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ABSTRACT

The advancement of active packaging technology has contributed to the
need for customer assurance of the quality and protection of fresh foods
and agricultural products. An example of active packaging to maintain food
quality and improve product protection is the use of antimicrobial pads.
Antimicrobial pads are a type of active packaging that releases active
agents into the headspace food packaging in order to prevent, inhibit or
destroy the growth of microorganisms.. Antimicrobial pads are very easy
to apply to food products by placing them on the bottom of the product or
inserting them into the packaging material. This literature study discusses
the characterization of cellulose as a major component in the manufacture
of pads, techniques for the incorporation of antimicrobial compounds into
pads, and suitable applications for the inhibition of microorganisms in food
products. Apart from that, this literature study also discusses the
advantages and disadvantages of antimicrobial pads as active packs.
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INTRODUCTION

For humans, food protection and harm are a
significant concern. Food damage is caused by
physical, chemical and microbial pollutants that
affect the quality of food products, from
harvesting to  storage until  marketing
(Mohammadi and Jafari 2020). Microbial
contamination is one of the biggest causes of food
damage such as meat, fish and other foodstuffs
(Otoni et al. 2016, Araglez et al. 2020).
Contamination of microorganisms makes food
products rot quickly so that it undergoes a change
in quality into the hands of consumers. Therefore,
it is necessary to maintain quality and improve
product protection, including by using active
packaging (Otoni et al. 2016, Zhang et al. 2017,
Aragiiez et al. 2020).

Active packaging is a packaging that
modifies certain physiological or environmental
conditions by means of agents or active substances
interacting between food products with certain
mechanisms (Bodbodak and Rafiee 2016). It helps
to enhance the product's shelf life and consistency
or to achieve the desired characteristics (Biji et al.
2015). By releasing active compounds or adding
compounds to the headspace or to packaged foods,
the active packaging method works (Yildirim and
Rdcker 2018). Examples of active packaging are
antimicrobial packaging, oxygen scavengers,
ethylene scavengers, active emitters, preservative
releasers and regulating functions (Biji et al. 2015,
Otoni et al. 2016, Kuswandi and Jumina 2019).
One form of active packaging that is developing
today is antimicrobial packaging.

Antimicrobial packaging is a form of active
packaging which has antimicrobial agents to
prevent and inhibit the growth of microbes in food
packaging as a barrier function (Camo et al. 2008).
The surface of a multilayer structure or certain
objects such as labels, pads, sachets and tablets

Fig 1. Chemical Structure of Cellulose (Rowell 2012)
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can be antimicrobial packaging (Arvanitoyannis
and Kotsanopoulos 2012, Gavara et al. 2015,
Murgic et al. 2015). Antimicrobial pads, which
are one example of cellulose-based antimicrobial
packaging, are very likely to be an antimicrobial
carrier agent in food that the consistency of foods
is more maintained (Agrimonti et al. 2019).
Nanocellulose is one example of a polymer to
release antimicrobial agents gradually (Sartika
2020). The amanded of nanocellulose to pads can
improve the barrier, physical and mechanical
characteristic of good composite products (Adnan
et al. 2018). Consequently, this literature review
purposed to analyze the newest developments of
food packaging systems that focus on cellulose the
main component of pad production, The Process
of Making Cellulosic Matrix Pads as
Antimicrobial Food Pads, Release of
antimicrobial agents on Cellulosic pads products,
The advantages and disadvantages of these
concepts are also reviewed.

DISCUSSION

Cellulose As The Main Component For Pad
Production

Cellulose is a glucose polymer with a -1,4-
D-glycosides in a straight chain. Linear structure
causes cellulose to become crystalline and
insoluble (Fahma et al. 2010). The basic
ingredient of cellulose constituents is selobiosa,
where the repeat unit is two units of sugar.
Cellulose molecules are randomly appeared and
seem to form intra- and inter-molecular hydrogen
bonds, as well as providing a structure of the
molecular chain connected to layers linked by a
weak van der Waals force. The layer is a parallel
chain of units of anhydroglucopyranosis linked
together by intermolecular hydrogen bonds
(Rowell 2012). Crystalline and amorphous
arrangements consist of the molecular structure of
cellulose. The chemical intake of cellulose is
found in Figure 1.

et
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The arrangement of crystals in each cellulose
fiber differs according to the source of the raw
material, so the mechanical properties of the fibers
affect the polymer to be made. The amount of
cellulose in fiber affects its quality and
application. Fibers that have a high concentration
of cellulose are more suitable for use in the textile
and paper industries. The organization of crystals
and the degree of crystalline strongly influence the
mechanical properties of cellulose fibers (Fahma
et al. 2014).

