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peel waste as chicken meat freshness indicator in
sago starch-based biodegradable smart packaging

Abstract

High usage of synthetic plastic will harm the environment due to its difficulties in degrading
and harming the environment. Environmentally friendly plastic packaging that can be used
is active and intelligent packaging made from starch as one of the innovations in food
packaging. The starch extracted from the sago (Metroxylon sagu) fruit can form a thin layer
for biodegradable plastic packaging. Addition material such as natural pigment will enhance
the biodegradable packaging ability to be active and intelligent. As a natural pigment,
betacyanin can be collected from beetroot peel waste, which is rarely utilized. This review
aimed to explore the potency of sago starch with betacyanin pigment addition from beetroot
peel waste as an active and intelligent packaging plastic material. Sago starch mixed with
a plasticizer can form a flexible thin layer (film) and be used as a packaging material. The
addition of betacyanin to beetroot peel on sago starch biofilm plays an important role as a
sensor through colour change due to its sensitivity to pH changes in spoiled chicken meat
products. Sago starch and beetroot peel have excellent potential to be applied as smart
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Introduction

Plastic waste pollution has been a global issue for a long time.
Currently, communities worldwide focus on disseminating plastic
waste into the environment and its detrimental impact on the
surrounding ecosystems. Plastic waste will harm the ecosystems
inhabiting these environments. However, the demand for plastic
continues to rise with technological advancements. Data from the
Indonesian Central Statistics Agency' reported that the import value
of plastic goods in 2013 reached US$ 4.5 billion, showing an increase
of 9.7% compared to the previous year. This will also lead to an
increase in the quantity of plastic waste disposed of, coinciding with
the rise in plastic imports. Consequently, plastic usage and the volume
of plastic waste are also increasing. According to data from Ritchie
& Roser,” global plastic waste production has steadily increased from
1950 to 2015. By 2050, global plastic waste volume will be predicted
to reach 2 million tons per year.

Based on the 2016 World Bank report, plastic waste contributes to
approximately 12% of overall environmental pollution. If this trend
continues, it is projected that by 2050, environmental pollution levels
will reach 70%. Additionally, the issue of marine litter is of serious
concern. Research conducted by Jenna Jambeck, a researcher from the
University of Georgia, reveals that Indonesia is a coastal country that
disposes 12.7 million tons of waste into the sea.?

The extensive use of plastic has the potential to harm the
environment. This is attributed to the inherent characteristics of
plastic, which make it highly resistant to degradation, leading to
the accumulation of plastic waste that pollutes the environment.*
Plastic properties such as non-biodegradability, resistance to natural
degradation, impermeability to water, and corrosion resistance pose
significant environmental challenges.

Furthermore, plastic waste also has a big potential to harm
aquatic ecosystems. For instance, plastic waste can harm coral
reefs and mangrove forests.> Therefore, an alternative in the form
of environmentally friendly plastic materials is needed. Scientists
and researchers are continuously striving to find eco-friendly plastic
packaging materials. One solution to this issue is using biodegradable
plastic or bioplastic made from natural materials that can degrade
quickly. Biodegradable plastic is typically crafted from natural
polymers like starch.’

Biodegradable plastic, or eco-friendly plastic packaging, is
described as a type of plastic that can be naturally degraded and can
be made from renewable natural resources such as oils, fats, biomass,
and starch.®® Kharb & Saharan’ explain that biodegradable plastic
has been applied in various sectors, including textiles, consumer
goods, coatings and adhesives, and food packaging. Starch is the most
popular material for biodegradable food packaging since it is non-
toxic, widely and easily available, and low-cost compared to protein
and lipids-based materials.!"” However, Young et al.!' reported that in
this 21* century, the demands for food packaging with the ability to
monitor the food during storage are increasing in line with consumers’
awareness. Based on this situation, it is important to innovate
biodegradable food packaging with this ability, leading to the concept
of'smart packaging. Smart packaging, known as informative packaging
provides real-time quality and freshness level to the consumers, which
is indicated by a color change using an additional pH indicator from
chemicals or natural pigments.'>'*

Beet root peel is a source of natural colorant widely used as a
natural dye'® and food packaging freshness indicator.!® It contains
pigments sensitive to pH changes,"” indicating the level of food
freshness by different colors. Betalain consists of two different
pigments, i.e. betacyanin with red-violent color and betaxanthin
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with yellow-orange color.” Zin et al.'”” and Silva et al.?* reported
that betalain extracted from beet root peel contains a higher level of
betacyanin than betaxanthin. This explains betacyanin’s major role
in smart food packaging applications. However, beet root peel was
also known as a by-product’ generated from beetroot processing
industries. The utilization of beet root peel waste is important to
minimize waste generation and will be valuable since it contains
important compounds.

