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Nishtha et al.: Carica papaya Seeds Mucilage Hydrogel

Citric acid cross-linked Carica papaya seeds mucilage-based hydrogel film were synthesized and characterized. 
The extracted mucilage and hydrogel film were explored by determining their physicochemical, thermal, 
micrometric and spectrophotometric properties. The results of attenuated total reflectance-Fourier transform 
infrared spectroscopy and solid state 13C-nuclear magnetic resonance spectroscopy confirms the emergence 
of ester crosslinking between the mucilage and citric acid. The swelling study of mucilage and hydrogel film 
revealed good swelling ability of prepared hydrogel film. Also, the hydrogel film showed better thermal stability 
than the mucilage. The current study showed that papaya seed mucilage can be used as a bio-based source for 
hydrogel using citric acid as a cross-linker. Further, it can be potentially explored in pharmaceutical, food and 
cosmetic industries.
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Hydrogels are referred as three-dimensional cross-
linked polymeric networks, which tend to hold an 
enormous amount of water and swell because of 
their porous structure. These polymeric materials 
do not dissolve in water at physiological pH levels 
and temperatures, instead they remarkably swell 
in aqueous conditions[1]. Hydrophilic monomers 
and polymers along with multifunctional cross-
linkers are often utilized in copolymerization/
cross-linking free-radical polymerizations to 
create hydrogels[2]. The hydrogels made from 
natural bio-degradable polymers are preferred 
more over synthetic polymers due to their cost-
effectiveness, bio-degradable and bio-compatible 
nature[3]. Mucilage is a natural polysaccharide 
that combines with water to form a viscous 
solution. It is a common plant property with a 
variety of characteristics, often present around 
plant structures that come into contact with the 
environment and serves a variety of purposes 
including adhesion and protection[4]. It is a cost-
effective, eco-friendly, edible polysaccharide 
which is mainly composed of carbohydrates 
having extensively branched structures. Mucilages 
are used for a variety of purposes, including 
gelling, film-forming and texturing in food 
and nutraceuticals, disintegrants and binders 
for drug delivery systems in pharmaceuticals 
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and stabilizers in cosmetics[5]. Carica papaya 
(Papaya), which belongs to Caricaceae family, is 
a highly commercialized tropical fruit[6]. It is one 
of the most significant tropical plants cultivated 
worldwide. The papaya plant has numerous edible 
and medicinal elements, including roots, leaves, 
peels, latex, flowers, fruits and seeds. Despite 
having medicinal value, papaya seeds are typically 
thrown during the fruit processing. The seeds make 
up about 20 % of a papaya's fresh mass. Protein, 
dietary fiber, phytochemicals, antioxidants and 
minerals are present in both the seeds and the 
leaves. Regardless of cultivar, the seeds and 
leaves contain 16 %-32 % protein. The seeds are 
nutritious alternative energy sources that could 
supplement the undernourished population since 
they include a considerable quantity of lipid (21 
%-30 %) and carbohydrate (8 %-58 %) in the seeds 
and leaves[7]. The hydrogels made from natural 
polymers can be synthesized through chemical 
or physical crosslinking. However, physically 
cross-linked hydrogels are mechanically fragile 
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in nature and the cross-linked structure is 
susceptible to breakdown in response to changes in 
environmental variables such temperature, pH or 
ionic strength[8]. Therefore, the preferred method 
for the synthesis of hydrogel is chemical cross-
linking. Although, there have been allegations of 
unsafe crosslinking chemicals being used in the 
preparation of chemically cross-linked hydrogels, 
despite the fact that they are resilient. In order to 
overcome this safety concern, citric acid can be 
utilized as a cross-linker. Citric acid has recently 
come to light as a safe cross-linking agent for the 
synthesis of hydrogels. Citric acid creates a cyclic 
anhydride at high enough temperatures, which 
esterifies the hydroxyl groups on nearby polymer 
chains. As a result, crosslinks start to form. It is 
derived from renewable resources that are mostly 
produced by the fermentation of carbohydrates 
like starch or glucose. It is also easily accessible 
and reasonably priced[9]. Moreover, as citric acid 
is a metabolic product of human body which is 
non-toxic in nature and used as a natural food 
additive in food industry[10]. In the present study, 
Papaya seed mucilage (Pm) was extracted and 
Pm-based Hydrogel films (Pm-CAH) with various 
formulations using citric acid as a cross-linking 
agent were synthesized. Extracted mucilage and 
Pm-CAH-3 hydrogel film were selected for various 
characterizations and evaluated for swelling study. 
According to our literature survey, Pm has not been 
used with citric acid in hydrogel film preparation 
to the best of our knowledge. For this study, papaya 
seeds were obtained from papaya purchased from 
local market, New Delhi, India. Mucilage of Carica 
papaya was extracted using a previously described 
method, with some modifications[11]. Briefly, the 
mucilage was removed from the papaya seeds with 
the help of forceps. The mucilage was washed 
with acetone to remove the impurities. Then, the 
mucilage was left to dry in hot air oven at 50° for 
24 h. The dried and finely powdered mucilage was 
stored in an air tight container. The pH of the 1 
% (w/v) aqueous solution of extracted mucilage 
was calculated using a calibrated digital pH 
meter. The obtained mucilage was confirmed by 
various identification tests like ruthenium red test 
(mucilage), ferric chloride test (tannins), Wagner’s 
test (alkaloids) and ninhydrin test (protein)[12]. 
The hydrogel films were synthesized by reacting 
Pm with citric acid, following the previously 
described method[13]. 1 % w/v aqueous solution 

