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Nowadays biological waste is increasing due to over population. 
At the same time, researchers are trying to use biological wastes 
in effective ways and trying to convert these wastes into useful 
products. In this study the scales of rohu (Labeo rohita) and 
silver carp (Hypophthalmichthys molitrix) were used for the 
extraction of gelatin. Chemical extraction method was mediated 
in the presence and absence of microbes to obtain gelatin from 
varying amounts of scales. Microbial isolates SCC5 from Silver 
carp and SEY from Labeo rohita were used for microbial 
extraction. Beads were prepared from extracted gelatin using 
three different types of oils and later used as a carrier of 
inoculum. Results showed that both isolates were positive for 
gelatin liquefaction and did not result in solidification even at 
low temperature when kept in the refrigerator. The amount of 
extracted gelatin from fish scales was less than 50 %. A 
pronounced increase was recorded when more than 30 gram of 
fish scales were used for extraction. It was noticed that beads 
prepared with natural gelatin were remained stable after 
washing and not degraded as compared to commercial gelatin. 
FTIR analysis of extracted gelatin showed the presence of peaks 
at 700, 1600 and 3400 nm range that were in line with peak 
trends of commercial gelatin. Beads were coated with antibiotic 
by soaking in the antibiotic dilution. From the zones formation 
of beads supplemented with the antibiotics it was observed that 
zone diameter increased as amount of antibiotic increased it 
means the beads have the capacity to carry the antibiotics. 
Moreover, to check the efficacy of these beads, plant growth 
experiments were performed and beads of extracted gelatin were 
injected with the different inoculum  of bacterial isolates. It was 
concluded that efficacy of gelatin beads can also be used as 
carrier of fertilizers in agriculture, which is a recent 
advancement in the field of agriculture. 
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1. Introduction

Pakistan is a farming country having rich 
possessions of water. Major sources of 
aqua-farming are marine and freshwater 
[1]. From aqua-farming, major 
contributions are from the fisheries sector 
because it plays a significant role in the 
economy of Pakistan. Moreover, due to the 
increasing population, Pakistan is 
importing fish from Burma, Thailand, and 
China which is causing an increase in the 
prices of fish [2]. The poultry industry has 
shown tremendous progress over the last 
few years and become  a source  of 
employment in various countries incluing 
Pakistan [3]. Pakistan is also exporting 
meat and meat products from the poultry 
industry to Iran, Afghanistan, and Turkey 
[4]. Gelatin is a flashy, ordinary and vibrant 
protein and is capable of being 
decomposed. Gelatin is produced from 
different sources like fish scales, animal 
bones, and skin by collagen fractional 
hydrolysis [5]. In 1808 the first commercial 
gelatin was produced in the United States 
[6]. Gelatin is a bio-degradable and bio-
compatible protein and also acts as a bio-
polymer [7]. It is produced by the 
hydrolysis of collagen and consists of three 
alpha chains which ultimately form the 
triple helix building [8]. Depending on the 
collagen, gelatin has different types. 
Different animal products like cattle bones, 
goat, and pork skins are common sources of 
the production of gelatin. Almost 28 
different types of collagens have been 
reported [9] and the main alternate sources 
are fish and poultry. Gelatin contains 
different components like Oxygen (O2) 
25.21 %, Nitrogen (N2) 17.0 %, Hydrogen 
(H2) 6.81 %, and Carbon (C) 50.52 %. It is 
a consequent of collagen which contains a 
high level of hydroxyproline and proline 
the cyclic amino acids. Three polypeptides 
chains which are helical are present in 

collagen [10]. The brownish colour of 
gelatin is due to Maillard reactions 
(reaction with sugars) in the process of 
gelatin extraction due to which some 
properties of the gel change [11]. 

