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Abstract

Bruguierra gymnoryza mangrove fruit (MF) which grows in coastal areas, is one of carbohydrates sources. The
flour of MF in the form of starch can be used as a hydrogel that can improve the quality of the product when it
mixed with PVA (Polyvinyl alcohol) or PVP (Polyvinyl pirolidone). This research aimed to determine the effect
of MF mixture with PVA and PVP on the quality of the hydrogel. MF was obtained from Wonorejo, Surabaya,
and East Java. This study used RAL (Completely Randomized Design) with special formulations, the treatments
are repeated 3 times, and data analysis using ANOVA, followed by Tukey's test. The results showed that PVA/MF
produces a hydrogel product with better water absorption quality, gel fraction, and cross-linking degree than
PVP/MF. Meanwhile, a hydrogel with a mixture of PVA/MF/PVP at 1:1 ratio with 2.0% concentration provided
the best proportion of water absorption about 292.45%. The FTIR of hydrogel made from MF mixed with PVA
and PVP showed absorption at wave number 3645-3600 (narrow) Nonbonded hydroxy group - OH stretch. XRD
showed that the highest and lowest Crystallinity Index (IC) at 54.75% and 23.10% were identified in PVA/MF
and PVA/MEF/PVP, respectively. It was concluded that PVA/MF gives the best gel fraction, tensile strength, and
hardness. The PVA, PVP, and MF mixture significantly affected water absorption, water content, gel fraction, pH,
tensile strength, and hardness. It could improve the hydrogel's physical, mechanical, and structural qualities.
Additionally, the average use of PVA/MF had the highest water absorption and gel fraction values. Despite
PVA/PVP/MF giving the best results, the quality decreased with the concentration of PVA/PVP used. Finally, the
quality of the hydrogel depended on the absorption and gel fraction values.

Keywords: Polyvinyl alcohol, Polyvinyl pirolidone, Tunjung pitat, Mangrove fruit flour.

INTRODUCTION

Bruguerra gymnoryza mangrove is a plant that grows a lot in coastal areas and rich in
carbohydrates (Setijawati, 2022). Mangrove fruit (MF) that produces carbohydrates or starch
can be used as a hydrogel to increase the use value and benefits (Setijawati et al., 2022).
Hydrogel is a polymer that can swell in water or biological fluids while retaining its shape.
Despite being hydrophilic due to the presence of -OH, -COOH, -COONH2, and —SO3 H, it is
insoluble in water. Furthermore, the hydrogel can absorb water until it reaches an equilibrium
volume with an unchanged, flexible, and elastic shape. The stability and instability in water are
the results of the formation of a three-dimensional network structure (cross-linking) in hydrogel
(Suliwarno, 2009; Buwalda et al., 2014; Sarmah and Karak, 2022). This polymer can be
chemically and physically cross-linked by hydrogen and covalent bond, as well as non-covalent
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interactions, respectively. It can be cross-linked by a combination of both through heating.

The hydrogel can be made from synthetic and non-synthetic polymers, carbohydrates, and
starch. Polysaccharides in the form of starch have interesting characteristics, including
biodegradability, biocompatibility, and bioactivity. The original water-insoluble granules
contain two main components, namely (1) 20-30% amylose consisting of a linear chain of a-
(1-4-linked-D-glucose) units and (2) amylopectin with a branch chain of a-(1-4-linked-D-
glucose) units linked by a-(1-6-linked-D-glucose) bonds, in the proportion of 70-80% (Dragan,
2014; Kenawy, 2014; Ullah, 2015). Original and modified starch were used as raw materials to
prepare biodegradable hydrogel. The polymer can be applied in food, medicine, and
agriculture. It is used in medical, pharmacy, and biomedical fields (Dragan, 2014; Sarmah and
Karak, 2022) for wound dressing (Gopinath, 2022; Wuragil, 2020; Utomo et al., 2016).
Furthermore, it can also be applied in agriculture as a soil moisturizer, increasing the slow
release of fertilizers with a low negative impact on the environment [Plant] and as an efficient
metal ion absorber (Tassanapukdee et al., 2021). The starch content in Bruguiera gymnoryza
MF includes amylose 31.6% and amylopectin 26.17% (Jacoeb et al., 2014). Starch contains
abundant hydrophilic (-OH) groups on its surface. Therefore, the content of amylose and
amylopectin will determine the characteristics of the resulting film. The ratio of amylose and
amylopectin depends on the type of starch, with the amylose content directly proportional to
the film's strength (Tanan, 2021).

