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Abstract

This study investigates the production and application of food-grade steam-activated carbon derived
from coconut shell charcoal for the purification of beverages and edible oils. Utilizing a steam
activation process, the coconut shells are transformed into activated carbon with a high surface area
and microporous structure, enhancing its adsorption capacity. The activated carbon's efficacy was
evaluated through its ability to remove impurities such as color, odor, and residual contaminants from
beverages and oils. Results indicate significant improvements in the quality of treated substances,
demonstrating the potential of coconut shell-derived activated carbon as an eco-friendly and effective
purification agent in the food industry.
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Introduction

The growing demand for sustainable and eco-friendly solutions in the food industry has led
to the exploration of various natural materials for purification purposes. Among these,
activated carbon derived from coconut shells has gained significant attention due to its
renewable nature, high surface area, and effective adsorption capabilities. The process of
steam activation, which involves heating coconut shell charcoal in the presence of steam, is
particularly effective in enhancing the physical properties of the carbon, making it suitable
for food-grade applications. The use of steam-activated carbon for the purification of
beverages and edible oils offers several advantages, including the removal of color, odor, and
other impurities that can negatively impact product quality.

Activated carbon works by adsorbing organic compounds onto its surface, which is
especially valuable in the food and beverage sector, where the removal of undesirable
substances is crucial for product quality and safety. Previous studies have highlighted the
effectiveness of activated carbon in water purification, but its application to food-grade
purification remains an area of active research. This study aims to investigate the potential of
steam-activated coconut shell charcoal as an alternative to traditional purification methods,
emphasizing its ability to enhance the sensory and chemical properties of beverages and oils.

Food-Grade Steam-Activated Carbon from Coconut Shell Charcoal for Beverage and
Oil Purification

The purification of beverages and edible oils is a critical process in the food industry, aiming
to improve the quality, safety, and sensory characteristics of these products. Over the years,
various methods have been employed to remove impurities, including filtration, distillation,
and the use of activated carbon. Among these methods, activated carbon, particularly that
derived from natural sources like coconut shells, has emerged as a promising material due to
its high surface area, microporosity, and adsorption capacity.

Activated carbon has long been recognized for its ability to adsorb organic compounds,
toxins, and impurities, making it an effective purification agent for a wide range of
applications. However, the use of food-grade activated carbon in the purification of
beverages and oils is a relatively recent development. The traditional activation methods,
such as chemical activation, have certain limitations, including the use of hazardous
chemicals, which raise concerns regarding environmental sustainability and the potential
presence of harmful residues in the final product. Steam activation, on the other hand, offers
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a more environmentally friendly alternative by utilizing
water vapor to activate the carbon, resulting in a cleaner
product without the need for harmful chemicals.

The steam activation process involves heating coconut shell
charcoal in the presence of steam, which causes the charcoal
to undergo physical and chemical changes that enhance its
adsorption properties. During activation, the steam reacts
with the carbon structure, increasing the surface area and
creating a network of pores that allow the carbon to adsorb a
wide range of organic and inorganic contaminants. The
result is a highly porous material with a large surface area,
making it an ideal candidate for applications in food-grade
purification. Moreover, steam activation is a relatively
simple and cost-effective process, making it accessible for
large-scale production.

Coconut shells, an abundant by-product of the coconut
industry, are an ideal raw material for producing activated
carbon due to their high carbon content, renewable nature,
and low environmental impact. The production of coconut
shell-based activated carbon not only provides a sustainable
alternative to traditional purification methods but also adds
value to a waste product that would otherwise go unused.
By utilizing coconut shells as the starting material, the
environmental footprint of activated carbon production is
significantly reduced compared to other raw materials, such
as coal or wood.

In the context of food and beverage purification, activated
carbon derived from coconut shells has been shown to
effectively remove a range of impurities from both liquid
and solid products. These impurities may include colorants,
residual pesticides, heavy metals, organic compounds, and
undesirable flavors or odors. For example, beverages such
as fruit juices, wines, and soft drinks often contain natural
and artificial colorants that can negatively impact their
appearance and consumer appeal. Activated carbon is
capable of adsorbing these colorants, improving the visual
clarity of the beverages. Similarly, edible oils can become
contaminated with unwanted flavors or odors due to
oxidation, microbial activity, or storage conditions. The use
of activated carbon can effectively remove these odors,
restoring the oil's freshness and improving its sensory
properties.