Gelatin has different physical and chemical 
properties. It is flashy and fragrance-free, 
fragile and yellow in colour. The moisture 
content of gelatin is about 8-12 % and when 
particles of gelatin are drenched in water, 
they become swollen elements. When these 
swollen elements are warmed, they convert 
into solution form. It is soluble in propylene 
glycol and glycerol [12]. Gelatin may act as 
an acid or a base when in a solution 
meaning it is amphoteric in the nature. The 
point at which overall charge zero known 
as IEP (isoelectronic point) [13]. Gelatin is 
thermally labile molecule, and some 
bacteria also have ability to degrade the 
gelatin. But in powder form gelatin is stable 
and can be stored in containers for many 
years. Gelatin is the best medium for the 
growth of bacteria, but for growth, the pH 
is the most important factor [14]. Earlier in 
the 19th century, gelatin was used to make 
pharmaceutical products. This was mostly 
in the form of soft and elastic capsules of 
gelatin, hard capsules containing two 
pieces, coating of tablets and encapsulation 
[15]. Moreover, gelatin has also been used 
as a photographic emulsion since 1870 by 
Doctor Maddox of England [16]. Gelatin is 
also widely used for the purpose of coating, 
for example, to make playing cards, 
posters, glossy pages of magazines etc. For 
this purpose, gelatin may be used alone or 
along with the other materials and it creates 
a smooth surface [17], also films and 
coatings of gelatin used to preserve food 
[18]. Gelatin is also widely used in 
cosmetics like lotions, creams and most 
commonly in hair preparations [19]. 
Gelatin, which we obtain from  mammalian 
sources, has many issues related to health 
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because it may cause some allergic 
reactions and cause other diseases [20]. 
Therefore, fish scales and poultry wastes 
are considered  Halal and safer sources 
alternate than mammalian sources [21]. 

Mostly fish bones and scales are preferred 
for the extraction of gelatin because fish 
bones and scales produce a great amount of 
gelation having proline amino acid present 
abundantly than the skin of fish [22]. For 
the extraction of gelatin from fish skin, one 
of the conventional methods is used called 
CWB (conventional water bath) [23], these 
days an advanced method is used for the 
extraction of gelatin from fish without 
affecting the quality and reducing the time, 
which is ultrasound treatment [24]. Another 
method most commonly used is the 
chemical extraction method in which fish 
scales are treated with different chemicals 
to extract  gelatin. This method is also 
effective and gives better yield than other 
methods. Moreover, the gelatin extracted 
from the fish scales rather than fish skin 
gives an even better yield still [25]. 

Gelatin in the form of beads also acts as 
fertilizers to enhance the growth of plants. 
Factors that bound the construction of 
agriculture are water and fertilizers. 
Nowadays the most recent advancement in 
the field of agriculture is hydrogels of 
gelatin, poly vinyl alcohol (PVA) and 
chitosan. These hydrogels have great 
potential for their use in agriculture like 
they can be used as a carrier and can also 
develop resistance in plants and are 
ultimately used for the protection of crops 
[26]. 

2. Materials and Methods

2.1 Collection and Preparation of Scales 

The fish scales of rahu fish (Labeo rohita) 
and silver carp (Hypophthalmichthys 
molitrix) were collected from the local 

market of Lahore, Pakistan. These scales 
were washed with tap water and dried. The 
dried scales were stored at 4 °C prior to use. 

2.2 Chemical Extraction 

For the extraction of gelatin from fish 
scales, the previously reported procedure of 
[27] were followed. Scales were treated 
with 5 % solution of NaCl in ratio of 1:10 
and stirred for 30 minutes and the same step 
was repeated twice. In the second step, 
scales were treated with the 0.4 % solution 
of NaOH in the ratio of 1:10 for 30 minutes, 
and the step was also repeated twice. In the 
next step, scales were treated with a 10 % 
solution of hydrogen peroxide in a ratio of 
1:4 volume by volume and repeated thrice. 
The next and final step was 
demineralization where scales were treated 
with 0.5 N EDTA solution with pH 7.66 for 
16 hours in a shaking incubator, and scales 
were recovered by using sieve to remove 
the residues. After the filtration step, the 
scales were saturated in 0.05 M solution of 
acetic acid for 3 hours. Scales were washed 
with water and the water was added in ratio 
of 1:30 and kept at hot air oven for 24 
hours. Obtained, dried extract of scales was 
kept at room temperature and finally 
ground using a grinder (RRH-250 Shanghai 
Yuanwo Industrial and Trade Co., Ltd.). 

