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Fabrication of oral acid resistant Fermosorb
(ferment+sorbent)-type preparations can be simplified using

industrial Bacillus subtilis culture filtrates as an
enzyme source
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Abstract

In our recent article [Biziulevičius, G.A. and Z& ukaite; , V., 1999. Int. J. Pharm. 189, 43–55] we described a novel
approach in design of oral preparations intented for intestinal delivery of enzymes, based on reversible immobilization
of the latter onto the polymer matrix. Fermosorb (ferment+sorbent)-type preparations, produced in such a way, are
characterized as two-component delayed-release enzyme formulations being stable at acidic pH and thus ensuring the
protection of an active substance in the environment of the gastric region and liberating the active substance through
dissociation of the enzyme–polymer complex at neutral pH values characteristic for the intestines. In the present
paper we report our updated findings showing that the technology of fabrication of two Fermosorb-type preparations
manufactured (namely Fermosorb and Polyferm) can be simplified (as well as their production cost reduced)
substituting the acetone precipitated enzyme preparation solutions, currently used as an enzyme source, by their
precursors — industrial Bacillus subtilis culture filtrates. Moreover, we give a description of how one more
Fermosorb-type preparation aimed at intestinal delivery of amylolytic enzymes can be produced in a similar manner.
Determination of immobilization conditions has revealed, that irrespectively of the enzyme origin (lytic, proteolytic
or amylolytic) and its source (1% acetone precipitated preparation solution or culture filtrate), optimal for
immobilization v/w ratio of the liquid phase and the polymer matrix (Biocarb L) remains the same and is equal to
10:1 (approximate). The main differences have been found to be in optimal for immobilization pH values as well as
process duration in regard to the two enzyme sources applied. In case of proteolytic and amylolytic enzymes only one
of the variables was different (process duration for the first ones, optimal pH for the second ones), while in case of
lytic enzymes both variables were different. The percentage of the enzymes activity uptaken from the reaction mixture
formed by either of the enzyme sources and the polymer matrix (:60%) as well as activity losses at drying the
enzyme–polymer complexes (:20%), tolling in the final activity yield of near 40%, were found to be very similar.
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Oral acid resistant enzyme preparations are
conventionally prepared in the form of tablets or
pellets coated with enteric polymers (Mayer and
Viernstein, 1994; Schulz and Schmidt, 1995;
Kleine, 1997). Recently we proposed a novel ap-
proach in design of oral preparations intended for
intestinal delivery of enzymes by describing (Bizi-
ulevičius and Z& ukaite; , 1999) a simple technology
for the pilot-scale preparation of pH-dependent
reversibly dissociating acid stable enzyme–poly-
mer complex Fermosorb (ferment+sorbent). The
technology described was based on immobiliza-
tion of lytic (degrading microbial cell walls) en-
zymes, using 1% lysosubtilin, a commercial
acetone precipitated preparation derived from
Bacillus subtilis SK-52 submerged culture filtrate,
solution in 10 mM acetate buffer of pH 5.0, onto
commercially available highly porous carboxylic
cation exchanger Biocarb L. In general, Fermo-
sorb-type oral preparations are characterized as
two-component delayed-release enzyme formula-
tions (enzymes reversibly immobilized onto poly-
mer matrix) being stable at acidic pH and thus
ensuring the protection of an active substance in
the environment of the gastric region and liberat-
ing the active substance through dissociation of
the enzyme–polymer complex at neutral pH val-
ues characteristic for the intestines. Two represen-
tatives, Fermosorb and Polyferm (polymer+
ferment) namely, have already been shown to be
highly effective for prophylaxis and treatment of
gastrointestinal disorders in newborn calves
(Zotkin et al., 1987a,b; Sisyagin et al., 1988a,b;
Biziulevičius and Z& ukaite; , 1999). Both are autho-
rized for use throughout the former Soviet Union.
Up till now these veterinary medicinal products
were manufactured using acetone precipitated en-
zyme preparation solutions and substitution of
the latter by industrial culture filtrates hopeful
from the technological and economical points of
view still remained a future perspective.

In this communication we describe our updated
findings showing that the technology of fabrica-
tion of known Fermosorb-type preparations can

be simplified (as well as their production cost
reduced) substituting the currently used acetone
precipitated enzyme preparation solutions by their
precursors-industrial culture filtrates. We also give
a description of how one more Fermosorb-type
preparation aimed at intestinal delivery of amy-
lolytic enzymes can be produced in a similar
manner.