Preliminary research showed that starch from MF flour yields an easily crackable hydrogel.
However, cracking properties can be improved by mixing other materials through cross-
linking. The materials that can be used to mix starch in the preparation of hydrogel are
polyvinyl alcohol (PVA) and PVP. PVA is a very important polymer widely used in
pharmaceutical and biomedical applications (Kenawy, 2014). Meanwhile, PVP is a water-
soluble polymer with excellent wetting properties, rapid swelling, excellent film formation,
non-toxic and biocompatible, applicable in blood plasma expander polymers, and high storage
stability. Its structure can interact with hydrogen bonds, binding insoluble compounds, making
them easily soluble. PVP possesses hygroscopic properties, such that it can easily absorb water,
form good gels, and has high adhesion. Its swellability can be increased using natural polymers.
PVP-based hydrogel formulations can produce preparations that are easy to apply, control,
transparent, and flexible. However, both materials have weak mechanical strength properties
and lower thermal stability (Ullah, 2015).

The starch which is researched and developed in the preparation of hydrogel, is a material
capable of holding large amounts of water, which is one of its essential properties (Sarmah and
Karak, 2022). Combining the two polymers or several materials increases the viscosity and
produces a flexible, transparent, and soft polymer. Generally, the product is formulated by
cross-linking through physical or chemical means using hydrophilic and water-soluble
polymers (Husain et al., 2021). Cross-links formation in the preparation of hydrogel can occur
physically by heating. Meanwhile, Darwis and Hardiningsih (2010) stated that irradiating a
mixture of PVP with starch at various concentrations of gamma rays and irradiation doses of
20 to 40 kGy produce the best results.
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Bruguierra gymnoryza MF flour mixed with PVA and PVP can produce hydrogel with better
water absorption, tensile strength, gel fraction, and hardness qualities that have not been
determined. Therefore, this research aims to test the physical-mechanical properties of
hydrogels made from MF flour or MF/PVA/PVP using heating.

MATERIALS AND METHODS

Lindur (Bruguierra gymnoryza) MF was obtained from Wonorejo, Surabaya, East Java. It was
made into flour (MF), polymer PVP K30 (Polyvinyl pyrrolidone) (China), PVA (Polyvinyl
Alcohol) (China), distilled water, plastic wrap, gauze, parchment, and aluminum foil.

Experimental design

The design used was RAL (Completely Randomized Design) with treatments and formulations,
as shown in the following Table 1. The treatment is repeated 3 times, and analysis data using
ANOVA, followed by Tukey's test were performed on the data using the Minitab 26 program.

Evaluation of hydrogel properties
Water Absorption

Evaluation of hydrogel propertiesThe hydrogel water absorption test follows the modified
(Utomo et al., 2016) procedure. The hydrogel was cut into 3 cube-shaped parts with a size of 2
x 2 x 0.5 cm3, dried in an oven at 600C for 24 hours, and then soaked in distilled water for 24
hours. Furthermore, it was removed from the immersion vessel, the water attached to the wet
surface was dried with tissue paper, and the product was weighed (Wb). The hydrogel is dried
in an oven at a temperature of 600C for 24 hours and weighed again (Wk). The following
equation (Utomo et al., 2016) is used to calculate the water absorption:

Water absorption = Wh-Wk/Wk x 100%

Wb = weight of hydrogel after swelling (g)

Wk = dry hydrogel weight (g) in the test

pH

The pH is tested using pH meter by following the procedures of (Martin, 1993; Noviandi,
2016), which is modified by testing the hydrogel material. Firstly, the instrument is calibrated
using a buffer solution of pH 4 and 7. The electrodes are rinsed with distilled water and dried.
The measurement is performed using 1 g of edible film dissolved in distilled water to 10 ml in

a container. Subsequently, the electrode is immersed in the edible film solution and observed
until the number indicated by the constant meter matches the pH value of the preparation.

