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Abstract

Enzymes play an important role in the food prodgcof both traditional and novel products. The antie
processes of brewing and cheese-making rely onnemzctivity at various stages of manufacture. Bt t
traditional products like yoghurt and fermented drages are performed by endogenous enzymes, tbat oc
naturally in the plant and animal tissues or in thigroorganism’s cells. The idea of isolated, exuges
enzymes adding to improve existing reactions dnitéate new reactions, dates from the start sseeond part
of past century in the USA led to the developmehtenzymes for the leather industry and started the
commercial production of papain for use in the bedustry. Now there are many enzymes for food @ssing
available that originate from different sources.jdfiidy of applied in food industry enzymes are hgldses
such as glycosidases, and in part proteases usetticfaneat tenderizing. The new direction is the of
enzymes as a tool for modificaton of protein suet For this aim are used microbial transglutasendt
produces the both inter- and intra-molecular istigepcross-linking bonds in the proteins. We inigsde its
substrate specificity to attempt to develop the loimed products consisting of the proteins from different
sources.
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Introduction

Enzymes play an important role in the food industryoth traditional and novel products.
The ancient processes of brewing and cheese-makiggon enzyme activity at various
stages of manufacture. Traditional products likghyaot and fermented beverages owe their
character to enzyme reactions but these are pestbrby whole organisms rather than
isolated enzymes. These changes in traditional ystsdare due to enzymes that are
endogenous; that is they occur naturally in theugs of the plant or animal or in the micro-
organism. The activity of endogenous enzymes cammbaipulated by optimizing the
conditions for enzyme activity (pH, temperature)pgraltering the genetic control of enzyme
expression. However, there are limitations to tegrede of manipulation that can be achieved
by these means. The idea of adding enzymes fromr citburces (exogenous enzymes), to
improve existing reactions or to initiate new réats$, dates from the start of past century
when was started the commercial production of pafmiuse in the beer industry. Now there
are many enzymes for food processing availabledhginate from different sources.

When enzymes are considered for use in a food psowg it is essential to ensure that they
will confer some commercial benefit. The availaiilof enzymes on a large scale, and at
reasonable prices, the food industry reconsiddreduse of enzymes in food processing. At
present time, advances in biotechnology in thedfiel genetic manipulation created new
perspectives and the new technology were made.iteasthese technological advances and
the numbers of potential applications, the use rdfymes in the food industry is limited:
about ten enzymes accounted for 65% of the totzmee and 20 others — for rest 35%.
Usually used enzymes are hydrolytic that possess#dsplitting action, such as proteases
(46%) and carbohydrase (47%) being the most comi@nare interested in a new enzyme
of controversial action. It is microbial transglimase (protein-glutaminey-
glutamyltransferase, EC 2.3.2.13; TG) catalyzed-mapsfer reactions introducing covalent
cross-linkages between proteins, creating high cutée weight polymers.

In the early stages of TG research, attention wasised on the cross-linking of proteins
involved in blood coagulation. In a later stagessrbinking of other proteins received more
attention. Guinea pig liver TG was the most useryere for these cross-linking studies. In
addition, partially purified transglutaminase wased from bovine blood (factor XllII) or
human placenta. Guinea pig liver TG and factor XHé calcium dependent, which plays a
very important role in the conditions necessarytlfier cross-linking reactions. The discovery
of a C&*independent TG isolated frorStreptoverticillium mobaraensenhanced TG
research and utilization in food products, becafighe better availability of this enzyme.
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In addition to plasma TG, mammal blood contains dtleer types of this enzyme. One of
them is from blood platelets, which is very closedyated to plasma TG. The other one is
found in erythrocytes and because of that locaisocalled erythrocyte TG. Purification of
this TG has been performed from human erythrocytéswever, the relatively small
guantities of human blood and its origin make thizyme uninteresting for large scale
applications in food. On the contrary, the largaikability of bovine and pig blood from
slaughterhouses would make it more practical tlaisol Gs from these sources (Govardus de
Jonget al, 2001). Using the two types of animal blood T@d @acterial TG, cross-linking
experiments with seven proteins-lactalbumin,f-lactoglobulin, BSA, casein, hemoglobin,
myosin, glycinin) these authors showed large dffiees in substrate recognition and in cross-
linking rates.

