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Abstract. A simple and low-cost procedure was developed for the effective processing of native calf
skin and blood wastes to produce protein hydrolysates. The method includes extraction of high–
molecular-weight protein from the raw material, followed by enzymatic hydrolysis of the extracted
residue. The enzymatic hydrolysis was performed by inexpensive commercial subtilisin DY, produced
by Bacillus subtilis strain DY possessing high specific activity. The contents of protein, nitrogen, ash,
and amino acids of the obtained hydrolysates were determined and compared with those of the com-
monly used commercial casein hydrolysate (Fluka Biochemica, Switzerland). The newly obtained calf
skin hydrolysate, called Eladin, was found to be suitable as a low-cost alternative peptone in growth
media of different microorganisms, such as Escherichia coli, Pseudomonas aeruginosa, Salmonella
dublin, and Staphylococcus aureus. The method allows utilization of waste materials by converting them
into valuable protein products that could find widespread application in microbiologic practice.

Peptones are defined as protein hydrolysates that are
readily soluble in water and are not precipitable by heat,
by alkalis, or by saturation with ammonium sulphate.
They are one of the most important constituents of
bacterial culture media. Each peptone has its own bio-
logic characteristics, and not one could meet to equal
degree the requirements of all microorganisms or cells
during cultivation. Different materials from animal and
plant sources are used for the production of peptones,
most of them valuable and relatively expensive [1–4].
Growth substrate costs often make up the major part of
the production costs of microbial cells and bioproducts
from the fermentation industry [5]. Therefore, it is
promising to search for new, reliable sources of quality
peptones that are less expensive than those currently
available.

Animal materials, such as skin, wool, bristle, horns,
feathers, hoofs, etc., are significant waste byproducts of
livestock, meat, and other industries in Bulgaria. Be-
cause these wastes contain large amounts of the struc-

tural fibrous proteins keratin and collagen, research has
been carried out to develop methods to transform them
into useful products. Effective degradation of these
materials is difficult because of their stable hard protein
structure; thus, industrial utilization of these proteins has
remained undeveloped. A promising alternative is to
hydrolyse the wastes by acidic or enzymatic hydrolysis
to obtain protein hydrolysates that contain valuable
peptides and amino acids, which could have many
applications [6–11]. The aim of this study was to de-
velop a method to prepare protein hydrolysates from calf
skin and blood wastes. The suitability of the obtained
hydrolysates as peptones in bacterial growth media was
investigated.

Materials and Methods

Starting materials. Calf skin and blood wastes were obtained from a
slaughterhouse in the town of Kostinbrod in the region of Sofia,
Bulgaria. Calf skin waste was washed with tap water, then air dried and
cut into smaller pieces, which were used as a starting material. Crude
alkaline proteinase containing subtilisin DY, produced by Bacillus
subtilis strain DY, was purchased from the Plant for Enzyme
Preparations (Botevgrad, Bulgaria). This preparation, named ‘‘APB-Correspondence to: E. Vasileva-Tonkova; email: evaston@yahoo.com
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72,’’ was standardized at 500 Sigma proteolytic units/g protein (PU/g).
Subtilisin DY was purified using a large-scale method [12]. The
enzyme product had high specific activity (90 to 100 Committee of
Thrombolytic Agents [CTA] U/mg), was odourless, and was free of
heavy metals. It was used in the hydrolytic degradation of the waste
material.

Proteolytic activity assay. The alkaline proteolytic activity was
determined by the method of Johnson et al. [13], with modification
[12] using casein as a substrate. The enzyme activity was expressed in
CTA units. One CTA unit was defined as the amount of enzyme
releasing from the substrate 0.1 microequivalents (leq) of tyrosine
(Tyr)/min at 37�C. One CTA unit is equal to 0.096 PU per Sigma
Chemical Corporation.

Hydrolysation procedure. As a preliminary step before enzyme
hydrolysis, twofold extraction of collagen from calf skin waste was
carried out as follows. The starting material was mixed with tap water
(1:2) to obtain a mixture containing 7% to 8% dry matter. The mixture
was boiled for 10 minutes, then cooled to 55�C to form a gelatinous
protein extract.

