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Summary: In this study the fish scales a waste product from the fish industry were converted into 
water soluble protein hydrolysates on heating with aqueous solution of sodium hydroxide. Those 
protein hydrolysates were fractionated into different fractions using solvent extraction procedure and 
were also checked for their antibacterial activity using agar well diffusion method. Their 
antibacterial activity was also tested against six pathogenic bacteria including Escherichia coli,
Margenella morganii, Haemophilus influenzae, Klebsilla pneumoniae, Pseudomonas aeruginosa, 
and Actenobactor baumannii. All fractions were found active against these bacteria. Their zones of 
inhibitions were found to vary according to the nature of solvent fraction and bacteria. Maximum 
zones were observed for ethyl acetate fraction (neutral) against Escherichia coli and Actenobactor 
baumannii with zone of inhibition 19.5 mm and 17.0 mm, respectively almost equal to the control. 
Their chemical composition was also analyzed by using FTIR spectroscopy and spot test. These 
fractions and crude were found containing amides, amino acids, amines, phenols, alcohols and 
aldehydes functional groups. Their antibacterial activity was then correlated with their chemical 
composition along with their determination for percent yield and percentage of extraction.

Keywords: Protein hydrolysates, waste fish scales, antimicrobial activity, agar well diffusion method, FTIR 
spectroscopy

Introduction

The resistance of bacteria and fungi toward 
the antibiotics is rapidly increasing due to a number 
of reasons including excessive use of the antibiotics 
[1]. The chance of infection is far greater than earlier 
due to increasing population, rapidly change in life 
style and the presence of a number of wastes 
including food items and from food industry. 
According to an estimate annual municipal waste of 
Peninsular a Malaysian city is 8,196,000 tons, most 
of which is biomass from the food industry [2]. Fish 
farms and fish processing units is one of the food 
industries which is associated with a large number of 
waste. This waste is mainly composed of protein 
which is potential threat to the environment in terms 
of foul smell and as harbor for pathogenic bacteria 
and fungi. One of the important pollutant of fish 
industry are the fish scales which is more resistant to 
degradation due to its collagen nature [3]. It is due to 
their hardness, these are neither used by human being 
nor animals including dogs and cats [4]. These cause 
foul smell and also causing the aesthetic problems in 

addition to the dispersal of pathogenic microbes [5]. 
Their stiffness and hardness are responsible for slow 
degradation. Their incineration is associated with 
atmospheric pollution and is costly in terms of the 
wastage of useful carbon resource in addition to the 
incineration cost. An increasing trend of the 
integrated waste management and resource recovery 
has been observed to solve the waste management 
problems and recover and explore new resources [6].

One of the best options for the resource 
recovery from fish scales is its conversion into amino 
acids and peptides [3]. Where fish scales are mainly 
composed of type I collagen which can be 
hydrolyzed through the action of enzymes, acids or
alkalis. Fish scales were converted into useful 
resource through solubilization of its collagen by the 
acids, buffers and enzymes [7]. Where collagen may 
be used in a number of applications including drug 
delivery, biomedical materials cosmetics and food 
[3,7-9]. Collagen and keratin wastes may be 
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considered as potential source of protein and amino 
acids. A mixture of the collagen and keratin waste 
can be hydrolyzed into protein and amino acids using 
alkali hydrolysis [10,11]. Where alkali hydrolysis is 
considered as having no adverse effect on the 
collagen of the fish scales except its hydrolysis to 
some of the peptides [10,12]. The interactions of 
collagen with alkaline solution on heating involve the 
hydrolysis, degradation, rearrangement, re-
polymerization and salt formation reactions. Some of 
the products may exist in the form of an equilibrium 
mixture. Solvent extraction may change the 
equilibrium concentrations which may sometimes 
results more changes in chemical composition [13]. 
Proteins, peptides and amino acids are reportedly 
antimicrobial in nature for example the use of 
collagen for food preservation is employed due to its 
antimicrobial properties [14-16]. The present work is 
intended to resource recovery, waste management 
and search of new antimicrobial peptides and amino 
acids combinations. The obtained products were 
analyzed for its functional groups using FTIR 
spectroscopy and chemical tests. The present work is 
mainly focused on the conversion of waste proteins 
into useful material. Another idea is the safe and 
economical disposal of this proteinaceous waste.

