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Abstract

Human quality of life is not least determined by nutrition. Therefore, scientists and practical workers face a problem to
create specialized products for people suffering from various diseases, including genetic ones. This paper presents the
experience gained by the scientists of the Higher School of Biotechnology and Food Production, Peter the Great Polytechnic
University, in developing a technology for producing low-protein muffins for patients with phenylketonuria. Wheat flour
formulation served as the control sample. In the formulations developed, wheat flour was replaced by rice flour. Banana puree
and orange juice (20% of the total weight each); sodium pyrophosphate (E450) and sodium hydrogen carbonate (E500) in
quantities not exceeding 1% of the semi-finished product weight were used to improve the structural and mechanical properties
of the product, upgrade the quality of the finished product and its biological value. Several product formulations were
developed with different ratios of rice flour and corn starch. The optimal sample in terms of phenylalanine amount and
organoleptic characteristics was found to be the one with the ratio of rice flour to corn starch 1:1. The phenylalanine content in
this sample was 7.5 times lower compared to the control sample.
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AHHOTanus

KauecTBo »KH3HU uesioBeKa He B TMIOC/IEHIOI0 ouepe]b orpejesisieTcs mutaHueM. [1o3ToMy repef; yueHbIMU U MTPAKTUKaMU
CTOMT 3ajlaua CO3[@HUS CIIEIMAJM3UPOBAHHON MPOAYKLUM [JIsl JIFO[el, CTPaZaroliuX Pa3IUuHbIMKA 3a00/1eBaHUSMH, B TOM
UKC/ie TeHeTUUeCKUMU. B cTaThe Mpe/cTaB/ieH OMBIT y4YeHbIX BhICIIel 1IKO/Ibl OMOTeXHOMOTUM U TMIIEBBIX MPOU3BOCTB
IMonuTexHUYECKOTO yHUBepcUTeTa IleTpa Benvikoro mpu pa3paboTKe TEXHOIOTMH TIPOU3BOJCTBA HU3KOOENKOBBIX CIHOOBI /s
GonbHBIX (eHUTKeTOHypreld. KOHTPOIbHBIM 00pa3LioM CIyXKu/aa pelenTypa Kekca u3 MIIeHUYHOW MyKW. B paszpaboTaHHBIX
peLienTypax KeKCOB MIlleHHYHasi MyKa 3aMeHeHa prucoBoi. baHaHOBOe Trope U arenbCHHOBBIN COK (10 20% oT 0611jeit Macchbl
Kakzoro); mupodocdar Harpusi (E450) u ruapokapbonat Hatpust (E500) B KolMuecTBaxX, He TMPEeBBIMIAOIUX 1% OT Macchl
nonydabpukara, WCIONb30BaIN A/ yIyUlleHUs CTPYKTYPHBIX M MeXaHWUECKUX CBOWCTB TMPOJYKTA, TIOBBINIEHUS KayecTBa
TOTOBOTO TIPOAYKTa W €ro OWOJIOrMYecKod IIeHHOCTU. BbIIo pa3paboTaHO HECKOJBbKO PELeNTyp W3[e/NUi C Pa3iMyHbIM
COOTHOILIEHWEeM pHCOBOM MYKM U KyKypy3HOro Kpaxmana. ONThManbHbIM TIO KOJMUeCTBY (eHWTajaHWHA U
OpraHOJIENITUUECKUM TI0Ka3aTesisiM OKa3ajcs obOpasel] C COOTHOILIEHHEM pHCOBOM MyKM M KyKypy3HOro Kpaxmanga 1:1.
Copeprkanue (eHUMaIaHUHA B 3TOM 00pa3iie ObII0 B 7,5 pa3a HUKe TI0 CPaBHEHUIO C KOHTPOJIBHBIM 00pasLjoM.

KiroueBble cj10Ba: (heHUIKETOHYPUS, CTIeL[aIbHOe TIMTaHWe, MyUYHbIe KOHJUTePCKUe U3/IeNysl.

