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General description of the thesis

Topic actuality

Nutrition is essentially important factor for human defining health, proper
development and working capacity. So izing of nutrition based on scientific-
hygienic bases for population is idered to be the state obyj|

The formula of nutritional products of XXI century implies including an
constant use of fu | sub having pred d properties, i with

ial nutritional sub 1 and biologically active sub:

in food ration additionlly to tradicional prodi

Pr ing of food products of functional purpose, aimed at prophylaxis and

pl of ali y dependent di: 4 is one of the actual issues in

the field of healthy nutrition. Such diseases include celiac, during which using of
food products prepared on the base of wheat, rye, barley, some pseudocereal and
legumes containing gluten, causes a wide range of pathological changes in the
body.

Nowadays, the problem of celiac (glutenal enteropathy) is more relevant all
over the world. Celiac is a congenital genetic disease in which gluten intolerance is
maintained throughout life. Many people suffer from gluten containing food
allergy. The principle difference between these diseases is that gluten allergies are
temporary and it diseppares with age by keeping adequate diet, but celiac is never
lost. According to the latest data from global health and gastroenterological
organizations, the number of people with celiac disease is 2% of the world's
population and is i ingly ch ized by a growing tendency. In Georgia,
where the cultures of wheat flour, cereal confectionery and culinary products, this
disease is associated with a particular risk factor. In recent years, the celiac has
become the most common disease of the small intestine because of food quality
and severe deterioration of ecological conditi

Nowadays Dorokhovich V.V, Sabelnik EA, ider D.V, R M.O,
Averina, Janatuinen E. K., Logan R. F., Mitt K., Collin P. and other leading
scientists work on the problems of organization of dietary nutrition for the
population with gluten-sensitive celiac desezse. Their thesises contributed to the
develop of the th ical and practical aspects of celiac treatment and
prevention.

The main disadvantage of the product, prepared on the base of gluten free raw
materials, is its low nutritional value. They are characterized by short term storage,
rapid fasting, unequal porosity, insufficiently developed structure, and mostly

P 1s P

prop
In order to optimize the ration of people with celiac disease, it is important to
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enrich ﬂle.producl with essenual nulrlents For this purpose, the use of local

| dients, the correct selection of which

ensures the normal ﬁmcuon of the dlgcsuve system and general metabolism in the
body of people with celiac disease.

Takmg into oonslderauon all lhe above, conducting research directed to the

g of i hnologies of producti of gluten free bakery products

is actual.

Main goals and objectives of research:

The Goal of the dissertation thesis is to develop innovative technological
processes for the production of gluten free bakery products based on complex
research of enzymatic semi-finished items,

Objectives of the research. Accordin i il
necessary to fulfil the following objectives: SRS R e
* Systematization and analysis of scientific and technical li and patent

information of patriotic and foreign research topics; =

Selecnon of kx:al aggregate vegemble raw malcnals and study their physico-
i and tech fi

. Research of germination process of the selecled glulen free cereal and
leguminous crop;
Optimization of germination process of the raw i i i
material by
e 1al by using mineral
Research of dynamics of changes of biologically active sub
speed and energy in cereal under the influence of mineral waters;
. : p foflhe hnology of ic semi-finished product;
. i o bioloos " raat i
: : gical, gical, and reologic
prop under the infly of various technological factors; ¢
Enrichment of gluten free bakery prod with biol
and their impact on product quality;
Processing of the technology of gluten free bakery production having functional
purpose usmg enzymatic seml-f mshed product;
* De of the calori ional value, microbiologi
g Y, 5 gical safety of the
obtained products. Research of the quality of ready products during the storage
process;

Industrial approbati of the p hnol
Creating of projects of technical documentation.
Scientific innovation of the thesis.
Based on the analysis of literary sources and patent materials, using of

Ily active i di

.
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traditional gluten free raw materials - Georgian soya, lentils, amaranth,

b various functional il - food fibers, flour of germinated
cereal and thick ienti b iated in the production of gluten free
bread.

The chemical and i ient hemical
biochemical, techno-functional properties of the Iocal gluten free raw materials —

cereal and leguminous crops have been studied.

ngh bxoavmlabllny lngredlenls m selecled and approbated for modified
i of alcohol and acidic
ty of fer nutritional value of
products, formation of texture, prolongmg the storage time, providing
microbiological safety, forming taste and aromatic properties.

Waters of various mineralizations, including weak radon chloride-
hydrocarbonate-sulfate mineral water, have been used primarily for optimizing the
process of germination. This has resulted in a significant increase |n the amount of

P! g
o : 1 dq

antioxidant capacity and ients and h|gh functional prop

By innovative app! the technology of new ion, gluten free
bakery prod have been developed providing activation of the body's protective
and recovering functions in general.

The i ion of the developed ! is app d by the patent of

Georgia P 6562 "The method of preparation of gluten free bread with high
biological value for patients with celiac disease (Date of Issue: 2016-11-04).
Practical importance of the work:

By composite using of local agglutenic raw materials and fermented semi-
finished products, new recipes and technologies of bakery products are p d
for patients with celiac disease which provide high consuming properties and
biological value of the product.

