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Abstract Fish processing industries generate large quan-
tities of fish scales as processing waste, if not treated
leading to environmental pollution. Fish scales are hard to
degrade, hence cause difficulty in waste management. In
this context present study was made to utilize fish scales as
substrate for the production of alkaline protease by Bacillus
altitudinis GVC11 and subsequently amino acid rich aqua
hydrolyzate. B. altitudinis GVCI11 efficiently utilized five
types of fish scales as substrates and produced maximum
alkaline protease using Labeo rohita (28,150 U/mL) fol-
lowed by Catla catla (23,320 U/mL) at 48 h and Cyprinus
carpio (17,146 U/mL) Mugil cephalus (18,917 U/mL),
Cirrhinus mrigala (12,430 U/mL) at 72 h. The HPLC
analysis of protein hydrolyzate obtained after fermentation
was enriched in essential amino acids, leucine, isoleucine,
phenylalanine, lysine and non-essential amino acids, tyr-
osine, arginine and cysteine which can be used as animal
feed supplement and organic fertilizer.
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Introduction

Global production of fish is growing steadily at 2-3% per
annum in recent times with its increasing food supply
demand. Fish production is 167 and 171 million tons in
2014 and 2015 respectively by wild fishing and aquaculture
[1]. Fish processing industries and fish markets generate
huge quantities of underutilized waste during the process-
ing which include viscera, heads, skins, fins, scales, bone
frames and tails [2, 3]. Part of these wastes like viscera,
heads, tails, bone frame and skins are rich sources of
protein which can be converted into useful products (fish
meal, fish silage, fish protein concentrate etc.) if properly
utilized [4]. Majority of the fish wastes are discarded
without significant utilization. This results not only in
environmental pollution but also in loss of value added
byproducts inside the waste. It also reduces the levels of
dissolved oxygen in water and generates toxic products
during decomposition, contaminating aquatic habitats and
threatening a variety of biodiversity resources [5]. Fish
processing wastes like scales, bones and skin constitute up
to 30% [6]. Only fish scales constitute approximately 2% of
fish body weight and generated in huge quantities [7]. Fish
scales are composed of a surface layer containing
hydroxyapatite, calcium carbonate and a deeper layer made
up of mostly collagen type I. Elements like Ca, Mg, P, Na,
S are also present in minute concentrations [6, 8].
Increasingly stringent pollution control measures have
forced sea food processors to opt for byproduct recovery
schemes, therefore getting rid of fish scales gained
importance. Collagen from such fish scales is often used in
hydrolyzate form, i.e., protein hydrolyzate and collagen
peptide. Such peptides are used in functional foods, as food
additives and cosmetics applications due to their physical
properties, tight structure and thermal stability. Scientists
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have focused on the recovery of collagen from fish scales
and skins. The recovered collagen is used in cosmetic,
biomedical, pharmaceutical and food industries [9]. Protein
hydrolyzate released during microbial fermentation of fish
scales is rich in essential amino acids, therefore can be used
as supplement in animal feed. Enzymatic digestion using
protease seems to be the best way for preparing protein
hydrolyzate and collagen peptide from fish scales due to its
better efficiency and environment friendliness [5].

Alkaline proteases have wide variety of applications in
different industries such as detergent, pharma, leather,
silk, waste management, photographic and dairy [10].
Proteases are one of the three largest groups of industrial
enzymes which share up to 60% of total world enzyme
market [11]. Approximately 30-40% of production cost
for industrially important enzymes is estimated to derive
from the cost of growth medium [12]. Industries pro-
ducing alkaline proteases by microorganisms focused on
new search for cheaper methods to enhance the protease
production and decrease the market price [13]. Hence
there is a need to reduce the production cost of the
enzyme by utilizing wastes generated from different
sources such as aqua, agricultural and industries as sub-
strates. In addition to cost effective production of enzyme,
wastes used as substrates are also converted into value
added products [14]. The present work reports the effec-
tive utilization of fish scales as potential substrates by
Bacillus altitudinis GVCI11 for production of alkaline
protease and the fermented broth containing amino acids
projected to be used as nutritional supplements and
organic fertilizer.