2.3 Gelatin Liquefaction Assay 

Bacterial isolates were selected and serially 
diluted with the samples from fish scales 
solution up to 106 ml-1. Bacterial colonies 
were purified and further screened for 
gelatin liquefaction assay following 
liquefaction assay of dela Cruz and Torres 
[28]. The nutrient gelatin broth media was 
prepared in test tubes and after cooling 
inoculated with bacterial cultures (cell 
densities adjusted at 0.5 at 600 nm) in each 
test tube and incubated for one week. 
During this interval test tubes were 
transferred to the refrigerator for 15-20 
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minutes to check the liquefaction of gelatin 
media. SCC 5 and SY isolates were used for 
further experiments. 

2.4 Microbial Extraction of Gelatin from 
Fish Scales  

For the microbe mediated extraction of 
gelatin from fish scales, chemical 
extraction method [27] was followed using 
bacterial inoculum to improve the efficacy 
on percentage yield of gelatin. For this 
extraction, 2 mL bacterial inoculum (cell 
densities adjusted at 0.5 at 600 nm) of SCC 
5 and SY (previously isolated) were added 
to scales along with the chemicals, and 
yield of percentage was determined. 

2.5 Utilization of Extracted Gelatin for 
Beads Formation 

Gelatin bead formation was done by the 
method of [29] with some modification, 
namely that agar-agar was used in place of 
sodium alginate as previously reported. 
One gram of agar-agar was dissolved in 100 
mL of distilled water, filter sterilized 
mineral oil (cooking oil 1, cooking oil 2, 
and Canola oil from sunflowers) was pre-
cooled in refrigerator at 20° C for 2-3 hours 
before use. Then 10 grams of gelatin 
(commercial as well extracted gelatin) 
powder was added into the sterilized agar-
agar media and dissolved at 40°C. Gelatin-
agar-agar solution was added drop wise in 
pre-cooled, sterilized mineral oil with 
continuous stirring. Beads were washed 
using sterile water and dried on sterilized 
filter paper.  

2.6 FTIR Spectrum of Extracted and 
Commercial Gelatin Beads 

For FTIR analysis, samples were sent to 
Department of Chemical Engineering, 
University of Punjab, Lahore, Pakistan. 
FTIR spectra for both commercial and 
extracted gelatin beads were compared. 

2.6.1 Preparation of Beads Containing 
Antibiotics using Disc Diffusion Assay 

 Luria broth (LB) agar plates were 
prepared. Fish pathogens previously 
isolated [30] Qureshi and Sabri culture was 
swabbed on each agar plate. In each plate 
one disc of pure antibiotic in different 
concentrations (400, 600 and 800 µl) was 
used as control. Amoxicillin Antibiotic was 
used to prepare different concentrations, 
and 30 µg per mL were dissolved into the 1 
mL of sterile water. Prepared beads were 
loaded with different volumes (400, 600 
and 800 µl) of concentrations (30 µg per 
mL) of antibiotic. Amoxicillin Antibiotic 
was used to make different concentrations, 
and 30 µg per mL were dissolved into the 1 
mL of sterile water. These plates were 
incubated for 18-24 hours till zones of 
bacterial growth inhibition around the 
beads were observed.  

2.6.2 Determination of beads efficacy as 
a carrier of   inoculum 

Beads were coated with inoculum and their 
efficacy was observed for plant microbial 
interaction. 

2.6.2.1 Gelatin Beads Coated with 
Inoculum (Pathogens) 

Prepared gelatin beads (prepared from 
commercial as well as extracted gelatin) 
were coated with fish pathogen culture 
using different adjusted cell densities of 
inoculum (200, 300, and 400 µl). Then 
beads were air dried and placed on LB-agar 
plates and incubated for 24 hours. 

2.6.2.2 Determination of Beads Efficacy 
as a Carrier of Inoculum for Plant 
Growth by Plant Microbe Interaction 

For the determination of beads efficacy as a 
carrier of inoculum for plant growth 
promotion, plant microbe interaction 
experiments were performed. The seeds of 
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wheat Triticum aestivum Var (Lasani) were 
sterilized using 0.1 % HgCl2 solution for 1-
2 minutes, followed by repeatedly washing 
of seeds with autoclaved water 67 times. 
Then seeds were soaked in autoclaved 
water for 15-20 minutes to remove the 
residual HgCl2.Three experimental set ups 
were prepared with wheat seeds along with 
the un-inoculated beads as control. In 
another set inoculated beads (with bacterial 
culture with 0.5 OD at 600 nm) were used, 
while in third set, wheat seeds were 
inoculated under sterile conditions. 