Industrial approbation was carried out in experimental shop of the Food
Technologies Department of Akaki Tsereteli State University and in multi-profile
enterprise "ALAT". A new assortment of gluten free bread has been prepared,
which is recommended for people suffering from celiac and protein gluten
intolerance.

Based on the results of the research technical documentation has been worked
out - projects of recipes of gluten free bread.

Scientific provisions for the p

- Results of research of local gluten free raw materials, biochemical and
technological properties;

- The results of experiments carried out for increasing bioavailability of gluten
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free raw products;
R§ul!s (?f the experiments of influence of Georgian mineral waters on
optimization of germination process of cereals and leguminous crops;

Materials for processing of recipes and technological param
logical eters of gl
bakery products. L

Work approbation
" Rcs:llts of Disserlalio.n rescarch were periodically reviewed at the Student and
F:::g-r o andf' ional Confi . at the sessions of
: g p of Engineering-Technological Facult i
Tsereteli State University (2014-2017). .
Thesis results are di d and published in following materials of

international scientific and practical conferences:
1. lnlemmlor.\al Scientific and Practical Conference "Science and Innovative
Technologies”. Kutaisi, Atsu, 28-29 November, 2014.

2. International Scientific - Practical Conf "l ive Technol for
, I ; Dy i ‘ F.ood Production”. Kutaisi. Atsu, April, 2015.
§ lntemauo.nal "Scientific-Practical ~ Conference” Modern  Engineering
TI g and E | P ion”. Kutaisi, Atsu, 19-20 May, 2016.
4. | ientific-Practical  Conf "Achi and

De\'/ckyp‘mcm Prospects of Bread and Confectionery Industry". Kiev, National
University of Food Technologies, September, 2015.
Blrr:dmalic;naICSciremiﬁc-PmclicaJ Conference "Achievements and Prospects of
and Confectione: e K3 i iversi
D 2?; l;f-nduslry . Kiev, National University of Food
Publications:
According to the results of the h, 9 scientifi including 4

. 2 T, X 1 Refe M: A 7
articles in have been published; patent for the

invention P 6562 (published in the Patent Bulletin N20, 2016, p.10) i
ten 5 , p-10) i
Structure and Volume of the thesis s
Di : S .
Llsscrlalmn thesis is represented by 154 pages printed on computer and contains 4

p main | and 168 i source i i
o es, 27 timetables, 13 pictures

]

General contents of the thesis

Di ion thesis i d 4 ch i lusi

p main
references. et
Introduction is about topic lity, goals and objectives, scientific i and

practical value.
First chapter — Literature review — the medical aspects of celiac disease are
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i d; modern methods of bating gluten pathy are d. It is
<hown that the main medication of celiac disease is gluten free diet, which implies
(otal exclusion of protein - gluten from food products; the contemporary condition
and perspectives of the production of gluten free food are discussed; worldwide
manufacturers of low-protein containing and gluten free products and consumer
market of medicinal and prophylactic prodt of Georgia are characterized; the
Ly

role of germinated grain in modem nutrition is i d. p
of food production using germinated grain, hanging of the main p of
the grain in the process of germination is analyzed.

The second chapter - di h objects and method:

The object of research was cereal and leguminous cultures from various
regions of Georgia: soy, lentils, peas, amaranth and topﬁambur, collected in 2015-
2017. The study also included com starch, apple and citrus pectin, apple and citrus
extraction flour, table salt, vegetable oils, pressed yeast, drinking water that
comply with all requirements of valid normative documents and are permitted in
the production of gluten free prod As i-finished prod: we used
fermented semi-products, yeast and dough. The main object of the research was

gluten free bread prepared from the listed raw ials and ional ingr
During determination of the main quality indices of raw materials, semi-
finished products and ready-made prod we used dard methods as

well as special techniques and tools used during techno-chemical control of
baking.

Determining of proteins was performed by Kjeldahl method Determination of
fats — by Soxhlet method; determining of reducing sugars - by micro-method of K.
N. Chizhova and A. N. Sonkina; determining of ascorbic acid — by GOST 24556-
89; Content of thiamine and ribonflabin was ined by fl ic method;
air producing and air capture capacity, of semi-finished product, dough raising
were d ined by rheofer the amount of aromatic substances in the
bread was measured by R. Tokareva’s and V L. Cropovi h’s method; organolep
evaluation of the product quality was determined by a profiled method;
determining of gluten content - by immunoferment method.

Chapter 3. Selecting and analyzing of gluten free raw products.

At the first stage of the research we have selected the following gluten free raw
materials: soy, lentils, peas, amaranth, topinambur, selected from abundant
Georgian bioresourses. They were selected by the following principles: 1) All of
the above listed raw products are gluten free and low-glycemic (their glycemic
index is less than 40); 2) Selected raw products are ck ized by high content
of vegetable (dietary) p 3) The raw prod are distinguished by the high
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content of biologically active substances, and they are grown on farms of Western
Georgia.
The chemical composition of the selected raw products (the total amount of
eins, fats, carbohydrates, food fibers, as well as ashes and water content),
biochemical and technological properti have been studied. Based on the obtained
results, nutritional and energy values are calculated. Results of the research are
presented on Figure 1.

Content of macro, microelements and vitamins in the selected raw materials
has been studied (Table 1).

