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Abstract. The Ukrainian people’s diet lacks a number of biologically active substances. But their addition to the food is not
effective enough as aggressive bodily fluids influence their activity and substantially reduce it. There are undesirable changes in the
properties of biologically active substances during their storage, too. That is why it is so urgent a task to increase the effectiveness of
biologically active substances by compounding them with polysaccharides in order to protect them from the unfriendly
environment. It has been considered how practical it is to form a complex of papain and maize germs arabinoxylan to modify the
properties of the enzyme in the intended direction. It has been proved that the complex formation taking place when biopolymer
solutions are combined results in the enzyme activity increase. A number of factors (the concentrations of biopolymers solutions,
their volumetric ratios, the duration of the contact, pH medium) influencing the enzyme activity in the complex have been studied.
The rational conditions have been determined under which a complex can be obtained far more active than the original papain.
These conditions are: a 0.25 % polysaccharide solution mixed with a 4.0 % enzyme solution, with the volumetric ratio being 1:1 and
pH 6, at room temperature, for 20 minutes. Introducing papain into the complex makes it more resistant to pH and temperature
changes. For the physiological pH values ranging 2 to 8, the enzyme activity in the complex composition is higher than free papain.
Complex formation increases the enzyme resistance to higher temperatures, especially in the first 90 minutes. Obtaining of the
complex is proved by thermogravimetric analysis.
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AmnoTamisi. Panion xap4ayBaHHs HacedeHHs YKpaiHM € Ae]ilIuTHEM 3a BMICTOM HH3KH Oi0JIOTIYHO aKTUBHHX PEUYOBHH. AJe
Oe3nocepeiHe T0JaBaHHs iX 0 CKIaay DKi € MaJoe()eKTHBHHUM BHACIIIOK CYTTEBOTO 3HIDKECHHS TXHBOI aKTHBHOCTI I JIi€r0
arpecuBHUX ¢izionoriunux piguH. HeGaxaHi 3MiHN BIACTUBOCTEH 010J0TIYHO aKTHBHHX PEYOBHH BiZ0YBAtOTHCA 1 IMTiJT Yac iXHBOTO
30epiranss. ToMy, aKTyabHHUM € T JBHIIECHHS €()eKTHBHOCTI BUKOPUCTAHHS O10JIOTTYHO aKTHBHHUX PEUOBHH IUIIXOM CIIOIYYSHHS 3
noJTicaxapuiaMy, SIK 3ac00y 3aXHUCTY BiJ HECOPHATIMBUX YMOB HABKOJMIITHBOTO CEPENIOBUINA. PO3IIISTHYTO JOULNBHICTD YTBOPEHHS
KOMIUIEKCY Taraidy 3 apaOiHOKCHIIAaHOM KyKYpYI3SHHX 3apOJIKiB sIK 3aC00y CIIpSAMOBaHOI MOAMQIKallii BIacTUBOCTeH (pepMeHTy.
JloBeneHo, Mo pe3ysIbTaToOM KOIUIEKCOYTBOPEHHS, sIKE BiIOYBA€ThCS 32 YMOB CYMIIIEHHS PO3YHHIB O10TIONIMEPIB, € TiIBUIICHHS
aKTUBHOCTI (hepMeHTy. JlocHiKEHO BIUTMB HU3KH (DaKTOPIB Ha aKTHBHICTH (PEPMEHTY y CKJIazi KOMIUIEKCY, a caMe: KOHLEHTpawiif
po3unHiB GiomoiMepiB Ta iXHIX 00’€MHUX CIIBBIIHOIIEHb, TPUBAIOCTI KOHTAKTY, pH cepenoBnina. BisHaueHo pariioHaabHI YMOBH
OTPUMAaHHSI KOMIUICKCY, SIKMi 32 aKTHBHICTIO 3HAUHO TNEpEeBEpIIye BHXITHMI MamaiH: 3MillyBaHHS PO3YMHIB IMOJicaXxapuay 3
koHueHrpauiero 0.25% Tta depmenty 3 konueHrpauiero 4.0% B 00’emHoMy cmiBBinHourenHi 1:1 npu pH 6 mpu xiMHaTHIN
Temnepatypi npotsirom 20 xB. BrimroueHHs manaiHy 10 CKIaay KOMIUIEKCY JO3BOJISIE MIABUIIUTH HOTo CTIMKICTh A0 3MiHM pH Ta
Temnepatypu. B inTepBani ¢izionoriynnx 3HaueHs pH Bix 2 10 8 akTHBHICTH (PepMEHTY y CKJIa[i KOMIUIEKCY BHUINA, HIXK BUTBHOTO
nanaiHy. KoMriekcoyTBOpeHHS MiJBUIILYE CTIHKICTh GepMEHTyY NpH MiJBHILEHUX TeMIeparypax, 0COOIMBO MPOTAroM nepiux 90
xBritHH. OTPUMAHHS KOMIUIEKCY JTOBEJEHO METOJIOM TepMOTrpaBiMeTpii.
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tended to prevent the most common human diseases