of Pm was prepared using deionized water with 
constant stirring using magnetic stirrer for 2 h 
at 27°. Then 0.2 % (w/v) citric acid solution was 
added to the homogenized mucilage solution and 
stirred for another 1 h. The solution was casted 
into petri dish and cured for 5 min at 140°. The 
cured hydrogel film was washed with deionized 
water in order to remove unreacted citric acid. 
Then, it was dried in hot air oven at 50° for 24 h 
and stored in desiccator for further use. In order to 
study the effect of cross-linker on the properties 
of Pm-CAH hydrogel films, different formulations 
were prepared, which is summarized in Table 1. 
The mucilage and Pm-CAH-3 hydrogel film were 
characterized using Fourier Transform Infrared 
spectroscopy (FTIR, Perkin Elmer, spectrum 
version two), Thermogravimetric Analysis (TGA, 
Perkin Elmer, TGA 4000), X-Ray Diffraction 
analysis (XRD, Bruker D8 Avance), Scanning 
Electron Microscopy (SEM, Carl Zeiss, EVO 18), 
1H Nuclear Magnetic Resonance (NMR) (Bruker 
Avance III) and 13C-NMR (Bruker Avance-600). 
The Swelling Index (SI) of mucilage and hydrogel 
film was carried using previously described method 
with slight modifications[14,5]. Relative humidity 
on day of performing swelling experiments was 
found to be 40 %. For mucilage, 1 g was immersed 
in 10 ml deionized water at 27° and 2 ml methanol 
was added for better dispersion. It was kept at 27° 
till constant weight was observed. The study was 
done in triplicate. The increase in volume was 
observed and recorded. SI was calculated using the 
following equation 1.
% SI=Vf-Vi/Vi×100   (1)
Where, Vf is the final volume after hydration 
of mucilage and Vi is the initial volume before 
hydration of mucilage. The SI of hydrogel film 
and the effect of temperature on hydrogel film’s 
network were studied in distilled water. 1 g was 
immersed in 10 ml deionized water at 27°. The 
sample was weighed after a fixed interval of time 
and immersed again in deionized water, until 
constant weight was observed. The result presented 
in this study was the mean values of triplicate 
measurements. The SI was calculated using the 
following equation 2.
% SI=Ws-Wd/Wd×100    (2)
Where, Ws represents the weight of swollen sample 
at a certain time and Wd represents the weight of 
dried sample.  In the present study, we successfully 
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to asymmetric vibration of C-H group[16]. The 
absorption peak at 1634 cm-1 is due to stretching 
vibration of carbonyl (C=O) group. The sharp peak 
at 1025 cm-1 showed the presence of C-O-C and 
C-O-H stretching vibrations of glycosidic bond in 
the polysaccharide[12]. The ATR-FTIR spectrum of 
hydrogel film (Pm-CAH-3) showed an additional 
peak at 1734 cm-1 assigned to the carbonyl bond 
(C=O) of ester formed during the crosslinking of 
the polymer, which confirmed the cross-linking of 
citric acid with the mucilage[17]. XRD is usually 
done for the analysis of crystalline, semi-crystalline 
and amorphous nature of the material. Fig. 1d 
shows the XRD pattern of Pm and Pm-CAH-3. 
In the XRD diffractogram of Pm, there were no 
sharp peaks and there was a broad diffraction peak 
around 15°-28°, which indicates the amorphous 
nature of the mucilage. In case of hydrogel film, 
due to the crosslinking of the mucilage with CA, 
it showed some degree of crystallinity. Thus, 
it can be concluded that there may be showed 
transformation from amorphous to semi-crystalline 
nature[18]. TGA thermograms of Pm and Pm-CAH-3 
are presented in fig. 1e. Thermal decomposition 
curve of Pm showed three weight loss events, with 
an initial weight loss of around 4.11 % between 
30°-190° due to the desorption of free and bound 
water from the mucilage. The second stage ranges 
from 190°-420° with 56.50 % weight loss, due to 
the decomposition of the mucilage, which results 
in the breaking of the polysaccharide branches. 
The final stage is in the range of 500°-800°. This 
is due to the degradation of the polysaccharide 
backbone[19]. Thermal decomposition of hydrogel 
film (Pm-CAH-3) occurs in three stages, 30°-
200°, 200°-460°, 460°-800° with 3.92 %, 51.82 % 
and 17.86 % weight loss. The first stage weight 
loss occurred due to loss of moisture, second 
phase weight loss was due to the decomposition 
of citric acid cross-linked Pm mucilage hydrogel 
and third phase weight loss was due to breakdown 
of the main polymeric backbone[20]. The residual 
weights at 800° were 3.38 % and 20.55 % for Pm 
and Pm-CAH-3 respectively. The high residual 
weight in case of hydrogel film indicates the 
less decomposition of the citric acid cross-linked 
Pm-CAH-3 than Pm. Thus, the thermal stability 
of the mucilage was improved by crosslinking it 
with citric acid to form hydrogel.  Fig. 2 shows 
the SEM images of Pm and Pm-CAH-3 at 500X 
magnification. As shown in the figure, the 

