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AHOTANA

Beryn. JlocikeHo BUKOPUCTAHHS YOPHUIIl Y TEXHOJOT1l MaKapOHHUX BUPOOIB
3 XJI1I00IMeKapCchbKOro OOpoIlHA, M0 € aKTyalbHUM JJIS MOJIMIIEHHS Xap4yOoBOi
IIIHHOCTI Ta YJA0CKOHAJIEHHS aCOPTUMEHTY MaKapOHHUX BUPOOiB.

Marepiaan i Meroau. JlocmipkeHO MakapOHHI BHUPOOH 3 XJ10OMEKapChKOTro
OOpoIllHa, MOPOUIOK YOPHUIL, OTPUMAHUW MOAPIOHEHHSIM BHUCYIICHOI YOPHHUIIL.
SkicTh MaKapOHHHUX BUPOOIB OLIIHIOBAIIM 32 KOMILUIEKCHUM MOKa3HUKOM, IO BKJIOYAE
MOKa3HUKMA BapWJIbHUX BJIACTUBOCTEH, OPraHOJIENTUYHI, (PI3UKO-XIMIYHI Ta XapyoOBY
HIHHICTh. CTPYKTYpHO-MEXaHIYHI BJIACTUBOCTI TICTa OLIHIOBAJM Ha (apuHorpadi
bpabenaepa. OnTumanbHl TEXHOJIOTIYHI MapaMeTpyd BCTAHOBIIOBAJIU METOIOM
bokca-VYincona.

Pe3yibTaTH Ta 00roBopeHHsi. MakapoHHI BUpPOOU 3 BHECEHHSIM YOPHUUYHOTO
MOPOIIKY B KUTbKOCTi 5 — 10 % 1o Macu 6opoiirHa Ha0yBarOTh (Di0JI€TOBOTO KOJILOPY,
HOJIIMIIYIOTbCA X BapuibHI BJIACTUBOCTI. 3pocTaHHSA J03yBaHHA 10 15 %
MIPU3BOJAUTE A0 IMABUIIEHHS KUCIOTHOCTI Ta 3HM)KEHHS MIITHOCTI BUpoOiB Ha 30 %.
YopHUYHMI MOPOIIOK 3yMOBJIIOE 3HUKEHHS BMICTY KJIEHKOBHHHM Ta ii TipaTaiifHol
3natHOCTI. Lle moB’sa3aH0 TUM, IO KOMIIOHEHTH YOPHUIIl BUSBISIOTH JAET1IPATyIOUHid
BIUIMB Y MAakKapoOHHOMY TICTI 1 HEpelKOKalTh OlomojiMepaM MIIEHUYHOIO
OopoimHa yTBOproBatH TicTo. [IpM 1BbOMY KIE€HKOBUHA BUABISE OUIbLI MPYXKHI
BJIACTUBOCTI. YopHuuHUM MOPOLIOK 3a0e3neuye YTBOPEHHS O1JIb1LI
IpiOHOKPUXTYBATOrO TICTA, LIO 3YMOBIIOE IEBHE MPUCKOPEHHS BUIPECOBYBAHHS
BUpOOIB. BcTaHOBJIEHI ONTHMalbHI TEXHOJOTIYHI HapameTpu JUisl MPUTOTYBaHHA
MaKapOHHUX BUPOOIB 3 YOPHUYHUM MOPOIIKOM: JO3yBaHHS MOPOLIKY YyopHHUlll — 4 %
710 Macu OOpolHa, TeMIeparypy Boau il mpurotyBaHHs Ticta — 37 °C. Take
703yBaHHsI 3a0e3neuye 30aradeHHs Bupo0OiB BitaminoM C y kijmbkocti 2.3 mMr/100  (y
pasi crnoxuBanHa 100 T MakapoHHUX BHUpPOOIB JIeHHa MOTpebda B I[bOMY BiTaMiHi
MOKpUBAEThCA Ha 2,6 %).

BucHoBku. Pe3ynbratu JOCHIIKEHb PEKOMEHAYIOTbCS JUIS  PO3LIMPEHHS
ACOPTUMEHTY MaKapOHHUX BUPOOIB, IS JIETUYHOTO, BEreTapiaHCHKOTO, AUTSIYOTO
XapuyBaHHs, a TAKOXK Yy pa3i mepepoOsieHHst 00pOoITHa, 37aTHOTO /10 TOTEMHIHHS.

