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Abstract

Ram horns obtained from the slaughterhouse of Erzurum, Turkey were hydrolyzed by treating with acid (6N-HCI) and ram
horn hydrolysate (RHH) was obtained. The hydrolysate was used as substrate to grow Bacillus cereus NRRL B-3711, Bacillus
subtilis NRRL NRS-744 and Escherichia coli in batch system at 30 °C; air 1.5 v/v/min; stirring 150 rpm. Both RHH and biomass
samples were analyzed. The bacterial cells produced in this hydrolysate were found to be rich in total protein (66%, 68% and 71% for
E. coli, B. cereus and B. subtilis, respectively). The chemical oxygen demand and biological oxygen demand were reduced signifi-
cantly by the growth of bacteria. The protein produced contained all essential amino acids for ruminant feed.
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1. Introduction

Single-cell protein (SCP) refers to the dried cells of
microorganisms. SCPs are used as protein sources in
human foods or animal feeds. Many raw materials have
been studied as substrates for the production of SCP. In
many cases, these raw materials have been hydrolyzed
by physical, chemical and enzymatic methods before use
(Ferrer et al., 1996; Chanda and Chagrabarti, 1996;
Nigam, 1998; Shojaosadati et al., 1999).

Ram horns make up a large amount of the waste
products of the meat industry in Turkey. For example,
the slaughterhouses in Turkey directly discharge about
600 tons a year. Increasing concern about pollution that
occurs from agricultural and industrial wastes has
stimulated interest in converting waste materials into
commercially valuable products, especially SCP (Leman
et al., 1990). Furthermore, other fibrous proteins from
e.g. feather, nail and hair are available as waste. These
waste products can be converted to biomass, protein
concentrate or amino acids using proteases derived from
certain microorganisms (Atalo and Gashe, 1993).
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Ram horns consist of a-keratin which is relatively
rich in cysteine (up to 22%). In addition, they contain
most of the other common amino acids (Lehninger,
1975; Baden and Kubilus, 1983a,b; Dalev, 1990). The
objective of this study was to evaluate ram horn hy-
drolysate (RHH) as a fermentation medium for the
production of SCP by bacteria and thereby reutilize this
abundant animal waste.

2. Methods
2.1. Ram horn hydrolysis

Ram horns were obtained from Slaughterhouse Er-
zurum, Turkey. The chemicals used in this study were
analytical grade and purchased from Oxoid (UK) and
Difco (USA). Horns were washed with deionized water
and dried in an oven at 100 °C to constant weight. The
dry horns were cut into smaller pieces and ground
(Wileymill Arthur, USA). Obtained material was termed
horn flour (HF). Thirty-five grams of the HF were im-
pregnated with 50 ml of 6N-HCI. The resulting mixture
was incubated at 80 °C for 24 h. At the end of this pe-
riod, the mixture was incubated at 130 °C for 1 h after
adding 100 ml deionized water. The solution was then
cooled to room temperature and the pH adjusted to 7.0
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with 10N-NaOH. It was then filtered twice through
Whatman no. 1 filter paper. The volume was adjusted to
400 ml with deionized water. The final clear filtrate was
termed RHH and stored at 4 °C until further analysis
was completed. As a result of this procedure, 30 g of an
initial 35-g HF was hydrolyzed. The RHH was enriched
by the addition of 0.5% glucose. The effects of various
concentrations (1-10%) of the RHH on the biomass
yields of the bacteria were investigated.

2.2. Microorganisms and cultivations

Two bacterial strains, Bacillus cereus NRRL B-3711
and Bacillus subtilis NRRL NRS-744 were supplied by
Dr. C.P. Kurtzman (1815 North University Street Peo-
ria, Illinois 61604, USA). A third strain of Escherichia
coli was isolated from wastewater of sugar factory in
Erzurum, Turkey. These strains were grown on Nutrient
agar (NA) slants (pH 7.2) at 30 °C for 24 h and then
stored in a refrigerator at 4 °C by monthly transfers.
Bacteria cells from stock cultures on NA slants were
transferred then into 250-ml flasks containing 100 ml of
Nutrient Broth medium which were previously sterilized
at 121 °C for 15 min. The flasks were incubated for 24 h
at 30 °C on a rotary shaker at 150 rpm. After growth,
the bacterial samples were centrifuged at 5000 x g for 20
min at 5 °C, and cell suspensions were prepared from
harvested samples in a 100-ml sterile physiological salt
solution. Inoculum size was about 5%; media pH was
7.2 before autoclaving. The incubation time required for
maximum biomass generation was determined by trial
and found to be 48 h for all the strains tested.

2.3. Batch culture and measurement of growth

A batch culture was established in a 2 1 fermenter
(BIOSTAT M 880072/3) with a working volume of 1.0 1.
RHH was sterilized in an autoclave at 121 °C, 15 Ib/in?
for 20 min. The fermenter containing 1.0 I sterile RHH
was inoculated with 5% (v/v) inoculum. Temperature
(30 °C), agitation (150 rpm) and aeration rate (1.5 v/v/
min) were kept constant, and foam controlled manually
by addition of silicone. Growth of the bacteria was
measured by dry cell weight of the harvested cells (bio-
mass). The biomass was determined following centrifu-
gation at 5000 x g for 20 min, drying the cell mass at 80
°C overnight, and weighing resulting dry cell biomass.

