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ABSTRACT

Plastic is still widely used to package various food products. The use
of plastic has a negative impact on the environment because plastic is not
easily decomposed by the soil. Edible Packaging are one solution of plastic
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antioxidant and antimicrobial agent such as phenolic, melanoidin, caffeine,
and chlorogenic acid. Antioxidants are substances that can prevent cell
damage due to the oxidation process by oxidants which causes a decrease
in product quality because it can change the taste, aroma, texture and
rancidity of the product. Antimicrobials are substances that can inhibit or kill
the growth of microbes, such as fungi, viruses, and bacteria during storage
of products in packaging that can damage the product and make it less
durable. Antioxidants can maintain product quality and extend product shelf
life. They can act as antimicrobial which can inhibit the growth of Listeria,
Escherichia coli and Staphylococcus aureus which can contaminate food.
So, coffee by product can be potential if developed as edible packaging in
Indonesia because the raw material is widely produced along with the many
coffee plantations in Indonesia whose coffee production continues to
increase due to the large number of coffee enthusiasts both in Indonesia and
abroad.

and then to the sea. The plastic waste will become
particles called microplastics (<5 mm) which will pollute

1. Introduction
Based on data from the Indonesian Plastic

Industry Association and the Badan Pusat Statistik
(BPS), plastic waste in Indonesia reaches 64 million
tons per year (Olavia, 2021). The use of plastic for
packaging in Indonesia is relatively higher compared to
the use of plastic for packaging globally (31.26%).
Plastic is still widely used to package various food
products such as snacks, bottled drinking water, frozen
food, chips, tofu, tempeh, fruits, meat, vegetables, etc.
However, the use of plastic has a negative impact on
the environment because plastic is not easily
decomposed by the soil. If plastic waste is not
managed properly, it can be carried by water to rivers

river and marine biota (Arbintarso et al., 2022).

Edible Packaging are one solution of plastic
usage for packaging. Edible packaging is a food
packaging that can be consumed and is made from
natural materials combined with the use of technology
so that it can create food packaging that can also be
eaten by consumers. Edible packaging is one of the
future food packages that is now starting to be
introduced to the world. Natural materials that are
widely used to make edible packaging are
polysaccharides. Polysaccharides are complex
carbohydrates consisting of chains of monosaccharide
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units linked by glycosidic groups. Polysaccharides are
used as edible packaging materials because they have
properties that are renewable, biodegradable, and very
good biocompatibility, as well as antioxidant and
antimicrobial activity (Zhao, et al., 2021). Some types
of polysaccharides used include starch, cellulose,
hemicellulose, chitosan, pectin, alginate, carrageenan,
agar and others (Zhu, 2020; NeSi'c et al., 2020; Zhang
et al., 2021; Chen et al., 2021; Abboud et al., 2020;
Mohamed et al., 2020; Armisén & Gaiatas, 2009).
Edible packaging also has the function of maintaining
the quality of its products and protecting them from
microorganism  contamination because it has
antimicrobial and antioxidant content. Both of these
functions are obtained from natural materials that have
functional  properties as  antimicrobials  and
antioxidants used in making edible packaging.
Antioxidants are substances that can prevent cell
damage due to the oxidation process by oxidants
which causes a decrease in product quality because it
can change the taste, aroma, texture and rancidity of
the product. Antimicrobials are substances that can
inhibit or kill the growth of microbes, such as fungi,
viruses, and bacteria during storage of products in
packaging that can damage the product and make it
less durable.

In coffee fruit processing, besides coffee beans,
by-products such as pulp, parchment, silverskin and
spent coffee grounds are also produced. Coffee by-
product can be potential as edible packaging materials
because have antioxidant and antimicrobial agent such
as phenolic, melanoidin, caffeine, and chlorogenic acid
(Rizkaprilisa et al., 2023a). Unfortunately, the
utilization of coffee by-products in Indonesia is still not
widely done because they have only been thrown away
or used as compost or biogas (Rizkaprilisa et al.,
2023b). If this coffee by-product can be utilized, one of
which is as edible packaging, it can increase the profits
that can be obtained by coffee farmer and we can
create environmentally friendly packaging. This article
provided a review about potential antimicrobial and
antioxidant of coffee by product as edible packaging for
food product.

2. Methods

This article was written using a literature
study method consisting of collecting references,
analyzing, and concluding information from various
library sources that are relevant to the topic discussed.
The literature sources used in writing this article
include scientific journals, books, reports, and online

articles related to edible packaging, coffee by-
products, antimicrobials and antioxidants. The
literature sources used range from 2014 to 2024, using

keywords such as "edible packaging", "coffee by-

products”, "antimicrobials" and "antioxidants".

