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hy

lsgy TePOTt deals with the methodology of

{, SRing multi-component food products be-

Yo acterized by the complex of nutri-

g 8l value parameters required. Principles

o¢  STiteria for assegsing the rationality

%tere of protein- and fat-containing raw

Ry ~~8l, namely its essential amino acids

8 °p° yunsaturated fat acids were formulat-

Ygyn Phe base of formalization of bioche-

tqeY s Physiology and nutrition hygiene
Cedtions,

8
Do§§°d°logica1 approaches cited in the re-
teChanLSWed as a base for developing the
hod Que of grounding proportions of food
%tiucts or their rations ingredients which
kme:fy the deterministic complex of requi-
Vu_e S concerning biological and energy
Osess and which provide the rational use
Sential food substances.

tyg;¥ide circle of approaches and questions

We ~9€red this report serves as a stating

"olke d may be of interest for scientific

Ropers Studying problems of technology im-

{oog Rent and development of new types of
Products.
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(he
ibepr9blem of designing food products with
Wgg 3Wred complex of consumer properties
l%m °rmplated a5 a new independent deve-
Mmlgnt in science quite recently. The first
Yoy S8tions on this problem were widely

of Sed on pages of journal "Meat Indust-
Qrfe the USSR", Taking into account those
Yo I8t opinions expressed during discus-
Ngy 204 following the new paradigm of ade-
W4~ SXotrophy, it is quite correct to di-
Qmmcqnsumer properties into two main
Ry ts ~ those depending on the composition
hvidh°se depending on the structure. Such
Qg 408 doesn't contradict to the follow-
¢ Oetermination of the most capacious
gt of consumer properties of food

©%s - fheir nutritional value.

DE%IS AND METHCDS
T ¢
%g§§mln15tic approaches to designing bio-
?m c&l and energy velues of meat products
chqgn?alning them rations allow to speci-
%monslderably existing models of these
s tﬁnts of nutritional value. Let's be-
NG fhis chain with a model of energy value
QDPQ °0d product designed. At the f£irst
d%“en Dation, proceeding from wide-spread
ot itlons that energy value of a food pro-
&S Predetermined by proteins, fats and
e thgyd?ates it contains which take part
9% leIOlogical oxidation process and give
?t,IVaVerage 28,8 kJ of energy per I g of
+2'1°7,2 kJ per I g of provein and I5,7 kJ
+) dgn8 Of carbohydrates, it is rather easy
imm*lVe a dependence connecting mass frac-
°f these components with an assimilat-

FOR SCHEDULE REASONS,
REVISION NOT COMPLETED

ed energy Q per 100 g of mass which is a
mathematical model of energy value of a food
product designed:

Q = iL7 ;2 P+ 5848 i1ie 15,7 . C,

kJ/I00 g, (I)

where P,L,C are mass fractions of protein,
fat and carbohydrates, respectively, %;_-
I7,2; 38,8; I5,7 coefficients, kJ*(%eg) ~.

Furthermore, taking into account a concepti-
on supported by authors of this report which
is oriented on the maximum complete use of
protein for anabolic purposes of an organism
it should be to correct the model of energy
value of a food product designed in such a
manner that the required value of Q would be
ensured by its fat and carbohydrate compo-
nents. Protein share must be limited Dy oniy
that its assimilated part which cannot be
used for anabolic purposes. For realization
of such a correction let's formulate two po-
stulates which do not contradict to well-
nown definitions.

The first postulate consists in that for
anabolic purposes from the whole mass of as-
similated amino acids only that their quan-
tity may be used which is proportional to
the use of essential amino acids.

The second postulate proposes that from the
whole mass of assimilated essential amino
acids for anabolic purposes of a consumer
organism such their quantity may be used
which is predetermined by their balance in
relation to statistically based standard
teking into account a physiological specifi-
city of a concrete group to which refers a
consumer supposed.

The first and the second postulates allow
to speak out a number of considerations be-
ing rather importent for designing rational
amino acid composition of protein.

Let's examine such a case when protein of
a food product designed, in reference to

statistically based standard, contains if
only one essential amino acid in smaller

quantity than it itself.