Experimental

Materials and Methods

Sample Solutions Preparation

The scales of Cyprinous carpio were 
obtained from a local fisherman of Mardan Khyber 
Pakhtunkhwa Pakistan. These scales were thoroughly 
washed with tap water to remove the stains of blood 
followed by washing with distilled water. After shade 
drying, scales were dissolved in 3% (0.75M) aqueous 
solution of sodium hydroxide with heating on a hot 
plate under reflux. It was then filtered after cooling 
and was used as a stock solution of fish scale 
samples.

Fractionation and Solvent Extraction of the Fish 
Scale Hydrolysate

The soluble protein hydrolysates solution 
that was obtained by heating of the waste fish scales 
with aqueous solution of sodium hydroxide was 
divided into three different fractions. Fraction 1 was 
named as alkaline fraction which was same as 
obtained from the dissolution of fish scales in 0.75 M 
sodium hydroxide solution. Fraction 2 was named as 
neutral fraction by neutralizing by addition of 2 M 
HCl in alkaline fraction. Fraction 3 was named as 

acidic fraction by acidifying the alkaline solution by 
the addition HCl until the pH reach to 2.54. Each of 
these three fractions was further fractioned by 
tituration with acetone and solvent extraction method 
using water immiscible solvents. In case of solvent 
extraction, 50 mL of each fraction was taken in the 
separatory funnel and extracted by 200 mL each of 
different solvents like n-hexane, chloroform and ethyl 
acetate in their ascending order of polarity i.e. first n-
hexane, chloroform and ethyl acetate, respectively. 
Before tituration with acetone the aqueous solution of 
protein hydrolysate was concentrated by evaporation 
of water. This was followed by addition of acetone to 
dissolve the acetone soluble fraction. The resulting 
solution was filtered to separate the undissolved 
fraction. While the acetonic solution was allowed to 
vaporize to obtain the separated fraction. The case of 
acetone is little different from other solvents. It was 
employed for the removal of soluble contents from 
the hydrolysate concentrate which was obtained from 
the crude by evaporation of water using rotary 
evaporator.

Infrared Spectroscopic Analysis of the Fractions

The effect of changes on the chemical 
composition of the fractions of the fish scale 
hydrolysate was investigated using FTIR 
spectrophotometer by Shimadzu, Japan. The samples 
were analyzed by using ATR (attenuated total 
reflectance) of the spectrophotometer in 
transmittance mode. The scanning of the each 
extracted fraction as well as crude sample was carried 
out in the range of 400 to 4000 cm.-1

Antimicrobial Assay of the Fish Scales Hydrolysate

The antimicrobial assays of the fish scale 
hydrolysate fractions and crude sample solutions 
were carried out against six human pathogenic 
bacteria and four fungi by agar well diffusion method 
[17]. These bacteria include Escherichia coli, 
Margenella morganii, Haemophilus influenzae, 
Klebsilla pneumoniae, Pseudomonas aeruginosa, and 
Actenobactor baumannii. All microbes were grown 
in a sterilized Luria bertini medium containing 12.5 g 
media, 10 g agar and 500 mL distill water in separate 
test tubes which were then placed in shaker incubator 
at 37 ºC for 24 h to obtain approximately 108cfu/mL. 
Laria burtini agar medium was prepared for 
antibacterial. This media was autoclaved along with 
Petri plates, loop, cork borer, tips and glass rod at 121 
ºC for 20 minutes sterilization. The sterilized media 
was poured into petri dishes on cooling and shifted to 
the laminar flow hood under sterilized condition. The 
wells of 9 mm diameter were bored in each plate and 
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after solidification of the media the streaking of 
strains were carried out. The samples were applied in 
the form of a suspension of dimethyl sulphoxide 
(DMSO). It was prepared by dissolving 1 mg of the 
sample per ml of DMSO. It was applied on bacterial 
strains at the rate of 75 μL. Streptomycin and 
ampicillin were used as control during this study. 
Those plates were placed at 37 ºC for 24 h in 
incubator. The zones of inhibition were determined 
after 24 h. Each of the antibacterial assays was 
conducted in triplicate and the averages of results 
were reported.