Amaranth leads according to the amount of vitamins. The content of calcium
and potassium is the highest in soybean and the amounts of phosphorus and
magnesium also high in amaranth and soybean. As for the microelements, the
green peasis especially noticeable. Lentil leads with iron content.

5 (v, 12.0% Soybean

27w, 4.0% Lentil
3,55
1 u. 15% 15%
2947 keal

8. keal
Lol Sreanpeas 12% Amaranth 13 6%
4 30%
122% 2.0% 7%.0%
298 keal 3518 keal
Fig. 1. Chemical ritional and

P getic value of raw product
Wprotens ®lipids wcarbohydrates mfood fibers mashes w water

Among technological features, we studied the ability of water absorbtion by
raw products. The wheat grain was taken as control. The results of the experiment
are presented in Fig. 2.

It has been established that soybean and peas have the most effective water
absorption ability. The i d of germination was about 9 hours for
soybean, peas, green lentil, and the peak of germination for amaranth was 6 hours.

To compare with wheat grains, soya has absorbed 4 times and amaranth is 3,5
times more water.

2

Table 1.
Content of macro-, micr and in d raw products
(mg%) [
Leg! Root cro)
C umes
“ er':ul [Amaranth | Soybean | Lentil [ Peas | Topinambour
Vitamins
B 0,01 0,01 0,07 0,03 [0,01 [0012
Bl 0,44 0,37 0,94 0,50 (0,81 |0,07
B2 0,15 0,38 0,22 0,21 10,15 |0,06
BS 1,10 1,86 1,75 > 22 I
B6 0,50 0,69 0.85 - 027 |-
B9 ,mcg 375 82 200 - 16 ; 5
Vitamin C - 4, - - X
Vitamin E 3,0 1,19 1,9 05 (07 |02
PP 73 0,92 9.7 55 |65 |13
Choline, mcg | 90 69,80 270 - 200 |-
Macroelements T
Calcium 54 159 348 83
e 108 248 226 80 107 ;2
i 33
Sodium 8 4 6 55
Potassium 337 508 607 2;2) gg ;(;0
Phosphorus 370 657  |603
i Microelements
Iron 54 7,61 9.7 118 168 |04
Zine 28 29 2,0 24 3,18 |-
Copper, mc; 470 525 500 ?620 15705 -
ganese 3.8 33 .8 5 N =
M‘?"‘ i meg | 29 -’ - 19,6 |13,1 |-
e —————— [
o] — et ‘
i § — soybean |
% —peas |
§ 2 —lentil(red) |
s o lentil (green) |
; 2 123456 7 8 910 ——aminth

Duration of germination, hours

Fig. 2. Dynamic of water absorbtion changes of grains during grmination
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To enhance the biological value of the selected raw materials, we have used
perspective and safe method of activation of its own endo- enzymatic system
(enzyme modification), occurring during germination in wet area.

At the initial stage, we selected cereals by ing of foreign imp
damaged and "dead" grains. After that several times we werehed and disinfected
them with a weak solution of potassium permanganate. Then again wash them with
clean water and only after that soaked them. We've been doing it for 12 hours. The
duration of soaking for each grain was individual and consisted of: 8 hours for
wheat, 7 hours for soy bean, peas 3 hours, green lentil grains absorbs water for 8
hours, the soaking duration for amaranth is 6 hours.

After soaking, we planted grains in an automated sprout (Fig.1).

Pic 1. Automated sprauter

We germinated grains untill 2-5mm long sprouts were prodused and only after
that we took samples for chemical analysis. We have determined the following
parameters - water, proteins, fats, carhohydrates, food fibers and the total number
of ashes.

Chemical ition of inated grains, iti and energy value is
given in Fig. 3.

The energy value decreased significantly after the germination of grains.
Soybean caloricity decreased by 61% (212,2 keal). The energy value of the peas
decreased by 1253 kcal , 42%. As for the green lentil, caloricity, during
germination, is reduced by 56% or 164.9 kcal. A great amount of energy is spent
by amaranth, Its caloric loss is 48% or 169.8 kilocalories.

The amount of vitamins, macro and microel, was di ined to assess
the biological value.
According to the dations in the literature, the length of the sprouts

should not exceed 2 + 5 mm.

The dynamics of changes in the length of sprouts within 5 days is reflected on
Fig. 4. Monitoring was conducted every 12 hours.

Germnated soyhean Germinated peas

172.7 keal

Germinated lentil 0N GermifRed amaranth 5.2 Yy
o064

23%
245 [
129.8 keal 1507 keal
Fig 3. Chemical I and value of TEyFredecs

(in 100g of product)
mprotens ®lipids mcarbohydrates mfood fibers mashes = water
Observations on the changes in the length of the sprouts revealed the opti@um
timing of germination: 48 + 60 hours for wheat, 60 + 72 _hours for soy; Tln? optimal
period of lentil is 60-72 hours; the sprout of the pea grain reached 2 mm in 60-72

hours, as for the h, di of ion is 120 hours.

