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Abstract. The mathematical toolkit created and used for the design of durable nutrition systems aimed at the prevention and
therapy of the diseases caused by calcium deficiency is analyzed. In particular, these are: the complex of mathematical models of the
expendable diets and methods of the ingredients content optimization in them, mathematical model of daily diets optimization, and
formalizationed method of fast and light determination of a diet’s biological value.

The ways for the improvement of the developed mathematical toolkit aimed at the creation of the nutrition systems with
higher level of both nutrients balance and provision of daily needs in them on the basis of using unconventional floury products enr-
iched with the deficient nutrients, functionals for balancing the connected groups of nutrients are determined, as well as the int-
roduction of aggregated restrictions on these groups of nutrients to the models (both products and rations).
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Amnoramisi. [IpoanasizoBaHO MaTeMaTUYHUH IHCTPyMEHTApiH, KN CTBOPEHO Ta BUKOPHUCTAHO JUIS IPOEKTYBAHHS JOBIOT-
PHBAIMX CHCTEM XapuyBaHHs, IPH3HAYCHHX VTSI TPOQINIAKTHKY Ta JIIKYBaHHS 3aXBOPIOBaHb, 10 BUHUKAIOTH HA i JehilUTy Kallb-
11i10, 30KpeMa CyKYIHICTh MaTeMaTHYHUX MOJielieil pallioHiB OTHOPA30BOro CIIOKUBAHHS Ta METOH ONTHMI3aLli BMICTY iHIpe/Ii€H-
TIB y HUX, MaTeMaTU4YHI MOJIeJIi ONTHMI3alil JOOOBHX pallioHIB, a TaKOXK (OpPMaTi30BaHHIT METO IIBHUAKOTO Ta HEOOTSHKIMBOTO BH-
3Ha4YeHHS 010JI0TIYHO IIHHOCTI PaIlioHIB.

BU3HaYeHO IUISXH BIOCKOHAJICHHS PO3POOICHOTO MAaTeMAaTHYHOTO iHCTPYMEHTApilo 3 METOK CTBOPEHHS CHUCTEM Xapuy-
BaHHS 3 OUTBII BUCOKUM pIiBHEM SIK 30aIaHCYBaHHS HYTpI€HTIB, TaK i 3a0e3MedeHHs J0OOBUX MOTped y HUX Ha OCHOBI BUKOPHCTaH-
HS B CKJIAJIi pallioHiB Xap4yBaHHs HETPAAULIMHUX OOPOIIHSHMX BHPOOIB, 30aradeHnX AeQIUTHIMH HYTPi€HTaMH, (yHKIIOHAIIIB
30aaHCyBaHHsI 3B’13aHUX MiXK COOOIO TPpYIl HYTPIEHTIB, a TAKOXK BBEJECHHS JI0 Mozieliel (sSIK BUpOOiB, TakK i pallioHiB) arperoBaHuX
00OMeXeHb Ha L1i TPYIH HYTPI€HTIB.

KutrouoBi ciioBa: cuctemu xapuyBaHHs, MaTeMaTHYHI MOJIEI, LIIb0BI (YHKIIII, 3a1a4i TiHIHOTO mporpamyBaHHs, (yHKIIi-
OHaJIM 30aNaHCyBaHHs IPYIl HYTPIEHTIB, arperoBaHi 0OMEXeHHs, 3a/1a4i LiIOYMCEIFHOI0 MaTeMaTHYHOIO MPOrpaMyBaHHs 3 Oyie-
BUMH 3MiHHIMH

Copyright © 2015 by author and the journal “Food Science and Technology”.
This work is licensed under the Creative Commons Attribution International License (CC BY). http://creativecommons.org/licenses/by/4.0

et | ONAFT . . : :
L:Ll- D Eaniieees DOI: http://dx.doi.org/10.15673/fst.v11i1.291

Introduction tems for the prevention and treatment of the diseases
) o caused by calcium deficiency for many years.
Kharkiv State University of Food Technology and There are two factors specifying the actuality of

Tra.de (Kharkiv, Ukraine) .has been carrying out .investi- the defined problem. First of all, about 75% of all diseas-
gations aimed at the creation of long-term nutrition sys-  es are directly or indirectly connected with the unhealthy
diet [1]. Secondly, many diseases cause the necessity of
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providing a sick person with balanced food for a long
time (for weeks, months, years).

