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Abstract. Hydrogel of cassava peel starch was successfully decreased
methanyl yellow dye. This adsorbent was employed to adsorb typical
organic cationic dye contaminants from high concentration effluents. This
study aimed to determine characteristic of cassava peel starch hydrogel
and ability of hydrogel increased dyes. The stages of hydrogel consist of
extracting cassava peel starch, making a starch solution, making hydrogel,
testing water absorption, and analysing with FTIR and UV-Vis
spectrophotometer. The results have obtained that the cassava peel starch
hydrogel had have N-H group. Result of hydrogel had been contacted with
dyes that showed N=N and S=0 groups from the initial functional groups of
cassava peel starch in FTIR spectum. The highest absorption of hydrogel
was at 30 ppm methanyl yellow dye concentration, which was 31.72%. This
result showed that the hydrogel of cassava peel starch can be used as an
absorbent of methanyl yellow dye.
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Introduction

Cassava peels and sieviate which are by
products of which harvesting and processing con-
stitute 25% of the whole plant [1]. Cassava plants
had identified many advantages. Stems, seeds,
and leaves are used as vegetables which contain
fibre and tubers as a source of carbohydrates. The
skin of cassava tubers as tuber waste can also be
used. Cassava peels have the potential used as a
food source because of their nutritional content.
The proximate and mineral analysis of cassava
peels revealed that cassava peels are rich in nutri-
ents especially in carbohydrate. It also contains
moderate amounts of minerals [2].

About 60% of the cassava produced all
over the world is used for human consumption.
These peels waste were found to contain 42.6%
carbohydrate, 1.6% protein, 12.1% ether extract,
5.0% total ash and 22.5% crude fibre [3]. Insuffi-
cient supply, high prices and competition with the
human food and biofuel industries means there is
a continuous demand for alternative energy
sources for poultry. As result, cassava is becoming
an increasingly important ingredient in poultry
diets, largely due to its high availability. Efficient
use of cassava products has been shown to re-
duce feed costs of poultry production. The utilisa-
tion of cassava is, however, limited by a number
of factors, including its high fibre and low energy
content and the presence of anti-nutritional fac-
tors, primarily hydrocyanic acid (HCN) [4].

Hydrogel or absorbent gel has the ability
to absorb up to 100 times the dry weight [5]. car-
boxyl groups) and reusability [6][7]. Hydrogels are
mostly made from synthetic polymers (petroleum
-based materials), which have become more ex-
pensive given the depletion of petroleum re-
sources. On the other hand, these materials are
non-biodegradable, resulting in secondary pollu-
tion to the environment [8]. The high absorption
capacity makes the hydrogel can be used as an
absorbent in the absorption method. The absorp-
tion method is generally very effective in over-
coming environmental or aquatic pollution [9].
Types of pollutants that are generally found in the
environment are the contamination of dyes by
the textile industry. One type of textile dye that
can be found is methanyl yellow dye. Hydrogel
based on cassava peels can be used and devel-
oped a novel high-loading adsorbent based on
CMC for methyl orange (MO) removal from aque-
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ous solutions. In terms of monomer selection,
methacrylates carrying tertiary amino groups, in
particular 2-(dimethylamino)ethyl methacrylate
(DMAEMA) [10].

In the textile industry, the dye methanyl
yellow is used to color wool and nylon, to give a
bright and attractive color effect. The use of meth-
anyl yellow dye can have an impact on environ-
mental pollution, especially on water. Water pol-
lution by dye waste is in the form of organic com-
pounds containing azo compounds, and is a car-
cinogen [8]. During the years, various polysaccha-
rides have been used for the development of hy-
drogel as a wastewater remediator. Among these
tapioca starch can be used as a useful bio-
adsorbent because of its cost- effectiveness, high
molecular weight and easy extraction from the
roots of the cassava plant [11]. Based on this
background, it is necessary to conduct research on
the hydrogel potential of cassava peel starch
(Manihot esculenta Cranz) as an absorbent of me-
thyl yellow dye which aims to determine the char-
acteristics of cassava peel starch and to determine
the hydrogel ability of cassava peel starch as an
absorbent of methyl yellow dye.