Introduction. Formulation of the problem now. They are supposed to enrich the diet with necessary
To improve the Ukrainian people’s health, it is biologically active substances that help in making its
practical to use dietary supplements and foods that are in-
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content of essential ingredients more balanced and in en-
hancing immunity.

But the addition of biologically active substances
directly to food does not allow using their potential fully,
because they are labile in aggressive physiological envi-
ronments, as well as during storage [1]. Biologically ac-
tive substances can be made more effective by com-
pounding them with polysaccharides that protect them
from adverse environment, prolong storage time, in-
crease their activity [2].

The advantages of polysaccharides as components
of dietary supplements are their biocompatibility, biodeg-
radability, no allergenic capacity [3]. Besides, most poly-
saccharides are biologically active substances. Over the
past decades, it has been shown that high molecular
weight carbohydrates are responsible for biological ef-
fects, either directly manifesting them or causing them
through complex reaction cascades [4].

Cereals are an important source of polysaccharides,
in particular, non-starch ones.

Arabinoxylans dominate in the non-starch polysac-
charides complex of cereals. There are also beta-
glucans [5], and traces of arabinogalactans [6] and xy-
loglucans [7]. It seems promising to obtain non-starch
polysaccharides from grain processing by-products most-
ly used as fodder. Wheat bran and various middlings are
mainly used as dietary fibres. Usually they are added in
their native state into bakery products, or are substrates
when manufacturing fermented products [8].

In Ukraine, there are no technologies for extracting
non-starch biopolymers from these products, nor are
there any data on whether they can be used in food nano-
biotechnology. Thus, this direction of studies (in particu-
lar, the prospects for obtaining supramolecular complex-
es of non-starch polysaccharides with biopolymers of
protein nature as potential physiologically functional in-
gredients) is important.

Analysis of recent research and publications

Arabinoxylans of cereal crops are similar in their
structure. Their backbone chain is composed of B-1.4
linked D-xylopyranosyl residues. Monomeric o-L-
arabinofuranoside can be present at the C (O)-3 and/or
the C (0)-2 positions of xylose moieties [9]. A compari-
son of the molecular structures of arabinoxylans from
whole cereal grains and cereal by-products [10] indicates
that the arabinoxylans from brans of rice, sorghum,
finger millet, and maize have more complex side chains
(including xylopyranose, galactopyranose, and o-p-
glucuronic acid or 4-O- methyl-a-p-glucuronic residues)
than those from wheat, rye, and barley. Some terminal
arabinoxylan residues can be cross-linked to ferulic acid
at the C (O)-5 positions via an ester linkage [11].

The molecules with higher branching are more re-
sistant to fermentative hydrolysis. It is believed to be due
to steric complications [12].

