Ximis xapuosux npodyKmie i mamepiais. Hoei euou cuposunu
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"FapmoHin"
Puc. 3. Oninka apomary x.1i6a 3a BMicTOM
Oicy1b(iT3B’ A3y I0UHMX PeYOBUH

AKTHBHICTb MOJIOYHOKHCITHX OaKTepiii BU3HAYAIM 3a iH-
TEHCHBHICTIO 3HEOApBIICHHSI 1HIMKATOPa METHIIEHOBOTO CHHBO-
ro [2]. 17151 1horo y Moie/bHi 3pa3ku HartiB(haOpUKaTiB 3 Maco-
BOI0 YacTKOIO BOJIOTH 65...66 % BHOCHIM JIaKTOOAKTEpHH,
SIKUI TIOTICPETHBO PO3YMHSIIA Y BOJI Y CIiBBiTHOIICHHI 1:3, 3
po3paxyaky 10 mo3 ma 100 T OopormrHa. 3pa3kd TOTYBaH 3a
TPBOMa BapiaHTaMH PELIeNTYp: NMEePIIni — 3 GOPOIIHA MIICHIY-
HOTO Jpyroro copry (KOHTPOJb), APYTHH — i3 OOPOLIHSIHO-
3epHOBOI cyMimti «["apMoHis», TpeTiit — 3 OOpOIIHA IPYToro
copty (60 %) i cymimri «I"apmoris» (40 %). ITicns mo3piBaHHs
HarniB(haOpUKaTiB rOTYBIN CYCIIEH3IIO BIIOBITHO 10 METO/IH-
K{ 1 BHOCWIM MCTHICHOBY CHHb. CriocTepiraiu mporec 3He-
OapBieHHs MpoOH B TepMocTaTi ipu Temrieparypi 40 °C.

3abapBiieHHS] B IIEPUIOMY 1 TPETbOMY 3paskax I04Yajio
3MiHFOBaTHCch depe3 60 xBwmH, a B Apyromy (cymim «lap-
MOHIs») — 3aJIMIIJIOCH He3MIHHMM 1 depe3 240 xBiwmH. Taka
TPUBAJICTH 3HEOAPBIICHHS CYCIICH311, PATOTOBIICHOT 3 BUKOPH-
CTaHHsIM OOPOITHAHO-3¢pHOBOI cyMmiIi «[ apMOHisD), BKa3ye Ha
HI3BKY aKTHBHICTH MOJIOYHOKHCITHX OakTepiil, MOpIBHAHO 3
KOHTpOJIEM, 1110, Ha HAITY JYMKY, [IOB’5I3aHO 3 HASBHICTIO y ce-
penosu coi. Bimomo [5], 1110 aKTUBHICTE MOJIOYHOKHCIIAX
Oaxrepiil y HamiB(aOpUKaTax y pasi BHECCHHS COEBOTO OOPOIII-
Ha 3HIWKYyeThes Ha 50...60%. TIpote y pazi noemananns «l ap-
MOHIii» 3 G0pOITHOM Jpyroro copty (3pasok Ne 3) HakorMIeH-

HSI MOJIOYHOT KHCIIOTH € JIOCTATHIM TSl 3a0€3MeueHHsI iepediry
KOJIOIMHUX 1 (DePMEHTHHX TIPOLIECIB, sIKi (OPMYIOTH CMaK i
apomar xui0a.

J1nst BU3HAaYEHHS BMICTY apOMAaTHIHUX PEYOBUH Y XJTiO1
BHKOPHCTOBYBAJN OiCYb(ITHII METO, 3arporoHoBaHmi To-
kapeBoro P.P. i Kperosmaem B.JI. (MomudikoBanmit KTIXIT),
IO Ja€ 3MOTY BH3HAYWTH 3arajlbHy KUIBKICTh KapOOHUTBHHX
CTIONYK, 110 3HAYHOIO Miporo (POpMyIOTh apomar xuiba [2].