Lysosubtilin, protosubtilin and amylosubtilin
(the latter two being acetone precipitated prepara-
tions of proteolytic and amylolytic enzymes
derived from B. subtilis 103 and B. subtilis 65
culture filtrates, respectively) as well as the corre-
sponding culture filtrates were acquired from the
State Joint-Stock Enterprise ’Biosinteze; ’ formerly
called the Vilnius Experimental-Industrial Plant
of Enzyme Preparations (Vilnius, Lithuania). Bio-
carb L (a beaded cross-linked copolymer of
methacrylic acid and triethylene glycol
dimethacrylate) was purchased from the All-
Union Research Institute of Chemical Technology
(Moscow, Russia). Optimal immobilization condi-
tions were determined according to (Biziulevičius
and Z& ukaite; , 1999) with the exception that, in-
stead of the acetate buffer applied for dissolution
of enzyme preparations, a diluted acetic acid was
used for the adjustment of pH in culture filtrates.
Culture filtrates for pilot-scale procedures were
processed analogously. Pilot-scale fabrication of
Fermosorb-type preparations was performed as
described in detail previously (Biziulevičius and
Z& ukaite; , 1999). Briefly, enzymes were immobi-
lized, using 250-l amounts of 1% enzyme prepara-
tion solution or culture filtrate onto Biocarb L, in
a 0.6-m3 closed metal vessel having an inert plas-
tic-coated inner surface under constant mechani-
cal agitation with a propeller stirrer (not less than
600 rpm) at room temperature and at optimal
conditions for immobilization (for the latter see
below). Then the procedures of vacuum-filtration
and oven-drying followed. Enzyme activities both
at determination of optimal immobilization con-
ditions and in the course of the downstream pro-
cessing were controlled by the methods used in
industrial production of the appropriate enzymes
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(lytic activity according to Kislukhina (1976),
while proteolytic and amylolytic ones according
to Rukhlyadeva et al. (1967)). Activity of en-

zyme–polymer complexes was measured after 1
or 2 h desorption of enzymes with an approxi-
mately tenfold amount of 50 mM phosphate
buffer, pH 7.2, for wet and dry samples,
respectively.

Determination of immobilization conditions re-
vealed, that irrespectively of the enzyme origin
(lytic, proteolytic or amylolytic) and its source
(1% acetone precipitated preparation solution or
culture filtrate), optimal for immobilization v/w
ratio of the liquid phase and Biocarb L is 10:1
(approximate), i.e. being the same as observed in
our previous study (Biziulevičius and Z& ukaite; ,
1999). This is not surprising as, firstly, the enzyme
preparations applied are being manufactured us-
ing related producers and in a similar manner
(Kislukhina, 1972; Yamane, 1989) and, secondly,
the activities of all 1% acetone precipitated en-
zyme preparation solutions tested and corre-
sponding culture filtrates are of the same
magnitude. As submerged B. subtilis culture
filtrates alongside with purposive enzymes contain
several other secondary metabolites (Yamane,
1989) that are absent (or their quantities dimin-
ished) in acetone precipitated preparation solu-
tions, it was quite probable that optimal pH
values for immobilization as well as process dura-
tion might be quite different in regard to those
two enzyme sources. Results presented in Table 1
confirm the rightness of this presumption. In case
of proteolytic and amylolytic enzymes only one of
the variables was different (process duration for
the first ones, optimal pH for the second ones),
while in case of lytic enzymes both variables were
different. Following analogous presumption we
were also interested in the percentage of enzymes
activity taken up from reaction mixture formed by
either of the enzyme sources and Biocarb L as
well as activity losses at drying the enzyme–poly-
mer complexes. The comparative results are pre-
sented in Table 2 and these disclose at least two
facts. First, application of any of the two enzyme
sources gave similar results. Second, the main
losses were observed at immobilization stage (:
40%) and at drying (:20%), totalling in the final
activity yield of near 40%.

Analysis of the enzyme–polymer complexes
formed revealed, that B. subtilis secondary

Table 1
Optimal pH values and process duration for immobilization of
different enzymes onto Biocarb L (v/w ratio 10: 1)

Enzymes Enzyme source Process durationpH
(h)

1aLytic 1% lysosubtilin 5.0a

solution
Culture filtrate 5.2 3
1% protosubtilinProteolytic 3b4.6b

solution
Culture filtrate 4.6 8

4.6 21% amylosubtilinAmylolytic
solution
Culture filtrate 4.4 2

a The results are the same as the defined values controllable
in industrial fabrication of Fermosorb (Biziulevičius and
Z& ukaite; , 1999).

b The results are the same as the defined values controllable
in industrial fabrication of Polyferm (Biziulevičius and
Z& ukaite; , unpublished data).