Formulation of the problem

Scientifically substantiated balanced nutrition
means that a diverse but always large totality of correla-
tions between different nutrients (the amount of fat and
calcium, calcium and phosphorus, calcium and magnesi-
um), between the contents of amino acids, between the
groups of fatty acids, etc. are to be observed for various
categories of consumers. Daily needs in all essential nu-
trients are to be satisfied. Besides, the contents of the in-
gredients in the diets are to be physiologically grounded
and convenient for processing. It means that technologi-
cal conditions and restrictions are to be fulfilled.

It follows from the above that it is impossible to
create the system of balanced nutrition without the sci-
ence about quantitative ratio — mathematics, without a
qualified and creative use of different mathematical
toolkit and modern software.

The aim of the research is:

1. To analyze mathematical aspects for the cre-
ation of durable nutrition systems aimed at the prevention
and medication of the diseases caused by calcium def-
iciency.

2. Specify the ways for the improvement of the
developed mathematical toolkit with the aim of pro-
jecting systems with a higher level of both balancing the
nutrients, and meeting daily requirements in them.

Results and discussion

Literature review

At present there are a lot of publications devoted
to the projection of the recipes of specific products and
dishes [2-7]. At the same time there are very few works
devoted to the investigation of the problems concerning
the projection of a meal or expendable diets (ED): for
breakfast, dinner, supper, etc [8-9]. There are even fewer
works dedicated to the projection of daily diets (DD), and
very small quantity of the books cover the questions
concerning nutrition systems (NS) design

In the work [10] the main principles for the for-
mation of nutrition systems were formulated:

a) nutrition systems are based on the use of mass
consumption ingredients;

b) mathematical models, methods and modern
software are to be used at all stages of nutrition systems
formation and analysis of their efficiency, etc.

The authors specified the structure of the nutrition
systems based on:

a) the complexes of expendable diets (ED) of var-
ious types (breakfast and lunch, dinner and supper);

b) the complexes of expendable diets (ED) con-
sisting of three-four EDs of different purposes;

¢) cyclic diets.

In their works [11-12] the authors presented the
methodology of mathematical modelling and opt-
imization of the ingredients’ contents in the complexes of
expendable diets (ED) for various intended purposes. The
article [13] is devoted to the creation of mathematical
models for daily diets optimization.

At the previous stages of the research the authors
developed a large totality of mathematical models of
expendable diets (ED) for various intended purposes, and
optimized them.

The projects of three types of nutrition systems
are created. In an average they ensure a daily, day-and-a-
half and 2-days level of needs in a balanced calcium.
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In the process of projecting nutrition systems the
authors created and used the following mathematical too-
Ikit:

1. The totality of mathematical models of exp-
endable diets (ED) for various intended purposes and
methods for the optimization of the ingredients content in
them.

2. Mathematical optimization models for daily
diets (DD), which are based on the ED totality.

3. The formalizationed method of fast and light
determination of ED biological value; the method based
on linear dependencies of scores of essential amino acids
in a diet on the similar scores of the ingredients.

Mathematical models of ED contain:

a) main physiological restrictions and correlations
between the amount of fat and calcium in the diets, cal-
cium and phosphorus, calcium and magnesium;

b) technological restrictions for the amount of the
ingredients in a diet;

c¢) the conditions for the enrichment of the diet
with nutrients influencing metabolic processes of bone
tissue;

d) energetic value conditions;

f) various objective functions for different diets.

The mentioned mathematical models of the exp-
endable diets (ED) are the models of linear programming
problems. The ingredients content in EDs was optimized
by means of a simplex method.

Mathematical models of daily diets optimization
are the models of the integral mathematical programming
with Boolean variables.

The method developed by the authors and used
for calculation of the scores of essential amino acids is
the method of linear algebra.