Results and Discussions

Estimation of the Base Soluble Fraction of the Fish 
Scales

It can be seen from Table-1 that the total 
recovery of the hydrolysates fractions is greater in the 
basic medium i.e. 7.78% than the recovery of the 
hydrolysates fractions in neutral and acidic medium 
i.e. 6.78%, and 6.95%, respectively. It is because fish 
scales are mainly composed of type-I collagen. Type-
I collagen can be hydrolyzed into soluble material 
using base hydrolysis [3]. This process is using 
sodium hydroxide as reactant and as facilitator of 
hydrolysis, terefore, some base is consumed during 
hydrolysis

Table-1: % Recovery of the fish scale hydrolysate 
fractions by solvent extraction and tituratration (Only 
acetone).

Solvent Basic Fraction(g) Neutral Fraction(g) Acidic(g)
n-hexane 1.13 2.85 2.5

Chloroform 3.33 0.53 1.42
Ethyl acetate 1.82 2.49 1.79

Acetone 1.50 0.91 1.24
Total 7.78 6.78 6.95

It is used against the released of amino acids 
as a base and may result in the formation of salts. The 
consumption of base is partly due to the hydrolysis 
and partly due to the reaction of free amino acids and 
acid sites of peptides in salt formation [18]. It may 
also be used against the amino acids in reactions 
other than acid base reaction and most important of 
which is decarboxylation [19]. The evidence of this 
reaction can be seen in the FTIR spectra in Figure-1 
which indicate the presence of amines, alcohols and 
phenols. It was observed that 8.25 % of the scales are 
dissolved per 100 ml of the aqueous sodium 
hydroxide solution. Although this dissolves fish 
scales into solution, however, the extraction 
efficiency is estimated in terms of the mass of the 
separated components which is obtained by the 

solvent extraction process. It can be also seen that the 
fraction extracted from the n-hexane is the least for 
basic media and greater for the neutral. Further 
variations can be observed and explained 
accordingly. This difference can also be seen in the 
FTIR spectra of these fractions.

FTIR Analysis of the Fish Scale Hydrolysates 
Fractions

FTIR spectra of the hydrolysate fractions 
obtained by solvent extraction for basic, acidic and 
neutral medium are shown in Figures 1-12. Figures 1-
4 are the spectra for fractions obtained from basic 
solutions, scale and Figures 5-8 are for the neutral 
solutions of fish scales and Figures 9-12 for the 
acidic solutions. Each of this spectra have amides and 
amines as the common functional groups. However 
some of them contain other groups in addition to 
these indicating diverse chemical compositions. For 
example in case of basic solution n-hexane fraction 
shown in Figure-1, contains peaks for the amide, 
alkyne and hydroxyl group, that for chloroform 
fraction the spectrum shown in Figure-2, contain 
peaks for amines, amides, alcohol and phenols. In 
case of ethyl acetate the spectrum shown in Figure-3, 
indicates presence of amines, amides, alkanes, 
ketones, alcohol. Acetone fraction of basic 
hydrolysate the spectrum shown in Figure-3, contain 
Peaks for alcohol, nitro, amides and aliphatic amines.
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Fig. 1: n-Hexane hydrolysate fraction from basic 
medium.
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FTIR spectrum of basic chloroform fraction
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Fig. 2: Chloroform hydrolysate fraction from basic 
medium.

FTIR spectrum of basic ethylacetae fraction
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Fig. 3:: Ethyl acetate hydrolysate fraction from basic 
medium.
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Fig. 4: Acetone hydrolysate fraction from basic 
medium.