The presence of ferulic acid in the composition of
arabinoxylans allows them to manifest their antioxidant
properties. Phenols that can absorb free radicals are che-
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lators for catalyst metals or singlet oxygen quench-
ers [13]. However, in the human body, there are no en-
zymes able to cleave an ester bond between arabinose
and ferulic acid. As a result, the latter has but limited bi-
oaccessibility [14].

Nowadays, active studies are being carried out, in
which arabinoxylans are viewed as substrates for oxida-
tive gelation. Under the influence of peroxidase and lac-
case, due to bridging between ferulic acid, cross-linking
of molecules takes place, and gels are formed. This
makes their use in food industry promising. However, at
the same time, their antioxidant activity decreases signif-
icantly. Besides, cross bonds decrease the rate of arabi-
noxylan fermentation in the caecum [15].

It is believed that in the future, ferulized gels based
on maize bran arabinoxylans can be used as micro-
encapsuling systems with antioxidant properties. These
gels are resistant to changes in the temperature, pH, ionic
strength. It allows their passage through the gastrointesti-
nal tract and their following fermentation by the caecum
microflora [16]. It has been shown that arabinoxylan gels
can be used for the controlled release of model proteins,
metylxanthin [17], lycopene [18]. So, in the future, they
will be candidates to be used for the development of new
systems of delivering biologically active substances. Due
to their functional and technological properties, arabi-
noxylans can be used as thickening agents and stabilizers
of food systems [19].

Cereals differ, first of all, in the way of arabinose
residue substitution in the xylan backbone chain, in
the relative proportions and sequence of various bonds
between the two carbohydrates (xylose and arabi-
nose), and in the presence of other substituents [20].

The arabinose to xylose ratio in arabinoxylans
from wheat endosperm can range 0.50 to 0.71 [21],
but it is usually lower than that found in wheat bran
(1.02-1.07) [22]. Rye arabinoxylan endosperm is less
substituted (0.48-0.55) than the equivalent wheat ma-
terial. In contrast, the arabinose to xylose ratio of maize
bran is usually within a high range of 0.75 to
1.82 [23].

Besides, extraction and modification methods are to
be developed in order to obtain specific arabinoxylans
having each of the numerous specific molecular features.
They can be used to make foods and drinks healthier.

Avrabinoxylans are non-starch polysaccharides pre-
sent in cereal grains, mainly in rye, and in smaller
amounts, in wheat. Along with starch and gluten, arabi-
noxylans influence the quality of dough in bread making
processes, improve its water binding capacity and me-
chanical properties, stabilize its gassing ability, which re-
sults in a higher bread volume and excellent crumb struc-
ture. In rye bread, where there is no gluten matrix, it is
mainly a high content of arabinoxylans that is responsible
for the dough quality. For their positive role, they are of-
ten added to wheat flour when making dough.

Avrabinoxylans are known for many health benefits.
A daily intake of as much as 2-10 g of arabinoxylans re-
duces cholesterol and glucose in blood. Quite recently,
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arabinoxylans have been reported to have various bio-
logical effects. They can reduce cholesterol in blood
serum, modify the sugar level in blood, have an anti-
oxidant effect, reduce the postoperative glycaemic re-
sponse, improve immunity, and reduce the risk of is-
chemic heart disease [24].

Previous studies have demonstrated that the bio-
activity of arabinoxylans can be related to their specific
molecular characteristics by means of modifying
them. Modified wheat bran arabinoxylans with low
Mw (6.6 x 10* Da) have potential prebiotic properties
in vitro, and those of modified rice bran with Mw (30—
50 kDa) exhibit immunomodulatory activity in vitro
and in vivo. In contrast, high molecular weight arabi-
noxylans have proved able to reduce the postoperative
glycaemic response in vivo [25].

Digestive enzymes of plant origin are in demand
because, unlike those of animal and microbial origin,
they do not inhibit the production of the body’s own en-
zymes, and are toxic and allergic but to a small extent.
However, quite few proteases of plant origin (one of
which is papain) are manufactured on an industrial scale.