3. Results 

Gelatin was extracted from fish scales by 
chemical as well as microbial extraction 
methods. It was seen that amount of gelatin 
increased with an increased amount of 
scales. The amount of extracted gelatin 
from fish scales was less than 50 % but a 
pronounced increase was noticed with more 
than 30 gram of fish scales (Fig. 1). Results 

showed that the yield of extracted gelatin 
was enhanced in the presence of microbial 
inoculum as compared to chemical 
extraction. The amount of extracted gelatin 
in the presence of microbial inoculum was 
greater than 50% even when initial 
concentration of substrate was less than 30 
gram as observed in case of chemical 
extraction without inoculum (Fig.1). 

3.1 Gelatin Liquefaction Assay 

For liquefication assay nutrient gelatin 
media  was inoculted with respective fish 
isolates i.e SEY and SCC5. It was noticed 
that the media containing the fish isolates 
were not solidified even when kept in 
refrigerator for 15-20 minutes which 
showed fish isolates were degrading the 
gelatin. This confirmed the gelatin 
degrading ability of bacterial isolates 
(Table 1). 

Table 1. Comparative Analysis of Yield of Gelatin at Varying Amount of Fish Scales 

Chemical mediated of Gelatin %Yield Microbial mediated of Gelatin % Yield 

Amount of scales 
(grams) Yield (%) Amount of 

scales (grams) 
Bacterial 
Isolates Yield (%) 

10           10.05  5         SCC5         58.00 

30           15.56  5          SEY         50.01 

40           45.41 - - - 

60           47.44  - - - 

3.2 Gelatin Beads Preparation from 
Commercial Gelatin 

Commercial gelatin beads were prepared 
by using three different types of oils, 
cooking oil 1, cooking oil 2, sun flowers 
canola oil. It was noticed beads of 
commercial gelatin which formed using oil 
2 were less stable and most of them were 

degraded during washing. However, the 
beads from commercial gelatin using oil 1 
were more stable as compared to the beads 
in sun flowers canola oil. However, beads 
of fish extracted gelatin were prepared and 
found stable using all three oils. This 
showed beads formed from the fish 
extracted gelatin were more stable as 
compared to the commercial gelatin. It was 
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also noticed that beads prepared from 
extracted gelatin remained stable after 
washing and were not degraded compared 
to commercial gelatin. 

3.3 FTIR Spectrum of Commercial and 
Extracted Gelatin 

FTIR analysis of fish extracted gelatin was 
carried out which showed the presence of 
peaks at 700, 1600 and 3400 nm range and 
similar peak trend were also observed in the 
case of commercial gelatin. 

The presence of peaks for the commercial 
gelatin at 3400 cm-1 are attributed to the 
presence of hydrogen bond water and 
amide-A as a functional group, (Figure 1) 
while peaks in the range of 1600 cm-1 peaks 
corresponds to the occurrence of amide 
group (Figure 2).  

Figure 1. Amide as a Functional Group 
[31] 

While sharp peaks at 700 showed the 
presence of amide III group. The same 
trend was recorded for extracted gelatin 
with the exception that peaks were broader 
at the expected peaks regions as compared 
to commercial gelatin (Figure 3). 

3.4 Efficacy of Gelatin Beads as Carriers 
of Antibiotics using Disc Diffusion Assay 

In this assay, different concentrations of 
antibiotics were injected using i.e. 200, 
300, 600, and 800 µl for discs as well as for 
beads prepared from extracted gelatin. Out 
of these, 4 different concentration zone 

formations around beads was observed at 
concentrations of 300 and 600 µl. While, 
beads with concentration of 200 µl and 800 
µl did not show any clear zone formation. 