Figure-5 is the FTIR spectrum of n-hexane 
fraction of neutral extract. It can be seen from the 
figure that this fraction contain alcohol, nitro group, 
amides, amines, and that for chloroform is given in 
Figure-6. This fraction is composed of amide, 
alcohol, phenols and amines. For neutral ethyl acetate 
fraction, the spectrum shown in Figure-7, was found 
to contain amides, ketones, phenols, alcohols and 
aromatic amines. The fraction obtained by tituration 
using acetone as solvent contain alcohol, amides, 
alkynes, nitro group and amines. Its FTIR spectra can 
be seen in Figure-8. The spectrum shown in Figure-8, 
was found to contain alcohol, amides, alkynes, nitro 
group and amines.

In case of the acidic hydrolysate the n-
hexane fraction the spectrum shown in Figure-9 was 
found to contain amides, alcohols and phenols,
chloroform fraction the spectrum shown in Figure-10, 
was found to have the same components as the n-
hexane fraction. Ethyl acetate fraction the spectrum 
shown in Figure-11, was found to contain alcohols, 
phenols, amides and ketones in addition to aromatic
amines. The spectrum shown in Figure-12 is for the 
fraction obtained by tituration with acetone. It can be 
seen from the spectra that this fraction contain 
alcohol, alkynes, amides and amines. The spectrum 
shown in Figure-12, was found to be composed of 
alcohol, alkynes, amides and amines.
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Fig. 5: n-Hexane fraction from neutral medium.
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Fig. 5: n-Hexane hydrolysate fraction from neutral 
medium.

Fig. 6: Chloroform fraction from neutral medium.

 Ethylacetate fraction(neutral)
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Fig. 7: Ethyl acetate fraction from neutral medium.

FTIR spectrum of neutral acetone
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Fig. 8: Acetone hydrolysate fraction from neutral 
medium.
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Fig. 9: n-Hexane hydrolysate fraction from acidic 
medium.

 Chloroform fraction(acidic)
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Fig. 10: Chloroform hydrolysate fraction from acidic 
medium.
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Ethylacetate(acidic)
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Fig. 11: Ethyl acetate hydrolysate fraction from 
acidic medium.
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Fig. 12: Acetone hydrolysate fraction from acidic 
medium.

Comparison of the Chemical Composition of Extracted 
Fractions of Hydrolysates

The fractions obtained by the solvent extraction 
of each of the basic, neutral and acidic hydrolysate were 
compared for their chemical composition. The presence 
of amides is common in the n-hexane fraction of basic, 
acidic and neutral hydrolysate. However, the relative 
concentration varies according to the media. It is greater 
for acidic media having IR intensity of 59.08% the 
concentration of amides in basic media are slightly 
different with IR intensities of 71.6% and 74.17%, 
respectively. It is also expected that the hydroxyl group of 
n-hexane fraction is due to the unsaturated alcohols, 
however, the neutral and acidic is saturated alcohol. The 
concentration of these may also vary as can be seen from 
the intensity 61.5% and 58.2%, respectively. The basic n-
hexane fraction does not contain phenol while acidic and 
neutral have significant concentration of phenols. IR 
intensity for acidic and neutral n-hexane fractions is 
62.7% and 60.7%, respectively. Chloroform extract also 
contain amides, common for all basic, neutral and acidic 
hydrolysate. Their concentration is greater in basic media 
with 70.47% intensity. In case of acidic and neutral 
media, it was 73.97% and 74.17%, respectively. Unlike 

the n-hexane fraction phenols are present in the basic and 
not found in the neutral fraction of chloroform. In case of 
the basic media its relative concentration is greater. The 
IR intensity for which is 56.85% while for the acid it is 
60.53%. Further acidic fraction contains alcohols unlike 
the basic and neutral.

Amides and ketones are common in the ethyl 
acetate extract of the three fractions. However, the 
relative IR intensities vary as 76.76% and 73.94%. 
Phenols are found in the neutral and acidic fractions only. 
The relative concentration of phenol is greater in neutral 
media with 77.4% intensity as compared to 69.28% for 
the phenol contents of acidic media.

Acetone fraction of the basic, neutral and acidic 
media contains amides and alcohol. The relative peak 
intensities of these is 54.74 and 83.84%, respectively. In 
addition to these compounds acidic and basic acetone 
fraction contains almost the same quantity of amines with 
a maximum peak intensity of 69.39%. Amines are not 
observed in the neutral and basic fractions.