Papain is a polypeptide consisting of 212 amino ac-
id residues. The N-final amino acid of its molecule is iso-
leucine, and the S-final amino acid is asparagine. It is
well soluble in water and water-salt solutions. The en-
zyme has the following physiological properties: anti-
inflammatory, antioxidative, antibacterial, antihelminthic,
immunostimulatory, wound-healing, antipyretic, cardio-
tonic, hypotensive, cholagogic, diuretic. It also improves
digestion, normalizes metabolism, has a rejuvenating ef-
fect on the skin. Papain has a local effect on the gastroin-
testinal tract and is absorbed in minimum quantities,
which prevents negative side effects on the inner organs,
especially the liver [26]. However, when this enzyme is
used, the aggressive medium of the digestive canal has a
negative effect on it and reduces its activity. That is why
it is practical to make it part of a complex, thus prevent-
ing the negative influence of the environment.

Maize is one of the six most important cereals
grown all over the world. In Ukraine, it ranks third in
overall production. A by-product of maize grain pro-
cessing is a germ which is separated while processing
grain into flour and grits. It constitutes about 10% of
maize grain mass and contains up to 32-37% of fat.
Maize oil is made from germs. A by-product of its pro-
duction is oilcakes — now they are only used as fodder.
Unlike non-starch polysaccharides of wheat and rye
flour, hemicelluloses of maize germs have not been paid
enough attention to.

The aim of this research was obtaining and char-
acterizing the of a maize germ arabinoxylan complex
with the papain enzyme.

Tasks of the research:

1. Obtaining arabinoxylan and its characterization;

2. Obtaining a papain-arabinoxylan complex;

3. Characterization of papain in the composition of the
complex.
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Research materials and methods

Obtaining arabinoxylan and its characterization. The
raw material used was oilcake of maize germs by the LLC
Kama (Poltava). It was heated for 90 min at 130 °C to inac-
tivate its own enzymes, and then milled. To determine the
content of easy hydrolysed polysaccharides, the raw mate-
rial was hydrolysed by heating it with a 2% HCI solution
for 4 hours [27]. The monosaccharides from the hydroly-
sates were converted into their corresponding alditol ace-
tates and identified by gas-liquid chromatography (Hewlett-
Packard 5890 A chromatograph; Hewlett-Packard, St. Lou-
is, MO, USA) with a flame ionization detector and integra-
tor 3393 A with an Ultra-1 capillary column (25 mx0.2
mm) at temperatures 175 to 270°C and a rate of 10°C/min
in the stream of nitrogen [28].

Arabinoxylane was obtained by the methods [29]
with some modifications made. Alkali extraction of arabi-
noxylane was carried out with a 0.17 M NaOH solution at
65-70°C for 1.5 h. The suspension obtained was centri-
fuged. Then, the pH of the supernatant was acidified to
pH=5.0. The precipitate was separated by means of centrif-
ugation. The supernatant was incubated with papain at
37°C for 4 h. The enzyme was inactivated by boiling for
15 min. Then, it was incubated with a-amylase at 37°C for
4 h. The enzyme was inactivated. The suspension was cen-
trifuged, the precipitate separated. The arabinoxylane was
precipitated by adding three times as much ethanol. After
the centrifugation, the precipitate was dried at 50 °C.

The content of carbohydrates in the resulting prod-
uct was determined by the anthrone method [30] using
glucose (Sigma-Aldrich, USA) as a standard, that of pro-
tein by the Lowry method [31]. The hydrolysis of the
polysaccharide was determined and monosaccharides
identified as described above.

Sephadex G-100 was used for gel chromatography
of arabinoxylane, with column dimensions H= 38 cm;
D=3.1 cm; V=121 cm®. The constant elution rate was set
with a pump. The column with sephadex was calibrated
with markers the molecular weights of which were al-
ready known.