The application of steam-activated coconut shell carbon to
beverage and oil purification has several advantages over
traditional methods. First and foremost, it offers a more
sustainable and environmentally friendly option, as the
steam activation process eliminates the need for harsh
chemicals, reducing the environmental impact of
production. Additionally, steam-activated carbon is highly
efficient in removing impurities, with some studies
indicating that it can achieve over 90% removal of certain
contaminants. This high adsorption capacity makes it a cost-
effective solution for large-scale applications, as smaller
amounts of activated carbon are required to achieve the
desired level of purification.

Moreover, the use of coconut shell-based activated carbon
aligns with the growing demand for natural and organic
products in the food industry. As consumers become
increasingly aware of the potential health risks associated
with synthetic chemicals, there is a growing preference for
products that are free from artificial additives and
contaminants. Coconut shell-derived activated carbon, being
a natural material, offers a safe and effective alternative to
chemical treatments, meeting consumer demand for clean,

www.foodresearchjournal.com

pure, and eco-friendly products.

Several studies have explored the potential of activated
carbon in food-grade applications, particularly in the
purification of water and beverages. In a study by Kumar et
al. (2017) M, coconut shell-based activated carbon was
found to effectively remove a variety of contaminants from
water, including chlorine, pesticides, and heavy metals. The
study demonstrated that the carbon's adsorption capacity
was significantly enhanced by the steam activation process,
which increased the carbon's surface area and
microporosity. Similarly, a study by Singh et al. (2019) @
investigated the use of activated carbon for the removal of
color and odor from edible oils. The results showed that
steam-activated coconut shell carbon was highly effective in
improving the sensory properties of the oil, with a
noticeable reduction in undesirable flavors and odors.

In addition to its use in beverage and oil purification,
coconut shell-based activated carbon has been explored for
other food-related applications, such as the removal of
impurities from sugar, tea, and coffee. The ability of
activated carbon to adsorb a wide range of organic and
inorganic substances makes it a versatile material for
various  purification  processes.  Furthermore, the
sustainability of coconut shell-based activated carbon is a
key advantage in an industry that is increasingly focused on
reducing its environmental impact.

Despite its promising potential, there are several challenges
associated with the use of activated carbon in food-grade
applications. One of the main concerns is the potential for
contamination by residual chemicals or impurities that may
be present in the activated carbon. While the steam
activation process is relatively clean, there is still a need for
careful quality control and testing to ensure that the
activated carbon meets the required standards for food-grade
applications. Additionally, the adsorption capacity of
activated carbon may vary depending on the specific
application and the type of contaminant being removed.
Further research is needed to optimize the activation process
and enhance the carbon's efficiency for different food
products.

The scalability of steam-activated coconut shell carbon
production is another area that requires attention. Although
the steam activation process is relatively simple, scaling it
up for large-scale production can present challenges in
terms of consistency, cost, and energy efficiency. Advances
in production technology and process optimization will be
essential to meet the growing demand for food-grade
activated carbon in the beverage and oil industries.

Results

The effectiveness of food-grade steam-activated carbon
derived from coconut shell charcoal for the purification of
beverages and edible oils was evaluated through a series of
laboratory experiments. The primary objective was to assess
the carbon's ability to remove contaminants such as color,
odor, and residual chemicals from these products. Various
types of beverages and oils were treated with steam-
activated coconut shell carbon, and the results were
compared to untreated samples.

Adsorption Efficiency

The adsorption efficiency of the steam-activated coconut
shell carbon was first measured by testing its ability to
remove colorants and odors from a selection of beverages,
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including fruit juices, soft drinks, and wines. Figure 1 shows
the adsorption isotherms for the activated carbon when
applied to a standard fruit juice sample. The results indicate
a marked reduction in color intensity after treatment, with a
significant decrease in optical density. The activated carbon
was able to achieve over 85% reduction in color, indicating

www.foodresearchjournal.com

its high adsorption capacity for organic colorants.
Additionally, the removal of undesirable flavors and odors
was assessed using a sensory panel, which reported a
noticeable improvement in the taste and smell of the treated
beverages.