KirouoBi cjioBa: MmakapoHH1 BUpOOH, YOPHULIS, SIKICTh, 30arayeHHS.
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Berymuienue.  MccnegoBaHO — MCHONB30BAHME  YEPHUKUM B TEXHOJIOTHU
MAaKapOHHBIX M3JEIUN W3 XJIEOOMEKApHOM MYKH, UTO SIBISIETCA aKTyaJdbHbIM IS
MOBBIIIEHUS] ~ OHUIIEBOM IEHHOCTM M  YCOBEPIICHCTBOBAHMUS  aCCOPTHUMEHTA
MaKapOHHBIX W3/IEIIH.

Martepuaabl 1 Meroabl. B pabore uccinegoBaHbl MakapOHHbIE W3JEIUS U3
XJIEOOMIEKapHOM ~ MYKH, TIOPOIIOK YEpPHUKH, TOJYYECHHbIH  H3MEIbUCHUEM
BBICYIIIEHHOM 4epHUKU. KauecTBO MakKapOHHBIX M3JEIUNA  OLCHUBAIUA IO
KOMIUIEKCHOMY TMOKAa3aTeN0, KOTOPBIA BKJIIOYAET IMOKA3aTeld BAPOYHBIX CBOWCTB,
OpraHoJICNITUYECKUUe, (PU3MKO-XMMUYECKHUE T[OKa3aTeI M MHIIEBYIO II€HHOCTD.
CTpyKTypHO-MEXaHMYECKHUE CBOWCTBA TecTa omnpenemsuii Ha (apuHorpade
Bbpabennepa. OntumanbHble TEXHOJOTHMYECKUE MMApaMETPhl ONPENENsIIA METOI0M
bokca-Yuicona.

PesyabTarbl u 00cy:kaeHue. MakapOHHbIE H3IENHMS C BHECEHHUEM ITOPOIIKA
yepHuku B kommuectBe 5 — 10 % k macce Myku mpuoOpeTaroT (UOJIETOBBIN IIBET,
YIY4IIAOTCSl UX BapOYHbIE CBOMCTBA. Y BEJIMUCHHUE JO3UPOBKHU MOPOIIKA YEPHUKH 1O
15 % npuBOAUT K MOBBIMICHUIO KUCIOTHOCTU W CHIXKEHHUIO MPOYHOCTH H3ACIHA Ha
30 %. YepHUYHBIN MOPOIIOK MPUBOAUT K CHUKEHUIO COJIEPKAHUS KIICMKOBUHBI U €€
TUAPATAMOHHON CIIOCOOHOCTU. DTO OOBSCHSETCS TEM, YTO KOMIIOHEHTHI YEPHUKHU
MPOSIBIIAIOT JIETUAPATUPYIONIEE JIEUCTBUE B MAKAPOHHOM TECTE M MPEMATCTBYIOT
OouononuMepaM MIIEHUYHOW MYyKH oOpa3oBbiBaTh TecTo. [Ipm 3TOM KIeHKOBHHA
nposiBiIsieT OoJiee  ymnpyrue cBoiicTBa. YepHUYHBIA MOPOLIOK 0OecreurnBaeT
oOpa3zoBaHue 0OoJjiee MEIKOKPOIIKOBATOTO TECTa, YTO CIHOCOOCTBYET HEKOTOPOMY
YCKOPEHHMIO  BBIMPECCOBBIBAHUSI  U3JICIUMN. VYcTaHOBIEHBI  ONTUMAJIbHBIE
TEXHOJIOTUYECKUE TlapaMeTphl Jii MPUTOTOBJICHUS MaKapOHHBIX U3JCIUA ¢
YEPHUYHBIM TIOPOIIKOM: JO3UPOBKA mMoporika uepHukd — 4 % Kk macce MyKH,
TeMIiepaTypa BOABI Juisi TpurotoBieHmss Tecta — 37 °C. Takas m03upoBKa
obecrieunBaet oOoramienue uzaenuii ButamuaoM C B kommdectBe 2.3 mr/100 r (B
cinyuyae notpebienus 100 T MakapOHHBIX W3JIENUNA CYTOYHAs MOTPEOHOCTH B ITOM
BUTAMMHE MMOKpbIBaeTcs Ha 2,6 %).