5 e

== —

f , -
» } — » amaranth

l * soybesn
- » lentl

T N |
n 24 36 - 60 n L1} 9% 120

Duration of germination, In hours

Fig. 4. Dynamics of changes in length of crop and legumes germinated grains in the 120
hours (5 days) germinating process.
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Itis es’ablished that during germination, changes of main components of each
raw {natenal reflected in the energy value. We can see that the reduction of
proteins, fats and carbohydrates has resulted in a significant decline in calories of

sprouts (Table 2).
: Table. 2.
The analysis of caloricity in germi d grains
soybean peas lentil Amaranth
Dry | Germ | Dry [ Germi | Dry | Germi Sermi
Indices in; nated nated =
Caloricity,kkal 34811359 | 298 | 1727 | 2947 | 1298 | 3518
From proteins 1564 ] 604 | 82 | 522 [ 96 36 | 544
From 150,51 603 | 198 | 1122 [ 1852 | 884 |2344
Carbohydrates
From proyeinz 912 152 [18 |83 |35 [54 [e&3

0O

of the ger p of raw prod
using mineral waters of Georgia
O.n t!nc second stage of the research for the purpose of optimization of seed
germination process, mineral waters of Georgia were used instead of potable water,
these are: mineral water “Borjomi” of average mineralization and mineral water of
lhe. Resort Tskaltubo chloride-hydrocarbonate-sulphate containing weak radon.
which accelerates the process of germunation and reduces by 1,5 — 3,0 hours. Alsc;
the process of germination was accelerated and it is reduced by 1,5 -2,0 days. Best
result was obtained by using mineral water of the Resort Tskaltubo containing
weak In?don. The dynamic of changes of micronutriental composition in
g raw products using Tskaltubo mineral water is reflected on Table 3.
l?ased on the analysis of the data presented on Table 3, the quantity of macro
cake sodium, p ium and phosph and microel
significantly increased in sprouts germinated in mineral water to compare with
sprouts germinated in potable water, which can be explained by absorption of
clements by grains from mineral water and their co
substances, that makes their absorption easier for human.

:y th.e effect of mineral waters, amount of vitamins in the process of germination
% St & 1B

ly
which was practically not foun

nnection with organic

pecially should be noted increasing of vitamin C,
d in the initial raw material, except amaranth were
the amount of vitamin C was 4.2 mg%. Dynamics of Vitamin-C change is studied
sepat.aXeI.y as in the process of germination in potable water, using mineral water
"Bor]f)mf’ and  chloride-hydrocarbonate-sulfate mineral water of Tskaltubo
containing weak radon. The results are outlined on Fig. 5.
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The optimal parameters of the process have been determined as a result of the
experiments: temperature 25 + 30°C, the further increase up to 40°C did not affect
on the process of inati pti hyd dule is 1 portion of grains per 2 =
2,5 portion of water; watering multiplicity is 3 - 4 times a day; the duration of
soaking is 6 hours (with several rinsing).

109

" -Wegat
2 i = Amaranth
& i *Soybean
8 e

s i _ mpeas

7 ¥

1 " L v
Fig. 6. Degree of and energy of i of grains

I~ Degree of germination using potable water,
11 - Energy of germination using potable water
111 - Degree of germination using mineral water;
1V - Energy of germination using mineral water.

Chapter 4. Developing the technology of gluten free bread.
4.1. Selection of structural agents and study of their impact on rheological
properties of dough, physico-chemical and or ! indi of the

hy PUY

bread quality

The production of gluten free bread from agglutenic raw products is npt
possible without structural agents. So in the initial stages of the research we
studied the possibility of using modern structural agents in agglutenic floyr
composition, such as food fibers and pectin - products of citrus processing. For
formation of the trial composition, as control we used the bread flour mixture
“rice” with soybean protein isolator (TY 9295-288-11163857-2014), whiﬂl
consists of extruded starch, rice flour, soybean protein isolator, salt and sugar.

For the purpose of selecting and submitting of | agents in flave
mixture, we studied the effect of flavored composition on the quality of the glul%n
free bread. Instead of extruded starch in composition, which has low water
absorption capacity, we have used corn starch and citrus fruit processing products -
food fibers and pectin with high etherification degree. It has been established that
water absorption capacity of citrus fibers and pectin is from 2.2 to 2.7 times highlcr
than the same indices of extruded starch. Therefore, it may be assumed that lhre
replacement of it with citrus food fiber and pectin will improve the structure of the

e
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As a result of germination in potable water, content of vitamin C in 48 hours
is: in wheat - 4,9 mg%; in amarant - 58,8 mg%; in peas - 32,4 mg%; in soybean -
22.9 mg%; in lentil - 31.6 mg%. By using Borjomi mineral water, vitamin C
increased (0,01-0,081%) and the quantity of vitamin C was increased by using
mineral water of Tskaltubo containing weak radon (0,03 - 0,146%). Wheat grains
were used as controll in all experiments.

At the next stage, we have studied the impact of various factors (temperature,
soaking duration, hydromodule - grain and water ratio, watering multiplicity), on
the germination process. During germination, we measured the quality of the
germination and the energy germination (Fig. 6). The degree of germination is
determined by dividing of germinated grains by initi#l amount (%). The energy of
germination is the speed of germination (in %) (within 3 to 15 days).