3. Results and discussions
3.1. Antioxidant of Coffee By Product for Edible
Packaging

Food products can experience oxidation
when exposed to oxygen, causing a decrease in
quality. Various research efforts have been made to
limit oxidation in the form of using antioxidants.
Antioxidant are substances that can prevent oxidation
that causes cell damage. Nowadays antioxidants are
used in packaging to protect food products during
storage. The use of antioxidants in packaging to keep
food products more durable because the packaging
used can protect it from oxidation that can occur due
to environmental factors or the product itself. The
working principle of antioxidants in packaging is the
release of antioxidants into the packaged food product
and the prevention of unwanted compounds such as
oxygen, radical oxidative species or metal ions from
the environment or from food (Gomez-Estaca. Et al.,
2014). So, the use of antioxidants in packaging can
increase food stability, extend shelf life, prevent
rancidity, and slow down color and aroma changes.

Antioxidant materials used in packaging are
synthetic and natural. The synthehtic antioxidant
material was used such as BHT, BHA, EDTA, BHA,
PG, and TBHQ (Ortiz-Vazquez et al., 2011;
Jamshidian et al, 2012; Unalan et al., 2011).
Meanwhile, natural antioxidant materials come from
plant extract and essential oil. In the making of edible
packaging, they are added to the polymer matrix or on
its surface. The polymer matrix are polysaccharides
such as starch, cellulose, hemicellulose, chitosan,
pectin, alginate, carrageenan, agar and others.

Coffee by products have high antioxidant
component that be potential for edible packaging that
can maintain product quality and extend product shelf
life.  Coffee by products such as husk, pulp,
parchment, silverskin, and spent coffee ground. They
contain antioxidant components include tannin,
chlorogenic acid, flavonoids, phenolic, caffeine, and
caffeic acid (Setiawan et al., 2024). Several studies
that utilize antioxidant components of coffee by-
products as edible packaging can be seen in Table 1.
This research show that antioxidant from coffee by
product can utilized as edible packaging material



because they have advantage such as biodegradable,
biocompatible, and readily decomposable in the
environment (Vengatesan et al., 2021). So, coffee by

product can be pottential if developed as food
packaging in Indonesia because the raw material is
widely produced along with the many coffee

Table 1. Coffee By Products as Antioxidant in Edible Packaging

plantations in Indonesia whose coffee production
continues to increase due to the large number of coffee
enthusiasts both in Indonesia and abroad.

CI;) ffee By Polymer Matrix Antioxidant Component Reference
roduct
Lule et al.,
Tannin (g/100 g) 4586 | 2021 Brandet
S al., 2000;
Chlorogenic acid (mg/g) 1.7-3.9 Iriondo-DeHond
. Total flavonoids (mg QE/100 | 7-8.47 ,
Husk Polybutylene Adipate %) etal, 2019;
Terephthalate Total phenolic content (mg | 384 — 455 Eebollo-
ernanz et al.,
GAE/jOO 9) 2019; Das
Caffeine (uglg) 1327-9816 Neves et al.,
2019
Tannin (g/100 g) 3.5-6
Chlorogenic acid (mg/g) 2.6 Sung et al.,
Total flavonoids (mg QE/100 | - 2017; Ameca et
Pulp Chitosan a) al., 2018;
Total phenolic content (mg 255-453 Delgado et al.,
GAE/100 g) 2019
Caffeine (mg/g) 18.6-31
Tannin (g/100 g) 1.7
Chlorogenic acid (ug/g) 232.6 Mirén-Mérida et
Total flavonoids (mg QE/100 | - al., 2019;
a) Negesse et al.,
Parchment Gellan gum Total phenolic content (mg 228-284 2009; Iriondo-
GAE/100 g) DeHond et al.,
Caffeine (mg/g) - 2019
Tannin (g/100 g) 3.45 Oliveira et al.,
Chlorogenic acid (ug/g) 94 2020; Saada et
Total flavonoids (mg QE/100 2.73 al., 2019;
Q) Iriondo-DeHond
Silverskin Corn Starch 'g;\t;l/ fggg?hc content (mg 10.75-17.3 eF;teetq)I(.),”%(_)‘I&
Caffeine (mg/g) 10-36 Hernanz et al.,
2019;
Regazzoni et
al.,, 2016
Tannin (g/100 g) 0.997 Batista et al.,
Spent Coffee Galactomannans Chlorogenic acid (pug/g) 6 2020; Saada et
Ground Total flavonoids (mg QE/100 2.11-8.29 | al., 2019;
) Panusa et al.,