Bacterial TG showed the lowest substrate spegjfi@s it was able to cross-link all seven
proteins tested. However, cross-linking of BSA anthctoglobulin is observed only after
reduction of the disulfide bridges by dithiothréi(®TT), which will promote the unfolding

of the protein. The unfolding of BSA andlactoglobulin will increase the accessibility of
glutamine and lysine residues for the cross-linkiggction.

Erythrocyte TG was able to cross-link BSA, casamg glycinin, indicating a higher substrate
specificity for this enzyme. The presence of DTTswaecessary for these cross-linking
reactions, which was confirmed in the fluoresceassay. However, the latter assay uses
monodansylcadaverine and dimethylcasein as substrad no disulfide bridges are present.
Consequently, not only should the role of DTT beridgd to that of an agent reducing
disulfide bridges, but DTT plays a role in the retilon state of cysteine in the active site of
erythrocyte TG. Plasma TG does not need DTT foadtsvity, as can be deduced from the
observed cross-linking of casein, hemoglobin, arydsim in the absence of DTT. In some
cases such aslactalbumin and glycinin, the presence of calcimnthe cross-linking buffer
caused a solubility problemu-Lactalbumin and glycinin were much more quicklyoss-
linked by bacterial TG without calcium than in theesence of calcium. This means that
cross-linking of these proteins by the two bloodsT&n be inhibited by the decreased
solubility in the presence of calcium. This stutipws that the erythrocyte TG has the highest
substrate specificity, whereas the bacterial enziyasethe lowest specificity. An intermediate
specificity is exhibited by the plasma TG.

These differences between types of TGs should @ébasd to the roles of these enzymes in
their concomitant natural processes. The fact thase enzymes are able to cross-link
proteins different from their natural substratesane that they can be used in several
applications for which enzymatic protein cross-inkis desired instead of chemical cross-
linking. Applications may be aimed toward the depehent of protein polymers with
modified functional properties but also to diregipbcations in complex systems, such as
foods. Depending on the number and types of preteéinan application and the need for
specific cross-linking of particular proteins incbuan application, one can select the most
suitable TG.

With respect to applications related to food prdadwr protein ingredients, the cross-linking
of the described substrates looks promising, eafpeas it is known that cross-linking of
protein can have substantial effects on functiqgmaperties, for example, gelling capacity,
emulsifying capacity, and solubility. The posstilyilof using different types of TGs for the
desired effect can be interesting, especially be&zabte rates and numbers of cross-links
produced will differ depending on the type of eneymsed. The problems concerning the
erythrocyte TG regarding self cross-linking, theegsity of using a reducing agent, and the
difficulties in the purification process will namothe possibilities of this enzyme. Plasma TG
offers better possibilities, although purificatitm a homogeneous enzyme preparation may
not be necessary. A good example of the use oftalbhapurified plasma TG is in the area of
meat processing, for which plasma TG is used inbioation with fibrinogen to form a
system that enables cross-linking of meat partstéB@ml TG shows the lowest substrate
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specificity and offers the greatest possibilitiescross-linking of protein ingredients. Cross-
linking of proteins with this enzyme is favored hase of its independence from calcium,
which can be beneficial when proteins are to besstimked because the solubility is
negatively influenced by the addition of calcium.

The substrate specificity of TGs for primary amimess investigated to incorporate various
functional groups into proteins and peptides. Imtrstudy, microbial and guinea pig liver
TGs were used. For the primary amines to be incatpd into benzyloxycarbonyl-L-GIn-Gly
(Z-GIn-Gly), they were required to have more thaarfcarbon chains without side chains
between the functional groups. These results stgigaswith appropriate primary amines as
spacers, various functional groups, carboxyl grogb®sphate groups, saccharides, and so
on, can be incorporated into proteins by using [@%#sukaet al.,2000).

Generally, protein substrates of TG are classifieal four groups: (1) GIn-Lys-type, in which
both GIn and Lys residues are available for crokslg; (2) GIn-type, in which only the GIn
residue is available for reaction; (3) Lys-typewhich only Lys residues are available; and
(4) a nonreactive type, in which both Glu and Lgsidues are unavailable for reaction
(Ikura et al., 1984). This classification is maiflgsed on the accessibility of Lys and GIn
residues located on the protein's surface. Accgrtbnthe above classification, a mixture of
two GIn-Lys-type substrate proteins or a mixtureGhfi-type and Lys-type substrate proteins
should be able to form heteroconjugates in TG-ga¢al reaction. However, in addition to the
availability of Lys and GIn residues, another fadtwat could potentially affect cross-linking
of two different macromolecular protein substraieshe thermodynamic compatibility of
mixing of the protein substrates at the enzymetvasite (Xiao-Qing Han and Srinivasan
Damodaran, 1996).