100

J 80
e

@)
0 =
3 e+
o 1 2 3 a s 6
Time of germination, in hours
10
o « 0
§ » E 140
3 P
o
s :g R v 100
a0 /_..—-w——n 0 po=— -
3 3 » o .
0 o
)
b) 10 /__w——v—o g 1) /o’*"_‘
L] 0
0 2 a 6 o 2 s 6

Time of germination. in hours
Time of germination. in hours

Fig. 5. Dynamic of changes of the amount of vitamin C during the germination process
4) Using potable water; b) Using mineral water . Borjomi™,
¢) Using Tskaltubo mineral water.

The data shows that the quality of the germination and the energy of
germination is observed in all samples using mineral water. Especially increasing
of parameters must be noted in green peas. The quality of germination of peas
using potable water is- 90%:; while using mineral water - 96%; Also, the energy of
germination has been changed and and has i d from 95% to 98%.

9,

dough, the physico-chemical (qualitative, comp ) and organolepti i.ndicesof
the quality of gluten bread. It is remarkable that one of the most u:npt_)ﬂam
indicators of the quality of gluten free bread is the specific volume that indicates
the efficacy of the used structural agents. )
We have studied the effect of natural citrus fibers and pectin on rhcolog‘ml

properties of dough i ity), physico-chemical (acidity, compr )
and organoleptic indices of bread quality, for which we prepared dough with 52%
humidity, by adding trail position and mixed | agents, pressed yeast,

vegetable oil and water. N
The control sample was made of dough, composed of composite "rice” soy
protein isolates and extruded corn starch. The dynamic viscosity of lh.e f:ontrol
dough was 19,26 pa.sec and the bread had the followige quality chamt'crllsllcs: the
specific volume - 2 cm’/g, the compressibility - 19 units and the acidity of 0,2
dcyl::mcemem of extruded corn starch with citrus food fibers dosed from 0.3%
10 1.5%, led to the increase of the dough viscosity from 6,70 to 16,92 pe and the
increase in the special volume of bread from 1,84 t0 2,21 cm’/g. By adding 15% of
citrus fibers into the recipe mixture the viscosity approach to the comr.ol sample,
the volume of bread is higher than the control. Increasing the doses of citrus fibers
up to 1,8-2%, sharp i ing of dynami ity is noticed 32,0 pasec and
worsening of bread quality — special volume of bread was decmase'd. Gluten f.ree
bakery products have low acidity, which negatively affect the tz}stmg w({pfnlcs.
Additing of citrus fiber in composition led to the increase of uu.faled acidity of
lactic acid from 0.3 to 0.5 degrees, which led to the formation of a more

pronounced taste of ready products. ) o
Increasing the number of citrus food fibers from 0,3% to 1,5% (in ratio v:ulh
composition mass) has resulted ini ing of bread pressibility P to

the control. The following increase of the amount of fibers led to reducing of the
mentioned indicator to 1,8%. o
It is determined that the best s indices were

d using circus
food fibers with the amount from 0,9% to 1,5% which differs from the comr?l
sample having more pronounced taste, sharp color of the cortex and the elastic
bread crumb. Therefore, we conclude that using of citrus fibers Illsw?d of extrudc.d
corn starch with 1,2-1.5% amount in the composition of the "rice” with soy protein
isolate, is rational. )

In ’!hc gluten free composition using of citrus pectin (?,5% of tht:‘ amount,
instead of extruded corn starch, the dough vas liquid consistency, which led ('o
decreasing of specific volume of ready product. Increasing of the amount of pectin
up to 1%, increases the viscosity of the dough, which is positively reflected on the

49




?peciﬁc volume and organoleptic characteristics of bread. After the following
increase of pectin substantial changes are not caused, so we did not consider it
ncccssary. l_o add more pectin, as the specific volume of bread and organoleptic
char‘a:tensllcs were insignificantly shifting. We considered the optimum dose of
pectin 1%.

Adding of pectin in floured composition positively reflected on the acidity and
cqnprcssion of ready product. The use of 0.5% pectin has increased bread acidity
3 times to compare with control. On the base of analyzing the organoleptic indices,
we can note the positive effect of pectin on all characteristics of bread quality:
bread has bulging, brightly colored crust, elastic pale bread crump and pronounced
taste.

On the basis of the research we show the possibility of the use of modern
slnfclural agents - citrus food fiber and pectin instead of extruded starch in the
recipe of gluten free bread and their optimal quantities are determined to improve
the consumption properties of gluten free bread.

4.2. Developing technologies of ready i-finished product and its impact

) on the quality of dough and ready product.

) !l is known that gluten free products, due to their high humidity and low
acidity, easily undergo spoiling, molding and suffer from potato disease. It is a
good sub for the develop of microbes. In order to eradicate these defects,
renewable acidic semi- finished products are used to increase microbiological
safety., However, the process of preparing semi-finished product is too long,
laborious and uncomfortable in the discrete conditions of the production of gluten

:reel br@d, it is app P to prepare fe " d i-finished product from
ggutemf: raw materials, using sub: lating alcoholic and acidic
fermentation.

To prepare the fermented semi-finished product, we used selected and
resca{'ched local agglutenic raw materials - amaranth and pea flour, flour of
germinated soybean, as well as the pressed yeast, together with the traditional raw
products. Carbonated mineral water is intended to intensify the fermentation
processes, instead of potable water. To sti the acidic fe ion, we used
soybean fermented milk product made of lacto- and bifidobacteria.

