
contains active compounds of phenolic, flavonoid, flavon and flavanon, polyphenol, saponin, tanin, alkaloid and essential oil
(Sahid & Murbawani, 2017). Cheng et al. (2015) and Lutpiatina et al. (2017) showed that miserly leave extract had
antioxidant characteristic (ICs, 5.92 mg/mL).

The research objective was to determine the effect of biopolymer materials addition consisting of red palm oil and miserly
leave extract on mechanical and functional characteritics of canna starch based edible film.

2 Reseach method

2.1 Materials and equipments

Materials used in this research are consisted of: 1) Miserly leaves (Cosmos caudatus) obtained from Indralaya market; 2) Red
palm oil of “Salmira” brand; 3) Canna starch of “Mama Kamu” brand containing amylose and amylopectin levels of 21.14 to
24.44% and 75.56 to 78.86%, respectively; 4) Bacterial culture of Staphylococcus aureus FNCC 0047 from Chemical
Laboratory of Agricultural Product, Sriwijaya University; 5) Glycerol; 6) Carboxymethyl Cellulose (CMC) and 7) [[Q2:
Q2]]) Nutrient agar (NA). Equipments are consisted of: 1) Hot plate of Torrey Pines Scientific brand; 2) Vacuum pump
(model; DOA-P504-BN); 3) Magnetic stirrer; 4) Vortex; 5) Oven; 6) Incubator; 7) Dessicator; 8) Haze meter seri NDH —
200, Nipon Denshoku Kogyo Co Ltd; 9) Micrometer (Roch) (A281500504, Sisaku SHO Ltd, Japan); 10) Testing Machine.
MPY (Type: PA-104-30, Ltd Tokyo, Japan); 11) spectrophotometer; and 12) Water vapor transmission rate tester Bergerlahr.

2.2 Design of experiment

Treatment factors in this study are consisted of red palm oil (A): A= 0.5; A,=1.0; and A;=1.5(%vV/v) as well as miserly leave
extract (B): B,=1.0; B,=2.0; and B;=3.0 (%V/v). Research was done by using factorial randomized block design with three
replications for each treatment. Data from research results were processed with ANOVA by using SAS program of window 9
version. The observed parameters were consisted of thickness, compressive strength, elongation percentage, and water
vapour transmission (American Society for Testing and Materials, 1997). The equipment used for testing of thickness,
elongation percent, compressive strength and water vapor transmission rate of edible film were micrometer (Roch)
(A281500504, Sisaku SHO Ltd, Tokyo, Japan), testing machine MPY (Type: PA-104-30, Ltd Tokyo, Japan), the Brookfield



CT3 texture analyzer, and water vapor transmission rate tester of Bergerlah cup method, respectively. Total phenol content is
determined by using the Folin-Ciocalteu Method (Orak, 2006), antioxidant activity was tested using the DPPH (2,2 dipenyl-
1-picrylhidrazyl) method (Maesaroh et al., 2018) and testing for antibacterial activity is by using the well diffusion method
with the test bacteria of Staphylococcus aureus FNCC 0047 (Misna & Diana, 2016).

2.3 Production of miserly leave extract

Production of miserly leave extract was carried out using protocol of Lutpiatina et al. (2017). Miserly leave is washed and
dried using drying oven for 6 hours at temperature of 50 °C. Dry miserly leave is mashed by using blender. Miserly leave
powder is weighed as much as 25 g and put into 200 mL water at temperature 40 + 2 °C. The mixture is stirred by using
magnetic strirer for 10 minutes and then left over for 1 hours, followed by sieving with filter paper in orde to take its extract.
Filtrate is evaporated for 1 hour at temperature of 100 °C; and finally, filtrate of miserly leave extract is obtained.