It is not difficult to show that summary
mass fraction of assimilated essential ami-
no acids, which are capable to be used by
an organism for anabolic purposes without
the following degradation, may be determin-
ed by formula: o k/ S
Bee D (2)
where 4/ is a mass fraction of the , - th
essential amino acid in protein of & food
product designed, g/I00 g protein;

g% is an utilitarity of the , -th

¢/ essential amino acid, wnit frac-
tion; £/is a score of the ' =-thessential
amino acid in reference to its mass fracti-
on in standard selected, unit fraction;
Cmin=rmal, is a minimum from scores of es-
sential amino acids of protein of a product
designed in reference to standard selected,
unit fraction.

Rest essential amino acids can be used by
an organism either as precursors of biosyn-
thesis of non-essential ones, or as an ener-
genic material. Their distribution on these
roles depends on predetermined by physiolo~-
gical features and taken into account by




selected as a standard protein relation be-
tween sums of essential and non-essential
amino acids which is characterized by the
mass fraction 47 of essential amino acids
in it expressed in grams per I00 g protein.
If a numerical value of expressed in per
cent fraction #° in their sum with non-
essential amino acids is less or equal to
a numerical value of 4%°, that is

/q‘/:/%%/{///;f'/ (3)

There is no need for an organism to use a
difference between the actual sum 42 of
assimilated essential amino acids and 47
for biosynthesis of non-essential ones, and
this difference can serve as an energenic
material for the compensation of its energy
consumpticn.

On the basis of the second postulate it is

not difficult to show that for amabolic pur-
poses of an organism from the whole quanti-
ty of assimilated protein 4 would be used
that part which is directly proportional to

#% and inversely proportional to /7 cal-
culated from the formula: 25 ;i-, (4)

which is easily converted into the”follow-
ing form subject to (2): )

/;:G/'LM/n (5)
The same quantity of assimilated protein
will be used by an organism for anabolic
purposes in case when /»*/,/4s/ . However,
a part of 45 will be required to an orga-
nism as precursors for synthesis of their
deficit essential amino acids.

In both cases the quantity /47 of assimila-
ted protein which may be used by an orga=-
nism for energy purposes represents a dif-
ference between Zy and /o 3

Por = Ay (7 Conrt/ (6)
Let's consider the case when assimilated
protein of a food product designed contains
all the essential amino acids in quantities
much higher than standard selected. In such
situation all assimilated essential amino
acids may be used by an organism as a anabo-
lic material. However, to consider this si-
tuation as a variant of the rational use of
essential amino acids is impossible. Al-
though they would not serve in this case as
an energenic material; degradation products
of their quite defini'l:e part 47 must serve
as precursors of biosyn‘c‘l';lesis of essential
amino acids P Aty (7)
The reasanings just cited allow to formula-
te the main principle and criterium for de-
signing amino acid composition of protein
of new varieties of food products from a po-
sition of the rational use of essential ami-
no acids consisting in that technologically
approved set and mass fractions s~ of pro-
tein-containing components it contains may
be considered as preferable, when, provided
that en organism is wniformly supplied by
anabolic material, a maximal fraction (as
compared with other variants) of assimila-
ted essential amino acids,the protein can-
tains, is capable to be used for anabolic
purposes without a degradation of non-essen-
tial amino acids for biosynthesis needs, and,
all the more, without a biological oxidation
for the compensation of organism's energy
consumption.,

Subject to that while designing it is pos-
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sible to achieve such variants when .7

as well variants when ¢z </ a cri’vef.lof
of choice 4. corresponding to this P*&S
ciple may be written in symbolic form (®)
A (- B { BT )
o (//4", 2 ik
. . Bd
Let /r denote a mass fraction of gass_lm;%oce‘
ted protein (expressed in %) in ¢ -¥
in-containing component and .z denoté
mass fraction (expressed in grams peT
of protein) of the _ '-th essential nnf'
acid in protein of the . =-th compoB&isy
this case a criterion (8) of searcm:naccy
a preferable relation between mass T P2
ons r” of these components in a f?ocra 50’
duct designed from a position of the pey
nal use of < essential amino acids,}’ollow'
contain, may be written down in the

a ’
100°
'nC“

A om

ing form:

b3 Y x
CLOMM B
2/! /ﬂ/f’ < ~.(/“'}
B A ~
( o "
is a2 mass ffacsgeﬂ'
of the / -tb %y
tial amino acgood i
protein of & - 4 ¢
product 'deslg‘goo §
fized / o &
protein; +pe
#3/ is a stendard mass fraction of resly
-+th essential amino acid, g/I00 g P2 T
Here, it is appropriately to emph’?‘SIrioﬂ,og
a _symbolic representation of a critei’ g
(9) doesn't_involve satisfying a 1im2"z¢
that £.°= 1, as the sun of protein—»
ésr ¢ £
and carbohydrate-containing components 34)
a food product designed must be equal on”
but not the sum of protein-containing coc
ponents of such a food product. It is ncoﬂ’
excludable at that some components €22 -

tailn simultaneously two or three macro®
rients.

a2

Symbols above-used allow to re-arrang®
equality (6) into the next form: (IO)
B 2 A2 1 Cmin 1] ,
4% » » o8’

After the choice of 4/ ,which satisfy &
terion (9), it should not forget that
equality (IO) is correct only for the
when /£,.,cr//<I. In opposite case /A

as it was shown above.

40
Correcting the formule (I) in regardi®é,
contribution of fat components of & 9% i¢
product Gesigned into its energy valug’coﬂ’,
is necessary to state briefly the mOSY solf
mon point of view concerning their P&
gical purposes.

uT

Data presented in the special literi““rfa'“
and regarding the biological role of at e’
consumed with a food show that the 207 il
fective action for an orgenism is ach ol
in that case when proportions of sat
menounsaturated and polyunsaturated f"?olo’
acids,which are necessary from a pwsumercbg
@y

1

cafec

v

gical position for an individual comS
or for the groups of consumers united
definite criteria, are observed. AS

Ple, the following proportians for &
statistical consumer, presented in 2
al literature, may serve - 0,3 : 0,6
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%;fas Shown that polyunsaturated fat acids
a0y 08ed to essential substances which are
tyg Synthesized in an organism from satura-
o, 4 monounsaturated fat acids or other
annic substances; the main types of poly-
o vuTated fat acids consumed by an orga-
al,sm With a food are linoleic, linolenic and
o otidonic acids. Their biological role in
ho OrCganism is highly importent and various,
th'8Ver, the most important property of
Q§s€ Substances is concluded in that they
tors. Part in forming structure elements as
pﬁmulsory components. It allows to refer
%lyuﬂsaturated fat acids to plastic sub-
baFges used for anabolic purposes of an or-
m.
Ege Teasonings above-cited reduce themselves
L hat it should not take into account po-
mms&turated fat acids content while deter-
ﬁfins energy value of a correctly balanced
s 2Toportions of fat acids food product de-
tigeed which is necessary for the compensa-
%Fn Of share of physiologically stipulated
Mirgy consumption by an organism predeter-
Hyoo by this product's quantity in each
€le~consumed food ratiom.

A

%?athematic representation of a model with

fend Of which it may be evaluated the ef-
% of mass fractions used of fat-contai-

DS COmponents in formulation of a food

8 2t designed on the balance of saturat-

8] ;i0Rounsaturated and polyunsaturated fat
98, has the following form:
£ > .A - v
/.2 =/ t-/’(: L‘ ﬁ/ (II)
R
Yo
%i§§ £} is a mass fraction of  ~th fat
$Qt i1 a fat of multi-component food pro-
g2 %3 £, is a mass fraction of the / -th
.8¢ids in a fat of the . -th component,%;

Qé& 18 a mass fraction of fat in the . ~th

cobent ,%: «¢ is a mass fraction of the

D%dth fat-containing component in a food
%t designed, wnit fraction.

|
ﬁfig velues in the formula (II) are iden-
Veq fd,respectively: I - with monoumsatura-
§~ 8% acids; 2 - with saturated fat acids;
‘ﬁd?ith lincleic acid; 4 - with linolenic
e’ 5 - with arachidonic acid.