Materials and Methods

As a fish raw material it has been used by a fdled farce of bream, pikes, a pike perch and
small fry and, as vegetable additives - a textdriteur of peas, rice, a buckwheat and corn.
The range of a mass fraction of the brought vedetabmponent from 5% up to 15% was
considered. The used enzyme was TG preparationivédd@B " manufactured by firm
Ajinomoto Co's, Japan. Processing by enzyme sptitien of a solution of TG preparation
to fish farce at a stage of farce formulation (thass fraction of enzyme made 0.2-0.5 %,
therefore, for its careful distribution in a protiube solution was used). As basis of a
composition the fish farce received by crushing dish fillet or mechanical deboning of fish
raw material used. Additives entered in variousceetage parities to weight of fish farce.
There were following kinds of products and contkalriants of each kind have been
investigated. Samples of half-finished productshventering of 5%, 7.5%, 10%, 12.5% and
15% of a flour to weight of fish farce and samphth simultaneous entering flours and 0.2,
0.3, 0.4 or 0.5% of enzyme. The farce maturatios f@a 6 hours by +4 °C. Definition of the
module of elasticity was made by means of automatitsistency gage. Action of this is
based on measurement of a degree of compressioreadqg) of a punch on sample by
constant loading (100 g) during certain time (S\Mgasurements were spent three times, thus
the things in common of a punch with a fish eaadhetwere displaced. The final result was
calculated as an average arithmetic of three sagmi€es. Calculation spent to within 0.1 mm.

Results

We have investigated the application of TG in thedpction of fish cutlets with vegetable
flour. Experimental party of cutlets is got, eadhahich contained from 0.2 to 0.4% of TG
preparation. Control samples, unlike proper expenial, did not contain TG. After bringing
of all necessary additives both control and expenital samples were maintained at 0° C over
day. Control samples had a friable pastelike cteisi®, and experimental - dense, elastic.
Deformation of the investigated samples decreasagioptionally to concentration of enzyme
preparation: a maximum in 3.8 times. The best teduve been received at use of a pea flour
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as the vegetable component. The result no significalepends on a kind of the used fish.
The strongest influence of enzyme on samples wiftea flour speaks about more close
affinity of peas amino acids to enzyme than of ptit@urs. The optimum quantity in such
compounds makes 0.25% of enzyme and 15% of a pea fin the lead experiments the
tendency to increase in elasticity of a product #relgeneral hardening of a consistence is
traced at increase in TG mass fraction. The ineraasTG mass fraction in a product
promotes condensation of its structure, increageinentage of fiber in a finished article and
to increase in food value of a product. Howeveterahchievement of the certain value of
elasticity (in this case - at a mass fraction of @gal 0.25%), the further increase of TG is
inexpedient in view of significant growth of theige of a ready product. Considering all half-
finished products witf’'G concerning the control sample, the increase fowtisensor values
of these products are noted. From all points ofvyit observance of optimum quantit, a
product more racks to deformation, the consistemzk appearance is better, than at control
samples. From the economic point of view, additdi'G slightly increases the cost price of
finished products.

Conclusion

One of the problems of meat and fish processingiligation of crushed waste. Application
of TG, which creates more large molecules from proteéygheir cross-linking, allows to
solve this problemT'G forms from the crushed meat a monolithic piecthefset form which
after freezing and thermal processing gives theyjgroduct which is not differing on the
parameters from a product, made from an integedepf a beef or fish. The same enzyme
preparation is used for reception of a “fillet” fincfine scraps of a red fish. By means of TG is
delivered also fermentative processing of protewnaste of an animal origin for giving
cohesion and durability to a product, for exampfenfanufacture of animal and vegetable
row materials. By our results TG is more effeciiveonnection of fish to pea proteins and it
may be used in the next research work. TH&,application in food technology promotes
improvement of their quality indicators, and alsm serve for manufacturing of new kinds of
food products. Use of TG in manufacture of fishdutts enables to receive from fish steady
systems with the expressed elastic-plastic pragsertd lower quantity of production wastes
and to increase an yield of finished goods. Purpbsgpplication TG in a complex with
protein-containing additives, promoting the re-staning of disperse food systems and output
of food products with the set properties, is petpe and demands the further studying.
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