BeiBoabl. PesynbraTel uMcCCIIENOBAaHUM PEKOMEHAYIOTCA I  PACUIMPEHHUS
aCCOPTUMEHTAa MAaKapOHHBIX HW3AENHM, [ JHUETHYECKOro, BEreTapuaHCKoro,
JETCKOTO TIMTaHUs, a TaKXe B Ciy4ae MCIOIb30BAHUS MYKH, CIIOCOOHOW K
MMOTEMHEHHUIO.

KiroueBble cj10Ba: MakapOHHBIC U3JCNNS, YEPHUKA, KAYE€CTBO, O0OTaIlIeHHE.
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Annotation

Introduction. Using of whortleberry powder in macaroni production from bread
flour was researched that is actual for the quality improving and increasing of
macaroni nutritional value.

Materials and methods. Macaroni products were made from wheat baking
flour and whortleberry powder. The quality of macaroni products was estimated by
means of complex quality index, that includes sensorial, physical, chemical indexes
as well as nutritional value. Structural and mechanical properties of dough were
determined at Brabender farinograph. Optimal technological parameters were
determined by Box-Wilson method.

Results and discussion. The quality of macaroni products with addition of 5 —
10 % whortleberry powder to the weight of flour have got violet color, improved
cooking properties. The increasing of whortleberry dosage till 15 % effects more
acidity of macaroni and lower durability on 30 %. Whortleberry powder causes
decreasing of gluten content and its hydration. It is explained by fact that components
of whortleberry effect dehydration of macaroni dough and prevent biopolymers
wheat flour to form a dough. In this case gluten has got more elastic properties.
Whortleberry powder encourages forming of small friability dough that fasten
pressing of products. The optimal technological parameters have been determined,
such as dosage of whortleberry powder — 4 % to the weight of flour, temperature of
water for the dough kneading — 37 °C. Such dosage fortifies macaroni products with
this nutrient in 2,3mh / 100 g (consumption of 100 grams of macaroni products
ensures daily requirement for vitamin C by 2.56%).

Conclusion. Researched results are recommended to varying of the assortment
of macaroni products from baking flour and for dietary, vegetarian and children’s
nutrition and in case of using of flour with enhanced ability to darkening.

Keywords: macaroni products, whortleberry, quality, enrichment.

Introduction

Macaroni products are produced at specialized food enterprises, at the
restaurants by equipment of small capacity and at home. The popularity of macaroni
products in restaurant enterprises increases last time due to widening of Italian
cuisine in the world.

Macaroni products have a non-balanced chemical composition (oversaturated of
carbohydrates, low content of macro- and micro-elements, absence of fat-soluble
vitamins A and E). It causes the search of ways for enriching of macaroni products
with essential nutrients [1, 2, 3, 4, 5]. Investigations of scientists concerning applying
of wild raw materials (barbaris, hawthorn, blackberry, rowan, whortleberry) in the
technology of nutrition appears last years [6, 7]. Wild raw material is the source of
valuable bioactive nutrients — vitamins, macro- and micro-elements, food fibers that
give the functional properties to the products. The wild fruits are not processed by the
chemical matters in the growth period as cultivated raw materials [6].



On author opinion, using of whortleberry powder is a perspective way in
increasing of nutritional value of macaroni products. Whortleberry (Vaccinium
myrtillus L.) in dry matters contain of food fibers 12,6 g/100 g, B-carotene — 9
mg/100 g, vitamin C — 57,14 mg/100 g, macro-element Ca —91,4mg/100 g, K —291,4
mg/100 g, Fe — 40 mg/100 g [8]. These components are limited in macaroni products
made from wheat flour. Applying of whortleberry powder in macaroni producing has
not been investigated. Research of technological processes and proving of
technological regimes of macaroni products with whortleberry powder producing will
provide enriching of macaroni with bioactive substances and varying of assortment of
macaroni made by wheat baking flour.

Methods of research

The wheat baking flour of higher grade is used as the main raw material for
producing the macaroni products. The quality of the flour was characterized by the
following parameters: moisture 12.5...13.0 %, content of gluten 25 ... 27 % of
average quality. Whortleberry powder was obtained by grinding of dried
whortleberry at the laboratory pulverizer with further scattering onto the metal sieve
with sizes of opening 1 mm. Whortleberry powder had homogenic texture, dark
violet colour, moisture content 12+0.5 %, acidity 4.2+0,2 degree, ash assay
2.3+0,1%.