Chemical Analysis for Phenols in Extracts of Fish Scale 
Hydrolysate Using Spot Test

Investigation of the presence of phenols is 
necessary for explaining and understanding the 
antimicrobial properties of the fish hydrolysate and its 
fractions. All the fractions were tested for the presence of 
phenol group using Iron III chloride spot test. The results 
are presented in Table-4. It can be seen from the results 
that phenols were found in the crude and most of the 
fractions. The source of which is hydrolysis of the 
aromatic ring containing amino acids of the collagen. The 
results of spot test are negative for some of the fractions. 
This may either be due to the exhaustive extraction by a 
previous solvent of the series or due to the non-
extractable and highly ionic form of the extract or non-
polar nature of extracting solvent.

Table-2: Spot test results for detection of phenols in fish 
scale hydrolysate fractions.

S. No. Sample Result
1 Neutral fish scales crude solution Positive
2 Ethyl acetate layer (neutral) Positive
3 Acetonic titurated extract (neutral) Positive
4 Chloroform layer (neutral) Negative
5 Ethyl acetate layer (basic) Negative
6 Ethyl acetate layer (acidic) Positive
7 n-hexane layer (neutral) Negative
8 Chloroform layer (basic) Positive
9 n-hexane layer (basic) Positive

10 n-hexane layer(acidic) Positive
11 Chloroform layer(acidic) Positive
12 Acetone Titurated Extract (acidic) Positive
13 Acetone Titurated Extract (basic) Positive

Antimicrobial Activities of the Fish Scale 
Hydrolysate

The antibacterial activities of acidified, basic 
and neutral hydrolysate fractions are given in Table-
3.
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Table-3: Antibacterial activities of the acidified, basic and neutral hydrolysates fractions.
Sample

Escherichia 
coli

Margenella 
morganii

Haemophilus 
influenzae

Klebsilla 
pneumonia

Pseudomonas 
aeruginosa

Actenobactor

Acetone (acidic) 17.5 15.5 15.0 - - 16.5
Acetone (basic) - 15.5 18.0 11.5 - 16.5

Acetone (neutral) 16.5 - 15.0 13.5 - 14.0
Ethyl acetate (acidic) 16.5 14.5 16.0 14.5 - 17.0
Ethyl acetate (basic) 11.5 15.5 17.0 - 12.5 12.5

Ethyl acetate (neutral) 19.5 13.5 14.5 11.5 11.5 17.0
n-hexane (acidic) 16.5 12.5 14.5 14.5 - 11.5
n-hexane (basic) 16.5 13.5 17.5 12.5 12.5 11.5

n-hexane (neutral) 12.5 14.5 13.5 11.5 - 14.0
Chloroform (acidic) 13.5 14.5 12.5 11.5 - 14.5
Chloroform (basic) 13.5 15.0 15.5 13.5 16.0 16.0

Chloroform (neutral) - 11.5 16.0 13.5 - 14.0
Ampicillin 18.0 - 20.0 - - 20.0

Streptomycin 15.0 18.0 17.0 16.0 - 15.0

It can be seen from the Table-3 that the 
acidified hydrolysate have significant antibacterial 
activity. Further the antibacterial activity of these 
fractions varies according to the nature of bacteria. 
For example acidic acetone titurated extract is most 
effective against E. coli with a zone of inhibition 17.5 
mm as compared to 18.0 mm of ampicillin and 15.0 
mm zone of inhibition for streptomycin. However no 
activity was observed for Klebsilla pneumonia and 
Pseudomonas aeruginosa. In case of Actenobactor
the active fraction is the ethyl acetate activity which 
is almost similar to ampiciline and greater than 
streptomycin.