During the analysis of three basic nutrition sys-
tems (NS) an average daily amount of nutrients for each
system was determined. Analysis of the nutrition systems
projected by means of the suggested mathematical toolkit
demonstrated that:

1. The suggested nutrition systems on an average
provide daily requirements in a large amount of imp-
ortant nutrients;

2. Nutrition systems of the first generation pro-
cure the fulfillment of the recommended by nutrition
physiologists correlations between the content of fats and
calcium, calcium and phosphorus, calcium and mag-
nesium, both on the level of expendable and daily diets;
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3. At the same time, out of 23 nutrients inf-
luencing metabolic processes in the bone tissue, the con-
tent of which in food ingredients used in Ukraine is well
known, the most deficient nutrients in food systems of all
three kinds are: selenium, fluorine and barium, less def-
icient are zinc, manganese and iodine. In nutrition sys-
tems of the first type, vitamins B6, B2, E, silicon and
proteins are added to the totality of the deficient nutrients
besides the mentioned ones. It is worth saying that some
deficiency of carbohydrates by the side of the norms used
for consumption in Ukraine is observed in the nutrition
systems of the first and second types. It is caused by vol-
untary reduction of the amount of the ingredients, which
are the sources of the easily digested carbohydrates used
in nutrition systems. The reasons for this are the fol-
lowing. First, it happens because in the modern world the
diets of many individuals are characterized by the excess
of carbohydrates [14]. Secondly, there is some scientific
information concerning the provocative influence of car-
bohydrates excess in the diets on oncological diseases
[15]. Secondly, taking into account all the above men-
tioned, the carbohydrates are not considered as a def-
icient nutrient in the created nutrition systems.

4. There is also a chain of correlations between
the nutrients recommended by the nutritionists, or groups
of nutrients, which have not yet been accounted in mat-
hematical models, but which are to be used for the cre-
ation of nutrition systems of the coming generation. The
following belong to such correlations:

a) amid proteins, fats and carbohydrates;

b) amid ten essential amino acids;

c) amid the contents of fatty acids (saturated,
monounsaturated and polyunsaturated).

So, the presented results prove the reasonability
of further increase both of the nutrients balancing and
provision of daily needs in them. It means that the pro-
blem of creating effective nutrition systems remains top-
ical, and the search of the methods for the improvement
of mathematical toolkit alongside with the nutrition sys-
tems projected with its help, should be continued.

At the stage of projecting nutrition systems of the
second generation, i.e. more consummate NS, let’s imp-
lement he following three approaches:

1. To provide diets and nutrition systems in gen-
eral with the deficient nutrients or at least reduce scarcity
in many nutrients let’s project (with the use of more
complicated mathematical toolkit) the recipes of floury
products enriched with the deficient nutrients. They may
further be used in mathematical models of expendable
diets.

2. With the aim of increasing the level of nutrients
balancing both at the stage of products projecting, and at
the stage of creating EDs, let’s additionally take into acc-
ount entangled relations between the nutrients from each
group besides the limitations on correlations between the
nutrients already taken into consideration. These are the
relations amid.

a) the proteins, fats and carbohydrates;

b) ten essential amino acids;

XapuoBa HayKa i TEXHOJIOTis

12

c) the content of fatty acids (saturated, mon-
ounsaturated and polyunsaturated).

3. Target functions will be improved in the mod-
els of the ingredients content optimization for EDs.

Let’s review the approaches in detail.

During the mathematical modeling of both rec-
ipes for the dishes and expendable diets, the following
mathematical problem may arise. In some cases, when
the total amount of restrictions (primarily, the ones pro-
viding essential correlations between the pairs of dif-
ferent nutrients) is extremely large, the tasks of linear
programing do not have solutions.

To take the influence of various groups of the rel-
ated scientifically substantiated correlations of nutrients
into consideration in the models, and simultaneously
ensure solutions of the problems of linear programming
(both for the products and for the diets), the authors int-
roduced the functionals of balancing the related groups of
nutrients: the functional of proteins, fats and car-
bohydrates, the functional of ten essential amino acids,
and the functional of a group of fatty acids (saturated,
monounsaturated, polyunsaturated), and aggregated lim-
itations on the functional magnitude.

The weighed sum of the contents of the group’s
nutrients (g) is called the functional of balancing of the
nutrients’ groups related by scientifically substantiated
physiological correlations. Numerically it equals the sum
of the products of the nutrients’ contents (g) (according to
the product’s recipe, ED or DD) multiplied by the coe-
fficients of the nutrients ponderability. It is a mat-
hematical expression of the development of a group of
nutrients, which are related by the recommended phy-
siological correlations.