Raw macaroni products were shaped as noodles and twisted goods with 100 g
mass by extrusion of pressed dough via die with inserts of cuprum matrix without
teflon coating at laboratory press by 10 kg/hour capacity. Dough with moisture
content 33 ... 35 % was kneaded during 10 minutes, warm kneading with water of 40
... 60 °C was used. Whortleberry powder was added in dry kind and in mixture with
water in proportions of 5 %, 10 % and 15 % per weight of flour. Raw macaroni
products were laid on nylon sieve cassettes and ware dried at laboratory condition
with temperature 20 + 2 °C.

Macaroni products were analyzed in 6 ... 14 days after producing. Each series of
the experiments was triplicated. By measuring the basic quality factors of semi-
finished and finished products, a sample sufficient for statistical processing was
identified.

The organoleptic and cooking properties of the macaroni products were
determined, as well as its physical and chemical quality characteristics, including
moisture content, acidity and strength. Structural and mechanical characteristics of
dough were determined by means of Brabender farinograph.

The structure (crumbliness) of macaroni dough samples was studied by
scattering the batch onto the system of metal sieves (No. 7, 5, 3, 1) and by
determining the mass of dough fractions different in size according to the
methodology developed by prof. Yurchak V.G. The amount of crumbs of each dough
fraction was proportioned in percentage per batch. The speed of macaroni extrusion
(mm/s) was determined by measuring the length of the raw product extruded within
30 seconds. The productivity of press, kg/h, was determined by weighting the
product.



The quality estimation of macaroni products was implemented by complex
index [9]. This index includes estimation of organoleptic, cooking properties, physical
and chemical characteristics, nutritional value of macaroni products and is calculated by
100 balls range.

For the installing of optimal technological parameters of macaroni with
whortleberry powder producing the method of experimental and statistical analysis of
the results has been used, including the identification of errors, calculation of
regression coefficients of the mathematical model, assessment of the significance of
mathematical model and verification its adequacy. The optimization of the process
was performed using the Box-Wilson complex method by plan of full factor
experiment 22[10].

The chemical content, biological value by aminoacid content and nutritional
value of macaroni products were calculated by means of integral score [11].

Results and discussions

Firstly, the effect of whortleberry powder (5 %) to the quality of macaroni
products has been investigated (table 1). It has been installed that macaroni products
with whortleberry powder get light violet colour, pleasant taste and better cooking
properties: mass and volume of cooked products increases. But, passing of dry matter
into cooking water increases by 0.5 %. Obviously, due to saccharides that solve in
cooking water.

Totally, macaroni products with whortleberry powder had higher quality on 3
balls by complex index comparing to the products without additional raw materials.

At the further step the dosage of 10 and 15 % of whortleberry powder to the
mass of flour has been investigated with the aim of maximum fortification of
macaroni products with valuable bioactive substances. It was important to save the
acceptable quality of macaroni products.

Table 1. Effect of whortleberry powder on the quality of macaroni products
Characteristics of products with the addition of
whortleberry powder

control (without whortleberry powder, 5
whortleberry powder) % to the weight of flour
Organoleptic characteristics

Quiality indexes

Colour white | light violet
Surface smooth, small number of cracks
Micro-cracks absent

Fracture glassy

Physical and chemical characteristics

Moisture,% 1340.5 1240.5
Acidity, degree 2.2+0.2 2.5+0.2
Strength, H 5.5+£0.2 5.2+0.2

Cooking properties




Cooking time, min. 18+1 18+1

Mass increase index, M 1.4£0.1 1.5+0.2
Volume increase index, Vi 1.5+0.2 1.6+0.1
The am_ount of_dry matter 7 040.2 75403
passed in cooking water,%

Retain their shape, stick in | Retain their shape, do

Stickiness, shape some way not stick

typical for the kind of the | light whortleberry, free

Taste and odour product of foreign

Complex quality index 89+1 92+1

It has been installed (table 2), that products with 10, 15 % of whortleberry
powder get strong violet colour and whortleberry taste, that do not worst the taste
properties of products. However, micro-cracks appear in the structure of products and
strength decreases to the 30 %. This indicates that whortleberry powder does not
ensure the formation of structure products.