Water Content Test

The water content of the hydrogel was tested according to the method of (Dervish and [5]),
which has been modified. The heated hydrogel was cut to size (2 x 2) cm2, weighed (Wo), put
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into a petri dish, and heated at a temperature of 1050C for 1 hour. Subsequently, it was removed
from the oven, cooled, and weighed (Wd). The following equation (Darwis and Hardiningsih,
2010) is used to calculate the water content:

Water Content (%) = (Wo — Wd ) / Wo x 100%

Wo = initial hydrogel weight
Wt = dry hydrogel weight
Gel Fraction (GF)

The film samples of the size 1 x 1 cm2 are dried in an incubator at 37°C for 6 h and then stored
in distilled water for 24 h. Similarly, the hydrogel is dried at 37°C for 6 hours. The following
formula (Utomo et al., 2016) is used to evaluate the gel fraction (GF) percentage:

GF (%) = (Wd/WO0 ) x 100%

Wo = dry weight of the hydrogel sample
Wd = weight at 37°C after immersion in distilled water
Tensile Strength

The tensile strength was tested according to the procedures of (Fransiska and Reynaldi, 2020)
with modifications. The test was performed using the Instron Tester Model made by Toyoseki,
Japan, at a speed of 30 mm/minute and temperature of 300C based on the method stated in
ASTM. The hydrogel with this size shape is clamped at both ends with a special device, and
the machine is turned ON, hence, the withdrawal process occurs at one of the clamping
positions. The magnitude of the breaking stress on the machined hydrogel is measured when
the polymer splits in its middle position. The following equation is used to calculate the tensile
stress of the hydrogel:

Tensile Stress = F/A

F = load from the tool until the material breaks (Kg)
A = cross-sectional area of the material (cm2)
Hardness

The texture of the material in the form of solid, hard, sticky, and soft is a physical characteristic
of food or product. Product with different textures has different response values when subjected
to pressure. The hardness test is performed using the TPA (Texture Profile Analyzer) based on
pressure on samples with a texture analyzer (TAXT) (Engelen, 2018).
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Hydrogel characterization
FTIR functional group

Fourier transform infrared spectroscopy (FTIR) includes the chemical composition of the
modified PVA/PVP/CA hydrogel with PVA/MF/PVP material. This is synthesized and
analyzed by FTIR (FTIR Spectrum GX System, Perkin-Elmer, USA) using an attenuated
reflection mode. The spectrum is obtained in the wave number between 400 and 4000 cm-1
from 64 scans with a resolution of 2 cm-1 (Tassanapukdee et al., 2021).

Crystallinity Index (CI)

The CI test method uses the basic calculation of the area of crystalline and amorphous phases
of a material. The X-ray diffractogram obtained is developed using Origin 8.0 software. The
following equation (Budi, 2017) is used for calculating the Crystallinity Degree (CD) or CI
according to the curve fitting method:

CD= Ak/At x 100%

Ak = area of the crystal curve
At = total area of the curve (crystal + amorphous)

The measurement of CI is performed twice for each sample using the following formula:

o Total peak cristalline area
Cristallinity Index (%)= —— x 100
Total peak cristalline and amorphous areas

SEM (Scanning Electron Microscopy)

SEM is conducted through the cross-sectional morphology of the hydrogel image (JEOL JSM-
6510LV, Japan). Before the experiment, the polymer is dried under a vacuum using a
lyophilizer. The dried form is then coated with platinum. Finally, the average pore size in each
hydrogel group is evaluated using Imagel software by counting 100 pores from SEM images
(Tassanapukde, 2021).