We proposed to introduce additionally limitations
on the weighed sums of the related nutrients into mat-
hematical models but not on the correlations between the
pairs of nutrients.

Introduction of the functionals of balancing nut-
rients and aggregated limitations to their volumes will
allow, first, significantly improve mathematical models
for projecting some products, EDs and DDs, taking into
consideration large groups of nutrients without any not-
able complication of the models, i.e. without any con-
siderable increase of the total amount of limitations. Sec-
ondly, it will be possible to receive the solutions of the
corresponding linear programming tasks, and, as a con-
clusion, to create perspectives for projecting products,
EDs, DDs and NSs in general with a higher level of nut-
rients balancing.

Hereinafter, to illustrate the abovementioned, the
authors present the mathematical model of projecting
expendable diet of the second generation, in which a
separately projected floury product enriched with def-
icient nutrient selenium is used. It is a selenic roll. Agg-
regated limitations on functionals of balancing three
important groups of nutrients are introduced in the
model.
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Maximum one of three functionals of nutrients
balancing — maximum functional of balancing proteins,
fats and carbohydrates is chosen as a target function.

It is worth mentioning that the recipe of a sel-
enic roll is projected with the use of mathematical mod-
el, analogic to the one presented beneath. This product
(100 g) covers daily requirements of the body in org-
anic selenium. Also it is enriched with a lot of deficient
nutrients.

Mathematical model of ED for dinner

Salad, solyanka with mushrooms, veal liver with
garnish, dessert
I. Technological limitations on the ingredients
contents in a diet
Main ingredients of the salad.:

Leaf lettuce 30<X,<40 €))
Dutch cheese bar 30<X,<55 2)
The core of hazel-nut 10<X;<15 (€))
The first dish:

Solyanka with mushrooms _

(recipe Nel76) X=250 “)
Main ingredients of the second dish:

Veal liver 80<X5<120 (5)
Lens 15<X6<35 (6)
Green head cabbage 50<X5<100 7
Fruits

Persimmon 80<X<120 ®)
Baked goods:

Selenic roll 50<X6<120 9)
Wheat bread 0<X;0<60 (10)
Additional ingredients:

Salt 1<X=2 (11)
Sun seed oil 5<X 1,20 (12)
Sour cream, 20% fat 20<X13<30 (13)
Mineral water Borzhomy 100<X,4<200, (14)

where X, i=1, 2, ...14 is x-amount of the ingredient (g)
of i-type in a projected diet, X;,>0.

The correlations connecting the contents of nu-
trients Y; with the ingredients are:

14
Y, =2 a;x,
= (15)

where a; is the amount of j-type nutrient in 1g of i in-
gredient.
I1. Main physiological limitations on correlations:

- betwee;n the amount of fat c6<t<g 5

and calcium Y, (16)
- betwc?en the amount of 0,90 < ¥ LI (17)
fat, calcium and phosphorus Y,

- 1b.etweend the amount of 2.9< Y <37

calcium and magnesium Y, (18)

Y, Y, Y3, Y, are the contents of calcium, fat, phosphorus
and magnesium in a projected diet.

Xap4oBa HayKa 1 TEXHOJIOT st 13

III. Aggregated restrictions on functionals of
balancing groups of nutrients (conditions for the en-
richment ED with the balanced groups of nutrients)

1. Limitations on functional of balancing proteins,
fats and carbohydrates

ED

22102 >30%

dn

o ; (19)

0o 1 1 5
e =7Ys +7Yz +7Yoa

where (20)
o DY
ple 7Pk _ are the functionals of balancing proteins,

fats and carbohydrates according to ED and daily re-
quirements; Y5, Y, are respectively the contents (g) of
proteins, fats and carbohydrates in a projected diet..