Materials and Methods

Collection and Processing of Fish Scales

Five types fish scales (Labeo rohita, Catla catla, Cyprinus
carpio, Mugil cephalus and Cirrhinus mrigala) were col-
lected from local fish market (Hyderabad, India) and
washed thrice with tap water, dried and used as substrate
without further processing.

Analysis of Nitrogen Content

Nitrogen content of fish scales was determined by micro-
Kjeldahl method as per AOAC method [15].

Microorganism and Source
Bacillus altitudinis GVC11, culture isolated from slaughter

house waste dumping soil, identified and maintained in the
lab was used for alkaline protease production [16]. The

@ Springer

chemicals and reagents used in the study were of reputed
make purchased from local suppliers.

Enzyme Production

Alkaline protease production was carried out in 250 mL
conical flasks containing 100 mL mineral salts medium
(MSM) with five types of fish scales as substrate each in
varied concentrations (0.5, 1, 1.5, 2 and 2.5%). Flasks were
inoculated with 2% (v/v) actively growing broth culture of
B. altitudinis GVC11 (containing 10% cells/mL) and incu-
bated at 37 °C, 200 rpm in a rotary shaker. MSM is
composed of (g/L): (NH4),SO, 1, K,HPO, 6, KH,PO, 3,
MgS0,.7H,0 0.01, CaCl,.2H,0 0.05, MnSO,4.2H,0 0.01,
FeSO,.7H,0 0.0001, ZnSO4.7H,O 0.001, tri-sodium
citrate 10, dextrose 1, Na,CO3 10 and pH 10 (Hi-Media)
[16]. All the experiments were carried out in triplicates
thrice on different occasions and values presented are mean
of the same.

Alkaline Protease Extraction and Assay

The fermented broth was centrifuged at 15,000 rpm for
15 min at 4 °C and supernatant was used as enzyme
source. Alkaline protease activity was determined with
alkali soluble casein as substrate according to the method
described previously [16]. One unit (U) of alkaline protease
is defined as the amount of enzyme which releases 1 pg
tyrosine per minute under standard assay conditions.

Analysis of Free Amino Acids by HPLC

The fish scales fermented broth of B. altitudinis GVCI11
was analyzed and quantified for free amino acids by HPLC.
Amino acids were first derivatized using phenyl isothio-
cyanate (PITC) (Sigma Aldrich), to form phenyl thio car-
bamoyl (PTC) derivatives. Therefore, pre-column
derivatization of amino acids with PITC followed by a
reversed phase HPLC separation with UV detection at
254 nm was used to analyze the amino acid composition.
The obtained amino acid derivatives were separated on
5 pm, 250 x 4.6 mm TC-C18 column (Agilent) by using
gradient elution with 0.1 mol/L, pH 6.5 acetate buffer
solution-acetonitrile (93:7, v/v) as mobile phase A and
acetonitrile—water (4:1,v/v) as mobile phase B. Flow rate
maintained was 0.9 mL/min [17].

Results and Discussion
Fish scales are one of the wastes generated from the fish

processing industries and fish markets in huge quantities
during the processing [3, 18]. They are very hard to
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Table 1 Alkaline protease production by Bacillus altitudinis GVCI11 using five types of scales as substrates in mineral salts medium

Type of fish Nitrogen content Substrate concentration Protease production (U/mL) at different Incubation time (h)

scale (%) (%)

24 48 72 96
Mean SD Mean SD Mean SD Mean SD

Labeo rohita 7.44 0.25 13154 +£2 2 6166 2 2 1881 1 1001 1
0.5 12248 +£2 2 28150+3 3 57421 1 1271 1
1 9200 £3 2 26970+3 3 164111 1 1253 +3 3
1.5 1963 +£3 3 8824+3 2 18942 +2 2 3422+2 2