The enzyme quantity added to the mixture was 4% (w/w) with
respect to dry matter in the starting material. The enzyme hydrolysis
was carried out at 50�C to 55�C, and pH was maintained between 8.0
and 8.3 by adding calcium hydroxide. The process lasted approxi-
mately 5 to 6 hours, and the end of hydrolysis was determined by a
decrease in calcium hydroxide consumption. The obtained turbid
suspension was clarified by the method of Tzokov et al. [14], then
concentrated in a rotary vacuum evaporator up to 20% to 25% dry
matter, autoclaved, filtered, and dried at 50�C to 70�C. The final
powder was termed ‘‘Eladin.’’ In preparing blood hydrolysate, calf
blood waste was used as starting material and subjected to the pro-
cedure already described.

Analytic methods. The amino nitrogen and the degree of hydrolysis
were determined using the trinitrobenzenesulfonic acidmethod ofAdler-
Nissen [15]. The total protein content was determined by the method of
Bradford [16]. Total nitrogen content was assessed by the Kjeldahl
method [17]. Dry-matter concentration and total ash content of the
samples were determined using standard analytic methods [18]. The
amino-acid analysiswas carried out after hydrolysis of the samples in 6N
HCl at 105�C in a Biotronic Amino Acid Analyzer LC-6000 (Biotronic,
Germany). The amino-acid compositionwas derived from three separate
acid hydrolyses of different time durations 16, 24, and 48 hours.

Microbiologic test. The obtained hydrolysate Eladin was checked as
sole source of carbon and nitrogen for growth of the strains
Escherichia coli Ca-58, Pseudomonas aeruginosa 2109,
Staphylococcus aureus 65, and Salmonella dublin 1953. Bacterial
cultures were obtained from the National Bank of Industrial

Microorganisms and Cell Cultures (Sofia, Bulgaria). They were
maintained between transfers on nutrient agar slants at 5�C.

The test was carried out using the recommendations of the United
States Pharmacopeia XXI [19]. The cultivation media (pH 7.2 to 7.4)
used were (all dilutions were made in distilled water) (1) hydrolysate
(0.1% v/v); (2) hydrolysate (0.1% v/v), NaCl (0.5% w/v), and dextrose
(0.5% w/v); (3) hydrolysate (1% v/v); and (4) hydrolysate (1% v/v),
NaCl (0.5% w/v), and dextrose (0.5% w/v). Casein hydrolysate (Flu-
ka), which represents milk casein hydrolysed by pancreatin, was used
as reference peptone. Each sample (20 ml) was inoculated with 0.4 ml
suspension (containing 1 · 109 cells ml–1) of the corresponding strain
and incubated statically at 37�C in a closed system. Growth was
monitored by measuring optical density at 660 nm (A660 nm) [20]. To
compare the changes, all values of optical density were presented as a
ratio between A660 nm in determined hours and A660 nm in zero hour.

Statistical analysis. Given the small numbers of samples (n = 3) and
the skewed distribution of results, nonparametric two tailed Mann-
Whitney U test was used to determine significance of differences of
parameters between different types of peptones (P < 0.05 was
considered significant). Statistical analyses were performed using
Stawin 5.1 software.

Results and Discussion

Preparation of hydrolysates. In a preliminary step, the
starting mixture was heated, and high–molecular-weight
protein was extracted. The triple helix of collagen
unwound, and the chains separated. When this denatured
mass of tangled chains cooled down, it soaked up all of
the surrounding water, forming gelatin. Water-insoluble
collagen is resistant to most proteases and requires
special collagenases for its enzymatic hydrolysis.

Table 1. Some characteristics of calf skin hydrolysate (Eladin), blood
hydrolysate, and casein hydrolysate

Properties Eladin
Blood

hydrolysate
Casein

hydrolysate

Ash contenta (%) 4.95 5.10 6.00
Water contenta (%) 1.90 2.00 4.00
Total proteina (%) 53.40 51.40 35.11
Amino nitrogen/Total nitrogena 65.30 68.10 56.40
pH of 2% solution 7.0 7.0 6.7

a Values are the averages of two determinations.