2. Limitations on the functional of balancing fatty

acids:
@ED
—L10* 2 50%
Ja > (21)
d)faD = 1 Y\fa + l Ymufa + 1 Ypufa b
where " 37 37 37
Y, ,Y

ar Yo Vg show the contents of saturated, mono-
unsaturated and polyunsaturated fatty acids.
3. Limitations on the functional of balancing es-
sential amino acids:

ED
ﬁ&oz >50%,
eaa (23)
45
@eaa = zaiYi’
where i=36 24)
a36 :L, a3y =£’ 38 = >
33,75 33,75 33,75
4 3
aszg —ﬁa a40 _ﬁ’
, 1
a4 :ﬁ’ a4 Zﬁ, a43 :ﬁ,
Q44 =725 45 =1’l;
33,75 33,75 (25)

where Y4 Y37, ...Yss demonstrate the amount (g) of es-
sential amino acids respectively: valine, isoleucine, leu-
cine, lysine, methionine, threonine, tryptophan, phenylal-
anine, arginine, histidine in the projected diet;
@ED dn

eaa > = eaa _ reflect the volumes of the functionals of
balancing essential amino acids corresponding to their
amount in an ED and daily requirements in them.
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IV. The conditions for the enrichment of the diet with ) Y, 107 > 50%-
deficient nutrients: — potassium Yoo o > “0)
. Yo 102 > 90%: (26) Y5 102> 000
— selenium —or 1107 > 90%; _ vitamin C —L-.10° > 90%;
19 Y3 41)
Y,
—boron #'102 >80%; @n vitamin B, L:” 107 > 80%;
17 Y] 4 ( 42)
Y 102
_ fluori 2107 > 95%; . Ys 107> 55%:
uorine Y2 08 - vitamin Bg yor 10° > 55%; @)
Y, ) )
— manganese ﬁ 107 > 40%; _ copper L; -10% > 50%;
18 (29) Y (44)
LIPS
Codi 21107 > 60% - RERSTS :
iodine Y. 30) - silicone yor 10” > 60%; us)
Yo 102
— 7 —=-10" 270%. Y,
e e ’ (31) -~ vitamin A Y%’z" -10% > 65%;
V. YMmoBHu 30araueHHsi paniony MeHi eGiquTHIMHI 2; (46)
HyTpiCHTYaMn: _ vitamin E ﬁ -10% = 70%; an
23
— calcium Yijm'loz =2 70%; Y oo
! (32)  —sodium Yo 107 > 40%.
Y. 24 (48)
_ fat an -10% > 50%;
; (33) VL. The condition for energy value
— phosphorus an -10% 2 50%; % -10% > 40%.
; (34) 5 (49)
. Yy 02 > 509 VII. Target function: maximum of the func-
— magnesium on "107250%;
Y, (35) tional of balancing proteins, fats and carbohydrates
1 1 5
Y — — - J—
— proteins YS,, 10”2 70%; 2=0, = 7 Y5+ 7 h+ 7 ¥y — max. (50)
5 36 . .
y (36) Mathematical formulation of the problem on the
— carbohydrates an 10° > 25%; an optimization of the contents of the ingredients in a diet is
6 7 Y —
Y. , to specify the VectorX - (x 12 X250 "xl4), which maxim-
—iron Y:,, 107 > 60%; izes the target function (50) upon condition that this vec-
8 (38 tor’s coordinates satisfy the system of equations and ine-
Y, 2 qualities (1) — (49). Results of the presented diet are
TR, 107 > 25%; .
— vitamin D Y % (39) demonstrated in Table 1.
Table 1 — The content of the ingredients in a diet
Ingredient Optimal content in a diet,g |Ingredient Optimal content in a diet,g |
Leaf lettuce 40 Persimmon 120
Dutch cheese bar 55 Selenic roll 120
The core of hazel-nut 10 Wheat bread 60
Solyanka with mushrooms
(recipe Ne 176) 250 Salt 2
Veal liver 80 Sun seed oil 20
Lentils 27 Sour cream, 20 % fat 30
Green head cabbage 100 Mineral water Borzhomy 200

Based on the analysis of the data presented in Ta-
ble 1, it is found that the obtained optimal values of the
ingredients content in the projected diet correspond the
previously determined technological restrictions (1)—
(14).

It should be noted that due to such content of the
ingredients in the diet it is possible to achieve optimum
correlation between the nutrients influencing calcium ab-
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sorption — 67,38 for the correlation fat:calcium; 0,95 for
the correlation calcium:phosphorus, and 3,39 for the cor-
relation calcium:magnesium that corresponds to the es-
tablished physiological restrictions (16) — (18). The pro-
jected diet also allows satisfy daily needs in nutrients and
energy on a high level that was provided by the re-
strictions (29) — (49) and the selection of the appropriate
ingredients with a valuable nutritive composition.
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b) the projection (by means of mathematical

Conclusion models and methods) of the totality of the recipes of flou-
ry products enriched with deficient nutrients and their
further use in EDs;

c) the improvement of mathematical models for
the optimization of the ingredients amount in multipur-
pose expendable diets, among which is the use of aggre-
gated limitations on functionals of balancing the groups
of nutrients;

d) the creation of the second generation of nutri-
tion systems in general, the systems with a higher level of
both nutrients balance and provision of daily require-
ments in them.