Unlike acidic acetone extract, basic extract 
is most effective against H. influnezae with 17.5 mm 
zone of inhibition, however no activity was observed 
in P. aeruginosa and E. coli. This was also found 
effective against Acetonebactor with a maximum 
zone of inhibition 16.5 mm. Basic acetone titurated 
extract was found to exhibit mild activity against K. 
pneumoniae with 11.5 mm zone of inhibition. This 
activity may be due to presences of alcohol, amides, 
alkanes and amine Neutral acetone extract was found 
effective against E. coli with 16.5 mm zone of 
inhibition and no activity was found for P. 
aeruginosa. However, the extract was mildly active 
against Margenella morganii and K. pneumoniae
with zone of inhibition 11.5 mm, respectively. 
Neutral ethyl acetate extract is most effective against 
E. coli. However in P. aeruginosa very least activity 
was observed.

The activity of acidic n-hexane and ethyl 
acetate fraction is next to the acetone titurated extract 
and are almost similar to the reference. These may be 
due to the presences of amides, alcohol and phenols. 
These fractions are highly active against E. coli and 
H. influnezea. Mild activity was observed against P. 
aeruginosa. Among the extracts obtained under basic 
and neutral conditions the most effective was neutral 
extracts. Next in activity are the ethyl acetate and n-
hexane fractions. Basic ethyl acetate fraction is most 

effective against H. influenza unlike its neutral 
fraction which is most active against E. coli. Basic n-
hexane fraction was found effective against H. 
influenza while the neutral was found most effective 
against Marginalia morganii.

Correlation of the Antimicrobial Activities with 
Chemical Composition of the Fish Scale Hydrolysate 
Fractions

The crude and solvent extracted fractions 
were found antibacterial. The cause of this activity is 
the chemical composition and combination. These 
may be due to the presences of amides, alcohols and 
phenols and in some cases aldehydes and ketones in 
addition to the mentioned compounds. The relative 
composition of these varies according to the polarity 
of solvent and media. The activities of these classes 
of compounds are reported. For example some 
amides are inhibitors of Peptide deformylase and 
reportedly active against Staphylococcus aureus, 
Streptococcus pneumoniae, Haemophilus influenzae, 
and Escherichia coli [19, 20]. The activity of this 
fraction may be partially attributed to the presence of 
amides. The peak for amide is expected to be due to 
some of the amino acids. The presence of phenol in 
the extract may also be contributed to this 
antibacterial activity. Phenols were reported to be 
active against some Gram negative, Gram positive 
bacteria and some fungi [21-24]. Alcohols are 
reported to have antimicrobial activity [25-27]. The 
antimicrobial activity of n-hexane fraction is due to 
the combine action and synergistic effects. Variations 
in relative concentrations lead to variation in the 
activity and even mode of action. Therefore, 
difference in activity is observed for the n-hexane 
fraction obtained at the basic and neutral conditions.

Economic and Environmental Impact of the 
Extraction of Antibacterial from Fish Scales 
Hydrolysate Fractions
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Since fish scale is waste product of fish 
industry which is a potential threat to environment in 
a terms dispersal of microbes foul smell and 
degradation of aesthetic values. It has been converted 
into silage, however, the use of silage is limited 
which is liquid media though it is used for the 
production of biogas but easily contaminate and 
difficult in transportation [28]. It may also be used as 
source of collagen [29], however, its large scale use 
is not reported. Its degradation is difficult due to its 
stiffness. There are reports of enzymatic degradation 
of fish scales which is also associated with problems 
[6, 30]. In the present work it is hydrolyzed into 
water soluble product. This can be easily separated 
into value added products like antimicrobial agents. 
It’s processing and separation is a low cost practice. 
It can be easily dissolved by the use of only 3% 
aqueous solution of sodium hydroxide which is a low 
cost chemical. Its separation is carried out using 
solvent extraction where the solvents can easily be 
recycled.

Conclusion

Alkali hydrolysis was found to be effective 
in conversion of waste fish scales into water soluble 
hydrolysates named as the fish scale hydrolysate. It’s 
processing and fractionation is of low cost. The 
obtained solutions were successfully separated into 
various antibacterial fractions. The fractions were 
found to have antimicrobial activity due to the 
presence of compounds like phenols, amines, amides, 
ketones and alcohols as suggested by their IR spectra. 
The varying antimicrobial activity of different 
fractions was due to different concentration of these 
compounds. 
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