Table 2
Enzyme activity yields as determined after fulfilment of the
immobilization process applying different enzymes (stage 1)
and after drying the enzyme–polymer complexes formed (stage
2)a

Enzymes Enzyme activity yield (%)Enzyme source

Stage 1 Stage 2

1% lysosubtilinLytic 40.3b60.5b

solution
40.4Culture filtrate 60.7

1% 39.659.7Proteolytic
protosubtilin
solution
Culture filtrate 58.8 38.5

60.31% 40.0Amylolytic
amylosubtilin
solution
Culture filtrate 60.9 40.8

a The results are the average values obtained from the
analysis of at least five batches running, with the difference
between the corresponding values being no more than 2%.

b The results are the same as described in our previous study
(Biziulevičius and Z& ukaite; , 1999).
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metabolites other than the purposive enzymes (as
well as proteins liberated from the biomass due to
lysis) present in industrial culture filtrates were
not adsorbed (or insignificantly adsorbed) onto
the polymer matrix at the optimal immobilization
conditions described above. Thus, potential for
adsorption of contaminating proteins as well as
potential toxicity due to such contamination were
avoided and this was confirmed by the prelimi-
nary in vivo safety assessment studies of the for-
mulations produced (Biziulevičius and Z& ukaite; ,
unpublished data).

In conclusion, results of this study show that
introduction of a technological approach directed
to substitution of acetone precipitated enzyme
preparation solutions by industrial culture filtrates
into manufacture is quite realistic. An answer to
an unsolved question regards fabrication of Fer-
mosorb-type preparations possessing amylolytic
activity (these are of great interest for veterinari-
ans fighting with gastrointestinal disorders caused
by starch-related nutrient indigestibility) may also
be given. Moreover, research in the field of other
Fermosorb-type preparations (e.g. catalyzing
degradation of non-starch-like polysaccharides) is
already under way.
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sistent überzogener Enzympräparate für den Einsatz als
Verdauungshilfen in der Tiernährung. Wien. Tierärztl.
Mschr. 81, 103–107.

Rukhlyadeva, A.P., Goryacheva, M.G., Listova, Z.A., Poly-
galina, G.V., Cherednichenko, V.S., 1967. On the details of
methods used for the determination of enzyme prepara-
tions activity. Trudy VNII fermentnoi i spirtovoi promysh-
lennosti (Proc. All-Union Res. Inst. Ferment. Spirit. Ind.)
17, 107–117 in Russian.

Schulz, B., Schmidt, P.C., 1995. Enzymtableten-Fragen der
Anwendung und Stabilität. Pharmazie 50, 519–524.

Sisyagin, P.N., Zotkin, G.V., Redzhepova, G.R., Samsonov,
G.V., Sochnev, V.V., Biziulevichius, G.-A.S., Urban, V.P.,
Yurchenko, V.S., Zhukova, N.G., Krylova, V.V., Du-
binina, N.I., Ponomareva, R.B., Pashkovskaya I.G.,
Zhukaite, V.P., Osipov, K.I., 1988. Method of preventing
dyspepsia and colibacillosis in calves, USSR Invention
1 624 743, 21 October.

Sisyagin, P.N., Zotkin, G.V., Urban, V.P., Redzhepova, G.R.,
Samsonov, G.V., Sochnev, V.V., Ponomareva, R.B., Kim,
R.E., Yurchenko, V.S., Zhukova, N.G., Krylova, V.V.,
Dubinina, N.I., Biziulevichius, G.-A.S., Osipov, K.I., 1988.
Method of preventing dyspepsia and colibacillosis in
calves, USSR Invention 1 622 985, 15 September.

Yamane, K., 1989. Extracellular enzymes of B. subtilis. In:
Maruo, B., Yoshikawa, H. (Eds.), Topics in Secondary
Metabolism. 1. Bacillus subtilis. Kodansha, Tokyo, pp.
162–190.

Zotkin, G.V., Samsonov, G.V., Biziulevichius, G.-A.S.,
Sisyagin, P.N., Urban, V.P.,Yurchenko, V.S., Dubinina,
N.I., Ponomareva, R.B., Pashkovskaya, I.G., Zhukaite,
V.P., Osipov, K.I., Avzalov, F.Z., Idrisov, G.Z., Redzhep-
ova, G.R., 1987. Method of treating gastrointestinal dis-
eases in newborn calves using Fermosorb, USSR Invention
1 564 786, 23 December.

Zotkin, G.V., Sisyagin, P.N., Samsonov, G.V., Urban, V.P.,
Idrisov, G.Z., Yurchenko, V.S., Dubinina, N.I.,
Ponomareva, R.B., Biziulevichius, G.-A.S., Redzhepova,
G.R., Borodacheva, O.V., Avzalov, F.Z., Osipov, K.I.,
1987. Method of treating gastrointestinal diseases in new-
born calves using Polyferm, USSR Invention 1 557 720, 23
December.

.