Analysis Data

The experiment is performed in triplicate, and the mean + standard deviation (SD) is reported.
Significant differences between means are calculated using a one-way analysis of variance
(ANOVA) at p<0.05.

RESULTS AND DISCUSSION

The material for Bruguiera gymnoryza MF is from the mangrove tourism area in Surabaya
City, East Java, Indonesia, and taken using Google Maps. Bruguiera gymnoryza, called
Tunjung Pitat in the local language, has an oval-shaped fruit of mixed where some are reddish
yellow and others purplish red or black. Location and Bruguiera gymnoryza fruit are shown in
Figure 1.
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PVA/MF/PVP hydrogel preparation

The heating method prepares the hydrogel following the treatment and formulation in the Table.
It starts with weighing the ingredients according to the formulation. Furthermore, each material
is mixed with water gradually until dissolved, then individually heated to homogenize the
solution. MF flour and water are heated to 850C. PVA and PVP are dissolved in water and
heated to 650C and 500C, respectively. Subsequently, the materials are mixed, molded, and
placed in a drying oven at 550C. The hydrogel is removed from the mold after drying and
continued with the test. The results of preliminary research on hydrogel preparation from
Bruguiera gymnoryza MF flour are shown in Figure 2.

Evaluation of Hydrogel Properties
Effect of Treatment on the Physical and Mechanical Properties of Hydrogel

ANOVA test showed that each treatment has a significantly different effect (p < 0.5) on water
absorption, water content, gel fraction, pH, tensile strength, and hardness. The Table 2. presents
the test results.

The water absorption capacity of hydrogel is determined by measuring the swelling equilibrium
in distilled water and is expressed in the swelling ratio (Sw). The highest water absorption is
obtained in treatment A6, a mixture of PVA/PVP/MF with a 1:1 of PVA and PVP at a
concentration of 2%. However, it decreased to a concentration of 2.5%. The PVA + MF
provides the highest mean value because they are hydrophilic (Setijawati, 2022b). Due to the
high hydrophilic force between PVA, —OH groups can form bonds (Kenawy, 2014). This is
because MF is a starch with large hydrophilic properties with a large number of -OH groups
and PVA. However, the composition ratio in the PVP/Starch system has a greater degree of
development. This system has weak intermolecular H bonds between the C = O and OH groups
of PVP and Starch, respectively, while PVP has no intramolecular H bonds. As a result of this
situation, water absorption is reduced due to the ability to form a gel fraction. In the
PVA/MF/PVP treatment, the MF concentration is greater than that of PVA/PVP. A larger gel
fraction is formed due to the increase in PVA/PVP concentration in a ratio of 1:1 at 2.5%.
Hydrogel consists of one or more components in a cross-linked system. This is in the form of
a three-dimensional network of polymer chains and water molecules that fill the space between
cross-linked macromolecules. Finally, the interaction and restraint of water in the system are
due to the hydrophilic properties of macromolecules (Sugihartono, 2020).

The water content of a material can be used as an indicator of dryness level and bulk density
as well as to determine the weight, texture, and properties of other materials. High-moisture
materials tend to have a softer texture, while their dry counterpart tends to have a rougher
texture. Hygroscopic materials absorb or release water when left in the open air to achieve
equilibrium with the environment (Sugihartono, 2020). The highest and lowest water contents
are obtained in treatment A1 (MF) and A7 (PVA/PVP at a ratio of 1:1 with a concentration of
2.5%)/MF, respectively. This is due to MF's high hydrophilicity, which has an -OH group.
Amylopectin content higher than amylose in MF results in amorphous properties. This includes
the ease of absorbing water, hence, the environment leads to greater water content than PVA
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and PVP. Das (2019), stated that starch is a natural substance soluble in water, inexpensive,
and very good because of its constitution. Starch exhibits amorphous and crystalline functions
despite being composed of alpha-(1,4) glycosidic bonds within amylose and amylopectin
polymer structures. The amylose regions of the amylopectin structure and branching points
contribute to amorphous and adverse mechanical properties (lower strength and elongation as
well as higher brittleness). Theoretically, a hydrogel with low water content has a high
absorption capacity, as shown in the Table 2.