Figure 2. FTIR Spectrum of Commercial 
Gelatin 

Figure 3. FTIR Spectrum of Extracted 
Gelatin 

3.5 Efficacy of Gelatin Beads as Coated 
with Antibiotic 

Gelatin beads were also coated with an 
antibiotic dilution of 300µl and it was 
observed that beads which were coated 
with the antibiotic dilution showed a 
greater diameter as compared to the 
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injected antibiotic of same concentration. 
However, the beads which were coated by 
soaking in the antibiotic dilution were 
degraded in case of commercial gelatin 
(Table 2). From the zones formation of 

beads supplemented with the antibiotics it 
was observed that zone diameter increased 
as the amount of antibiotic increased, it 
means they have the capacity to carry 
antibiotics.  

Table 2. Zone Formation under Different Concentrations of Antibiotics 

Antibiotic 

Concentrations 

(µl) 

Growth inhibition zones (cm) 

Diameter of disc 
zone 

Isolate SCC1 

Diameter of 
bead 

Isolate SCC4 

Diameter of bead 
zone 

Isolate SCC5 

200 2±0.12 0.4±0.72 No zone 

300 3±0.12 0.4±0.02 1.4±0.32 

600 1.5 ±0.12 0.4±0.112 0.7±0.192 

800 1±0.12 0.4±0.12 No clear zone 

3.6 Determination of Beads Efficacy as a 
Carrier of Inoculum 

Beads of extracted gelatin and commercial 
gelatin beads were injected and their 
efficacy was determined via inoculum. 

3.6.1 Extracted Gelatin Beads Injected 
with Inoculum (Pathogens) 

Beads of extracted gelatin were injected 
with different concentrations of pathogens, 
and it was obeserved that there was no 
specific zone fomation around the beads 
with the injected concentrations of 100 and 
400 µl of inoculum. While the clear growth 
zones were formed around the beads 
injected with concentrations of 150, 200, 
and 300µl. It was also observed that 
growth-spreading zone diameter decreased 
when injected concentrations increased. 
This showed that they have less capacity to 
carry the increased amount of inoculum. 

3.6.2 Commercial Gelatin Beads Coated 
with Inoculum (Pathogens) 

When the beads (commercial grade) were 
coated with the inoculum, most beads were 

either degraded or they were not stable. 
Beads were kept in inoculum for 3-5 
minutes, it was found that most beads did 
not retain their stability and degraded 
during soaking in inoculum. Although in 
case of coated beads, zones diameter was 
greater as compared to the injected beads. 
Injected beads can be used as a carrier of 
inoculum, but in case of coated beads they 
are not sufficient because microbes seems 
to degrade beads either by engulfing the 
beads, resulting in degradation. Only beads 
which were coated with the concentrations 
of 100 and 150 µl of inoculum remained 
stable while others were degraded (Table 
3).  

3.6.3 Determination of Beads Efficacy as 
a Carrier of Inoculum in Plant Growth 
Experiments 

To check the efficacy of gelatin beads as a 
carrier of inoculum in plant growth 
experiments, seeds were either inoculated 
with microbes or with gelatin beads 
(inoculated and non-inoculated). Plant 
growth was determined in terms of root 
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length, shoot length, seedling length, seed 
germination, numbers of roots and shoots, 

dry weight, fresh weight and moisture 
content (Table 4). 

Tabel 3. Diameter of Beads as a Carrier of Pathogens 
Concentrations of fish 

pathogen (µl) 
Diameter of injected 

beads zone(cm) 
Diameter of coated 

beads zone(cm) 
100 No specific zone 1 
150 1.5 1.7 
200 1.8 × 
300 1 × 
400 No specific zone × 

Diameter of each bead was 0.4 cm 

It was observed that seed germination in 
pots that contained seeds with inoculated 
beads showed high germination (23 %) as 
compared to the control or seeds which 
were provided with only inoculum without 
beads. A similar response was recorded in 
the case of shoot length and moisture 
content 46% and 85%, respectively. A 

number of roots, shoots, and fresh weight 
were 56%, 12%, and 50%, respectively. 
These parameters were greater in seeds 
with only inoculum than control seeds and 
seeds with inoculated beads. The dry 
weight was the same in case of both 
inoculated beads provided to the seeds and 
seeds with only inoculum. 