Incorporation of betacyanin from beet root peel waste to a starch-
based bioplastic as the active and intelligent packaging for food
packaging will be potential. Active packaging enhances the quality
and extends the shelf life of packaged food products, while intelligent
packaging monitors and provides information about the quality of the
packaged products. Using sago starch in producing such packaging
is anticipated to increase the utilization of sago and beetroot while
reducing reliance on plastic imports.?** This paper explores the
potential of using beetroot to produce active and intelligent packaging
plastics.

Methods

The method used is an effective literature review following the
topic. The method of discussion is based on the research results
found by previous researchers, which are then integrated with other
researchers to get strong results and conclusions.

Smart packaging

Packaging is the first thing one observes when considering a
product purchase since it relates to the packaging’s role as a silent
salesman selling the product based on the information displayed on
the packaging. Packaging not only serves as a means of marketing
the product within but also functions to protect the packaged
product. The term “smart packaging” may still be unfamiliar to
some in the Indonesian community. According to Rahimah et al.,>*
smart packaging is a system embedded with sensors or indicator
technologies that provide information about the quality of products,
especially perishable foods. Smart packaging comprises two types of
packaging: active packaging and intelligent packaging, emphasizing
that packaging not only preserves the product but also provides
information about the product’s condition.

In research conducted by Qin et al.,'” the creation of active and
intelligent packaging using betalain pigments extracted from the
red dragon fruit peel was described. These pigments were mixed
with starch-based biofilm or PVA. Betalain is a natural pigment that
is an antioxidant and antimicrobial agent in the biofilm produced.
Furthermore, betalain demonstrates stability within a specific pH
range of approximately 3-7 but exhibits various color variations in
an alkaline environment. This rationale led to the selection of betalain
for monitoring pH changes in the packaged products as an indicator.
In this study, the packaging’s ability was tested for the freshness of
stored shrimp, resulting in satisfactory outcomes, making this biofilm
suitable for monitoring the freshness of other protein-rich animal
products. Qin et al.” also employed extracts from Chinese goji berries
and red dragon fruit peel to obtain betacyanin, which was then tested
for pH sensitivity in various pH solutions. Betacyanin from red dragon
fruit peel (B) would fade to a yellowish hue as the pH value increased
and darken to a deeper red with decreasing pH.

A study by Setiawan et al.’* explored betacyanin pigments
obtained from beetroot tubers for use as a natural dye. Beetroot tuber
peel contains 82.85% water, 5.95% fiber, 1.33% ash, and 0.31%
lipids. The optimal method for extracting betacyanin from beetroot
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peel involved using ethanol as a solvent with HCl added during
a 40-minute extraction process, resulting in 2.4535 mg/100 g of
betacyanin. Ethanol acted as a solvent to extract betacyanin pigment
from beetroot peel. Hydrochloric acid can be corrosive to samples,
thus necessitating the substitution of hydrochloric acid with citric
acid, a weak acid that still effectively correlates with ethanol to extract
betacyanin. Betacyanin imparts shades of red to reddish-violet, with
maximum absorbance measured at 534-535 nm.

In research by Silviana et al.,?” the production of bioplastics made
from sago starch was influenced by keratin from chicken feathers,
glycerol as a plasticizer, and lime juice extract. The production process
involved mixing 4% sago starch with water for hydration and heating
to facilitate starch gelatinization. Before heating, lime juice extract
(5% v/v) and glycerol (20% w/w) were added to the mixture and
heated to 90°C. Subsequently, the resulting paste or gel was molded
using acrylic molds and underwent air-drying at room temperature
for 1-2 days.

Application of smart packaging for agricultural
products

Agricultural produce is known for its perishable nature, indicating
a very short shelf life for these products, such as fruits, vegetables,
and animal products.” Sometimes, these changes are not visually
perceptible, making detecting alterations in agricultural products
difficult. Hence, a system that can be implemented from the production
process to the distribution of agricultural products to maintain quality
in line with consumer expectations is required. One solution that can
be applied is smart packaging, allowing producers to communicate
with consumers to monitor the quality of packaged products. Smart
packaging typically incorporates sensors, including detectors,
recorders, trackers, communication devices, and the application of
scientific logic to facilitate decision-making, enhance safety, improve
quality, and provide information and potential issue alerts.” One type
of smart packaging that can be utilized involves biofilm layers made
from sago starch.