Gel fraction is a parameter of cross-linking, hence, the gel is not soluble in water. The larger
the gel fraction, the smaller the porosity of the matrix and the smaller the ability to bind water.
This is in line with other research that the ability of the hydrogel to expand depends on two
factors, namely the hydrophilic group and the porosity (Suwarno and Sigit, 2017). The gel
fraction's highest and lowest mean value is obtained in treatment A4 (PVA/MF) and A1 (MF),
respectively. The material's porosity is thought to be influenced by amylose and amylopectin
content. Amylopectin, larger than amylose, makes the material amorphous and porous. MF is
amorphous because it has a large degree of hydrophilicity. Furthermore, mixing MF with PVA
can increase the crystalline phase of the hydrogel.

Another assumption is that this difference is due to the effect of starch content on the amount
of gel fraction (%) produced from the IPN hydrogel (PVP-Starch). The composition ratio in
the PVP/Starch system has a greater degree of development. This system has weak
intermolecular H bonds between the C = O and OH groups of PVP and Starch. Also, PVP has
no intramolecular H bonds. As a result of this condition, water absorption is reduced due to the
ability to form a gel fraction.

Table 1: Treatment and formulation in research

Treatment Formulation (%)
PVA PVP MF Distilled Water
Al - - 4,5 95,5
A2 2,5 - - 97,5
A3 - 2,5 - 97,5
A4 2,5 - 4,5 93
A5 - 2,5 4,5 93
A6 2,0 2,0 4,5 91,5
A7 2,5 2,5 4,5 90,5

Description: PVA = Polyvinyl Alcohol, PVP = Polyvinyl Pyrrolidone, MF = Mangrove Flour
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Table 2: Effect of Treatment on Physical Mechanical Properties of Hydrogel

Treatment Water Water Content Gel Fraction pH Tensile Strength Hardness
Absorption (%) (%) (%) ™) (N/mm2)
Al 156,474+ 0,51g 10,35 £ 0,09¢ 10,23 + 1,95 8,3 + 0,06e 2,08+0,0lg 0,01 +0,005¢g
A2 204,53 £0,31e 10,34 £ 0,02¢ 56,27 £0,07d 8,5+0,01 be | 31,56+ 0.,46b 1,77+0,1b
A3 187,33+ 041f 10,25 + 0,04d 36,54 £ 0,05e 8,4+ 0,1de 21,06 £0,01c 1,24 + 0,030¢
A4 243,02 £ 0,36¢ 10,73 £0,01b 73,63 £ 0,08a 8,2+ 0,05 40,07 £ 0,02a 2,05 £ 0,020a
A5 245,61 £0,17b 10,22 + 0,02d 60,25 £ 0,22¢ 8,7+ 0,06a 16,12 + 0,08e 1,03 £0,010d
A6 292,14 £ 0,28a 11,26 £ 0,02a 65,56 £0,12b 8,5+ 0,06b 8,23 £ 0,09f 041 +0,001f
A7 233,36 £+ 0,09d 10,21 +£0,07d 60,39 £ 0,15¢ 8,4+0,06ed | 17,13£0,12d 0,89 £ 0,035¢

Description: Mean =+ stDev. Notations accompanied by the same letter show that they are not
significantly different

Table 3: Functional groups with wave number of Hydrogel in various treatments

Reading

area

‘Wave number

*)

(MF)**

(PVA)**

(PVA/M
F)‘k %

(PVP/M
F)**

(PVA/PV
P/MF)**

Wi

3645-3600 (narrow) Nonbonded
hydroxy group, OH stretch
3645-3630 Primary alcohol, OH
stretch

3635-3620 Secondary alcohol,
OH stretch

3620-3540 Tertiary alcohol, OH
stretch

3640-3530 Phenols, OH stretch

363795

3614,01

3637,95

3626,34

3619,82

w2

2140-2100 C=C Terminal alkyne
(monosubstituted)