Table 4. Plant Growth by Plant Microbe Interaction 

Seed 
Germi
nation 

(%) 

Shoot 
length 
(cm) 

Root 
length 
(cm) 

Seedling 
length 
(cm) 

No. of 
Root 

No. of 
shoot 

Fresh 
weight 

(g) 

Dry 
weight 

(g) 

Moisture 
content 

(%) 

Control 98 
2.02 

±1.16 

1.27 

±0.73 

0.53 

±0.30 

1.15 

±0.66 

0.57 

±0.32 

0.01 

± 0.005 

0.05 

± 0.02 

0.007 

±0.004 

Seeds+ 
inoculated 
beads 

75 
1.08 

±0.62 

2.11 

±1.21 

0.72 

±0.41 

0.94 

±0.54 

0.57 

±0.32 

0.01 

±0.005 

0.0076 

±0.043 

0.58 

±0.33 

Inoculated 
seeds 100 3.72 

±1.86 
1.78 

±0.89 
1.37 

±0.68 
0.5 

±0.25 
0.5 

±0.25 
0.005 

±0.002 
0.0076 
±0.004 

0.005 
±0.001 

4. Discussion

Fish plays a vital role as source of food for 
humans and can contribute to the overall 
economy of the country [32]. Waste from 
fish industries can have a harmful effect on 
the environment. However, different 
practices can be adopted to reduce wastes 
produced from fish industy, such as making 
valuable products like gelatin that can 

further contribute to the country’s economy 
[33]. 

Gelatin is actually a protein having a wide 
applications in various field like in 
photography, pharmaceuticals, and in the 
food industries [22]. Gelatin is obtained 
from different sources like cattle, pig [34], 
and chicken skin and bones [35]. Gelatin 
can also be obtained from fish skin, bones, 
and scales. The most plentiful sources of 
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gelatin  is fish  and fish bones, scales, and 
skin,  which are considered as a halal 
sources of gelatin and these  are widely 
used in drug and vaccine deliveries [36]. 

However, other gelatin sources 
(mammalian sources) are responsible for 
various diseases, and considering religious 
and social questions over mammalian 
sources, while, fish gelatin is good option 
as an alternative source [7].  

In the present study gelatin was extracted 
form the scales of fish rahu (Labeo rohita) 
and silver carp (Hypophthalmichthys 
molitrix) by using both chemical and 
microbial mediated methods [27]. In the 
microbial method it was noticed that the 
gelatin yield  enhanced by adding the 
microbes inoculum. This study showed that 
the scales of rahu and silver carp fish can be 
used as raw material to produce gelatin. 

Gelatin assay identify the species 
producing the gelatinase, gelatinase 
terminates gel and ultimately  liquification 
occurs. Gelatin liquification assay was 
performed by using already available 
isolates, such as SEY and SCC5 and both 
showed positove results. These showed the 
degradation of gelatin to polypeptides 
which further degdrade to amino acids. 
Gelatin nutrient media was used for 
liquification assay and media containing 
fish isolates were kept in an incubator and 
transferred to a refrigerator on daily basis 
for 15-20 minutes. Gelatin did not solidify 
even at low temperature, which means fish 
isolates were degrading the gelatin. The 
main objective of this test was to 
diffrentiate different bacteria like gram 
positive, rod shape bacteria, pathogenic and 
non-pathogenic bacteria and also identify 
the bacteria which were producing the 
gelatinase [28], and extracellular enzymes 
used for digestion of gelatin. This test was 
also helpful in the identification of Bacillus, 

Pseudomonas, and clostridium bacteria. 
The amino acids produced as a result of 
degradation by gelatinases of bacteria could 
be used for their metabolic pathway [28].  

Moreover, beads were also formed by using 
the commercial gelatin and were compared 
with  the beads of extracted gelatin and it 
was observed that the beads of extracted 
gelatin were more stable as compared to 
commercial gelatin. As concentration of 
antibiotics increased, the zone formation 
around beads also increased, it means that 
beads can be used as drug carrier [36]. 
Beads can be used for the sustained release 
of drugs, vaccines, antibiotics, and 
hormones. Using gelatin beads as drug 
delivery system is a recent advancement 
and is gaining popularity because gelatin is 
easily available, degraded, and 
companionable and cheap [36, 37]. 