Sago starch (Metroxylon sagu) is an abundant starch variety in
Indonesia, yet its utilization has yet to receive sufficient attention
from major industries. According to Wong et al.,** unmodified sago
starch contains 70-80% amylopectin and 15-30% amylose fractions.
Ahmad et al.*' reported that biofilm derived from sago starch is a
potential biofilm for application in the smart packaging concept. In the
production of bioplastics or biofilm, additional compounds are needed
to provide suitable characteristics for use as a biofilm. Bhasney et
al.*? explained that plasticizers aim to enhance bond mobility and
reduce pressure between polymer chains, thus making the matrix
softer and more elastic. This concept proposes glycerol and sorbitol
as plasticizers for biofilm production. This choice was made because
the glycerol-sorbitol mixture is considered a natural plasticizer with
favorable characteristics for biofilm, such as providing better texture
and superior mechanical properties compared to other plasticizers.*

pH changes are one indicator of the freshness of agricultural
products. This freshness indicates its quality, including microbial
growth or chemical changes in the agricultural produce. The
reaction between microbial growth metabolites and the indicator
results in visual changes in microbial quality in the product due to
pH alterations.” Efforts to make biofilm from sago starch as a smart
packaging concept involve the addition of betacyanin extract from
beetroot as an indicator. This natural pigment is highly sensitive to
changes in the material’s pH, causing a colour change when the pH
of the material changes. Although anthocyanin pigments are more
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pH-sensitive than betacyanin, the addition of betacyanin enhances
the compactness of the biofilm. It strengthens the hydrogen bond
interactions within the film matrix compared to anthocyanin.
Therefore, we consider it suitable for application as smart packaging
for animal-sourced products such as meats and horticultural products
like fruits and vegetables. In addition to serving as a sensitive pH
indicator, this biofilm remains robust as a product packaging material.

The design for the implementation of active and intelligent
packaging involves a biofilm that covers the entire packaging of poultry
products, specifically targeting cut chicken meat. Cut chicken meat is
a common commodity sold in supermarkets. However, in the current
condition, only some packaging solutions have provided real-time
information directly to consumers about product spoilage. The growth
of microbes on animal proteins can generate a substantial amount of
volatile nitrogen compounds, such as ammonia, dimethylamine, and
trimethylamine, which can influence the food’s pH.** Chicken is
chosen as the animal product due to its protein content, which is not
significantly different from beef and fish. According to the Directorate
of Nutrition, Ministry of Health (2010), as cited in Wijayanti et al.,*
chicken meat contains 18.20 grams of protein, 25 grams of fat, and
404 Kcal per 100 grams of chicken meat. Meanwhile, beef’s protein
and fat content per 100 grams is 18.8 grams of protein and 14 grams
of fat, according to Micinski et al.*®

Chicken meat deteriorates rapidly if not stored and packaged
according to applicable standards. Research by Poyatos-Racionero
et al.’” shows that microbial growth on meat products can produce
volatile biogenic amine compounds. These volatile compounds can
react with pH indicators in the designed packaging. The pigment
used in this concept is betacyanin, extracted from beetroot peel.
Besides being a sensitive pH indicator, betacyanin also possesses high
antioxidant and antimicrobial properties, thus maintaining the quality
of bell peppers during storage, both in the store and after consumer
purchase. Labels containing pH change indicators on the packaging
of cut chicken meat will be printed and affixed to the top layer of the
chicken meat packaging, with a gradient of colors indicating product
quality.

The above Figure 1 is an indicator that provides information to
consumers about the quality of the packaged product, particularly cut
chicken meat. The color produced by the biofilm with the betacyanin
indicator illustrates the interaction of the betacyanin pigment, which
is sensitive to changes in pH due to microbial metabolites. The deep
red indicates that the chicken product is still in optimal condition,
with a pH of around 6. Many protein-rich animal foods are generally
susceptible to spoilage due to microbial contamination.

L0 AT WE

Figure | lllustration of product quality indicator on smart packaging.
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The principle of intelligent packaging using sago-based material
modified with betacyanin indicators from beetroot is based on
pH changes resulting from the chemical processes generated by
microorganisms in the product. The color change in betacyanin is
a response to these pH changes. This concept refers to research by
Qin et al.,” which revealed that betacyanin in the extract interacts
with starch and glycerol (plasticizer) through hydrogen bonding.
These hydrogen bonds enhance the film’s water vapor barrier and
mechanical properties. Furthermore, betacyanin derived from beetroot
peel extract functions as a light barrier and antioxidant and possesses
antimicrobial properties.

