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Abstract: This study was conducted to observe the charac-
teristics of sodium carboxymethyl cellulose (Na-CMC) made
from bacterial cellulose from pineapple peel waste obtained
from the results of community business activities. Na-CMC
was made from pineapple peel waste cellulose with various
sodium hydroxide concentration treatments. The alkaliza-
tion process with NaOH is critical to start the carboxymethy-
lation process to produce CMC. Na-CMC was manufactured
with various NaOH concentrations in the range of 5, 7.5, 10,
12.5, and 15%. The resulting Na-CMC was then analyzed for
quality using several parameters such as water content,
NaCl content, Na-CMC purity, and degree of substitution
(DS). The application of Na-CMC was tested in the view of
viscosity and pH. As a result, it can be reported that the
concentration of NaOH dramatically affects the character
of the resulting Na-CMC. The NaOH concentration of 10%
produced the best Na-CMC in this study, with the highest
purity and DS value. As information for the application of
the Na-CMC produced, the Na-CMC produced was measured
for the pH value and viscosity. As a result, it can be reported
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that the pH of the Na-CMC solution was categorized as neu-
tral, and the viscosity value was directly proportional to the
purity of Na-CMC. The findings of this study have provided
information on the potential of pineapple peel waste to pro-
duce Na-CMC, even though the material was not standar-
dized because it comes from annual public activity.

Keywords: agriculture, alkalization, economic value, indus-
trialization, standardization

1 Introduction

Pineapple (Ananas comosus L.) is a fruit plant widely cul-
tivated in tropical and subtropical regions. This plant has
many benefits, especially its fruit. The pineapple proces-
sing industry in Indonesia is a priority plant to be devel-
oped because it has export potential [1]. Along with the
large capacity of the pineapple industry in Indonesia, a
condition that needs attention is pineapple peel waste.
The pineapple industry processes pineapples to convert
the fruit’s flesh into canned products or other derivative
products. However, the fruit’s peel will be thrown away,
which leads to problems. Therefore, it is necessary to think
about the technical processing of pineapple peel waste that
goes hand in hand with the industrialization of pineapple
in the country.

It is well known that pineapple peel waste still con-
tains various chemical compounds such as carbohydrates
(75.67%), proteins (5.78%), fat (5.57), and ash (378%) [2,3].
The high carbohydrate content which also represents the
sugar content means that pineapple skin waste can be
processed into bacterial cellulose [3,4]. Cellulose produced
from pineapple peel can be used directly or to make deri-
vative products with high economic value [5]. One of the
potential products that can be produced from pineapple
peel waste cellulose is sodium carboxymethyl cellulose
(Na-CMC). The pineapple peel waste has been widely
used as a raw material for cellulose. The cellulose
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produced is used as a raw material for paper membranes
as a filtration material to remove contaminants in water.
However, using cellulose from pineapple peel waste to
prepare compounds with other broader benefits, such as
Na-CMC, has yet to be widely carried out. Na-CMC is a
compound that has various uses in the pharmaceutical,
textile, construction, and food sectors. Due to the wide
application of Na-CMC, processing pineapple peel waste
into Na-CMC will significantly increase the economic value
of the pineapple peel [6]. This economic potential can be a
strong incentive for the development of industries using
pineapple peel waste as a raw material.

The process of making Na-CMC from either natural
cellulose or bacterial cellulose includes two steps, namely,
alkalization and carboxymethylation [7-11]. Alkalization
is carried out by reacting cellulose with NaOH to reactivate
the —OH group. The cellulose structure expands and
allows the carboxymethyl reagent to enter and bind to the
cellulose. The characteristic of the Na-CMC produced will, of
course, depend on the quality of the cellulose available [12]. In
this study, Na-CMC production has been carried out from
cellulose produced from pineapple peel waste obtained
from community activities in Padang, West Sumatra Pro-
vince, Indonesia. Industrially, the characteristic of the cellu-
lose produced to be used as the raw material for Na-CMC will
be uniform because pineapple peel waste comes from the
same source. However, if pineapple peel waste is from com-
munity activities, the characteristics will be different, such as
different varieties, different ages, and so on. Therefore, it is
interesting to know the quality of Na-CMC produced when
using cellulose from a collection of pineapple peel waste
which are from different sources. As previously informed,
the process of making Na-CMC will be influenced by two
factors, namely, the composition of NaOH for the alkalization
process and the composition of sodium monochloroacetate
(SMCA) for the carboxymethylation process. So, in this study,
the process of forming Na-CMC will be focused on the influ-
ence of the NaOH concentration used in the treatment
because this is considered to be the initial step towards
the perfection of the reaction of the formation of Na-CMC.
However, it is important to note that the industrial produc-
tion of Na-CMC from pineapple peel waste may face chal-
lenges such as maintaining consistent quality and dealing
with variations in the source material.