BusHauenHss npoBomwM uepe3 24 TOAMHHM MHCIA
BHITIKaHHA X71i0a. B ckopuHIll KapOOHUTHHUX CIHOMTYK HAKOIH-
YyeThCsl 3HAYHO OLIBIIIE, HK B M'SIKYIIILL, 110 BKa3ye Ha TICHUH
3B'SI30K MK HAKOIMYCHHSIM KapOOHUTHHUX CIIOJIYK 1 PeaKIliero
MEJIaHOITMHOYTBOPEHHSI, TOMY UTS HaBaXKH, sika O BimoOpa-
JKala BMICT apOMaTOyTBOPIOIOUHX CHONYK Y Xm0l B IioMy
(ycepemHeHMIA 3pa30K), BUPI3aIM CKHOKH, SKi MICTIUIM TIPH-
OJM3HO OJTHAKOBY KUTBKICTh CKOPHHKH 1 M SIKYIIIKHL

Bwicr GicynbgiTs3e’s3yrounx croiyk (X, Mr-eks, Ha 100r
CP) BizHa9aBCA 32 POPMYIIOI0

X=V; N V100-100[Vyp (100-W)], (1)

ne Vi —o6’em 0,01H. po3unHy #iofy, 110 MIIOB HA THT-
pyBanes; N — HOpMasbHICTh po3umHy Hony, nopisHioe 0,01;
V, — 00’eM MipHOI KOJIOH, B SIKY TIOMICTHJIM HaBA)KKY XJ1i0a, MIT;
V3 — 00’eM BOIHO-0ICYIB(ITHOT BUTSDKKH, SIKY B3SUIH Ha THTPY-
BaHHSI, MJT; P — HaBa)kka X:1ioa, T; W — Bosoricts ximiba, %.

Bcranoeneno (puc. 3), mo xumi6 3 GOpOLTHIHO-3epHOBOIO
cymimmmo «lapmoHis» wmictute Ha 35...40%  Oinblue
OiCYIB(]IT3B’SBYIOUNX CIIONYK, HOK XJTi0 TIISHIYHAH 3 60poIT-
Ha JIPYTOTO COPTY, IO MiATBEPIPKYETHCS 1 CEHCOPHOIO OIIHKOIO
apomary.

TaxuM YMHOM, MOXKHA 3pOOUTH BHCHOBOK, IO BUKOPH-
CTaHHs OOpOLIHSHO-3€PHOBOI cyMillli «"apMOHIsD) MO3UTHBHO
BIUIMBAE Ha PO3MHOMKEHHS APDKPKOBHX KIITHH Y TICTI, IPOTE
YIIOBUTHHIOE TPOIIECH CITMPTOBOIO 1 MOJIOYHOKHKCIIONO OpOTiH-
Hs1. Bukopucranss cyminn «apMoHis» y TO€HaHHI 3 G0poIL-
HOM TIIIEHHYHKM JIPYrOro Copry y chiBBigHomeHHi 60:40 nae
3MOTY TIONIIMIATA apoMaT Ximiba, TpoTe il 3a0e3NeueHHs
HEOOXITHOTO PiBHSA Ta30yTBOPEHHSI B TICTI 1 SIKOCTI XJTi0a HE0O-
XiJIHAM € BUKOPHCTAHHSI MTOJIITIITYBaYiB.
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EFFECT OF ENDOXYLANASE FROM BACILLUS SUBTILIS ON BARLEY
FLOUR GAS FORMATION PROPERTIES AND RHEOLOGICAL PROPER-
TIES OF BARLEY DOUGH

The effects of Bacillus subtilis xylanases on barley flour gas for-
mation and the barley dough rheological properties were studied. Xy-
lanase imported quantities effectively modify the rheological properties
of barley dough. The analysis of the results showed that the xylanase en-
zyme has a positive effect on the properties of barley flour/dough and it
is implicated in the composition of bread from barley dough.