Table 2. Effect of whortleberry powder dosage on the quality of macaroni

products
Characteristics of products with the addition of
Quality indexes whortleberry powder, to the weight of flour
Control sample | 10% | 15 %
Organoleptic characteristics
Colour white intense violet
Surface smooth small number of cracks
Micro-crack absent
Fracture glassy
Physical and chemical characteristics
Moisture,% 1240,2 12+0,5 13+0,5
Acidity, degree 2.2+0,2 4.8+0,2 6.5+0,2
Strength, H 5.4+0,3 4.2+0,2 3.9+0,3
Cooking properties
Cooking time, min. 17+1 13+1 10=+1
Mass increase index, M; 1.4+0,2 1.3+0,1 1.1+0,1
Volume increase index, V; 1.5+0,2 1.44+0,2 1.2+0,2
The amount of dry matter 7.0£0,1 7.7+0.1 8.040.2
passed in cooking water,%
Stickiness, shape Some stick together, form is not lost
Taste and odour tylfilrfg IJ: trht(? i light Wport_leberry, free of
oreign
product

Complex quality index 89:+1 | 88+1 | 85:+1




The increasing of acidity of products has been installed, in case of dosage
whortleberry powder 15 % this index increases triply.

Cooking properties of products get worst, namely, products have less volume
after cooking, the amount of dry matter passed in cooking water increases. As a
result, complex quality index of macaroni products decreases.

However, acceptable quality of macaroni products is characterized in case of
dosage 5 % of whortleberry powder. Further increasing of dosage has a negative
effect to the quality of macaroni products — acidity increases; cooking properties are
getting worst, strength decreases.

The quality of gluten, structural and mechanical processes, friability of macaroni
dough and parameters of pressing have been researched to prove the mechanism of
influence of additional raw materials to the processes of dough and products forming,
structure of dough.

The gluten research was implemented with dosage of whortleberry powder 5
and 10 % to the weight of flour (table 3). It was found that whortleberry powder
provides a reduction of gluten and its dehydration ability. This gluten reveals more
elastic properties in terms of extensibility and compression device DDG-1.
Obviously, whortleberry powder and flour proteins compete for water absorption in
the dough. As a result of more coarse dispersiveness fiber whortleberry powder
prevents swelling protein wheat flour for gluten formation.

Table 3. Effect of whortleberry powder to the quality indexes of gluten

Dosage of whortleberry powder
Indexes Control 504 10%
sample
V)

Co_ntent of raw gluten,% to the 25440, 24,640, 212402
weight of flour
Content of dry gluten, % 8.4+0,1 8.60,2 7.9+0,1
Humidity of gluten, % 67.0+0,5 64.8+0,5 62.6+0,5
Hydrating ability of gluten,% the
weight of dry gluten 203+2 18442 16742
Colour Light dark, violet dark, violet
Extensibility, cm 19+1 17+1 161
Elasticity Extensible extensible extensible
Elasticity of gluten, unit of 736400 64.740.3 458402
device DDK T T s

The study of structural and mechanical properties of the dough carried on with
whortleberry powder in dry form in an amount of 5 and 10% by weight of flour.

Results of farynohrams (Fig. 1, Table. 4) show that the addition of whortleberry
powder practically has no influence on the water absorbing ability of dough.

The duration of formation dough, in other words, time during which the value of
consistency investigated dough reaches its maximum, increases with the addition of
whortleberry powder.



Sustainability (stability) of dough, which characterizes the duration of
preservation macaroni the maximum level of consistency in the mixing, not typical
for all samples. However, the degree of dilution of dough, which is characterized by
the difference between the maximum reached during mixing texture and consistency
in the final mixing time, increases with increasing dosage of whortleberry powder.
Evaluation based on farinogram reduced. This indicates that the components of
whortleberry powder detect dehydrating effect in the macaroni products dough and
prevent biopolymers wheat flour to form a dough.

Table 4. Farinogram indexes of dough with whortleberry powder

Without with 5% with 10%
Indexes additional raw whortleberry whortleberry
materials powder powder
Watersorbing capacity, 50.6-56.4 50.8-56.6 50.4-56.2
sm3/100 g
Tlme_ of dOl_Jgh 25 3 5
forming, min.
Stability, min. 0 1 0
Ra_refactlor] for mixing, 35 165 180
unit of device
Evaluation based on
farinogram, units of 52 42 48
device

Fig. 1. Farynohrams of macaroni products dough: a) no additional material
(control); b) adding of a 5% whortleberry powder; c¢) adding of 10% whortleberry
powder

Results of studying of friability of macaroni products dough established (Fig. 2),
that whortleberry powder provides formation more small friability dough: increasing
mass fractions of crumbs with size of 3-5 mm and greater than 1 mm, and weight
decreased of largest fraction in case of increasing the dosage of whortleberry powder.