F?r the processing of the recipe of fermented semi-finished product we were
stunjlylng the dynamics of acidity accumulation for 8-10 hours in the area with
moisture of 65,0%, 28-30°C. It is determined that in the experimental semi-
finished product the acidity lation was more i ive to with the
control ‘Figmc 7). The increasing of the acidity must provide morerpronounced.
harmonious taste and flavor and microbiological stability of ready product.

Exp'erimenlally established that the use of fermented semi-finished product
results in softening of dough that makes it more effective for further formation.

50

of gluten free fe d i-finished product ini ic microfl

e

rich with heteroenzymatic lactic acid bacteria and active yeats, minerals and

vitamins, accelerated air producing process due to active growth of bacteria and
yeast.

) Table 3.
Rheological features of dough for gluten free bread

Value of dough indices (for gluten free bread)
Characteristics of indices control — dough without | Experimental sample-
fermented semi-finished | dough with fermented
— product semi-finished product
Dough rising, mm 79 134
Common volume of removed
CO;, cm’ 528 602
Volume of CO,bound by
e 504 588
Volume of lost CO,, cm’ 24 14
Air retention coefficient % | 95,5 97,7
Duration of leavening == ’
fe ion) min. A
| Temp of the dough, °C 30,0
| Mass of the dough, g 31 5.0

b)

| gLl | I
10 20 30 40 50 60 70 80 9% 10 20 30 40 5 60 70 80 %
Duration of storage . min Duration of storage, min

1 - control;

2 - experimental sample
with fermented
semi-finished product

)

10 20 30 40 SO 60 70 80 90
Duration of storage. min
Figure. 8 Air of dogh (a), air ring (b) and the
dynamic of dough rising (2) during storage.

This gave us the chance to reduce the dough's humidity by 3 to 4% (from 52,0 to
48-49%), also to avoid growing mold and microbiol; | damage.

hnological p of dough prep for gluten free bakery products
are as follows; for control dough: humidity 49%, acidity 1.8 degrees, duration of
dough keeping 45 min; the appropriate parameters for experimental dough (using
fermented semi-finished product) are following: 49%, 7 degrees, 42 min. Research
results have shown that using of fe d i-finished product provid
accumulation of acidity in dough.

14
12

—+-@onteol semi-finished

product

—- sample (fermented
1 semifinished product)

Acidity, degree.
onbo®ns

12 3 456 7 8 910
Duration of fermentation, In hours

Figure 7. Collection of acidity in fermented semi-finished product during fermentation

We luated the ready prod by physico-chemical and or I
indices. Analysis of the obtained results showed that the acidity of the ready
product increased 9,7 times using fc d semi-finished product, pression of

bread core - 2.2 times, special volume - by 30% and porosity - by 13.8%.
Organoleptic indices were also increased. The obtained sample had a straight form,
smooth, sharp crust, porosity thin and equal, taste was characterized with light
pleasant acidity. Control samples without fermented semi-finished product were
characterized by unleavened taste and light smell. Therefore, using of fermented
semi-finished product in the production of gluten free bread, provides
impi of physico-chemical and leptic indices of ready product.
4.3. Impact of fermented semi-finished product on air producing and
air capturing capacity

The quality of ready products depends on the volume of the dough's size
during storage, which in tumn relates to the air producing ability and air capturing
capacity of the dough.

Impact of gluten free fermented semi-finished product on rheologic

of dough (air p ing and air capturing capacity, dough rising) is

shown on Table 3 and Fig. 8.

It is shown that using of gluten free f d semi-finished product i
the air producting and air capturing ability of dough in the process of storage,
which should be reflected positively on the quality of the bread. Therefore, the use
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4.4. of fermented i-finished product on micr

stability of bread during storage

One of the most important tasks in the technology of the gluten free bread
production is i ing of its bility. It is known that the quality of
microbial contamination of basic raw product has a significant influence on the
development of mold and potato disease.

For the purpose of raising the microbiological safety of gluten free bread, we
offered using fermented semi-finished product which contains organic acids (milk
and acetic acid), which reduces the devel of potato rod Bac.M icu
Organic acids play the role of preservatives. In addition, lactic acid bacteria cause
liquefaction of the dough, which ensures moisturé®eduction by 2-3% and thus
increase the sustainability of bread against mold.

The following method has been toped to ine the infl of
fermented semi-finished product on the intencity of producing mold in bread:
bread taken from oven was packaged up by sterile paper and put into sterile box for
cooling. Then we cut the pieces of 4,5 x 7.5 cm in size and thickness 0,3-0.4 cm in
steriled conditions. The pieces of bread was put on Petri dishes.

For the infection of bread we took bread samples and prepared water
suspension of clean culture of Penicillum Chryzogenum, for which the biomass of
pure culture from the taste-tube was transferred into 1 ml sterile water and was
suspended. Then we inserted biomass with microbiological needle into the bread
slices 3-3 injections. The incubation of Petri dishes was done in the thermostat at
25°C temperature condition and growth of culture was observed. As a result of the
study, it was found that on the bread sample N1 prepared from the 52% humidity
dough, mold appeared after 24 hours; on sample N2 (with humidity - 49%) - after
36 hours, that indicates a positive impact of humidity reduction.