Keywords: endoxylanase, barley flour/dough, rheology.
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COOHOCTB U PEOJIOTHYECKUE CBOWCTBA TeCTa U3 TIMEHHON MyKH. AHAIN3
pe3ynbTaToOB MOKa3al, 4To (PePMEHT KCHIIaHa3a MOJNIOKHTEIBHO BIHSET
Ha xJieOOoMeKapHbIe CBOWCTBA MyKU U PEOJIOTHYCCKIE CBONCTBA TECTa.
Kcunanasa pekoMeHI0BaHa JUTs MOTy4YeHHs XJieba U3 S’IMEHHOH MyKH.
[pennoxeHa MydHast CMeCh JUIsl IPUTOTOBJICHUS Xy1e6a U3 TIMEHHOU
MYKH.

KuroueBble cl10Ba: SHIOKCHIAHA3a, SIMEHHAS MyKa, PEOJIOT U
TecTa.
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1. Introduction:

Flour of different cereals contains about 2.5-3.5 %
arabinoxylans in (wheat, barley, rye) [4, 6]. There are two
types of it: water extractable xylans (WE-AX) and water
unextractable (WUE-AX). Water extractable arabinoxy-
lans constitute about 25-30 % of arabinoxylan in wheat
flour [5, 2].

It was found data that a combination of barley flour
and endoxylanase in bread leads to increased levels of to-
tal and soluble arabinoxylans and beta-glucans, which are
valuable nutrients [5, 6].

Xylanases cleave the xylan backbones of water un-
extractable AX (WU-AX) releasing water extractable AX
(WE-AX). Concomitantly, xylanases also reduce the mo-
lecular weight of the WE-AX [1]. Consequently, the rhe-
ological properties of dough are improved, increasing its
ability to gas formation, which in turn leads to an increase
in the volume of bread. It contains additional quantity of
fiber in barley flour, which would represent a substrate for
rewarding positive effect on the quality of barley bread
[8].

2. Object:

The general object of present study is to investigate
the effect of endoxylanase from Bacillus subtilis on barley
flour/dough properties.

3. Experimental

3.1. Raw materials:

e Barley flour with 12.52 % moisture, acidity -
5.25 °H, ash content - 1.93 % (d.b.), protein (N x 5.7) -
10.50 %;

e The research was performed with endoxylanase
by Bacillus subtilis with an activity of 1080 F/g.

o Water;

e Salt;

e Dry vital gluten with 94 % (d.b.) and water ab-
sorption — 120 %.

3.1. Analytical methods:

e Gas formation properties - the instrument micro
gas-meter - by quantification of gas in regular intervals
(15 min.), The dough sample fermented at 30 ° C [7];

e Rheological properties — by the apparatus
valorigraphe as follows: dough development time (min),
stability (min), elasticity (VU), softening (VU) [7];

e Viscosity — by the apparatus "Fungilab” - ALPHA
determining the rheological properties of dough, Pa.s, by
determining the viscosity of dough immediately after
kneading and after 20 min resting. The study was con-
ducted at a constant temperature of 30 © C. This tempera-
ture is optimal for the initial temperature of the dough and
the activity of the enzyme [3].

In the available literature there were information
about the dosages for use of the enzyme in the flour. The

dosages of xylanase are shown in Table 1.
Table 1
Enzyme dosing

ENZYME quantity, %

Symbol A B C

Bacterial xylanase 0.002 | 0.006 0.01

By reason of absence of gluten in barley flour it can
not be expected to use it alone for breadmaking. To im-
prove the barley flour baking power various amounts of
dry gluten ware introduced - 5, 10, 15, 20 %. The best re-
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sults for barley dough were obtained with 15 % dry glu-
ten, that in subsequent studies this quantity was adopted
as a control sample (K).