Introduction

Scientists in the Russian Federation pay great attention to the development of special nutrition for people suffering from
various genetic and alimentary-dependent diseases. The authors of the article developed products and dishes for specialized
nutrition [1], worked on the creation of products and dishes of increased biological value [2], [3], studied Russian cuisine from
the point of view of functional nutrition [4], [5].
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At present, a part of the population in the Russian Federation has phenylketonuria. "oPPhenylketonuria is a hereditary
disease caused by a deficiency in the activity of phenylalanine hydroxylase, which converts phenylalanine to tyrosine" [6],
resulting in the formation of toxic substances [7, P. 33]. Excess phenylalanine and products of its metabolism lead to damage to
the central nervous system up to mental retardation [8]. There is no therapy to treat this disease. The only precondition for
normal functioning of the body is a lifelong low-protein diet [9], [10]. Phenylketonuria severely limits food choices and
consists in the inability to consume animal protein [11]. Researchers state that "with timely detection of the disease (neonatal
screening) and subsequent treatment, symptoms of the disease are milder or absent. Nutritional therapy should be started no
later than the first weeks of the child's life" [12].

Methodical recommendations present a list of products recommended and prohibited in the diet of patients, and the
permissible quantity of phenylalanine in the diet of children and adults [9, P. 25-30, P. 59-62]. In Russia, as in other countries,
the division of products is based on the principle of traffic lights [13, P. 31-32], [14], [15, P. 23-24].

In order to expand the range of protein products in the diet of patients with phenylketonuria, physicians suggest to use drug
therapy [16] and diet [17], [18]. The need for non-drug therapy through specialized therapeutic products is increasing [11],
[19]. Scientists of the Republic of Belarus have developed pasta, porridge mixes [20], [21]. However, the number of products
for patients with phenylketonuria does not differ in a wide range, including there are no flour confectionery products.

The study objective was to select raw materials and develop a formulation for a low-protein flour confectionery product,
which can be recommended for the nutrition of patients with phenylketonuria.

Study methods and principles

The objects of the study were:

- muffins produced according to the traditional formulation based on wheat flour (control sample);

- muffins for special nutrition, produced on the basis of mixtures of rice flour and corn starch in different ratios.

The following raw materials were used in the production of muffins cooked according to traditional and developed
formulations: straight white wheat flour, rice flour, corn starch, sugar sand, melange, vegetable oil, orange juice, banana puree,
sodium hydrogen carbonate raising agent. Muffin cooking technology: pre-prepared raw materials were combined with fruit
puree, orange juice and vegetable oil and kneaded to a smooth emulsion with a Braun MQ 535 blender. The products were
molded in silicone baking molds. They were baked in an Electrolux EZB52410AW convection oven at 180°C for 25 minutes.
The finished products were cooled for 15-20 minutes at 18-20°C.

Study methods: moisture content was determined by drying method according to GOST 5900-2014 [22], alkalinity was
assessed by titration method according to GOST 5898-87 [23]. The density index and the water absorption index are according
to GOST 15810-2014 [24]. The vitamins and minerals content, energy value were determined by calculation methods.
Phenylalanine content was determined according to the "PKU Diet" program [25].

Results and discussion

When selecting raw materials for patients with phenylketonuria, special attention should be paid to the phenylalanine
content in them. Methodological manuals on nutritional management for patients in this group indicate that "the recommended
ratios of the main nutrients in foods are set differently depending on the age groups of patients" [26]. The permissible daily
phenylalanine quantity for children over 6 years of age is 15-10 mg/kg body weight [27], the range of phenylalanine
consumption is 290-1,200 mg/day for men over 19 years of age and 220-700 mg/day for women over 19 years of age [28]. The
paper analyzes the objects of research. Corn and rice flour, corn and rice starch are permitted products for patients with
phenylketonuria [9, P. 61]. Ayrumyan V.Yu. et al. refer rice flour to dietary products [29], and the Ministry of Health of the
Russian Federation recommends the use of corn starch to create low-protein products [26, P. 21]. The phenylalanine content in
100 grams of these products ranges from 19 mg to 380 mg in corn flour [30]. It is impossible to completely eliminate
phenylalanine from raw materials, because protein is an important component that determines the structural and mechanical
properties of flour products [30]. Table 1 shows the ratio of the main components of the formulation in the studied samples.