Cellulose is the main ingredient in the
manufacturing of pads. (Fernandez et al. 20009,
2010, Bovi et al. 2018). In various applications
such as absorbent pads, cellulose itself has been
commonly used (Kocak et al. 2005, Teunissen and
Lagro-Janssen 2009, Griebling 2013), filter pads
(Mao et al. 2008, Paig-Tran et al. 2013) hydrogel
pads (Yang et al. 2010) and antimicrobial food
pads (Fernandez et al. 2010, Bovi et al. 2018). Pad
components are typically combined with other
polymers such as nanocellulose or CMC for better
material properties (Qian et al. 2008, Papkov et al.
2013, Adnan et al. 2018). According to (Moon et
al. 2011, Muthuraj et al. 2018)stated cellulose has
retention properties and absorption is quite good
when compared to competitor products.

Cellulose is very potential to be used as a
moisture absorber for food packaging applications
with CMC additional ingredients (Pinming et al.
2016). Previous reports have shown that CMC
demonstrates cellulose paper characteristics to be
a better product of physical, barrier and
mechanical properties (Qian et al. 2008).
(Boruvkova and Wiener 2011) stated cellulose
carboxymethyl (CMC) which is a cellulose
derivative product that can absorb almost eight
times more than ordinary cotton. The downside of
using CMC is its poor insect resistance and fast
decomposition (Jannatyha et al. 2020).

Currently, cellulose has been developed in
nano-sizes. Nanocellulose is a natural fiber that
can be extracted from cellulose and has a nano
size. Nanocellulose contains 100% of the
chemical composition of cellulose with both
crystalline and amorphous regions (Moon et al.
2011). Nanocellulose fibers are generally less
than 100 nm in diameter. Nanocellulose
production  begins  with  size  reduction
pretreatment, the addition of enzymes or
chemicals, and post-treatment with sonication
(Dungani et al. 2018).
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Cellulose-based paper packaging combined
with chitosan and propolis as well as the addition
of micro fibril cellulose (MFC) was successful by
releasing the active polyphenol agent gradually
and reducing 1 log cycle in beef cuts (Rollini et al.
2017). In addition, the use of nanocellulose can be
used as a controlled release of some active
compounds in  hydrogel  nanocomposites
(Nascimento et al. 2018). As reported in previous
studies, nano biopolymer composites can improve
composite components mechanically, physically
and barrier (Moon et al. 2011).

According to (Tarrés et al. 2016) the merging
of nanocellulose can improve the physical
properties produced due to its higher specific
surface, improve the relative bonding area and
improve the physical properties of the sheet of
paper. Furthermore, (Martins et al. 2013) the
fusion of nanocellulose in nanocomposite
materials such as paper has been acquinted to
improve surface strength and qualities. In
addition, (Adnan et al. 2018) reported that the
addition of nanocellulose decreases specific
volume (bulk) marginally by up to 10 percent and
improves the properties of folding endurance,
tensile strength and tear strength significantly.
Besides, the air permeability of paper can be
decreased by more than 50 percent in the
properties of barrier paper. This suggests that the
paper is more likely to be used in pharmaceutical
and food packaging as the reduction in air
permeability will slow down the growth of
microbes in order to extend the product's shelf life.

The Process of Making Cellulose Pads Matrix
as Antimicrobial Food Pads

One of the most innovative and flexible
applications of today's active packaging systems is
cellulose pads. The form of this packaging
generally consists of sheets of upper and lower
film layers and the middle layer of the nucleus
consisting mostly of cellulose and active
ingredients that absorb excess fluid (droplet loss)
or inhibit the growth of microbes contained in the
packaging. Cellulose pads are classified into two
major categories: absorbers for water contact and
absorbents for non-contact. For packaging meat
products, such as fish, beef and pork, water contact
absorbent pads are commercially used (Fang et al.
2017). The structure of the antimicrobial food
pads layer is contained in Figure 2. However, the
weakness of cellulose pads only absorbs water in
meat products, so that the growth of these
microbes continues to grow if there is no active
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antimicrobial agent (Fernandez et al. 2009, Otoni
et al. 2016, Bovi et al. 2018, Agrimonti et al.
2019).