Catla catla 11.03 0.25 11805 £2 2 14797 +2 2 47052 2 20182 2
0.5 10100 £2 3 233203 3 66142 2 25221 1
1 5031+3 2 11578 £2 2 16659 +2 2 5012+1 1
1.5 2887 +3 3 7995 +2 2 13397 +£2 2 12055 +3 3

Cyprinus carpio  5.12 0.25 13319+ 3 1 133192 2 40303 3 10343 3
0.5 10452 +2 2 14869+ 1 1 7848 1 1 1452+2 2
1 32073 2 139321 1 17146 £ 1 1 11603 3
1.5 1223 +3 3 6408 1 1 16502 1 1 27533 3

Cirrhinusmrigala 10 0.5 88192 2 36001 1 782+1 1 * *
1 71292 1 9808 £2 2 1584+2 2 * *
1.5 4239+3 3 11919+2 2 38313 3 * *
2 2813+3 3 124301 1 61911 1 * *
2.5 4940£2 2 4441 £2 2 21303 3 * *

Mugilcephalus 4.75 0.5 5443 +3 2 55002 2 29141 1 1171 1
1 4606 £3 3 9549+2 2 13085 £ 2 2 9001 1
1.5 28403 3 84491 1 189171 1 14241 1
2 1582+3 2 92142 2 16803 £ 1 1 9381 1

* Not observed

Values presented in bold indicate the highest units of enzyme produced in the study pertaining to that particular substrate

degrade, if not disposed properly leads to environment
pollution and waste management difficulties. Fish scales
are rich source of organic nitrogen and protein (Table 1),
hence they can be utilized as substrates for growth of
microorganisms and enzyme production. Recent studies
have focused to exploit these wastes for the production of
higher value added products [18]. In the present study, five
types of fish scales were used as substrate by B. altitudinis
GVCl11 for production of alkaline protease in MSM.
Maximum alkaline protease production of 28,150 and
23,320 U/mL was obtained with L. rohita and C. catla fish
scales respectively, using 0.5% of each as substrate at 48 h
(Table 1; Fig. 1). Reports on production of alkaline pro-
tease with fish scales as substrate are scanty. Pan et al. [5]
studied production of extra cellular alkaline protease by a
bacterium Vogesella sp. using tilapia fish scale powder as
substrate. It was reported that under optimized condi-
tions 21,600 U/mL of enzyme production was obtained.
Comparatively GVCI11 produced higher enzyme yield
(28,150 U/mL) than Vogesella sp. with fish scales as sub-
strate (Table 1; Fig. 1). The substrate used for enzyme
production by Vogesella sp.7307-1 was powdered form of
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Fig. 1 Highest alkaline protease production by Bacillus altitudinis
GVCI11 using five types of fish scales as substrate in mineral salts

medium

tilapia fish scale whereas in the present study, fish scales
not subjected to any pretreatment, which further reduces
production cost significantly. GVCI11 also produced sig-
nificant alkaline protease with other types of fish scales
such as C. carpio, C. mrigala and M. cephalus as substrate
(Table 1). Maximum alkaline protease production using C.
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Table 2 Free amino acids
released during production of
alkaline protease by Bacillus
altitudinis GVCI11 on

S.no. Amino acid

Concentration of free amino acids in
fermented broth of Labeo rohita fish
scale protein hydrolyzate (nMol/mL)

Concentration of free amino acids in
fermented broth of Catla catla fish scale
protein hydrolyzate (nMol/mL)

degradation of fish scales as

substrate Carnosine 22.89
2 Arginine 10.82
3 3-met 19.97

Histidine
4 Anserine 15.69
5 Valine 16.36
6 Methionine 11.77
7 Cysteine 6.68
8 Isoleucine 39.37
9 Leucine 307.22
10 Phenylalanine ~ 39.84
11 Ornithine 18.50
12 Lysine 24.59