2.4. Analytical methods

Chemical oxygen demand (COD) and biological oxy-
gen demand (BOD) measurements were facilitated by
diluting the sample 1:1000 and 1:1 through 1:1000, re-
spectively, as required with redistilled water (Taras et al.,
1971; Ballinger, 1979). Both RHH and biomass samples
generated were analyzed. Amino acid analysis was car-

ried out after hydrolysis with 6N-HCI in a Biotronic
LC-5001 Amino Acid Analyser (Germany). Total sugar
content, dry matter and ash analysis were estimated by
AOAC methods (1980). Total nitrogen was determined
by the microkjeldahl method (Byers, 1967). Total lip-
ids were estimated according to Folch et al. (1963).
The elemental composition was measured using an
atomic absorption spectrophotometer (Perkin—Elmer
360 USA).

2.5. Statistical analysis

The experiments were replicated three times in a
randomized block design. All data were analyzed using
an SAS general linear model. Differences among means
were tested for significance (p < 0.05) by Duncan’s
multiple range test (Ray, 1985).

3. Results and discussion

The main chemical composition of RHH is shown in
Table 1. These data show RHH to be rich in both or-
ganic and inorganic materials. Notably, it contains the
essential substances required in microbial media such as
sources of carbon, nitrogen and minerals. In addition,
RHH is rich in amino acids. The essential amino acids
are present and among them arginine (4.66 mg/ml) was
highest in concentration. However, of all the amino
acids considered, glutamic acid (8.17 mg/ml) was the
most abundant. The cysteine content was lower than
that of some other fibrous proteins (Lehninger, 1975;
Baden and Kubilus, 1983a,b; Dalev, 1990). At this point
a satisfactory explanation cannot be offered. It is likely
that the reduced content of cysteine is due to hydrolysis
procedures of ram horn. The absence of tryptophan and

Table 1
The main chemical composition of RHH

Components (g/100-ml RHH)

Amino acids (mg/ml)

Nitrogen 0.881 Aspartic acid  3.90
Protein 5.500 Threonine 2.00
Dry matter 8.800 Serine 2.87
Ash 1.98 Glutamic acid  8.17
Total sugar 0.500 Glycine 5.19
Total lipids 0.300 Alanine 3.19
Mg 0.160 Cysteine 0.21
Ca 0.164 Valine 2.56
Cu 0.017 Methionine 0.41
Mn 0.036 Isoleucine 1.63
Zn 0.064 Leucine 4.02
Fe 0.123 Tyrosine 1.61
K 0.113 Phenylalanine 1.67
Histidine 0.72
Lysine 2.21
Arginine 4.66
Proline Not determined
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Fig. 1. The effects of different RHH concentrations on the biomass
yields of test microorganisms.

proline was probably due to their degradation during
the acid hydrolysis of proteins, because the hydrolysis
procedure did not allow for the determination of some
amino acids including proline and tryptophan (Lehnin-
ger, 1975). The chemical composition of RHH is in ac-
cordance with the findings obtained from previous
investigations on the elemental and amino acid com-
position of the various fibrous proteins such as nail
(Pruzanski and Arnon, 1966; Bank et al., 1981), fish
epidermis (Baden and Kubilus, 1983a) and bovine hoofs
(Baden and Kubilus, 1983b).

First of all, we have investigated the effects of RHH
in various concentrations (1-10%) on bacterial biomass
yields. The highest biomass yields for B. subtilis, B. ce-
reus and E. coli were obtained from 4% RHH (Fig. 1).
Thus in this study it was found that the optimal con-
centration for biomass growth was 4%. It was found
that applications higher than 4% had an inhibitory ef-
fect. For example, the lowest biomass yields were ob-
tained from the application of 9% RHH. Furthermore,
no growth was observed from the application of 10% of
RHH (Fig. 1). This inhibitory effect may be due to the
high biochemical oxygen demand (BOD) load of RHH
and presence of cell wall cations and some toxic mate-
rials. Similar effects have been observed with effluents
with high loads of organic and inorganic materials
(Kadioglu and Algur, 1992). Therefore, we continued
the research with 4% RHH. The main chemical com-

Table 3

Table 2
Biomass and its partial composition obtained from RHH after 48-h
growth

Biomass and its compo-
sition (g/100-g)

Types of bacteria®

B. cereus B. subtilis  E. coli
Biomass yield (g/1) 7.3 5.2° 4.8°
Crude protein (N x 6.25) 68 712 66*
Lipids 8.12 8.4 8.12
Ash 4.3 4.1* 4.4°

#Each value represents the mean of three tests. Values with the same
letter are not significant. Means in row without a common superscript
differ (p < 0.05).

position of substrate (1.0 1) is 40 ml of RHH and 5 g
of glucose.