In the same way, we carried out the experiments to reveal potato disease, for
which we added bread crumb containing spores of Bac. Subtilis with amount of |
percent per gluten free flour masses. By the sample laboratory bakings it was
established that unpleasant odor in control sample appeared after 18 hours, and
sticky bread crumb after 24 hours. Potato discase did not appear in samples

prepared using f d semi-finished product. Therefore, we must lude that
the use of fermented semi- finished product, in the gluten free bread production,
completely reduses the development of potato rod spores and increases the
antagonistic activity of Bac. Subtilis. The fermented semi-finished products
positively affects the growing of microbiological safety of bread.




4.5. Infl of f d i-fil
bread

l.n .the process proecting of bakery position for bread additionally to the
providing of bread quality, the problem of nutritional value of bread must be also

taken into consideration, to ensure that people being on gluten free diet suffer the
deficiencies of various nutrients.

hed product on the nutritional value of

Table 4.
Content of the main components in gluten free bread

Index values (calculated on g / 100g of gluten free

bread)
Name of indices Control - brad without Experimental sample —
fermented semi-finished | bread with semi-finished
- product product
proteins, g 6.4 10,1
lipids, g 23 32
carbohydrates,g | 372 327
Food fibers, g 0.9 3.8
C a{zhcs, g 0,7 1,2
nergetic value, g
e ,kjou‘l’:e kil 195/818 Kjoule 200/839 kjoule

) Table 5.
Content of vitamins micro- and mac in gluten free bread
Index values (calculated on g / 100g of gluten free

bread
Name of indices Control — brad without éxperimemal sample —
fermented semi-finished | bread with semi-finished
product product
Vitamins, mg/100g
Vitamin A 0,0058 0,0072
Vitamin B1 0,092 0,096
Vitamin B2 0,050 0,058
Vitamin E 0.56 0,61
Mineral sub mg/100g
Na 210,0 2342
K 128,1 139.6
Ca 36,6 50,7
Mg 21,2 284
Zn 0,064 0,078
Fe 1.8 32
Mn 0,378 0,408
Based on the conducted research it is established, the use of d semi-

finished products provides enrichment of chemical composition of gluten free
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To pre??l’e dough, pressed yeast, vegetable oil, mineral water, gluten free
' p isting of rice flour, buckwheat flour, corn starch, food fiber,
pectin, . or pea ﬂour,. d soybean flour and salt are loaded into the
(:owl. All ingredients are mixed to each other and are kneaded till obtaining
: at initial temp 30°C. The temp and the
amount of mineral water is cal d by dering the temp and humidi
fSZ,O%) of dough. After kneading, the dough is loaded in the molds and placecli
ml;) the storage bar in the condition of 75-80% relative humidity of air and 38-
40°C temperature. Storing lasts about 40 - 55 minutes, after which the product is

icked on uring = minutes. After ing the br s cooled ang
backed 210°C di 18 -20 . Al baking the bread led and
g !

flour

4.6.2 The technology of gluten free bread production using fermented semi —

o~ finished product
¢ ion of fermented semi-finished product and dough for glute
bread is done ding to regimes rep AT igh for gluten free

For the preparation of dough, water, of the ye: i
added lo the risen fermented semi-ﬁnishe:a:roduct. ‘:{'hae:" gvl:%::ta bl!:eem:1:unr
COII‘!pOSI(IOn‘ food fibers, pectin, salt are added to the dough and kneaded till
getting i position on the temp 28-30°C. The
and amount of water are calculated by considering the tempereture and humidity of
ﬁu:,) qough After kneading, the dough is placed into the molds and stored on 38-
40°C ata storage bar on the condition of 75-80% of the relative humidity of lhe>air

during 40-55 minutes. Baking process is do th X
i ne on the temperature of 210°C for 18 -

) Table 7.
Regime of dough preparation using fe i-finished product ’
o Values of indices of process preparati
(& hmclc{usu_cs of process Gluten free Dough, prepal:'ed ﬁun:o;lulen
indices ferfncm:d semi- | free fermented semi-finished
. finished product product
T_,'r : C 30+1 29+1,0
| Acidity, indergees | 12,0 55510
f-lumldny. % 65,0+ 1,0 48‘ 0+ l‘ 0
Duration: - rising, hours 8+10 i
- storage, min. - 40 - 55

bread with valuable food components. By comparing of control and experimental
samples it was shown that the amount of food fibers is significantly increased in
the bread by using fermented semi-finished product; B, vitamin — by 0,004 mg /%;
B, — by 0,008 mg /%; From mineral substances: potassium — by 24,2 mg /%;
Calcium — by 14,1 mg /%; Magnesium by 7.2 mg /%; lron — by 1,4 mg /% (Tables
4.and 5).
4.6. The processing of the technology of gluten free bread

Based on the researches carried out, the preparation methods of gluten free
bread are processed:
- Together with traditional, use of local gluten free raw material and structural

substances without fermented semi-finished product;

- Use of both raw materials and 1 @it d semi-
finished products.
4.6.1. The technology of gluten free bread production using fermented

semi-finished products

Preparation technology of gluten free bread provides use of: for rice flour,
buckwheat flour, com starch, nutritional supplements - amaranth or pea flour,
garminated soybean flour, orange pressing powder, medium mineralization 5-10 g
/em’ carbonate mineral water, pressed yeast, salt, vegetable oil, for the preparation
of dough, dough kneading, raising, molding, storing, baking. The table 6
represents the recipe of the gluten free bread with high-biological value for people
with celiac disease.