4. Results and discussion:

The effect of the enzymes on barley dough gas for-
mation is presented on Fig. 1. It was found that during the
first 30 min the additives xylanase led to a slight increase
the intensity. After this period it declined that is more vis-
ible after 75 min. Thus the present results indicate that xy-
lanase increased the amount of monosaccharide in the
dough, and the intensity of gas formation.
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Fig. 1. Barley flour gas formation intensity with xylanase

The effect of different additives of xylanase on total
gas formation of barley flour is presented in fig. 2. The
values increase to 44.1 and 45.7 cm3 with addition of
0.006 and 0.01% (B and C). In practical terms the level of
gas formation increasing for these additives expressed as
percentages relative to the control of barley flour are re-
spectively - 8.39 and 11.59 %. After the 30, 60 minutes
the formation of gas due to the sugars derived from en-
zymatic hydrolysis of starch. This process is slightly more
intense in addition to enzyme. This cause may be due to
the factors - on the one hand the increased amylase activi-
ty and / or increase barley starch attack. However, all test-
ed samples remain in the category of low gas for-
mation [5].
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Fig. 2. Barley flour total formed gas with xylanase

Viscosity belongs to a group of rheological proper-
ties of the dough.

The results of the chart in Fig. 3 show the effect of
enzyme on the viscosity of barley dough after kneading
and after 20 min resting.

The diagram on Fig. 3 shows that the viscosity of
barley dough decreased with the introduction of minimum
A. The difference, in percentage, although the minimum
is 5.54. The most significant change of the viscosity is in
the maximum introduction of enzyme (C) - 10.97 %. On
the other hand the difference is substantial and statistical-
ly significant.
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Fig. 3. Dough viscosity variation after resting

After 20-minute resting viscosity increase slightly. The per-
centage between control and maximum enzyme modification of
viscosity is 19.75. This result shows that the introduction of an en-
zyme in the dough loosens his structure, causing a decrease in vis-
cosity.

The results in fir. 4 also show the dough development time.
Barley dough with 0.002 % xylanase is formed slowly - 6 min 30
sec. The longest dough forming time is in addition of 0.01% (C)
xylanase - 7.0 min. Development time to form the dough in-
creased with the amount of xylanase. This relationship is ex-
pressed by the analytical expression shown in the figure:

Y=-05X+x+5R*=1.

The correlation coefficient R? = 1 indicates that the expres-
sion may serve as a full theoretical calculation for dough forming
time. The dough stability decreases sharply (2 min), with the in-
troduction of the minimum quantity of enzyme, then with other
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Fig. 4. Development time and stability of barley dough with enzyme

additives increased slightly but does not reach that of control (fig.
4). It can be concluded that with the addition of xylanase in the
dough the best stability is obtained when using 0.01% enzyme.

The elasticity and softening of barley dough are shown in
fig. 5. Softening is 75 VU with the lowest dosage of xylanase -
0.002%, which indicates that the flour is low baking quality. In
contrast to the introduction of a greater amount of xylanase -
0.01% softening reduced to 60 VU.

The results in Fig. 6 also show the valorigraphe number
variation of barley flour, depending on the dosages of xylanase.
Control sample (K) belong to the medium category.

The addition of minimal amount of enzyme (A) decreased
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Fig. 5. Elasticity and softeting of barley dough and enzyme

valorigraphe number slightly. On the other hand, the samples (B
and C) compared with the control were similar and higher values.
In general, it can conclude that valorigraphe number as a com-
plexe baking evaluation increases resulting from the addition of
high amounts of xylanase and change the flour category into the
strong one.

After an analysis of statistical data it is based regression
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Fig. 6. Valorigraphe number of barley flour with enzyme

model which describes the influence of xylanase on barley flour
valorigraphe number. The model is:

Y =85x°-38.3+96.5;R°=0,9178.

The correlation coefficient is R? = 0.9178. It indicates that
the expression can serve with min approximation as a theoretical
calculation of valorigraphe number.

5. Conclusions:

The results from experiments indicated that the introduction
of xylanase enzyme leads to an increase barley flour gas for-
mation properties. Xylanase imported quantities effectively modi-
fy the rheological properties of barley dough - the viscosity de-
creased, the dough development time increased as a function of
xylanase dosage. The softening and elasticity of dough declined.
The stability of the dough increases slightly with higher levels of
the enzyme. Valorigraphe number is increasing due to the addi-
tion of high dosage of xylanase. It was concluded that the intro-
duction of the enzyme xylanase has a positive effect on the rheo-
logical properties of barley flour/dough and it is appropriate to ap-
ply it in the formulation composition of barley dough.
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