Experimental
Materials

Cassava peel (Manihot ezculenta cranz)
was obtained from traditional market of Gowa
city, chitosan, potassium persulate, p.a, methanyl
yellow, sodium hydroxide p.a, sodium tripolyphos-
phate, and sorbitol.

Extraction of cassava peels starch

Cassava peel starch was extracted from
cassava peel following the modification method
used by Sivamani [12] and Kaur [13]. The white
peels part were mixed with distilled water with
ratio 1:2, then mashed with blender. The solution
was filtered and precipitated repeteadly then
dried at 50 °C.

Preparation of cassava peels starch hydrogel

Cassava peels starch hydrogel was synthe-
sis following the modification method used by
Alifa [14]. 5 grams of cassava peel starch obtained
from the extraction of cassava peel was dissolved
in 100 mL of 8% sodium hydroxide. 50 mL of cas-
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sava peel starch solution were put into 5 beakers,
added with 0.8 grams of chitosan which has been
dissolved in 30 mL of 0.6 M acetic acid. The solu-
tion was stirred for 30 minutes at room tempera-
ture. Sodium tripolyphosphate were added into
solution 0, 0.3, 0.4, 0.5 and 0.6 grams respectively,
then stirred for 15 minutes at room temperature.
2 mL of sorbitol and 0.2 grams of potassium per-
sulfate were added and stirred again for 15
minutes. The hydrogel was put into glass plate
and dried at room temperature. The resulting hy-
drogel was removed from the glass plate and cut
into small pieces.

Hydrogel Application

The resulting hydrogel was applied to wa-
ter and methanyl yellow dye to determine water
absorption and its ability to absorb methanyl yel-
low dye.

Water Absorption Test

Hydrogel was put into a container filled
with distilled water for 1 hour. The difference be-
tween dry weight and wet weight is calculated.
Water uptake was calculated as follows :

Methanyl Yellow Absorption

A total of 0.5 grams of hydrogel was put
into Erlenmeyer which contained various concen-

final weights— initial weight

o
final weight x 100%

%water uptake =

trations 10; 20; 30; and 40 ppm of methanyl yel-
low. The solution was homogenized using a 160
rpm incubator shaker at 25 °C for 5 hours, then
filtered.

Characterization

Functional groups of cassava peel starch
and hydrogel were analyzed by using UV-vis spec-
trophotometer and FTIR. The FTIR analysis repre-
sented spectrum data in graphic and wave num-
bers of each data that provided functional groups
of starch and hydrogel before and after absorp-
stion.

Results and Discussion

Starch was conducted from extraction of
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wet cassava peel 27.26%. The characteristics of
starch are a soft gel texture and brownish yellow
colour. Hydrogel was made via mixture cassava
peel starch, Natrium hydroxide, chitosan, sorbitol
and natrum tripolyposphate. In this case, mass of
Natrium Tripolyposhpate was differently used.
Hydrogel are soft and brownish yellow colour.

Water absorption ability of hydrogel was
successfully conducted (Table 1). The hydrogel is
obtained which is good at absorbing water, name-
ly the addition of a crosslink of 0.4 grams of
23.37% because the hydrogel is at its maximum
form, which is hard and stiff, and is able to retain
water for quite a long time (Adawiyah, 2016: 57).
The more crosslinking is added, the lower its abil-
ity to absorb water and the structure becomes
hard and strong, while the results of research that
have been done show that the hydrogel that ab-
sorbs the highest water is the addition of 0.6
grams of binder. 74.82% and the lowest absorbing
water was the addition of a crosslink of 0.4 grams,
namely 23.37%. The factors that cause differences
in the absorption process are due to the irregular
surface area of the hydrogel, resulting in differ-
ences in hydrogel absorption. Apart from that, the
main ingredients used are also different, thus
affecting the water absorption [14].

Based on the results of the research that
has been done (Table 2), it can be seen that the

Table 1. Water absorption ability of hydrogel.

Natrium Initial Final .
inol he weieth ) Absorption
Tripolypos & weight ity (%)
pate (g) (g) (g)
0 0,5001 1,8251 72,59
0,3 0,5001 1,5944 68,63
0,4 0,5001 0,6527 23,37
0,5 0,5005 1,6185 69,07
0,6 0,5000 1,9859 74,82

ability of the hydrogel to absorb methanyl yellow
dye will increase along with the increase in the
dye concentration up to a maximum concentra-
tion of 30 ppm of 31.7283% then decreased ab-
sorption at a concentration of 40 ppm which is
equal to 30.56 % using spectrophotometer UV-Vis.