Obtaining a papain-arabinoxylan complex. In the
experiments, papain from Carica papaya (Merck) was
used. The complex was obtained by combining water so-
lutions of papain and arabinoxylan, varying the concen-
trations of the polysaccharide (0.1-0.75 %) and enzyme
(0.4-4.0%) in the solutions, their volume ratios (2:1, 1.1,
1:2), the pH of the solution (5-8), the duration of the pro-
cess (1040 minutes). The samples were lyophilized. The
proteolytic activity of free papain and of that in the com-
plexes was determined by the method [32].

To determine the dependence of proteolytic activity
of the samples on the pH value of the medium, they were
incubated in the solutions with pH 2.0-10.0. After that,
the solutions were brought to pH 6.0, and the proteolytic
activity (PA) was determined.

The dependence of the samples activity on the tem-
perature was evaluated by incubating them at +24°C,
+37°C, +50°C, +65°C and +80°C, with pH 6.0. After that,
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the temperature was brought to +37°C and proteolytic ac-
tivity was determined again.

Results of the research and their discussion

Obtaining arabinoxylan and its characterization.
The maize germ meal contained 12 % of non-starch pol-
ysaccharides. In the hydrolysate, arabinose, xylose, glu-
cose, galactose, and traces of uronic acids were identi-
fied. The arabinose to xylose mass ratio was approxi-
mately one. Such a mass ratio of arabinose to xylose is
typical of arabinoxylans with a branched molecule struc-
ture. It is known that if arabinoxylans with this structure
are extracted with alkaline solutions, they become water
soluble. That is why such conditions for extracting arabi-
noxylan were chosen.

The obtained sample contained 90.2% of carbohy-
drates and 6.5% of proteins. In the hydrolysate, arabi-
nose, xylose, glucose, galactose and uronic acids were
identified, their mass ratios being 12:5:42:38:3, respec-

04

tively. Residues of galactose and uronic acids are also
typical for arabinoxylans extracted from maize, rice, and
sorghum bran. It is known that arabinoxylans from rice,
sorghum, finger millet, and maize have complex side
chains including xylose, galactose, and glucuronic acid
residues. The starch content was checked by iodine stain-
ing in the sample, with a negative result. As reported, the
alkali arabinoxylans extracted from wheat and rye con-
tained more proteins, starch oligomers, B-glucan, galac-
tan. In our opinion, the presence of glucose in the sample
obtained can be due to the presence of not only starch,
but of B-glucan and xyloglucan as well.

As shown in Fig.1, the carbohydrate and protein
elution profiles overlap. This indicates a close relation-
ship between them. Gel chromatography of the product
on a Sephadex G-100 column has shown its inhomoge-
neity. The molecular weights of the vast majority of car-
bohydrates range 30-100 kDa. Carbohydrates with a mo-
lecular weight of about 10 kDa are also present.
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Fig. 1. Elution curves of arabinoxylan

It should be noted that there is a co-elution of
carbohydrate and protein components. This indicates a
connection between them and matches the results [24].

Obtaining a papain-arabinoxylan complex. The
complex was obtained by mixing arabinoxylane and

papain solutions. Fig. 2 presents the research data of how
the pH of the reaction medium and the length of the
biopolymer contact influence the immobilized papain
activity.
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Fig. 2. Dependence of the enzyme activity in the complex on
the pH and on the duration of the contact of the solutions

The best result was obtained when the medium was
slightly acidic. In an alkaline medium, the result was
significantly worse. The complex with the highest
activity was obtained at pH 6 and incubation time 20
min. With a longer contact, no increase in papain activity
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was observed. That is why, these conditions were applied
in the further experiments.

The influence of biopolymer concentrations in the
solutions and of their volume ratios on the enzyme
activity in the complex obtained is shown in Table 1.
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The best results were obtained when the volume
ratio of the biopolymer solutions was 1:1. With a 0.25%
arabinoxylan solution used, there was an increase in
immobilized papain activity for all concentrations of the
enzyme being part of the complex (0.4% to 4.0%), as
compared to free papain. So, as a result of interaction

with the polysaccharide, the enzyme is activated. The
best result was obtained when a 4.0% papain solution
was used. But the use of polysaccharide solutions of
other concentrations reduced the activity of the enzyme
in the complexes.