Total phenolic content (mg
GAE/100 g)
Caffeine (mg/g)

12.29-19.2

49-73

2013; Conde &
Mussatto, 2016;
Jim’enez-

Zamora et al.,
2015; Monente
etal., 2015

3.2. Antimicrobial of Coffee By Product for Edible
Packaging

Antimicrobial are a substance that can inhibit or kill
the growth of microorganisms, such as bacteria and
fungi. Food product can be experiencing decay caused
by biological contamination from microorganisms such
as E. coli Pseudomonas, Clostridium botulinum,
Staphylococcus aureus, Bacillus subtilis, Listeria
monocytogenes, Salmonella and others. They can
cause the shelf life of the product to become less
durable. In addition to food processing techniques and
the use of preservatives that can protect food from
microorganism contamination, the use of packaging
that has antimicrobial properties will increase food
protection so that the quality of food products can be
maintained during storage in packaging until they
reach consumers.

Coffee by product have antimicrobial agent
because the antioxidant component can act as
antimicrobial activity such as phenolic, chlorogenic
acid and caffeine (Cendekia et al, 2020). Several
studies have research the potential of coffee by-

and diarrhea, to severe symptoms, such as
inflammation of the brain. Eschericia coli is bacteria
that normally live in the intestines of humans and
animals, whose function is to maintain a healthy
digestive system, but these bacteria can cause
infections because they can produce toxins that cause
symptoms of diarrhea, stomach ache and cramps.
The toxin from the Escherichia coli bacteria can be
transmitted to humans through the consumption of
contaminated food such as raw or undercooked meat,
raw milk, and contaminated raw vegetables.
Staphylococcus aureus can contaminate various types
of food such as pouliry and meat, mik and milk
products, canned foods, and bakery products. These
bacteria can cause infections that cause symptoms of
nausea, vomiting, abdominal pain, diarrhea,
headache, weakness, fever. So, one of the efforts to
protect food from contamination by microorganisms
that can reduce the quality of food products and cause
decay is by using packaging that has antimicrobials.
This antimicrobial packaging will protect food through
antioxidant components contained in the packaging

products as antimicrobials (Table 2). Listeria is a material that can prevent contamination by
bacteria that can contaminate food and cause an microorganisms.
infection that cause mild symptoms, such as nausea
Table 1. Coffee By Product as Antimicrobial in Edible Packaging
Coffee By T Result of research
Microbial Reference
Product
Coffee and rice husks
extracts exhibited
antioxidant properties
(ECs0: 5.37-5.29 mg
Listeria extract solids/mg DPPH) Collazo-Bigliardi
Husk innocua and Eschericia | and antibacterial activity
. . e etal., 2019
coli against Listeria
innocua and Escheriquia
coli (MIC values: 3545
and 34-35 mg extract
solids/mL, respectively).
Silverskin Staphylococeus aureus The antibacterial activity | Cendekia et al,
of Robusta coffee bean | 2020
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extract with a
concentration

of 75% resulted in an
inhibition zone diameter
greater than other
concentrations of

1.22 mm.

Escherichia coli and
Staphylococcus aureus

The synergetic effect on
antibacterial activity was
observed in 10 wt% of
spent coffee

ground (SFE-10) with 8
wt% oregano essential
oil. The sample had the
minimum inhibitory
concentration against E.
coliand S. aureus.

Trongchuen et
al., 2017

Spent Coffee
Ground

Escherichia

aureus

coli and Staphylococcus

The PVA/starch
incorporated ex-SCG
(PSt-E) film incorporated
30 wt% citric acid
showed minimum
inhibitory concentration
against Escherichia

coli (E. coli)

and Staphylococcus
aureus (S. aureus). The
incorporation of ex-SCG
and citric acid into film
showed a synergistic
effect on antibacterial
activity.

Ounkaew et al.,
2018

4. Conclusions

Coffee by products such as husk, pulp,
parchment, silverskin, and spent coffee ground. They
contained antioxidant components include tannin,
chlorogenic acid, flavonoids, phenolic, caffeine, and
caffeic acid. It can maintain product quality and extend
product shelf life. In addition, antioxidants component
in coffee products also have antimicrobial activity
which can inhibit the growth of Listeria, Escherichia coli
and Staphylococcus aureus which can contaminate
food. So, coffee by product can be pottential if
developed as edible packaging in Indonesia because
the raw material is widely produced along with the
many coffee plantations in Indonesia whose coffee
production continues to increase due to the large
number of coffee enthusiasts both in Indonesia and
abroad.
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