Table 2. Amino-acid composition of calf skin hydrolysate (Eladin),
blood hydrolysate, and casein hydrolysate used as standard

Amino
Acid Eladina

Blood
hydrolysatea

Casein
hydrolysatea

Asp 2.13 11.49 6.35
Thr 2.22 4.06 3.40
Ser 3.34 4.94 4.20
Glu 6.73 8.82 17.40
Pro 9.40 3.69 8.35
Gly 14.29 5.70 1.85
Ala 7.06 8.55 2.55
Cys 0 0 0
Val 3.20 8.29 5.10
Met 1.08 0.92 2.35
Leu 4.72 12.13 7.15
Ile 1.99 1.02 4.25
Tyr 1.65 2.70 1.95
Phe 2.60 5.54 4.05
Lys 3.91 11.20 6.45
His 4.21 7.65 2.70
Arg 6.37 3.78 3.05
Total 74.90 100.48 81.15

a Values for amino acids are in number of residues 100 g hydrolysate.
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Gelatin, a product of denaturation or disintegration of
collagen, however, is susceptible to most proteases.

Commercial subtilisin DY possesses wide speci-
ficity and hydrolyses peptide bonds at the carboxylic
groups of at least 13 amino-acid residues [21]. This
explains the high degree of hydrolysis of both calf skin
and blood extracted proteins: 65% and 68%, respec-
tively. Enzymatic hydrolysis is frequently used to im-
prove functional and nutritional properties of proteins
[22–24]. Acid hydrolysis allows high yields; however,
this process results in high ash content in the final
products because the neutralization step cannot be
avoided [25].

Characterization of hydrolysates. Some properties of
the dry products Eladin and blood hydrolysate were
determined and compared with those of the commercial
casein hydrolysate, used as standard (Table 1). The
obtained products have better characteristics than the
standard especially higher amino nitrogen/total nitrogen
ratio indicating a quality hydrolysed protein product.
Casein hydrolysate was commonly used as growth
substrate because of its high nutritional value and is
readily available [3].

Table 2 lists the amino-acid composition of the
obtained hydrolysates and casein hydrolysate. As can be
seen, the new products are rich in amino acids, including
nutritionally essential ones, such as arginine (6.37 in
Eladin), lysine (11.2 in blood hydrolysate) and phenyl-
alanine (5.54 in blood hydrolysate). The obtained hy-
drolysates have lower levels of glutamine, methionine,
and isoleucine-but much higher levels of glycine, ala-
nine, and histidine-than those of the reference peptone.
Furthermore, compared with casein hydrolysate, Eladin
has higher levels of proline, arginine, and blood
hydrolysate as well as higher levels of asparagine, va-
line, leucine, phenylalanine, and lysine. The observed
differences are not of importance for the inherent quality
of the new products. The results of amino-acid compo-
sition were similar or better than those obtained for other
fibrous proteins [26–29].

Microbiologic test of hydrolysates. In medical
practice and the field of food microbiology,
nonselective pre-enrichment of bacterial culture made
in peptone water is widely adopted. Hence, we checked
the new preparations as inexpensive peptones in
bacterial growth media. All tested strains grew well in
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Fig. 1. Growth curves of test microorganisms (A) E. coli Ca-58, (B) S. aureus 65, (C) P. aeruginosa 2109, and (D) S. dublin 1953 in 1% solutions
of (closed triangles) Eladin, (closed circles) blood hydrolysate, and (closed squares) Fluka casein hydrolysate. Ratios between A660nm in determined
hours and A660nm in zero hour are presented (mean values from three determinations).
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1% water solutions of the obtained hydrolysates, a
concentration commonly used in practice [30, 31].
Growth of the strains were followed up to 48 hours,
and typical growth curves were observed. Growth curves
of test microorganisms without adding NaCl and
dextrose are presented in Fig. 1. The best growth in all
of the media was shown by S. aureus 65 (Fig. 1B). For
all tested strains, growth values at 48 hours reached with
Eladin and blood hydrolysate were higher than those
obtained with casein hydrolysate (Figs. 1A through 1D).

Conclusion

A simple and low-cost method for effective hydrolysis of
protein wastes has been developed. The procedure con-
sists of extraction of high–molecular-weight protein from
wastes, followed by enzymatic hydrolysis using inex-
pensive commercial bacterial proteinase. The proposed
process could serve as a preliminary step in development
of large-scale technology for the effective utilization of
keratin and collagen wastes by converting them into
valuable protein products. This could have positive eco-
logic and financial effects. It was shown that the obtained
protein hydrolysates could find widespread application in
microbiologic practice as inexpensive alternative pep-
tones in bacterial growth media. The new preparations
could also find application as an enumeration medium for
aerobic bacteria isolated from environmental samples.
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