2.4 Production of edible film

Production of edible film was carried out using protocol of Santoso (2011). Canna starch as much as 6%(w/v) is put into
Beaker glass and water is added up to mark of 100mL. Strach suspension is stirred by using magnetic stirrer while being
heated by using hotplate at temperature of 65 °C for 15 minutes until perfect gelatinization is obtained. Gelatinized starch
suspension is added with glycerol 1%(v/v) in which stirring process and heating at temperature of 65 °C is maintained until
formation of homogenous suspension. Suspension is added with miserly leave extract according to treatments (1; 2; and
3%v/v) and stirred until homogenous in which temperature of 65 °C is maintained and subsequently added with CMC as
much as 1%(w/v). Suspension is added with red palm oil according to treatments (0.5; 1.0; and 1.5%v/v) and then the
suspension is homogenized for 3 minutes with a rotation of 11000 rpm. Suspension as much as 15 mL is poured into petri
dish having diameter of 9 cm and dried within oven for 12 hours at temperature of 70 °C. After drying operation, edible film
is released from petri dish and wrapped in plastic and then put into a desiccator.

3 Results and discussion
3.1 Thickness

Thickness is one of mechanical property quality parameters for edible film besides elongation percetange, compressive
strength and water vapour transmission rate. Japan International Standard (JIS) requires that maximum thickness for edible
film is 0.25 mm (Japanese Industrial Standards, 1975). The edible film thickness produced in this research with magnitude in
the range of 0.18 to 0.24 mm had fulfilled this standard.

Treatment of red palm oil had statistically significant effect on edible film thickness, whereas miserly leave extract treatment
and interaction of both treatments had no significant effect on edible film thickness. Test of honestly significant different
(HSD) (Table 1) showed that the higher the red palm oil concentration, the thicker the edible film produced. This can be
explained through mechanicsm reaction of formation process of edible film matrix.

Reaction mechanism of edible film formation can be explained from biopolymer materials used in this study, in which canna
starch, glycerol, miserly leave extract are all have hydrophylic characteristics, CMC has function as emulsifier and red palm
oil has hydrophobic characteristics. The complex bond formed in edible film matrix is canna starch-glycerol-miserly leave
extract-CMC-red palm oil. Red palm oil could distribute and insert between the complex chains, lowering the compactness of
film network so that it has an effect on increasing the volume, which in turn affects the thickness of the edible film. The
result was in agreement with result that was reported by Nilsuwan et al. (2016) in which the thickness of film incorporated
with 75% palm oil was higher than that of film containing 50% palm oil when the same glycerol level was used (p < 0.05).
Liaotrakoon & Raviyan (2018) reveals that the thickness significantly increased (p<0.05) from 0.14 mm for the whey protein
isolate film with 6% palm oil and 40% glycerol to 0.18 mm for the film with 8% palm oil and 60% glycerol. Shabrina et al.
(2017) explained that palmitat acid within red palm oil contains total solids which affect increase in thickness of edible film.

3.2 Elongation percentage

Elongation percentage of edible film produced in this research was in the range of 16.7 to 19.00 percent. This result is much
lower than those reported by Santoso et al. (2019b [[Q3: Q3]], 2020) successively with magnitude of 58.67 to 126.67 percent
by using biopolymer materials formulation of canna starch-glycerol-gambier powder filtrate-CMC-red palm oil as well as
with magnitude of 32.14 to 50.30 percent with edible film formulation of corn starch-HPMC-glycerol-gambier powder
filtrate-tween 80-red palm oil. It can be concluded from those studies that elongation percentage of edible film is not only
determined by starch type, but also by the ratio of biopolymer materials that have hydrophilic and hydrophobic characteritics
in edible film formulation. The higher the concentration of hydrophobic components, the lower the percentage of elongation
of the edible film and the opposite was true. In addition, the elongation percentage of edible film produced in this research
had not yet fulfilled the JIS 1975 Standard with minimum threshold level of 70 percent.