13 Tryptophan -
14 Tyrosine -

29.00
0.46

8.05
14.69
12.33
2.81
25.29
159.34
20.14
2.04
5.99
242
5.15

— Not observed

carpio and M. cephalus fish scales was observed to be
17,146 and 18,917 U/mL at 1 and 1.5% of substrate
respectively at 72 h (Table 1; Fig. 1). Using C. mrigala
fish scales, 12,430 U/mL of alkaline protease production
was observed at 48 h with 2% of substrate (Table 1;
Fig. 1). Statistical analysis observed that standard deviation
was not significant. Till now there are no reports available
on alkaline protease production with Catla catla, Cyprinus
carpio, Cirrhinus mrigala and Mugil cephalus fish scales as
substrate, though significant quantities of such fish scales
generated as waste particularly in Indian context.

Amino Acid Composition of Fish Scale Protein
Hydrolyzate

Fish scales are rich source of proteins used as substrate in
the present study (Table 1). Growth of B. altitudinis
GVCl11 in fermentation medium with L. rohita and C. catla
fish scales as substrate resulted in their complete degra-
dation and the fermented broth was analyzed for the
presence of free amino acids, in addition to alkaline pro-
tease produced. L. rohita and C. catla fish scale protein
hydrolyzate was rich in essential amino acids. The fer-
mented protein hydrolyzate of L. rohita fish scale was
found to have essential amino acids like leucine (307.22
nMol), phenyl alanine (39.84 nMol), isoleucine (39.37
nMol), lysine (24.59 nMol), valine (16.36 nMol),
methionine (11.77 nMol), and arginine (10.82 nMol). In
addition to the above, non-essential amino acid cysteine
(6.68 nMol) and non-standards amino acids, carnosine
(22.89 nMol) anserine (15.69 nMol), 3-met histidine (19.97
nMol), and ornithine (18.50 nMol) were also observed to
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be present in significant quantities (Table 2). C. catla fish
scale protein hydrolyzate was found to have essential
amino acids like, leucine (159.34 nMol), phenyl alanine
(20.14 nMol), isoleucine (25.29 nMol), lysine (5.99 nMol),
valine (14.69 nMol), methionine (12.33 nMol) and tryp-
tophan (2.42 nMol). In addition to the above, non-essential
amino acids, tyrosine (5.15 nMol), arginine (0.46 nMol),
cysteine (2.81 nMol) and non-standard amino acids like,
anserine (8.05 nMol) and ornithine (2.04 nMol) were also
observed to be in significant quantities (Table 2). It was
found that both L. rohita and C. catla fish scale protein
hydrolyzates were rich in essential amino acids which can
be used as feed supplement for animals or as organic fer-
tilizer. Ctenopharyngodon idella fish scales protein
hydrolyzate was found to be rich in non-essential amino
acids, glycine and proline as reported by Zhang et al. [19].
Also Zhang et al. [20] showed that fresh water carp fish
scale hydrolyzate was rich in glycine followed by proline
and alanine. In the present study, L. rohita and C. catla fish
scale protein hydrolyzates were rich in essential amino
acids than the earlier reports which is a significant
observation.

Conclusion

Present study reports the use of fish scale waste as substrate
for maximum production of alkaline protease by alka-
liphilic B. altitudinis GVCI11. Fish scales generated as
waste in fish processing, if used as substrate for alkaline
protease production will reduce cost of production medium
by replacing conventional substrates. Use of fish scales as
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substrate not only reduces the waste concentration but also
gives a remedy for environmental pollution caused by
them. In addition to enzyme, protein hydrolyzate obtained
after fermentation were rich in essential amino acids,
which can be used as animal feed supplement and also as
organic fertilizer for improved crop production.
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