2135,36

W3

1750-1725 Ester
1725-1700 Carboxylic acid

1700,76

1742,12

1742,12

1712,37

1742,12

w4

800700 Aliphatic chloro
compounds, C-Cl stretch
860-800 C-H 1,4-Disubstitution
(para)

1310-1290 Vinylidene C-H in-
plane bend

1190-1130 Secondary amine,
CN stretch

1295,19

794,56

1139,92

1134,12 ;
859,86

1300,99 ;
811,98

Description: Source:*Nandiyanto et al (2019); ** Author’s result

Table 4: Hydrogel CI test results

Sample Code Total Crystalline Peak | Total Amorphous Peak Crystallinity Index (%)
A2 1090,33009 2712,60337 40,19
A4 2612,74576 4772,25674 54,75
AS 1420,13911 3954,87293 35,91
A7 805,49296 3486,46676 23,10

Description: A2 =PVA, A4 =PVA/MF, A5 = PVP/MF, A7 =PVA/MF/PVP
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The highest and lowest pH is obtained in treatment A5 (PVP/MF) and A4 (PVA/MF),
respectively. Therefore, different treatments cause variations in pH. The tensile strength of a
material is expressed in the maximum force value produced when the test is performed. The
force produced is directly proportional to the tensile strength, which is one essential hydrogel
parameter representing its flexibility (Fransiska Dina and Reynaldi, 2020). The highest and
lowest mean tensile strength values are obtained in treatment A4 (PVA/MF) and A1 (MF),
respectively. PVA/MF has higher tensile strength than MF because the amylopectin content of
MF makes the material more amorphous, thereby giving many spaces. PVA fills this space,
resulting in the hydrogel being more tightly packed. PVA/MF blending can mask the
amorphous properties of MF.

Hydrogel Characterization
Hydrogel functional groups using FTIR

FTIR analysis of PVA/PVP/MF hydrogel samples provides information about the
physicochemical changes due to differences in the material mixture treatment. The figure
shows the spectrum of this hydrogel. Furthermore, the FTIR results of the PVA-PVP-MF
polymer are shown in the Figure 3 and Table 3.

The IR spectrum is divided into three wave number regions, such as far (<400 cm-1), middle
(400-4000 cm-1), and near (4000-13000 cm-1). The middle IR spectrum is the most widely
used in sample analysis. Furthermore, it is divided into four regions, including 1) single bond
(2500-4000 cm-1; 2) triple bond (2000-2500 cm-1), 3) double bond (1500-2000 cm-1), and 4)
fingerprint (600-1500 cm-1) (Nandiyanto, 2019).

From Table 3. known that W1 is possessed by the treatment of MF, PVA, PVA/MF, PVP/MF,
and PVA/MF/PVP at a wave number of 3645-3600 cm-1, non-bonded hydroxy group, -OH
stretch. W2 belongs to PVA/MF/PVP. Meanwhile, W3 is owned by MF, PVA, PVA/MF,
PVP/MF, and PVA/MF/PVP. W4 is owned by MF, PVA, PVA/MF, PVP/MF, not PVA/MF/PVP.
Therefore, all treatments with MFE, PVA, PVA/MF, PVP/MF, and PVA/MF/PVP materials have
molecule -OH, showing the hydrophilic properties of the hydrogel. The hydrophilicity of the
hydrogel is shown through the water absorption test, which has a value between 156.47% to
292.19%. This is in line with (Gyles, 2017), which stated that the hydrophilic properties of the
hydrogel are due to the presence of special molecules, such as -OH, -CONH, -CONH2, and -
SO3H discovered in the gel polymer components, accounting for their different adsorption
potentials. Due to its low interfacial stress with water and other biological fluids, the hydrogel
swells and expands to become soft and spongy.
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a b c