This study describes the production of Na-CMC from
pineapple peel trash that was collected from the local
waste. Furthermore, as this was a crucial step in the pro-
duction of Na-CMC from cellulose, improvement of the Na-
CMC creation process using NaOH treatment was focused
instead. Since the properties of pineapple peel waste will
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influence the type of Na-CMC product that is produced, the
results of this study will give more information about the
Na-CMC products that can be made from this waste, offering
an alternative viewpoint for the growth of industries that
use it as a raw material.

2 Material and methods

This research was conducted in a laboratory employed
under the management of the Department of Food Technology
and Agricultural Products, Andalas University, and the produc-
tion workshop of the Culinary Arts Study Program, Padang State
University, West Sumatra, Indonesia. The research was con-
ducted during the period of April-September 2024.

The primary material used in this study was pineapple
peel waste obtained from traditional markets in two sub-
districts in Padang, West Sumatra Province. The pineapple
peels were obtained from one sampling point, approximately
20 kg per day. Other materials used were Acetobacter xylinum
bacterial culture, sugar, urea, acetic acid, distilled water, 95%
ethanol, NaOH, isopropyl alcohol, SMCA, glacial acetic acid,
sulfuric acid, sodium chlorite, and ethanol. All materials used
were of technical grade quality.

The tools used to produce nata de pina were simple
equipment consisting of laboratory glassware, blenders, and
trays. Also, instruments such as pH meters (pH Meter
Mettler Toledo S-220-KIT), Viscometers (B-One model BMV
102 M), and measuring glassware were used for analytical
purposes.

In this study, different concentrations of NaOH are
used to create alkalization condition for Na-CMC forma-
tion. The NaOH concentrations used were 5, 7.5, 10, 12.5,
and 15%, with similar amounts (20 mL) in the reaction
system (approx. 220 mL mixture solution).

2.1 Production of nata de pina from
pineapple peel waste

Pineapple peel waste extract was taken using a juicer.
Then, water was added in a ratio of 1:4 (1kg of pineapple
puree was added to 4kg of water). Then, 0% sugar, 0.5%
ammonium sulfate, and 0.5% acetic acid (v/v) were added to
the mixture. The pH was then adjusted to 4.5 and sterilized by
cooking until boiling. Subsequently, the mixture was cooled,
and Acetobacter xylinum bacteria was added as much as 10%
of the total liquid and fermented for 14 days [13,14].
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2.2 Purification of produced nata de pina

Nata in the form of sheets was harvested and then washed
until neutral. The nata de pina sheets were reduced into
small pieces and then boiled five times. The boiled nata
was dried using a food dehydrator at 40°C for 12h. The
dried cellulose was reduced in size using a blender.

2.3 Production of CMC from nata de pina
cellulose raw material

The formulation used for making CMC from nata de pina is
shown in Table 1.

The production of CMC was referred to in the study by
Syukri et al., 2024 [15]. The production of CMC was carried
out through two processes, namely, alkalization and
carboxymethylation. In the alkalization process, 5g dry
weight of nata de pina cellulose was put into a 250 mL
Erlenmeyer flask. Then, 100 mL of isopropanol was added
while stirring using a 100 rpm hotplate stirrer at 30°C
(room temperature), until mixed. Then, 20 mL of NaOH
solution with several concentrations (5, 7.5, 10, 12.5, 15%)
was added drop by drop for 1h while stirring. After the
alkalization process, the carboxymethylation process was
continued by adding 6 g of SMCA. The carboxymethylation
process was carried out with a hotplate stirrer at 60°C for
3 h. Then, the mixture of the carboxymethylation process is
cooled and neutralized with 98% glacial acetic acid to pH 7
at room temperature. After that, it was filtered and soaked
in 100 mL of methanol for 24 h. Then, the filtering was done
again, and the residue was dried in an oven until its weight
was constant at 60°C. The dried Na-CMC was then ground
and stored in a closed container before being characterized
and tested for application.