The elongation percentage of edible film is significantly affected by red palm oil treatment, whereas miserly leave extract
treatments as well as treatment interaction of red palm oil and miserly leave extract had no significant effect. The results of
HSD 5% test (Table 1) showed that the higher the red palm oil concentration, the elongation percentage of edible film tend to
be lower. It is known that red palm oil has non-polar characteristic or hydrophobic which have effect on decreasing of edible



film elasticity. This is in line with statement by Krochta et al. (1994) that formation components of edible film are consisted
of three basic ingredients namely hydrocolloid, lipid and composite. Lipid is biopolymer material having non-polar
characteristic and very rarely used singly in edible film making because it is very stiff and capable to decrease edible film
elasticity.

3.3 Compressive strength

Compressive strength describes the maximum compressive force that can be retained by edible film. The magnitude of
average compressive strength was in the range 33.87 to 48.40 gf whereas the highest and the lowest values were found on
A;B; and A B, treatments, respectively. The average value of the compressive strength of the edible film is shown in Figure
1.

Analysis of variance showed that the treatment of red palm oil, miserly leave extract, and the interaction of the two
treatments had significant effect on the compressive strength of the edible film. The compressive strength of the edible film
increased with increasing concentration of red palm oil (Table 1). Red palm oil contains unsaturated fatty acids which are
liquid at room temperature so that they have high mobility to spread evenly in the composite edible film matrix. This resulted
in a compact film matrix which had an impact on increasing the compressive strength of the edible film. Santoso et al. (2018)
[[Q4: Q4]] explained that a homogeneous film suspension had produced solid edible film so that it affects the mechanical
properties of the edible film. The increase in the compressive strength of the edible film occurred after the miserly leave
extract was added (Table 2). It is explained that miserly leave extract had effect on the addition of total solids in the edible
film matrix. The higher the total solids concentration, the higher the compressive strength of the edible film. Santoso et al.
(2019a) [[Q5: QS5]] reported that the compressive strength of canna starch-based edible films incorporated with protein
extract was 51.09-68.87 gf.

3.4 Water vapour transmission rate

Water vapour transmission rate is very important quality parameter in edible film besides thickness and elongation
percentage. JIS 1975 requires that water vapour transmission rate for edible film is at a minimum of 10 g.m?d"'. Most of
edible film produced in this research had water vapour transmission rate of 11.97-44.32 g.m?.d" which not fulfill JIS 1975
Standard. However, treatments of red palm oil with concentration of 1.5% (v/v) and miserly leave extract with concentration
of 3% (v/v) produced water vapour transmission rate of 11.97 g.m2.d"' which is close to JIS 1975 Standard. Average value of
water vapour transmission rate for edible fim is presented in Figure 2.

The treatments of red palm oil, miserly leave extract and interaction of both had significant effect on water vapour
transmission rate. Water vapour transmission rate of edible film has decrease with the increasing of red palm oil
concentration (Table 1). This is due to effect of non-polar characteristic from red palm oil. The existence of non-polar
compound or hydrophobic compound in edible film matrix causing moisture permeability decrease toward edible film.
Thakur et al. (2017) had stated that addition of several lipid acids such as palmitat acid, oleat acid and stearate acid into
formulation of starch based edible film can decrease water vapour transmission rate.

Water vapour transmission rate of edible film is increasing with increasing of miserly leave extract concentration (Table 2). It
is known that miserly leave extract has hydrophylic characteristic so that the higher the miserly leave extract concentration,
the higher the hydrophilic component in edible film matrix so that edible film is easily penetrated by water vapour. Basiak et
al. (2017a) had reported that edible film matrix with high hydrophilic component, in this case is amylose, had effect on
increasing of water vapour transmission rate of edible film.