Q0

85

80

751

70

Percentage Calor Removal (%)

65

60

1.0 15 2.0

Contact Time (hours)

2.5 3.0 35 2.0

Fig 1: Adsorption Isotherms for Steam-Activated Coconut Shell Carbon in Fruit Juice Purification

This graph demonstrates the relationship between the
adsorption time and the degree of color removal. As the
contact time increases, the adsorption efficiency also

improves, with a clear plateau achieved after 2 hours of
contact. This indicates that equilibrium was reached, and no
further significant adsorption occurred after this period.

Table 1: Effect of Contact Time on the Purification of Fruit Juice with Steam-Activated Coconut Shell Carbon

Contact Time (hours) Percentage Color Removal (%) Sensory Improvement (%)
1 60 20
2 85 45
3 88 50
4 89 55

Similar results were obtained for the purification of edible
oils, including sunflower and olive oil. Figure 2 shows the
removal of unwanted odors and residual contaminants from
the oils. The treated oils showed a reduction in free fatty
acids and peroxide values, two common indicators of
oxidation and spoilage. The removal of these contaminants

directly correlates with improved shelf life and sensory
characteristics of the oils. Sensory evaluations also revealed
that the treated oils had a significantly fresher taste, with a
reduction in rancid and off-flavors, confirming the
effectiveness of steam-activated coconut shell carbon.
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Fig 2: Oil Purification Results with Steam-Activated Coconut Shell Carbon
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This figure illustrates the reduction in peroxide values (PV)
and free fatty acid content (FFA) over time, showing the

www.foodresearchjournal.com

effectiveness of steam-activated coconut shell carbon in
reducing oxidation levels in edible oils.

Table 2: Effect of Steam-Activated Coconut Shell Carbon on the Oxidation Levels in Edible Oils

Contact Time (hours) Peroxide Value Reduction (%0) Free Fatty Acid Reduction (%)
1 35 30
2 55 45
3 70 60
4 80 75

The results of both beverage and oil purification
experiments demonstrate that steam-activated coconut shell
carbon is highly effective in improving the quality of the
treated products. The purification process not only enhances
the sensory qualities, such as color and taste, but also
contributes to the preservation of the products by reducing
oxidation and other spoilage-related compounds. The
carbon's adsorption capacity increases with contact time,
indicating that it reaches an optimal purification state after
approximately two hours of treatment.

In terms of practical application, the scale-up potential of
steam-activated coconut shell carbon is promising. The
carbon’s effectiveness in removing a wide range of
contaminants with minimal application rates suggests that it
could be a viable option for large-scale food-grade
purification in the beverage and oil industries. Further
studies are needed to refine the production process and
improve the efficiency of carbon usage in commercial
applications.

Discussion

The results from this study demonstrate the significant
potential of food-grade steam-activated carbon derived from
coconut shell charcoal for the purification of beverages and
edible oils. The data collected from the experiments on
color, odor, and chemical contaminant removal provide
compelling evidence for the efficacy of this activated carbon
in enhancing the sensory and chemical properties of treated
products. These findings align with previous studies that
have explored the use of activated carbon in various food-
related applications, further supporting its role as a
sustainable and effective purification agent.

In terms of beverage purification, the steam-activated
coconut shell carbon achieved remarkable improvements in
color removal, with an 85% reduction in optical density for
fruit juice samples. This level of color removal is
comparable to the results achieved by other natural
adsorbents, such as activated charcoal from different
biomass sources, including wood and bamboo. However,
the use of coconut shells is particularly advantageous, as
they are a renewable resource, and their use for activated
carbon production aligns with the growing demand for eco-
friendly materials in the food industry. The significant
reduction in undesirable flavors and odors observed in the
sensory panel evaluations further highlights the carbon's
potential to improve the quality of beverages, making it an
attractive option for commercial applications.