Cellulose is normally processed using one of
two techniques, sulfite or pulp-making pre-
hydrolysis kraft (sulfate method). For about 80
percent of the world's cellulose production, Kraft
pulp making techniques are the most common
(Fahma et al. 2014). In retail food packaging and
coatings, cellulose pads are commonly used to
absorb moisture and liquid from meat, poultry and
fish, keep items looking new, protect packaging
systems from unhealthy meat mucus, and produce
esthetically attractive packaging. This unhealthy
mucus, even if not absorbed inside the pads, can
cause an unwanted smell, spoil food or encourage
the spread of pathogens carried by food. A
conventional component of absorbent pads,
natural cellulose has been reported as a promising
nanoreactor and stabilizer for silver nanoparticles.
(He et al. 2003).

According to (Fernandez et al. 2009)
Cellulose is a powerful carrier for antimicrobial
materials such as Silver Nanoparticles (Fernandez
et al. 2010); Essential Oils (Oral et al. 2009), and
Fructose (Bovi et al. 2018). This is because
cellulose can bind to electropositive metal
transition atoms through electrostatic interactions
(Fahmaetal. 2014, Zhang et al. 2017). If these two
issues are resolved, cellulose pads can work to
release their active agents. The first is to use the

Application of
cellulose pads in
chicken meat
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top and bottom layers to cover the adsorbent
material. In  certain  cases,  waterproof
thermoplastic materials or cellulose materials
form these layers (Fernandez et al. 2009, Bovi et
al. 2018). Here's a summary of the layer structure
and the active ingredients in the food
antimicrobial pads contained in Table 2.

Release of Antimicrobial Active Agents from
Cellulose Pads

Current consumer demand is looking for
preservative-free products and added only when
their presence is required, namely where most of
the damage occurred (Han 2005, Realini and
Marcos 2014). Antimicrobial food pads are one of
the active packaging innovations. In the form of
antimicrobials, microbial growth is prevented by
being applied to the subsurface of food.
Antimicrobial food pads are manufactured in the
form of multi-layer mixtures or composite
polymers (Ogunsona et al. 2020).

Polymer nanomaterials can be combined in a
matrix to create antimicrobial composite sheets in
order to maintain the storability of product. In a
typical multilayer package, there are five layers
(Fig. 2) in which agents active antimicrobial can
be integrated into the matrix layer (Bovi et al.
2018). As a consequence, antimicrobial multilayer
packaging can give mechanical and barrier
qualities which is better than the antimicrobial
monolayer package.
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Figure 2. Layer Structure of Antimicrobial Food Pads Components (a) Top view of Image of Antimicrobial Food
Pads, (b) Image Application of antimicrobial food pads on chicken meat (c) Structure of antimicrobial food pads
components: 1-upper layer film, 2-bottom layer film, 4- microperforated plastics, 3-cellulosic pads + active
agents (Bovi et al. 2018).
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Table 2. Layer structure along with active ingredients in food antimicrobial pads

Robbani et al/AGROINTEK 15(2): 554-565

Layer arrangement on the Pad  The Main Stucture Agen Active Reference
of Pad

The cellulose fibers in the Fiber Cellulose Silver Nanotechnology (Fernandez

middle are then served with a et al. 2009)

top and bottom polyethylene
plastic layer.

The top layer is PE film, the
middle layer is cellulose sheet
and the bottom layer is
nonwoven.

The top layer is a film, namely

PE, PP, Polyester, or a
combination of both. The
bottom layer is a nonwoven
material such as polyolefin,
polyester or polyamide. It may
also be made of the same
material as the top layer.