The increase in the concentration of the
dye methanyl yellow, the greater the ability of the
hydrogel to absorb methanyl yellow dye, but the
ability of the hydrogel in this study was only able
to increase of concentration of 30 ppm of
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31.7283% and decreased absorption at a con-
centration of 40 ppm of 30.5635%.

Characterization using FTIR functions to

Table 2. Absoption of Methanyl yellow dye

Methanyl yellow Absorption of Methanyl

dye (ppm) yellow dye (%)
10 22,04
20 28,50
30 31,72
40 30,56

determine the functional groups contained in
cassava peel starch, hydrogels from cassava
peel starch before and after contact with dye.

Lestari (2018: 51) reports that in cassa-
va peel starch, there are O-H groups, C-H
groups, and C-O groups. Based on the results
obtained, the cassava peel is known to have O-
H groups in the absorption area of 3397.58 cm-
1, the C-H group in the absorption area of
2931.55 cm-1 and the C-O group in the absorp-
tion area of 1239.42 cm-1. As it is known that
these functional groups are constituents of
starch.
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Hydrogel characterization of cassava peel
starch after the addition of chitosan, sodium
tripolyphosphate and sorbitol using FTIR showed
the presence of an OH group in the 3468.01 cm™
absorption area, the CH group in the 2931.8 cm?
absorption area, the CO group in the 1203 absorp-
tion area. , 58 cm™ and the NH group in the ab-
sorption area of 1575.84 cm™. When compared
with the cassava peel starch functional groups,
the difference lies in the emergence of a new
group, namely the N-H group which is thought to
originate from chitosan. In addition, the addition
of chitosan and sorbitol to the starch of cassava
peels causes the O-H uptake area to increase. The
higher the absorption value, the more hydrogen
bonds are formed, conversely, the lower the ab-
sorption value, the less hydrogen bonds are
formed (Munir, 2017: 42).

The characterization of the hydrogel that
has been contacted with methanyl yellow dye us-
ing FTIR shows the presence of an OH group in the
3446.79 cm™ absorption area, the CH group in the
absorption area of 2924.09 cm™, the CO group in
the 1259.52 cm™ absorption area, the N= N group
in the 1598.99 cm™ absorption area, and the S=0
group in the 1338.6 cm™ absorption area. When
compared with the hydrogel prior to contact with

Table 3. Result of hydrogel obtained was characterized by FTIR.

Wavenumber (cm™)

Functional Wavenumber
group (cm™) Cassava peel Hydrogel After absorpted

O-H 3650-3200 3397,58 3468,01 3446,79
C-H 2970-2850 2931,55 2931,8 2924,09
c-0 1300-1050 1239,42 1575,84 1598,99
N-H 1640-1550 - 1203,58 -

N=N 1630-1575 - - 1259,52
S=0 1375-1300 - - 1338,60

Figure 1. FTIR spectrum of Cassava peel starch
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the dye, the difference lies in the emergence of a
new group, namely the N = N and S = O groups
which are thought to be derived from the metha-
nyl yellow dye because these groups are constitu-
ents of the methanyl yellow dye. Research con-
ducted by Lesbani (2011) states that the N = N
group can be found at a wavelength of 1630-1450
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cm™ and the S = O group can be found at a wave-
length of 1375-1300 cm™.

FTIR results show that there is a chemical
bond between the hydrogel and the dye, which
can be seen in the following Figure 2 and mecha-
nism of reaction is in Figure 3.

o
“
e

Na®

Figure 3. Mechanism of reaction
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Conclusion

Based on the research that has been

done, it can be concluded:

1.

Cassava peel starch by FTIR showed the
presence of O-H, C-H and C-O groups. The
hydrogel of cassava peel starch showed a
new group, namely the N-H functional group
and the hydrogel that had been contacted
with the yellow methanyl dye showed the
presence of a new group, namely the N = N
and S = O groups.

. The maximum absorption ability of the hy-

drogel decreased methanyl yellow dye at a
concentration of 30 ppm is 31.7283%.
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