Beetroot peel waste as an indicator

Based on the research conducted by Qin et al.,” betalains are natural
pigments produced by certain plants, such as red spinach and dragon
fruit. Betalains can be categorized into two groups based on their
chemical structures: betacyanin and betaxanthin. Beetroot peel has
been selected as the source of betacyanin, serving as a natural pigment
for a pH change detection sensor that indicates product spoilage.
This choice is justified because the pigment derived from beetroot
peel remains stable within the pH range of 3 to 7 but undergoes a
color change from reddish-purple (under acidic conditions) to yellow
(under alkaline conditions). Additionally, according to Gengatharan et
al.,*® there were observed color changes and the application of UV-Vis
spectroscopy (Figure 2), resulting in a red-colored RPP (red-purple
pigment) solution with a single absorption peak of betalains, which
remains stable at pH levels ranging from 3 to 7, with betacyanin as the
primary component.

p3  pH4 pHS  pHG pHT S pHY  pHID pil 12

pH 11

Absorbance

Wavelength (nm)

Figure 2 Color changes and UV-vis spectra of betalain at various pH.2®

The development of intelligent packaging, using a base material
of sago modified with a betacyanin indicator from beetroot peel,
introduces innovation in packaging, enabling the detection of meat
product spoilage. This packaging detects product spoilage using a
colorimetric sensor that utilizes betacyanin pigment from beetroot
peel. The sensor displays a reddish-purple color when the product is
in good or fresh condition and shifts to a yellowish hue if the product
experiences spoilage.
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Strategic action for future implementation
Stabilizing beetroot production

Beetroot is one of the tuber crops gaining popularity due to its
numerous benefits. Cultivating beetroot does not require special
treatment but is generally grown in highland areas, resulting in
moderate productivity. A strategy to stabilize red beetroot productivity
can be achieved by improving the cultivation system, particularly by
managing highland or limited-space areas using hydroponic systems.
According to the research conducted by Jannah & Murdono,*
hydroponic raft systems using rice husk charcoal as a medium yield
positive results regarding beetroot diameter and sugar content. This
presents an opportunity and foundation for cultivation, ensuring stable
beetroot productivity.

Supporting semi-finished material industries for sago starch and
beetroot extract production

Starch derived from Indonesia’s native sago plant has numerous
benefits and can serve as an alternative national food source and raw
material for intelligent packaging. Sago plant cultivation is commonly
known in the Eastern Indonesian region. However, according to the
Indonesian Ministry of Agriculture,* it is produced in other regions
such as Aceh, Riau, and South Kalimantan. The harvested sago is
typically processed into semi-finished products, mainly sago starch,
requiring support from various parties to boost sago cultivation
and production. Meanwhile, beetroot harvests have been exported
abroad and to various regions. Beetroot extract and peel are essential
for packaging development and natural coloring, presenting an
opportunity to establish a red beetroot extract processing industry.

Research and development

Research is necessary to realize smart packaging made from sago
starch and beetroot peel betacyanin indicators. This research will
analyze the color changes that occur in beetroot peel betacyanin.
Furthermore, Dirpan et al.*! explain that the research trends over
the last 25 years and the future aim to determine the appropriate
proportions of materials to create smart packaging with desirable film
characteristics, including thickness, moisture content, mechanical
properties, antioxidant activity, and antimicrobial activity.

Support from other parties

The increasing use of conventional plastics has led to environmental
pollution. The development of smart packaging made from sago
starch and beetroot peel betacyanin indicators is expected to minimize
environmental damage caused by plastic waste. Schaefer & Cheung®
explain that the future challenges of developing such packaging
require support from various parties, including the community and
the government. This can be achieved by reducing synthetic plastics
and promoting awareness of the use of smart packaging in agricultural
products, especially horticultural ones.

Conclusion

Incorporating betacyanin collected from beet root peel waste
into sago starch biodegradable film emerges as a potential material
for application in smart packaging. In the production of bioplastics,
adding a compound, specifically betacyanin pigments, a pH indicator
extracted from beetroot peel, which exhibits sensitivity to pH
changes, is required. Innovating sago starch biodegradable films with
the addition of betacyanin from beet root peel waste as intelligent
packaging not only enhances the value of sago-based products and
underutilized beetroot peel but also contributes to environmental
sustainability by reducing the use of synthetic plastic waste.
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