8
V%a finag step of model correcting (I) ser-
%néfmlysis of carbohydrate-containing com-
Efoogs contribution to the emergy value of
‘a4~ Product designed. Taking into account
ﬁt.tﬁe main duty of carbohydrates in man's
‘Qcotlun is energenity it is necessary to
t%m Ver & mass share of polysacharides in
?\thm&h are not hydrolyzed in digestive
M@cé‘that is, they are not an energy

Y
dg
%td‘fOr evaluating the effect of carbohyd-

Q%m;°°n?a;ning components on changes in the
Ygs Sition of a food product designed of

thoiy 8s of hydrolyzed and non-nydrolyzed
drates has the following form:
o el f;' .
&y i Cy (12)
:Qel‘e C/;é 3
3%yq., 7 1s a mass fraction of the /-th car-
i » 8%tes in multi-component food product,

natef/

.

§ ;-5 a mess fraction of , -%h carbohyd-
%%cnln the . -th carbohydrate-containing
fat, %; +° is a mass fraction of .'-th
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carbohydrate-containing component in a food
product designed, unit fractions.

Index , values in the formula (I2) are iden-
tified, respectively: I - with monosacchari-
des; 2 -~ with disaccharides; 3 -~ with hydro-
lysing polysaccharides; 4 - with non-hydro-
lysing polysaccharides.

The reasonings above-cited concerning the
influence of amino acid-, fat acid- and car—
bohydrate-composition of assimilated mecro-
nutrients of a food product designed on the-
ir contribution into its energy value allow
to perform the model (I) of this important
quality index in the following form subject
to all the limitations assumed in tkis ar-
ticle:

ko 7 g 5
G182 KR f1- Lpin (£ R34 5 E
T 5

c/~n-"
50 Ao
Gerh - v

/ 5
{YL'__;/',. 73 7&
~5
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RESUITS AND DISCUSSIMN

Presented in this article deterministic ap-
proaches to designing food products with the
required complex of food value parameters
allow to propose the following sequence of
designing a composition adequate on macro-
nutrients which ensures the rational use of
raw material, being a source of essential
amino acids, a high biological value of pro-
tein, meximum approximating to physiologi-
cally stated proportions of saturated, mono-
and polyunsaturated fat acids and pre-deter-
mined energy value.

In the first stage, by means of the depen-
dence entering into the mathematical record-
ing of criterion (9), modelling an amino
acid composition of protein of a food pro-
duct designed is carried out and 47 ensur-
ing min of the functional (9) are selected:
ek £ XPL ) E P

In the second stage, by means of the equa~
tion (II) modelling a fat acid composiftion
is realized taking into account thet mass
fractions of components .1 //containing pro-
tein apart from fat are constant as it is
predetermined by the first stage of design-
ing. On the basis of modelling results such
mass fractions of /#° are selected which en-
sure together with "/ the required appro-
Ximation to physiologically necessary pro-
portions of saturated, mono- and polywnsatu-
rated fat acids.

In the third stage, from the formula (I3)
an energy value ¢ of a food product de-
signed is calculated, but in its third com-
ponent only those #“”“are taken into acco-
unt which serve as ‘sources of protein and/or
fat. Afterwards, the result achieved is
compared with the required value of Q. If

a calculated energy value is less than Q
additional (technologically approved for
foods) carbohydrate-containing components
are introduced into product's formulation
in such quantities which ensure the requir-
ed value of Q subject to (I3), If Qp is
more than @, in this case {1 are recalcu-
lated. If necessary, /° with too high va-
lues of </ may be replaced by new, tech-
nologically approved ones with smaller va-




lues of /, .

The given sequence of composition designing
may be used as a base for balanced food ra-
tions including the first and the second
dishes and allows to take into account the
garnish composition, bread gquantity consum=—
ed, desserts and beverages. It should not
forget that calculated balanced amino acid
composition of multi-component system may
be achieved only in that case when these
components are simultaneously consumed.

Deterministic approaches to desi%ning nulti=-
component food products allowed to develop
the principles, criteria and sequence for
basing proportions of protein-, fat- and
carbohydrate-containing ingredients, which
ensure satisfying the complex of require-
ments corcerning biological and energy valu-
es provided that essential substances are
rationally used. The sequence proposed and
criteria for basing the composition may be
applied for designing food rations.
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