Interaction treatment of red palm oil and miserly leave extract (Figure 2) showed that red palm oil at higher concentration
than miserly leave extract concentration tend to produce lower water vapour transmission rate of edible film. This can be
explained by effect of ratio of hydrophobic and hydrophilic components within complex compound in edible film matrix.
Complex compound that is formed within edible film matrix is canna starch-glycerol-miserly leave extract-CMC-red palm
oil. It is previously mentioned that red palm oil is hydrophobic group, whereas miserly leave extract is hydrophilic group.
Higher level of hydrophobic group than that of hydrophylic group results in lower water vapour transmission rate. Ratio
increase of hydrophylic group (starch-protein) in edible film matrix had significant effect on increase of water vapour
transmission rate, but edible film has more homogenous microstructure (Basiak et al., 2017b). Mahcene et al. (2020) had
stated that addition of essential oil from medicinal plants into alginate edible film matrix not only capable to hamper
pathogenic bacteria growth, but also to decrease water vapour transmission rate of edible film.

3.5 Total phenol

Edible film produced in this research had total phenol concentration in the range of 105 to 357.50 mg.L". Average value of
total phenol for each treatment combination is shown in Figure 3.

Analysis of variance results showed that treatments of red palm oil, miserly leave extract and their interaction had significant
effect on total phenol concentration of edible film. Total phenol of edible film is higher with the increase of red palm oil
concentration ([Fable 3). This is understandable because red palm oil is antioxidant sources. Atawodi et al. (2011) clarify that
red palm oil not only contains antioxidant compounds such as carotenoid and vitamin E, but also contains phenolic
compound mixture rich in antioxidants with IC50 value of 95uM and radical scavenging activities of 219 pM.



The increase of miserly leave extract concentration results in increase of total phenol in edible film (Table 2). The study
results by Mediani et al. (2014) showed that miserly leave contains antioxidant compound with ICs, value of 0.0223 mg.mL"'!
and total phenolic concentration of 27.4 GAE/100 g). Figure 3 showed that interaction treatments of red palm oil and miserly
leave extract have synergy in increasing total phenol of edible film, that is the higher concentration of both treatments result
in higher total phenol of edible film.

3.6 Antioxidant activity

Antioxidant activity in edible film produced in this research was categorized as very weak with ICs, values in the range of
389.31 to 488.45ppm. Treatments of red palm oil and miserly leave extract had significant effect, but their interaction had no
significant effect. Higher concentration of red palm oil results in higher antioxidant activity of edible film (Table 3) and
similar situation was occurred in miserly leave extract treatment ([Lable 2). It is previously mentioned that both of red palm
oil and miserly leave extract had high antioxidant activity. However, their antioxidant activities were lower than that of
research results conducted by Atawodi et al. (2011) and Mediani et al. (2014). This happened because the effect of complex
bonds within edible film matrix and process temperature at edible film formation. As mentioned earlier, the complex bonds
within edible film matrix causes active groups of functional compound available in red palm oil and miserly leave extract are
mostly bounded in that complex bonds resulting in decrease of free active groups in edible film matrix. It is known that the
higher the free active groups available in functional compound of a system, the higher its functional characteristics. In
addition, the effect of edible film formation process, especially temperature above 60 °C, can cause oxidation of antioxidant
compound.

3.7 Antibacterial activity

Edible film produced in this research had antibacterial activity with inhibition zone diameters in the range of 0.1 to 0.73 mm.
Average value of inhibition zone diameters of edible film is shown in Figure 4. Treatments of red palm oil and miserly leave
extract and their interactions had significant effect on antibacterial activity of edible film.

Antibacterial activity of edible film is increasing along with increasing of red palm oil concentration (Table 3)). According to
Siregar et al. (2018), red palm oil contains 10 solid lipid acids consisting of laurat, miristat, palmitat, palmitoleat, stearat,
oleat, linoleat, linolenat, arakidat and gadoleat. Ayustaningwamo (2010) had added that laurat acid concentration in red palm
oil is 0.09%. Laurat acid is the main medium chain on coconut oil that has efficacy as antivirus, antibacterial and
antiprotozoal (Enig, 1999).