The biomass and resulting composition produced by
bacteria are shown in Table 2. The differences in bio-
mass yields among three bacteria were statistically sig-
nificant, whereas the differences in partial compositions
among three bacteria were not statistically significant
(p < 0.05). The highest biomass yield (7.3 g/l) was ob-
tained from B. cereus. Its biomass had a total protein
content of 68%. The highest protein value (71%) of the
biomass produced was observed for B. subtilis. The
lowest biomass (4.8 g/l) and protein yield (66%) was
obtained from E. coli. These three bacterial strains
contained similar amounts of lipid, typically between 8%
and 8.5% of dry weight. Similarly, ash ranged from 4.1%
to 4.4%. A major limiting factor in the use of SCP as a
food is its nucleic acid content. Bacterial cells are rich in
total nucleic acids that unfortunately were not detected
by the assays used in this study. Becker (1986) suggested
that the high levels of nucleic acids in bacterial strains
may limit their use as a food source for humans, who
lack uricase (an enzyme converting uric acid, a toxic
intermediate of nucleic acid catabolism, to the non-toxic
allantoin). Therefore, high levels of nucleic acids in
bacteria fed to ruminants should not have toxic effects.
For this reason, we produced SCPs for use as ruminant
feed.

The percentage reductions of COD and BOD, as well
as efficient utilization of C and N sources are shown in
Table 3. Maximum BOD and COD reductions for B.
cereus were 98% and 63%, respectively. In addition, both
sugar and nitrogen sources in RHH were consumed by
bacteria effectively. The biomass produced had a total
protein content of 68% (B. cereus), 71% (B. subtilis) and

Utilization of sugar and nitrogen and reduction of COD and BOD of RHH by bacteria

Bacteria® Utilization of Utilization of COD of RHH Reduction BOD of RHH Reduction
sugar (%) nitrogen (%) (mg/1) (%) (mg/1) (%)

B. cereus 97 58 30400 63 21050 98

B. subtilis 91 60 30400 58 21050 84

E. coli 92 59 30400 51 21050 79

#Each value represents the mean of three cultures.
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Table 4

Comparison of the amino acid profile of the protein produced by bacteria with that of other proteins

Amino acids As percentage of total protein

B. cereus* B. subtilis* E. coli* FAOP Soya bean® Ruminants feed®
Non-essentials
Alanine 7.4 9.0 7.0 - - -
Aspartic acid 10.6 10.6 8.8 - - -
Cystine 1.2 0.7 1.0 2.0 1.6 0.74
Glutamate 12.9 12.6 10.1 - - -
Glycine 5.9 6.6 6.1 - - 2.43
Serine 44 4.7 5.4 - - -
Tyrosine 4.0 5.0 5.5 - - -
Essentials
Arginine 7.8 7.9 8.8 - - -
Histidine 1.8 2.3 2.1 - - -
Isoleucine 44 4.6 5.1 4.2 4.9 2.57
Leucine 8.9 8.7 7.2 4.8 8.0 3.80
Lysine 5.7 4.5 49 42 6.6 3.20
Methionine 2.3 2.6 2.7 22 1.3 0.72
Phenylalanine 5.1 4.9 6.3 2.8 5.3 2.20
Proline 4.1 4.4 39 - - -
Threonine 5.4 5.2 6.2 2.8 43 1.97
Trytophan - - - 1.4 1.4 0.60
Valine 6.0 6.1 6.3 42 5.0 2.70

#Values are means of duplicates.
®From Araujo and D’Souza (1986).
°From Lo and Moreau (1986).

66% (E. coli). Their respective amino acid compositions
are shown in Table 4, together with the amino acid
profiles of two animal feed protein standards. The
amino acid profiles of the proteins produced by three
bacteria were similar. All of the bacteria contained most
of the amino acids essential for animal feed. Moreover,
they have a superior profile when compared with Food
and Agricultural Organization (FAO) and the soya bean
meal. The products were also rich in sulfur-containing
amino acids. For example, the three bacteria are rich in
methionine, around 2.3-2.7%, which is comparatively
higher than that of other proteins.

4. Conclusions

In short, the amount of HF utilized was 35 g, and the
amount of HF generated by hydrolysis was 30 g. Ac-
cording to this result, 85.7% of horn can be utilized as a
growth medium for SCP production by bacteria. In this
work, we obtained 73 g of biomass from 35-g HF for B.
cereus. In this case, 600 tons of HF can be converted to
1251 tons of SCP. Horns are a waste product of the
meat industry. These horns are disposed by municipal
sewers to landfills, causing severe environmental prob-
lems due to its high organic pollutant (BOD) and mi-
crobial loads. Thus, the SCP recovery from waste horns
in Turkey may significantly reduce this pollution prob-
lem. In this research, SCP had not been taken into
consideration as to how much production cost would be

increased or decreased if this technique was used under
commercial conditions.
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