Na-CMC from pineapple peel waste with NaOH treatment = 3

2.4 Quality analysis of produced Na-CMC

The quality of Na-CMC produced was then tested using
several parameters based on the applicable quality stan-
dards in Indonesia. The test parameters carried out include
water content (gravimetric), NaCl content (volumetric),
Na-CMC purity (gravimetric), degree of substitution (DS;
volumetric), and application of produced Na-CMC for the
general utilization was indicated by viscosity and pH value
[16-18]. All treatments and analyses were performed in at
least three replicates.

3 Results and discussion

Figure 1 shows a picture of pineapple peel waste as raw
material for bacterial cellulose. Figure 1a shows the phy-
sical appearance of the inner part of pineapple peel waste
used in this study, whereas Figure 1b describes the outer
part of the peel. It can be seen that the pineapple peel
waste used was different. There were still some fresh pine-
apple peel wastes, while some were entirely wilted. Pine-
apple peel has been known to contain many components of
both sugar and secondary metabolite compounds, such as
vitamin C, carotenoids, flavonoids, organic acids, and other
phenolic compounds [19-21]. The complexity of these com-
ponents will affect the physical condition of pineapple peel
if stored for a long time. The most dominant browning
process occurs along with the wilting that occurs. Pine-
apple is a plant that has a short shelf life due to its high
respiration rate [22]. The high respiration rate induces the
wilting process faster [23], which will impact the formation
of cellulose in the further process.

The un-uniformity of pineapple peel condition could
affect the bacterial cellulose formed. Indirectly, this

Table 1: Formulation for Na-CMC from cellulose of pineapple peel waste with various NaOH concentrations

Materials Treatments
A (NaOH 5%) B (NaOH 7.5%) C (NaOH 10%) D (NaOH 12.5%) E (NaOH 15%)
Cellulose (g) 5 5 5 5 5
SMCA 5 5 5 5 5
(@
Isopropanol (mL) 100 100 100 100 100
NaOH (mL) 20 20 20 20 20
Acetic acid glacial 98% (mL) Up to pH 7 Up to pH 7 Up to pH7 Up to pH 7 Up to pH 7
Methanol (mL) 100 100 100 100 100
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Figure 1: The appearance of pineapple waste as the source of nata de pina.

condition will also affect the quality of the Na-CMC pro-
duced. Although there have been many studies discussing
the process of producing bacterial cellulose from pineapple
peel waste, till date, there has been no study discussing the
effect of wilted pineapple peel waste on the quality of bac-
terial cellulose produced. This study is expected to provide
a little knowledge related to this basic thinking.

Figure 2 illustrates Na-CMC produced from pineapple
peel waste with five NaOH treatments. From the visible
appearance, it can be seen that the Na-CMC powder pro-
duced from pineapple peel waste under different NaOH
concentrations is almost similar. The results of this study
are similar to the previous studies that have stated that the
effect of NaOH concentration does not significantly affect
the physical characteristics of Na-CMC made from bacterial
cellulose made from coconut water [9]. The Na-CMC crea-
tion process is proceeding well, as evidenced by the white
hue of the product. Pure cellulose, which was also white,
was the raw material required to produce Na-CMC; hence,
a white product will likewise be produced when cellulose
and SMCA are mixed in an alkaline environment to produce
Na-CMC. Based on these results, chemical observations need
to be carried out to see the effect of NaOH concentration on
the characteristics of the Na-CMC formed. The characteris-
tics of Na-CMC produced, which this study focused on, are
the appearance, purity, and DS. This is because, these are the

minimum quality requirements that must be met based on
the provisions in Indonesia.

Figure 3 shows the chemical characteristics of Na-CMC
from pineapple peel waste with various NaOH concen-
trations. Figure 3a shows the DS value of each Na-CMC
produced. The DS is the average substitution value per
anhydroglucose unit of the cellulose molecule. Generally,
good-quality cellulose has a DS value close to 1 [24], which
means that one anhydroglucose group has been substi-
tuted by ten carboxyl groups of SMCA. Na-CMC, with a
DS of 0.7, or an average of seven carboxymethyl groups
per ten anhydroglucose units, is the most frequently used
type. Because it is easier for adjacent chains to form
hydrogen bonds, higher DS values offer improved compat-
ibility with other dissolved components, including salts
and non-solvents. The more quicker the CMC dissolves, the
more substitution of anhydroglucose group has occured [25].
The DS value shows an optimum point at a NaOH concen-
tration of 10% (C). The DS decreases at a NaOH concentra-
tion greater than 10% due to excess alkali conditions that
can disrupt the reaction conditions. Several studies have
linked the formation of NaCl by-products when the DS value
decreases [26,27]. Figure 3b shows the NaCl content formed
in the Na-CMC production process with various NaOH con-
centrations. Figure 3b shows that the NaCl concentration
was relatively similar in treatments C, D, and E. Adding