Growth of pressing parameters of macaroni dough with whortleberry powder
has been established (Fig. 3). Thus, adding of whortleberry powder in an amount of 5



- 10% by weight of flour increases the speed and productivity of extrusion press due
to the formation dough with crumbs to the size that best fill the screw turns. This is
positive as it allows to get more production per unit of time.
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Fig. 2. Effect of whortleberry powder to the macaroni products dough friability
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Fig. 3. Effect of whortleberry powder extrusion parameters macaroni products

The full factorial experiment FFE 22 has been implemented for studying the
compatible influence of technological factors on the quality of semi-finished and
finished products and determining of optimal process parameters of macaroni dough
producing.

The dosage of whortleberry powder, which has found in one factor experiment,
requires clarification of the interaction of other technological factors. Therefore,
quantity of whortleberry powder and water temperature for dough kneading were
selected as the factors for optimization of products. Quantity of whortleberry powder
changed in the range of 4 - 12%, water temperature — from 33 till 55 °C based on



obtained preliminary results. Complex quality of macaroni products index has chosen
as an optimality criterion.

Processing of experimental data using correlation regression analysis allowed
getting the regression equation in a coded expression (1), which describes the
dependence of the original function of the studied variables.

YV =89,25-18- X, +(-2,37 - X,) (1)
when X; — adding of whortleberry powder; X, — temperature water mixture.

The analysis of mathematical dependences for complex quality in coded form
allows to conclude that the effect of the studied variables on the original function and
to quantify this impact. Reduction of whortleberry powder dosage and temperature of
water increases the complex quality.

Processing of experimental data has been performed using FFE 2", which was
created in programming environment Borland Delphi v 6.0. Materiality regression
coefficients have been estimated by Student's test, the adequacy of the resulting
mathematical model has evaluated by Fisher criterion, the estimated value of which
was 5.9.

The optimal values of technological parameters: whortleberry powder dosing -
4%, the water temperature for kneading - 37 ° C, providing maximum value complex
quality - 94.5 points have been installed as a result of building the program "'steep
climb™ and the implementing of experiment. These parameters were the basis for
developing of technological instructions and recipes for making of macaroni products
with whortleberry powder.

According to calculations, the nutritional value of macaroni products found that
growth of macronutrients content compared to products without additional materials
iIs negligible increases in fiber and carbohydrates. However, carbohydrates of
whortleberry are presented by mono- and disaccharide that is digestible
carbohydrates. As a result, the energy value of macaroni products is falling.

Analyzing mineral composition of macaroni products found that they increased
with potassium, calcium, phosphorus and iron. Iron contained in whortleberries, is
better absorbed due to content of ascorbic acid in whortleberries [12].

Taking to the attention fact that macaroni products without additional raw does
not content vitamin C, products with 4% whortleberry powder fortified with this
nutrient in 2,3mh / 100 g, which the consumption of 100 grams of macaroni products
daily requirement for vitamin C is ensured by 2.56%.

Conclusion

The feasibility of using whortleberry powder in producing of macaroni products
has been installed based on experimental data.

Adding of powdered whortleberries has positive effect on the quality of
macaroni products in particular 5% whortleberry powder become violet, cooking
properties improve, such as the weight and volume increases, except of it, products
with whortleberry powder with higher integral index for mineral and vitamins.



The increasing of dosage of whortleberry powder - 10 and 15% by weight of
flour has been investigated. Deterioration of quality of macaroni products with 15%
whortleberry powder for organoleptic and cooking properties has been established.

The effect of additional raw materials to the quality of gluten and structural and
mechanical properties of dough found that whortleberry powder components detect
dehydrating effect on the structure of the macaroni products dough and prevent
biopolymers flour to form a dough.

Whortleberry powder promotes formation of small friability of dough that
encourages growth of pressing parameters of macaroni products.

Optimal parameters of macaroni making with whortleberry powder, namely the
amount of powder - 4% by weight of flour, water temperature for the dough — 37 °C
have been set on experimental and statistical modeling. The resulting figures have
been included to technical and technological documentation for macaroni products
with whortleberry powder.

As the whortleberry powder gives the product purple colour, so it should be used

for production of flour with enhanced ability to darkening.

So increasing of nutritional value of macaroni products using whortleberry
powder has a social effect. These products are made from domestic raw materials,
indicating the stability of raw materials. This will help diversify domestic macaroni
products, especially dessert group, and enhance their competitiveness. Such
products can be offered in the diet, vegetarian, children's menu at the restaurant
establishments.
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