The first layer of the
perforated micro PP, the
second layer of the perforated
micro PP, the third layer of the
cellulose pad with the active
agent, the fourth layer of the
perforated micro PP and the
fifth layer of the film

Sheet of cellulose

One or more
stucture layers. The
absorbent material
can also be the
slurry  of  the
cellulosic material,
binder fibers,
airlaid,
nonwovens,
superpolymer
adsorbent,
thermoplastic
polymer fibers, or a
combination.
Fiber cellulose

Composite of Super Absorbent
Polymer granules with binders
or plasticizers, starch-based
superabsorbent materials
Packaging  system: CO2
generator, oxygenated,
desiccant, ethylene absorbent
or antimicrobial.

Active agent: organic acids

(such as lactic acid, sorbic
acid, citric acid, or a
combination thereof)
quaternary ammonium

compounds, inorganic acids or
a combination thereof.

Fructose

(Jensen and
Versteylen
2012)

(Vertesylen
2015)

(Bovi et al.
2018)




bacteria

shelf life of meat for three to five days.
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Tabel 3. Example of application of pads using an antimicrobial agent
Antimicrobial Carrier/ Modified Aplikasi Target Bacteria Hasil Penelitian Referensi
Agent
Chitosan Paper  Nanosheets | Antibacterial paper E. Coli e Chitosan can inhibit 90% of the viability | (Zemljic et al.
Composites of E. Coli 2017)
Silver Coating on the pad | The melon pieces are | E. Coli e The addition fruitpad will maintain total | (Fernandez et
Nanotechnology | surface packed in a tray with mesophilic and psychrotrophic aerobic | al. 2010)
Absorbent Pads added microorganisms for 10 days with an
average of 3 log10 CFU/g
¢ Besides, absorbent Pads can slow the
aging of melon pieces, very low yeast
count, lower ° Brix value, and a fresher
appearance after 10 days of storage
Fructose Cellulose pads are | Moisture Absorbent Pads | Weigh loss, Water | e FruitPad  with 30%  fructose | (Bovi et al.
combined with | for package of strawberry | absorped, Condensed | concentration showed the highest water | 2018)
fructose water dan Water loss absorption (0.94 g water/g pad) at
concentrations relative humidity 100 and temperature
20 °C
e Increase shelf life from 3 days to 5 days
Pinosylvin Using a coating | Antimicrobial absorbent | C. coli ATCC 33559 | e Can inhibit C. jejuni ATCC 33560 and | (Bovi et al.
containing pads and C. jejuni ATCC | C. coli ATCC 33559 by 99% to 100% | 2018)
pinosylvin- 33560
cyclodextrin
Zn0O Immobilized in | Antibacterial S. Epidermis, L. | eBoth cotton pads using nanoparticles of | (Shankar and
nanoparticle, cotton fibers cotton pads monocytogenes, S. | ZnO, CuO and Silver demonstrated Rhim 2017)
CuO aureus, and E. coli significant inhibitory activity on E.coli,
nanoparticle and L.monocytogenes, S. aureus, and S.
Silver Epidermis microbes with varying
Nanoparticle activity levels
Oregano Spray coating Absorbent pads Enterobacteriaceae, | e Absorbent pads combined with (Oral et al.
essential oil yeast, and lactic acid | essential oregano oil will extend the 2009)




560

Robbani et al./AGROINTEK 15(2):554-565

foodborne pathogens
(C. jejuni, S. enterica,
and S. aureus).

and minced beef to 4 ° C for 16 and 12
days.

Antimicrobial Carrier/ Modified Aplikasi Target Bacteria Hasil Penelitian Referensi
Agent
Oregano, thyme | Pads enriched with | Cellulosic Pad Specific bacterial | o Cellulosic pad added with oregano, (Agrimonti et
and  cinnamon | essential oil species of meat and | thyme and cinnamon essential oils will | al. 2019)
essential oil some common increase the shelf life of hamburgers

Lemon essential
oil/vermiculite

Encapsulated  and
blended in
electrospun

Anti-bacteriostatic  pad
/polyvinyl alcohol (PVA)

Escherichia coli,
Total Plate Counts

e Compared to without adding pad
products, it can increase the shelf life of
chilled pork products by up to 3 days.

¢ Anti-bacteriostatic pad proven to inhibit
TPC and E. Coli bacteria

(Lietal. 2021)

Cinnamaldehyde

Crosslinking
nonwovens
polyethylene
terephthalate with f-
cyclodextrin

Nonwoven polyethylene
terephthalate
altered with a

cinnamaldehyde  active
agent and modified with
S-cyclodextrin

Escherichia coli and
Staphylo-coccus
aureus

e Antibacterial pads  with  active
cinnamaldehyde compound control
release will prolong the life of cold fresh
pork by 80% from its original shelf life..