Figure 2: The appearance of produced Na-CMC from nata de pina under various NaOH concentrations.
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Figure 3: Basic chemical characteristic of Na-CMC produced from the
waste of pineapple peel with various NaOH concentrations. (a) Degree of
substitution, (b) NaCl content and (c) purity of Na-CMC).

more than 10% NaOH can reduce the DS because it can
develop cellulose maximally and make the remaining NaOH
react with SMCA to form sodium glycolate and NaCl chloride,

Na-CMC from pineapple peel waste with NaOH treatment == 5

decreasing the DS. So, the data in Figure 3a and b shows the
synchronicity of the reactions that occur to obtain optimum
Na-CMC according to high purity.

Figure 3c shows the purity of the Na-CMC produced
in this study. Na-CMC’s purity was analyzed using gravi-
metric analysis techniques where Na-CMC was dissolved in
methanol, and the insoluble fraction was calculated as Na-
CMC. The purity of Na-CMC is directly proportional to the
value of the DS, where treatment C gives the highest purity
value of 87%. Surprisingly, the results obtained in this
study, where the highest purity of the Na-CMC formed
was only 87%. Na-CMC with a content of <90% can only
be grouped in the technical grade group [28]. Of course,
this makes the resulting Na-CMC unusable for food appli-
cations. Hypothetically, this condition will likely occur
because of the raw materials used. It has been previously
informed that the raw material of pineapple peel waste
used in this study was different because it was obtained
from community businesses. The condition of pineapple
peel waste is not uniform, which means its content was
also not uniform, so the cellulose produced is likely not of
good quality. This condition may be the reason why the Na-
CMC produced cannot achieve high purity.

Moreover, the purification process of cellulose also affects
the characteristics of the Na-CMC produced. Several studies
have reported that Na-CMC manufacture has been carried
out using microcrystalline cellulose [29,30]. Therefore, in the
future, pineapple peel cellulose could be converted to micro-
crystalline form before reacting with SMCA, as the cellulose’s
surface area may influence the interaction that forms CMC.

In general, CMC will be used as a thickening agent.
Therefore, the application of this study is to dissolve Na-
CMC in water and observe the thickening effect and its
effect on pH value. In this study, observations were made
on a CMC solution with a concentration of 1%. Figure 4
shows the results of experiments related to applying Na-
CMC when used later. According to the purity value of Na-
CMC that has been produced, Na-CMC with high purity can
increase the viscosity value of the solution significantly
(Figure 4a). The higher the CMC content, the greater the
formation of cross-links and the higher the immobilization
of solvent molecules, causing a tendency for viscosity to
increase [31]. The opposite was observed for the pH para-
meter. It can be seen in Figure 4b that when Na-CMC is
dissolved in water, the pH of the solution is not significantly
affected. Due to the neutral basic pH of CMC, the presence of
Na-CMC in a system will only affect the viscosity process but
not the pH value. Furthermore, it can be seen from Figure
4p that there is no difference in pH values. This result also
indicated that the Na-CMC produced is free from by-pro-
ducts such as NaCl or NaOH contaminants.
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Figure 4: Application of Na-CMC produced from the waste of pineapple
peel with various NaOH concentrations on (a) viscosity and (b) pH value
of treated solution (1% of Na-CMC in water).

In this study, the utilization of pineapple peel waste as a
raw material for cellulose that can be processed into Na-CMC
has been successfully carried out. The quality of the Na-CMC
produced could not reach high purity, so it could not be used
for food industry purposes. In general, Na-CMC is widely used
as a food thickener. With a purity that is not too high, the
use of Na-CMC from pineapple peel waste from this study
can still be used for other purposes, such as a thickener in
non-food products such as paint and other semi-solid pro-
ducts. Therefore, the potential of the products produced
from this study can be further refined in further research.

4 Conclusion

Na-CMC production from pineapple peel waste has been
carried out using various NaOH concentration treatments.
The NaOH concentration of 10% is the best treatment in
this study. Na-CMC produced from this study had quite
good characteristics with a purity of around 87% and a
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DS value approaching 1. Although the purity level of Na-
CMC produced in this study is still in the category of tech-
nical materials, the use of Na-CMC as a thickener can be
done well from the simulation results that have been car-
ried out. Therefore, this study can be a basis for further
research to improve the quality of Na-CMC produced from
pineapple peel waste cellulose in the future.
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