Figure 1: (a) (b) Location for sampling Bruguiera gymnoryza MF based on Google
Maps. Source: Google Map Image, (c) Bruguiera gymnoryza fruit (personal
documentation)

a b c d

Figure 2: Hydrogel made of (a) PVA, (b) PVA/MF, (c) PVP/MF, (d) PVA/MF/PVP
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Figure 3: Wave number of hydrogel A1=MF; A2= PVA; A4 = PVA/MF; A5=PVP/MF;
A7=PVA/MF/PVP
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Figure 4: XRD pattern of A2 = PVA; A4 =PVA/MF; A5 =PVP/MF; A7=PVA/MF/PVP
Crystallinity Index (CI) of hydrogel

The pattern in the Figure 4. Shows the XRD test results of hydrogel due to different material
treatments, and the CI calculation with the basic method of calculating the area of crystalline
and amorphous phases obtains the values as shown in Table 4.

The CI test results showed that the highest and lowest value is 54.75% and 23.10% in the
PVA/MF and PVA/MF/PVP treatments, respectively. The PVA/MF materials mixture has a
higher value than PVA in the hydrogel preparation. Meanwhile, the PVA/MF/PVP mixture has
the lowest value compared to PVP/MF and PVA/MF. Using the same concentration on MF can
affect the interaction between PVA/MEF, PVP/MF, and PVA/MF/PVP. Meanwhile, PVP/MF has
a lower value than PVA/MF.

This is presumably because the starch in MF contains amylose and amylopectin. The flour has
amylose and lipid or fat content of 1.14% (Fadilah et al., 2020). Furthermore, in this research,
the amylose and fat contents are 21% and 3.4%, respectively. The presence of amylose-lipid
bonds will increase the hardness due to heating. This is supported by (Budi, 2017) which stated
that the higher the crystallinity degree of analog rice, the more regular the molecular
arrangement of the amylose-lipid complex, hence, the intermolecular forces become stronger.
Based on Table, PVA will have an increase in CI when mixed with MF. However, it will
decrease CI when the hydrogel consists of PVA/MF/PVP mixture. (Tassanapukdee et al., 2021)
stated that there is no active functional group in the PVP structure to form covalent bonds with
other polymers. This is because the oxygen atom of the PVP amide group can attach to the
Chitosan or CS/PVA network through hydrogen bonds with the available hydroxyl and amino
groups. The hydrogen bonding network mechanism to form cross-links occurs through the
attachment reaction of the hydroxyl and amine group network. According to the data in Table,
PVA, MF, PVP, and their mixtures are in region 1, namely non-bonded hydroxyl stretch at wave
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number 3645-3600 cm-1. The amine group is in region 4 with wave number 1190-1130
secondary Amine, CN stretch. In contrast to MF and PVP/MF, PVA and PVA/MF contain an
amine group. This is thought to decrease the CI value in PVA/MF/PVP.

SEM (Scanning Electron Microscopy)

The morphology of hydrogel made from MF, PVA, and PVP using SEM is shown in the
following Figure 5.

—

Figure 5: SEM of Hydrogel (a and b) made of PVA/MF at 100X and 500X
magnification, (c and d) made from PVA/MF/PVP at 100X and 500X magnification.

CONCLUSION

The PVA, PVP, and MF mixture significantly affect water absorption, water content, gel
fraction, pH, tensile strength, and hardness. This can improve the hydrogel's physical,
mechanical, and structural qualities. The average use of PVA/MF gives the highest water
absorption and gel fraction values. Furthermore, the PVA/PVP/MF mixture gives the best
results, but the quality decreases with the concentration of PVA/PVP. The quality of hydrogel
depends on the absorption and gel fraction values. Therefore, it is recommended to use
PVA/MF or PVA/MF/PVP mixtures to prepare hydrogel to improve the physical-mechanical
properties.
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Highlight Research

Bruguierra gymnoryza has been analyzed for its utilization as Hydrogel Analysis of the use of a mixture of MF
with PVA (Polyvinyl alcohol) and PVP (Polyvinyl pyrrolidone) on the quality of the hydrogel PVA/MF produces
a hydrogel product with better water absorption quality, gel fraction, and cross-linking degree.
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