Previous research has demonstrated that activated carbon
can effectively remove colorants and organic impurities
from liquids, such as water and beverages, using various
activation techniques. For instance, a study by Kumar et al.
(2017) investigated the use of coconut shell-derived
activated carbon for water treatment and found that steam
activation resulted in a carbon material with superior

adsorption properties compared to chemically activated
carbons. Similarly, the study by Singh et al. (2019) @
examined the use of activated carbon for the removal of
color and odor from fruit juices, confirming the enhanced
adsorption capacity of steam-activated carbon. These
findings are consistent with the results obtained in this
study, further supporting the idea that steam activation
enhances the carbon's performance in food-grade
purification applications.

When applied to edible oil purification, the steam-activated
coconut shell carbon demonstrated its ability to reduce
oxidation levels, as evidenced by the reduction in peroxide
values and free fatty acid content. These results are in line
with previous studies that have explored the use of activated
carbon to improve the shelf life and quality of edible oils.
For example, in a study by Sharma et al. (2018) 1, activated
carbon was shown to be effective in removing oxidized
compounds from sunflower oil, extending its shelf life and
improving its sensory characteristics. The reduction in
undesirable flavors and odors in this study further supports
the use of activated carbon as a viable solution for oil
purification, providing a natural alternative to chemical
treatments.

One of the key advantages of using coconut shell-derived
activated carbon is its sustainability. Coconut shells are an
abundant and renewable resource, making them an ideal raw
material for activated carbon production. The environmental
benefits of using coconut shells for carbon production are
significant, as they reduce the need for non-renewable
materials, such as coal or wood, and provide a valuable use
for a by-product that would otherwise be discarded.
Furthermore, the steam activation process itself is more
environmentally friendly than chemical activation methods,
as it eliminates the need for potentially harmful chemicals.
This makes steam-activated coconut shell carbon an
attractive option for food-grade applications, where
sustainability is becoming an increasingly important factor
for both manufacturers and consumers.

Despite these promising results, there are several challenges
that need to be addressed before steam-activated coconut
shell carbon can be widely adopted in the food industry.
One of the main concerns is the potential for contamination
by residual chemicals or impurities that may be present in
the activated carbon. Although the steam activation process
is relatively clean compared to chemical activation, it is still
important to ensure that the activated carbon meets food-
grade standards and does not introduce any harmful
substances into the final product. Rigorous quality control
measures and certification processes will be necessary to
ensure the safety of the carbon used in food applications.
Additionally, the scalability of steam-activated coconut shell
carbon production remains a challenge. While the steam
activation process is relatively simple and cost-effective on
a small scale, scaling it up for large-scale industrial
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production may require further optimization of the process
to ensure consistency and efficiency. The energy
requirements for large-scale steam activation and the cost of
production will need to be carefully considered to make the
process commercially viable. However, the growing
demand for sustainable and eco-friendly products in the
food industry, coupled with the advantages of coconut shell-
derived activated carbon, suggests that there is significant
potential for large-scale adoption of this technology.

Future research should focus on improving the efficiency of
the steam activation process and exploring new applications
for steam-activated coconut shell carbon in the food
industry. For example, the use of activated carbon for the
removal of pesticides, heavy metals, and other contaminants
from food products could be further explored. Additionally,
the development of more efficient and cost-effective
production methods could help reduce the overall cost of
food-grade activated carbon, making it more accessible to a
wider range of manufacturers.

Conclusion

In conclusion, this study has demonstrated the significant
potential of food-grade steam-activated carbon derived from
coconut shell charcoal for the purification of beverages and
edible oils. The results indicate that steam-activated coconut
shell carbon is highly effective in removing undesirable
contaminants such as colorants, odors, and organic
impurities, thereby improving the sensory and chemical
properties of treated products. The carbon's enhanced
adsorption capacity, resulting from the steam activation
process, makes it a valuable tool in the food industry, where
the quality and safety of beverages and oils are of utmost
importance.

The use of coconut shells as the raw material for activated
carbon production not only provides an eco-friendly and
renewable solution but also contributes to the reduction of
waste by utilizing a by-product that would otherwise be
discarded. Moreover, the steam activation process, being
environmentally friendly, eliminates the need for harmful
chemicals, making the carbon suitable for food-grade
applications. The scalability and cost-effectiveness of the
production process, while requiring further optimization,
suggest that this method has the potential for widespread
industrial adoption.
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