The suggested approaches can be used for both
nutrition systems aimed at the prevention and medication
of the diseases caused by calcium deficiency, and durable
diverse nutrition systems are created.

The analysis of mathematical toolkit created for
the projection of three basic healthful and dietary nutri-
tion systems, which cover daily, day-and-a-half and two-
day requirements in balanced calcium for the period mul-
tiple of a fortnight, is performed.

The ways for the improvement of mathematical
toolkit for the nutrition systems projecting are deter-
mined. They are:

a) the creation of functionals of balancing the
groups of nutrients connected by scientifically substanti-
ated correlations, and their introduction at all stages of
nutrition systems projecting — designing the recipes of
dishes, expendable and daily diets;
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AnHoTaums. [IpoaHanu3upoBaH MaTeMaTHYECKHH HHCTPYMEHTApHU, KOTOPBI pa3paboTaH W MCIONB30BaH ISl MPOCKTH-

poBaHus NOJITOBPEMEHHBIX CHUCTEM IHUTAHUS, NMPEAHASHAYCHHBIX IS HpO(i)I/IJIaKTI/IKI/I " JICUCHHUA 3360HeBaHHﬁ, BO3HHUKAOIIUX Ha
(1)0He Z[e(i)I/IL[I/ITa KaJIbllvs, B YaCTHOCTU COBOKYITHOCTb MAaTEMaTH4C€CKUX Moﬂeﬂeﬁ PpanoHOB PasoBOIo HOTpe6JIeHI/IH 1 METOJBI OIl-
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Hympuyionozisa, diemonoezis, npobaemu xap4yeaHHsA

THMH3aLIU COMIEPXKAHUS HHTPEIUCHTOB B HUX, MaTEMaTHIECKHAEe MOJIENH ONTHUMH3AINH CyTOYHBIX PAIMOHOB, a Takxke GopManusu-
POBaHHBIH METOJ] OBICTPOTO M JIETKOTO ONpeieIeHNsI OHOIOrHYeCKOH LIEHHOCTH PAllOHOB.

OrnpenieneHsl My TH yCOBEPIICHCTBOBAHMS Pa3pad0TaHHOIO MaTeMaTHYECKOr0 HHCTPYMEHTAPHS C LIEJIbIO CO3aHMUs CUCTEM
MUTaHUs ¢ OoJiee BHICOKUM YPOBHEM KakK cOalaHCHPOBAHHS HYyTPUEHTOB, TaK U oOecIliedeHHsI CyTOYHBIX MOTPEOHOCTEH B HUX Ha
OCHOBE UCIIOJIb30BAHUS B COCTABE PALIMOHOB IMUTAHUS HETPAJUIIMOHHBIX MYYHBIX M3CINH, 000ral€HHbIX AC)UIMTHBIMUA HY TPH-
eHTaMy, (yHKIHOHATIOB cOaaHCUPOBAHMS CBI3aHHBIX MEXIY COOOW IPpyII HYTPHEHTOB, a TAKXKe BBEICHHUS B MOICH (KaK m3Ie-
JIMSL, TaK U PALIMOHBI) arperHPOBAHHBIX OFPAHUYEHUH Ha 3TH IPYIITHI Hy TPHEHTOB.

KoroueBsble ¢J10Ba: CHCTEMBI TUTaHMSI, MATEMaTHIECKUE MOIEIH, LieIeBble (GYHKIWMH, 3a1a4n JIMHEHHOTO IPOrpaMMHpPOBa-
HUS1, QYHKIMOHAIB! COATaHCHPOBAHMS TPYII HYTPHEHTOB, arperHpOBAHHBIC OTPaHIIEHNUS, 3a1a9X IIEJIOUHUCIIOBOTO PO PaMMHUPO-
BaHWs C OyJIEBBIMU NEPEMEHHBIMH
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