extracted the mucilage from papaya seeds, which 
was brown in appearance and had a rough fracture. 
The pH of mucilage solution (1 % w/v) was 
found to be neutral (6.89±0.04), which indicates 
that it can be explored as an excipient in various 
pharmaceutical formulations. The qualitative 
identification test, shown in Table 2, confirms the 
presence of mucilage and absence of impurities like 
tannins, alkaloids and proteins. The good quality 
of hydrogel film was successfully developed with 
a minimum citric acid concentration of 0.2 % w/v. 
Citric acid concentration above 0.3 % w/v resulted 
in the formation of hard hydrogel films and citric 
acid concentration below 0.2 % w/v led to the 
formation of soft hydrogel films. The formation 
of crosslinks between citric acid and Pm is due 
to the esterification reaction. When citric acid 
is heated at higher temperature, an intermediate 
cyclic anhydride is formed which is responsible 
for the formation of crosslinks with Pm. The cyclic 
anhydride intermediate opens via esterification 
under the action of mucilage-OH group, resulting 
in the formation of a new carboxylic acid unit 
in carboxylic acid with the property of creating 
new intra-molecular anhydride moiety with 
neighboring carboxylic acid unit[15]. SI value of 
Pm and Pm-CAH-3 at different time intervals, 
as shown in fig. 1a, was found to be 180 % and 
1025 % respectively, which indicates that the SI 
of mucilage was lower than that of the synthesized 
hydrogel. The effect of temperature on hydrogel 
film is presented in fig. 1b. The SI (%) of film 
at 27°, 37° and 47° was found to be 1025±0.1, 
1098.6±0.01, 1229.33±0.1, respectively. As the 
temperature was increased the SI was found to 
be increased. This might be attributed to increase 
in the mess size of the cross-linked polymer. 
Therefore, the hydrogel has greater capability to 
absorb and retain huge amount of water compared 
to its precursor. Thus, the hydrogel is showing 
greater swelling capability than the mucilage alone. 
Attenuated Total Reflectance (ATR)-FTIR spectra 
of citric acid, Pm and Pm-CAH-3 are shown in fig. 
1c. ATR-FTIR spectrum of citric acid showed a 
broad peak at 3217 cm-1 assigned to the stretching 
vibration of the -OH group, 2986 cm-1 due to C-H 
asymmetric vibration and a sharp peak at 1695 cm-1 
attributed to the hydrogen bonded C=O stretching 
vibration[13]. ATR-FTIR spectrum of Pm exhibited a 
broad band around 3280 cm-1 due to -OH stretching 
vibration. The peak obtained at 2912 cm-1 is due 
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mucilage is having high degree of irregularity in 
shape and dimension. It has a rough and uneven 
surface. In case of hydrogel film, it has smooth 
and homogeneous surface with small pores which 
suggests the homogeneous crosslinking[9]. The 
liquid state 1H-NMR of mucilage and solid state 
13C Cross-Polarization-Magic Angle Spinning (13C 
CP-MAS) NMR spectra of hydrogel film is shown 
in fig. 3. In 1H-NMR of mucilage, the peak around 
δ 1.2 ppm is attributed to methyl groups. The 
spectrum shows a crowded region near δ 3.1-3.8 
ppm, which specifies the polysaccharide region 
and indicates the presence of different sugar units 
in the mucilage. The peak in between δ 3-4.3 ppm 
is assigned to non-anomeric protons[21,22]. Solid 
state 13C-NMR of Pm-CAH-3 shows three distinct 
peaks.
The peak at δ 74 ppm is due to carbon atom 
connected to hydroxyl group (-OH), δ 63 ppm 
is assigned to C6 carbon atom of CH2OH group 
and δ 105 ppm is assigned to the anomeric carbon 