(Zhou et
2020)

al.
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Fresh food production requires several
operational processes such as size reduction,
milling, cutting, peeling, sifting, drying slicing
which shortens the shelf life of food due to
browning, loss of moisture content, surface
dehydration, and the reproduction of spoilage-
related microorganisms. Microbial growth is
related to the fruit characteristic, such as fruit
composition, water activity, pH, redox potential,
the amount of O2 in the pack, etc., but also storage
temperature, the composition of the air in the
package, and relative humidity (Martins et al.
2013, Bovi et al. 2018). The cellulose pads with
the contents of the object should also pay attention
to the air headspace on to product. It will allow
mucus to build up in the container if the air
headspace is very wide than the product
packaging, it will also ruin the appearance of
fresh-cut goods, and it is best to use absorbent
agents to extract moisture and liquid.
Consequently, absorbent pads based on cellulose
are commonly used in retail food packaging.
However, slimy fluids that cannot be absorbed by
the pads may cause unwanted odors, impair food
quality or encourage the spread of food-borne
pathogens (Otoni et al. 2016, Bovi et al. 2018,
Silva et al. 2018).

A strong antimicrobial carrier is a cellulose.
It is a naturally occurring carbohydrate with a
linear molecular chain formed by 1,4 glycosidic
bonds connected by anhydroglucose units.
Cellulose, by electrostatic interactions, is also able
to bind electropositive transition metal atoms.
AgNPs is an instance of an antimicrobial agents
(Fernandez et al. 2010). As a consequence, micro-
cellulose adsorbs silver ions during immersion in
silver nitrate. The porous cellulose framework
then serves as a nanoreactor and stabilizes silver
nanoparticles (AgNPs) from their normal shape
(He et al. 2003). When mixed with cellulose, trace
amounts of silver are very effective as broad-
spectrum decontamination agents. An example of
the application of antimicrobial food pads using
active ingredients of antimicrobial agents
combined with cellulose is shown in Table 3.

The effectiveness of nanocomposites
consisting of AgNP-Chitosan has been shown to
inhibit various microorganisms (Rhim et al. 2006,
An et al. 2008). One of the uses of silver
nanoparticles is fruit and meat products
(Fernandez et al. 2009). In addition there is the
application of the incorporation of precious metal
nanoparticles into cellulose pore fibers (He et al.
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2003). On the other hand, the use of ingredients
such as salt, sugar and protein in the matrix of food
products can extend the shelf life in food
technology.

The advantages of antimicrobial food pads
are that they are easy to apply in packaged
products (Bovi et al. 2018), inhibit microbial
growth (Ferndndez et al. 2009), maintain product
quality and shelf life (Silva et al. 2018). In
addition, antimicrobial food pads can control the
release of antimicrobial active agents into food
products so that they can maintain longer shelf life
(Gaikwad et al. 2019). The disadvantage of
antimicrobial food pads is that they have to adjust
the headspace of the product with the pads so that
the process of releasing the antimicrobial agent
runs well (Otoni et al. 2016).

CONCLUSION

One of the most effective revolutionary
active food packaging systems is the application
of Cellulose Pads as antimicrobials. Fructose,
pinosylvine, metal nanoparticles, antimicrobials,
essential oils and other active compounds are the
antimicrobial compounds incorporated in the
cellulose pads. With consumer demand for less
synthetic, preservative-free, natural compounds
are constantly being produced. It is also
recommended to embrace bio-based and/or
biodegradable materials as environmentally
friendly alternatives to cellulose pad materials.
Different literature suggests that microbial growth
is effectively prevented by cellulose pads paired
with antimicrobial compounds.

The development of antimicrobial food pads
is continuously encouraged to optimize and make
the production of cellulose pads an effective
antimicrobial. Overall, the investigators are
concerned about the controlled release of the
antimicrobials into the product either in vitro or in
vivo. The resulting controlled release of nano-
composites has potential applications to extend
shelf life and make fresher food products last
longer, help overcome barriers faced by
consumers, and make commercial applications
easier.
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