Table 1 - Ratio of components in samples

DOI: https://doi.org/10.23649/JAE.2024.42.2.1

Components of the Quantity, %
mixture sample 1 sample 2 sample 3
Rice flour 100 70 50
Corn starch - 30 50

It was found (Based on a comparison of water density and absorption indicators for products with different ratios of rice
flour and corn starch) that corn starch in the amount of up to 50% relative to rice flour could be used without deterioration of
quality of the finished products. The recipe of the cupcake of sample 3 is shown in the table 2.
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Table 2 - Cupcake recipe
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Mass fraction of dry Consumption of products per 100 pieces of finished
Products substances, % — products, g
in kind in dry substances
Rice flour 88,00 1580 1390,4
Corn starch 87,00 1580 1374,6
Sugar 99,85 1765 1762,4
Orange juice 13,00 1860 241,8
Banana puree 26,00 1860 483,6
Vegetable oil 99,99 555 554,9
Baking powder 95,00 90 85,5

Total - 9290 5893,2

Exit 74,3 7500 5569,1

Humidity 25,7 + 2,0% -

Note: sample 3

Nutritional and energy values of products are presented in the table 3.

Table 3 - Nutritional and energy value of muffins
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Name Proteins, g Fats, g Carbohydrates, g | Energy value, kcal
Control sample 4.0 8.0 40.5 250
Sample 1 2.3 7.1 40.0 231
Sample 2 1.5 7.0 39.5 227
Sample 3 1.1 6.9 38.0 218

Experimental formulations used gluten-free flour. Banana puree and orange juice (20% of the total weight each); sodium
pyrophosphate (E450) and sodium hydrogen carbonate (E500) in quantities not exceeding 1% of the semi-finished product
weight were used to improve the properties of the dough, to upgrade the quality of the finished product and its biological value.
The choice of banana puree and orange juice for use in the formulation is justified by the fact that the diet of patients with
phenylketonuria is characterized by a deficiency of vitamins and mineral elements, which must be compensated [28]. The
addition of these ingredients reduced the amount of sugar in the formulation and decreased the caloric value from 250 to 218
kilocalories per 100 grams of finished product. In addition, banana puree is a structure-forming agent due to pectin substances.
The third sample was not inferior to the control in taste, color, texture, and odor, while the parameter "appearance" was lower
than the control by only 0.5 points. The phenylalanine content in the control sample was 434 mg/100 g of the finished product,
in the developed products it was as follows: No. 1 — 99, No. 2 — 75, No. 3 — 56.5 mg/100 g of the finished product. In the third
sample, the phenylalanine content was 7.5 times lower as compared to the control sample.

According to the study results, it was concluded that the optimal formulation for the production of low-protein muffins
was formulation number three. The products obtained according to this formulation have good organoleptic characteristics, low
phenylalanine and carbohydrate content. Physico-chemical parameters of the muffin with low protein and phenylalanine
content: moisture content — 21.98+0.84%, alkalinity — 0.310+0.03 deg. The developed product does not differ from the control
version in appearance and organoleptic characteristics.

Conclusion

Attention should be paid to the choice of raw materials in the production of specialized products for patients with
phenylketonuria. The use of wheat flour for people with this disease is limited. In the developed products, wheat flour was
replaced by rice flour and corn starch. Analysis of quality characteristics of the developed products showed that the
experimental samples were not inferior to the control by organoleptic and physico-chemical parameters, met the standards for
the phenylalanine content allowed in the diet of patients of this category. The quantity of phenylalanine in the developed
product is 56.5 mg/100 g of the finished product, which is 7.5 times less than that in the muffin made using wheat flour.

The developed product has low content of protein (1.1 g/100 g) and phenylalanine (56.5 mg/100 g), expanding the range of
products for patients with phenylketonuria, which contributes to improving their quality of life.
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