(C1) of the polysaccharide. The broad resonance 
peak in the range of δ 172-180 ppm confirms 
the formation of ester crosslinks in the hydrogel 
film[23]. In conclusion, this study shows the 
utilization of mucilage from Carica papaya seeds 
for the development of citric acid cross-linked 
Pm-CAH hydrogel films. The current research 
work first time reports that Carica papaya seeds 
mucilage can be explored as a hydro-gelling agent 
and citric acid can be used as a cross-linker for Pm. 
ATR-FTIR and solid state 13C-NMR confirms the 
ester linkage formation between Pm and CA. TGA 
analysis showed that the synthesized hydrogel 
film has more thermal stability than the mucilage. 
The SI of mucilage was improved by crosslinking 
it with citric acid to form hydrogel. Thus, it can 
be concluded that Pm has ability to form hydrogel 
film using citric acid as a crosslinking agent. The 
overall study reveals that further studies on the Pm 
based hydrogel film can be addressed to potential 
application in pharmaceutical, food, and cosmetic 
industries.

Identification test Active constituent Observation Pm

Ruthenium red test Mucilage +

Ninhydrin test Protein -

Ferric chloride test Tannin -

Wagner’s test Alkaloids -

Note: (+): Present and (-): Absent

TABLE 2: PHYTOCHEMICAL IDENTIFICATION OF THE EXTRACTED MUCILAGE

TABLE 1: COMPOSITION OF MUCILAGE BASED HYDROGEL FILMS

Formulations
Parameters

Pm (% w/v) CA (% w/v)

Pm-CAH-1 1 0.05

Pm-CAH-2 1 0.1

Pm-CAH-3 1 0.2

Pm-CAH-4 1 0.3

Pm-CAH-5 1 0.4
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Fig. 2: SEM images at 500X magnification; (a) Pm and (b) Pm-CAH-3

Fig. 3: (a) 1H-NMR of Pm and (b) Solid state 13C-NMR of Pm-CAH-3

Fig. 1: (a) SI of Pm and Pm-CAH-3 (b) Effect of temperature on SI of Pm-CAH-3 (c) ATR-FTIR (d) XRD (e) TGA of Pm and Pm-
CAH-3
Note: (a) (  ): Pm and (  ): Pm-CAH-3; (b) (  ): 27°; (  ): 37° and (  ): 47°; (c) (  ): Pm-CAH-3; (  ): Pm; ( 

 ): CA; (d) (  ): Pm-CAH-3; (  ): Pm; (e) (  ): Pm-CAH-3 and (  ): Pm

(a) (b) (c)

(d) (e)
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