The increase of miserly leave extract concentration in edible film formulation is followed by the increase of antibacterial
activity (Table 2). This is because flavonoids within miserly leave capable to interfere bacterial cell membranes so that it
hampers enzyme activity which in turn interfere the growth of bacteria. Sahid & Murbawani (2017) had reported that fresh
miserly leave and miserly leave powder contain total flavonoids with magnitude of 143.00 mg/100 g and 1089.79 mg/100 g,
respectively. Interaction treatments of red palm oil with concentration of 1%(v/v) and miserly leave extract with
concentration of 3%(v/v) had produced the highest antibacterial activity (Figure 4). This is affected by the complex bound in
edible film matrix, especially equilibrium between hydrophilic and hudrophobic components. In this case hydrophilic
component is more dominant in complex bounding of canna starch-glycerol-miserly leave extract-CMC-red palm oil so that
the role of antibacterial compound within miserly leave extract is also more dominant.

4 Conclusion

Canna starch-based edible film incorporated with red palm oil and miserly leave extract had antioxidant and antibacterial
characteristics as well as mechanical properties that were close to the JIS 1975 standard.
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Table 1. Honestly significant different (HSD) (* = 5%) test for treatment effect of red palm oil on
thickness, elongation percentage, compressive strength, and water vapour transmission rate.

Treatment Thickness (mm) Elongation percentage Compressive strength (gf) | Water vapour

(%v/v) (%) transmission rate (g.m>.d
)

A (0,5) 0.18 +0.006a 18.78 £0.19a 36.59 = 2.84a 34.657 + 8.46a

A, (1,0) 0.21 £ 0.006b 17.67 + 0.34b 39.57+4.31b 21.774 £ 4.73b

A; (1,5) 0.24 +0.019b 16.89 + 0.38¢ 44.24 + 4.46¢ 15.193 + 3.06¢

Remarks: Numbers followed by the same letter at the same column are not significantly different.

Table 2. Honestly significant different (HSD) (*~ 5%) test for treatment effect of miserly leave extract
on compressive strength, water vapour transmission rate, total phenol, antioxidant and antibacterial

activity.
Treatment Compressive Water vapour Total phenol Antioxidant activity | Antibacterial
strength (gf) transmission rate (mg.L") (ICs) activity (mm)
(g.m>.d")
B1 (1%v/v) 36.27 £2.93a 18.973 + 8.60a 196.94 + 85.85a 450.353 £36.92a 0.296 + 0.20a
B2 (2%v/v) 40.16 +4.28b 23.455 +17.78b 222.5+£102.51b 444.214 +39.16b 0.359 £0.18b
B3 (3%v/v) 43.98 +4.44c¢ 29.195 +13.58¢ 245+ 115.98¢ 424.881 + 38.20¢ 0.415+0.29¢

Remarks: Numbers followed by the same letter at the same column are not significantly different.

Table 3. Honestly Significant Different (¢~ 5%) test for treatment effect of red palm oil on total
phenol, antioxidant activity, and antibacterial activity.

Treatment Total phenol (mg.L") Antioxidant activity (ICs) Antibacterial activity (mm)
(%v/v)

Al (0,5) 115.28 + 10.42a 479.83 £ 12.69a 0.137 £0.03a

A2 (1,0) 231.95 £ 20.46b 435.592 + 14.18b 0.422+0.22b

A3 (1,5) 317.22 +£41.28¢ 404.024 + 13.18¢ 0.511 £0.07¢




Remarks: Numbers followed by the same letter at the same column are not significantly different.
Figure 1. Average of compressive strength (gf) for canna starch based edible film added with natural
active compounds.

Figure 2. Average of water vapour transmission rate (WVTR) for canna starch based edible film added
with natural active compounds.

Figure 3. Average value of total phenol (mg.L") for canna starch based edible film added with natural
active compounds.

Figure 4. Average value of inhibition zone diameters (mm) for canna starch based edible film added
with natural active compounds.
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