Table 1 — Influence of biopolymer concentrations in the solutions and of their volume ratios on the enzyme

activity in the complex, n=3; p<0.95

Polysaccharide concentration Papain concentration in the Volumetric ratios of the components of the solutions

in the solution, % solution, % 2:1 1:1 1:2
0.4 19.0 23.2 20.0

1.0 47.0 64.2 50.0

0.1 2.0 55.0 778 60.0
3.0 58.0 77.0 60.0

4.0 66.0 81.8 64.0

0.4 81.0 119.7 88.0

1.0 79.0 111.5 82.0

0.25 2.0 75.0 109.6 78.0
3.0 70.0 107.5 75.0

4.0 68.0 106.9 75.0

04 34.0 66.0 50.0

1.0 45.0 411 50.0

0.5 2.0 50.0 42.2 52.0
3.0 50.0 584 56.0

4.0 53.0 70.1 58.0

0.4 52.0 80.1 55.0

1.0 67.0 97.9 68.0

0.75 2.0 65.0 93.7 68.0
3.0 55.0 84.2 60.0

4.0 52.0 80.1 57.0

Based on the above, the rational conditions for
obtaining a complex are: mixing of a 0.25%
arabinoxylane solution and a 4.0% papain solution at pH
6 for 20 min at room temperature. In these conditions, a
papain-arabinoxylane complex was obtained, in which
the enzyme activity was maximum.

The formation of the complex is confirmed by the
results of thermogravimetric analysis. They are shown in
Fig. 3.
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Fig 3. Thermograms DSC
The mechanical mixture of papain with a temperature of 162—226 °C, there are two processes

arabinoxylan was stable at a temperature of 100 °C. In
the temperature range 104—201 °C, two processes occur
that partially overlap. The maximum rate of the first one
was at a temperature of 144 °C, of the second — 176 °C.
Similar processes took place with the papain-
arabinoxylan complex, but at higher temperatures. So, at
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that partially overlap. The first ends at a temperature of
171 °C. The maximum splitting rate of the second one is
at a temperature of 194 °C. A weak endothermic reaction
is observed when analysing the complex at 152 °C.

These data indicate the presence of bonds between
papain and arabinoxylan in the complex.
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Characterization of papain in the complex
composition

At all pH values in the range under study, an
increase in enzyme activity is observed. Its maximum
value reaches 119 % of the activity of the free enzyme.
The pH optimum of free papain is about 6 units. As a
result of complex formation, an increase in the pH of the
optimum enzyme is observed. The optimum pH value for
papain in the complex is within the range of 6-8 (Fig. 4).

In the whole interval of the temperatures
investigated, the free enzyme is less active than its

immobilized forms (Fig.5). Within the temperature
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Fig.6. Thermostability of papain at 37 °C

Conclusion

The possibility has been proved and the
conditions have been determined of the formation of an
arabinoxylan complex with a proteolytic enzyme, papain.
This was achieved by combining papain and
arabinoxylan solutions, and was accompanied by the
enzyme activation.

180

range 50-80 °C, the enzyme in the complex retains as
much as 100 % of its activity and even more compared to
the original activity of the free enzyme. It is, in particular,
due to increased activity of the enzyme in the course of
complex formation with the polysaccharide. The highest
proteolytic activity of both samples is registered at a
temperature of about 50 °C.

The thermostability of the enzyme in the complex
composition was determined at the physiological
temperature value 37 °C and — considering the necessity
of the further drying of the product — at 65 °C (Fig. 6, 7)
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Fig.7. Thermostability of papain at 65 °C

The rational conditions of the complex formation
process are combining a 0.25 % arabinoxylan solution
and a 4.0 % papain solution, with pH 6, for 20 minutes at
room temperature.

The inclusion of the enzyme in the complex
composition increases its resistance to changes of such
factors of the environment, as pH and temperature. The
formation of the complex is confirmed by
thermogravimetric data.
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