FTIR spectra was performed for gelatin 
beads to identify the different functional 
groups present in gelatin and bonds which 
maintain the structural stability of structure. 
Characterization of beads by documenting 
the spectra at 400–4,000 cm−1 range was 
observed using flourier-transform infrared 
spectroscopy (FTIR) (Bruker). FTIR 
spectra for both commercial and extracted 
gelatin beads was compared. FTIR 
spectroscopy was actually done to observe 
the physical structure of substance and to 
observe the changes in commercial and 
extracted gelatin beads. [27] given that, 
many properties of gelatin described its 
applications therefore, FTIR analysis 
helped to identify the possible functional 
groups or moieties responsible for the 
structural and functional properties of the 
gelatin extracted from the fish scales. 
Amide-1 bands have been reported to 
represents C=O stretching/hydrogen 
bonding couple with COO, amide-II 
represents bending vibration of N-H 
groups, and stretching vibrations of C-N 
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groups. Peaks of the gelatin observed at 
3433 cm-1 attributed to the presence of 
hydrogen bond water and amide-A, 1630 
cm-1 peaks corresponds to the occurrence 
of amide-I, at 1565 cm-1 is indicating 
amide-II, band at 1240 cm-1 indicates the 
amide-III, peaks ranges from 1460 cm-1 to 
1380 cm-1 were attributed to the 
symmetric, and asymmetric bending 
vibrations of methyl group. 

Alginate beads have been reported to be 
used along with sowing for slow release of 
inoculum with the advantage that they are 
not easily degradadable [38]. It could be 
said the beads injected with the inoculum 
can be used as carrier but the beads coated 
with the inoculum degraded micobe may 
engulf the beads. Gelatin beads as carrier of 
inoculum can be used in agriculture field 
for growth of plants. Plant growth 
experiments were also performed to check 
the efficacy of beads as inoculum carrier. It 
was observed that seed germination in pots 
that contained seeds with inoculated beads 
showed high germination (23 %) as 
compared to the control or seeds which 
were provided with only inoculum without 
beads. Similar response was recorded in 
case of shoot length and moisture content 
46 %, 81 %, and 85 %, respectively. A 
number of roots, shoots and fresh weight 
were 56 %, 12 %, and 50 %, respectively. 
These parameters were greater in seeds 
with only inoculum than control seeds and 
seeds with inoculated beads. The dry 
weight was same in case of both inoculated 
beads provided to the seeds and seeds with 
only inoculum. A slow release from the 
micro-beads has been reported ranging 
from 104-106 CFU g-1 depending on the 
different parameters. The wet and dry 
inoculants enhanced the development of 
wheat and tomato seedlings growing in 
unfertile soil, and biodegraded within 15 
days in moist soil [38]. 

Improvement in growth was recorded in 
inoculated plants and better moisture 
content in seeds showed that shoots were 
dark green as compared to the seeds with 
only inoculum or non inoculated seeds. In 
plant-microbe interaction both plant and 
microbe receive benefits from each other 
[39]. Considering the above considerations, 
the present study highlights  the future 
success stories expected from using fish-
based gelatin as a drug delivery system and 
inoculum carrier of plant growth-
promoting bacteria in the field of the 
agriculture industry. 

5. Conclusion

It was concluded from the current study that 
fish scales are an excellent source of gelatin 
and the yield of gelatin increased as the 
number of scales increased. Microbial 
inoculum (fish isolates)  of SY and SCC5 
also enhanced gelatin yield by greater than 
50%. The extracted gelatin was used for 
beads formation and  comapared with the 
beads of commercial gelatin. It was noticed 
that beads of extracted gelatin were more 
stable. The peaks of  FTIR spectra also 
showed the stability of extracted gelatin 
beads. Beads were coated and injected with 
antibiotics to check their efficacy as 
carriers of drugs. It was concluded that 
beads could be used as  drug carriers or in a 
drug delivery system. Moreover, gelatin 
beads were also inoculated and coated with 
fish pathogens and used in plant-microbe 
interaction. It was found that they can also 
be used as carriers of microbes to improve 
the growth of plants. Using indigeneous 
microbial isolates used in current study, 
extraction of gelatin from fish scales 
eliminates pollution from the environment 
and is a cheap source of gelatin.  Its beads 
can be used as  carriers in the agriculture 
and pharmaceutical industry. 
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