Table 6.
Recipe for gluten free bread S
e e S f raw product kg (calculated
Characteristic of raw product meurto ox:v{OPO X ﬂouE(

— Germinated soybean flowr |
Pressed yeast

Basic Conclusions
Complex hes have been conducted, based on the results of which,
posibility of preparing gluten free bakery p ducts is scientifically sut iated
and experimentally determined, using Jocal raw material for dietotherapy of people
with celiac desease
1. The local gluten free raw products are selected: soybean, green peas,
th pinamb their positi biologi and
technological properties are learned. The results indicate high nutritional and
biochemical value of the raw products
2. The study of the germination process of i ification of the selected
gluten free cereal and leguminous crops has been conducted. As a result of
experiments, the optimal technological paramgeters of the process are
d to ensure lation of mi i
3. The mineral waters of Georgia are used for the optimization of germinating
process of raw material and the best results are achieved by using Tskaltubo's
weak radon chloride-hydrocarbon-sulfate mineral water. It was found that, the
amount of calcium, i sodium, i and phosph

and vitamins i d significantly using mineral water o
compare with the usual potable water. P icularly hy is the i
the amount of vitamin C, which was practically not found in the initial raw
material.

4. Structural agents are selected for gluten free bread and their impact on its
quality is ined. In flour position, instead of ded starch, which
has low water absorption capasity, corn starch and citrus fruit processing
products - food fibers and pectin with high esterification degree are used.
Citrus fibers and pectin water absorption capacity is 22 to 2.7 times higher
than the same indices of ded starch. Its rep with citrus food
fibers and pectin provides the improvement of the dough structure, the
physico-chemical (special volume, pressive) and organoleptic p:
of gluten free bread quality.

5. The influence of natural citrus fibers and pectin on the rheological properties
of dough (dynamic viscosity), physico-chemical (acidity, compression)
parameters of bread quality and organoleptic indices have been studied. By
adding of 1,5% citrus fibers to the recipe mixture, viscosity of the dough
approached to the control sample, the volume of bread became higher than the
control. Adding of fibers to the composition led to the increase of titrated
acidity of the product from 0.3 to 0,5 degrees, which led to the formation of a
more pronounced taste of finished products. The bread compression has

57




Bl

. The infl of fe I

increased. The best organoleptic indices were obtained using citrus food fibers
from 0,9% to 1.5%.
Adding of pectin in flour composition positively reflected on the acidity and
pression of ready prod 1 ing of the amount of pectin caused
increasing the bread acidity. Using of 0.5% pectin increases bread acidity 3
times to compare with control. Experiments have shown that optimal dose of
citrus pectin is 1,0%.
The technological process scheme of fermented semi-finished product is
developed. To prepare the f¢ d i-finished prod we have selected
and researched the local gluten free raw materials — amaranth and peas flour,
germinated soybean flour. Instead of water, the use of carbonated mineral
water is intended to intensify fermentation processes. Soybean milk-based
product, which lactose and bipidob ia, is used to stimulate acid
fermentation. This recipe ensures more intensive acidity accumulation, which
has a positive effect on taste p and provides microbiological stability.
The infl of fe d i-finished product has been studied on air
producing and air capturing capacity of dough. The use of gluten free
fi d i-finished product ini i i rich in
heteroenzymatic lacto bacteria and active yeats, minerals and vitamins,
accelerated the air producing capacity of dough at the expense of active
growth of bacteria and yeast.
The infl of fi d i-finished product has been studied on the
physico-chemical indices of gluten frec bread. Using a fermented semi-
finished product, acidity of ready product increased 9,7 times, compressibility
of bread crumb - 2.2 times, specific weight by 30%, and porosity by 13.8%.
Organoleptic indices have also been improved. The obtained sample had a
right form, glossy, smooth, sharp bark, porosity thin and equal, taste is
characterized by a little pleasant acidity.
The effect of fermented semi-finished product on the microbiological stability
during storage of bread has been studied. It was established that the use of
fermented semi-finished product in the gluten free bread completely reduces
the development of potato desease and increases the antagonistic activity of
Bac. Subtilis. The fermented semi-finished product has a positive effect on the
microbiological safety of the bread.

hed product on the nutritional value of
gluten free bread has been studied. Based on the research conducted, the use of
fe d i-finished p provides enrichment of chemical
composition of gluten free bread with valuable food components. The amount

of food fibers has increased significantly in bread; B1 vitamin - 0.00«.4 mlg ./%'.
B2 - 0,008 mg /%; From mineral substances: potassium - 24,2 mg %, cal ::lrn
-14,1 ‘mg /%; magnesium - 7,2 mg %} iron - 1L 4mg ,% comparing to control.

11 Fo; people suffering from celiac disease. the high-bio-valuable bread recipes
have been developed and:

1) Gluten free bread hnology wi.lhoul { i d s r" ‘m: ‘pl;oducl
2) Gluten free bread technology using p
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