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Principles and Methods of Designing a Composition of Meat Products Balanced

N.N,LIPATOV

Institute of Applied Biotechnology, Moscow, USSR

o’
The solution of problems connected with both the creation of new forms of a food &

o el
different aspects of improving agronomic technologies of food cultures, of increasiné .

productivity of meat and dairy cattle, poultry,etc. cennot be considered as a success’ o

s
without the solution of tasks concerning principles and methods of designing a comPOsi
of food products nutritionally-balanced. o

Long-year investigations carried out in this direction allowed to formulate the

principles of designing a composition of food products nutritionally-balanced and the

¥
onalt

ons including them: I.A rationally-balanced formulation is corresponded by a rati
. 30

lanced product. 2.In any set of protein-containing ingredients there is such thelTl T ﬁy

that provides the amino acid composition which is maximally balanced in relatio®

c
tistically based protein standard. 3.The fatty acid composition of a product desisned h

be purposefully changed by introducing additional fat-containing ingredients. 4.IB any ;
1!

of fat-containing ingredients there is such their ratio at which proportions of satw?
monosaturated and polyunsaturated fatty acids are maximally approached the pred<317<3:""mj'ned {0
ones. 5.While designing a product's formula to be included in the ration, it is necessﬁb
take into account the composition of dishes and products only once-consumed togebbe® 10,
a designed one. 6.There is such a composition of a multi-component product which 18 uﬁf
duced into once-consumed or daily ration that balances this ration on the energy val?!
the ratio of macro- and micronutrients and on the set of food ballast componentse fﬂ’

The initial stage of the development of theoretic foundations and concrete method” oiﬂ
alization of designing principles of food products balanced is connected with the gor®
tion of qualitative and quantitative conceptions concerning the rationality of esswﬂia
amino acids use in the technology of adequate exotrophy. gof
At the same time it's necessary to emphasize that all the logical conclusions us® ﬂ&
such a formalization have been made with the supposition that protein of a product cmﬁ
by a men was exposed to complete proteolysis in the digestive tract. However, ab presiﬁwﬁ
2

G

the procedure has been already developed that allowed analytically, on the basis of p
uo”

information, to calculate the proteolysis degree of a protein of multi-componen® pro
which are designed on the basis of formelization methods mentioned below. Fﬂ

. s . . 1de’
Formalization, which takes into account the inter-balance of essential ag&gﬂlﬁaé’ o

realization of such a formalization on the basis of well-known Michell-Block princlp
following indices are proposed:
Utilitarity coefficient of the j~th essential amino acid:

Q;=-2m™m. , fraction of unity (1)
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U
tllitarlty coefficient of the amino acid composition characterizing numerically the es-

hmﬁl amino acid balance in reference to the physiologically required norm (standard):
£ (AQ))
U g i Ai ,
t%mfaect to the equality (I), the formula’ (2) can be easily re-arranged to the following
: < Smn A4

I L'AJ
%t is appropriate to mention here that the analogical on writing index, but in another

fraction of unity (2)

, fraction of unity (3)

8
I‘pl‘etatior.l, was proposed earlier by Brazhnikov A.Me., Rogov I.A., Mikhailov N.A,
Ly
Gex of "compared redundancy" of amino acid content not used for anabolic needs in such
m;QQtity of protein of the proéuct evaluated which is equivalent to utilized content in

S5 of the standard proteins *
6 bl 4§(AJ;Smm A5d (Lr>

* the formula (I-4) the following conventional signs are accepted:

Iy

Y, Qipn ~ minimum scor of essential amino acids of a protein eveluated with respect to phy-

Svglcally required norm (standard), % or fraction of unity;

Q%m(ﬁﬁ = scor of the j-th essential amino acid with respect to physiologically required
tandard), % or fraction of unity;
J = mass quota of the j-th essential amino acid in a product, g/I00 g of protein;
%q 4 ~ mass quota of the j-th essential amino acid which corresponds to physiologically

Tg
W A norg (standard), g/I00 g of protein.
ﬁ

8
e .
Wy SSence of qualitative evaluation of proteins compared by means of indices formalized

t
%%eb the more values of "ll" or the lower values of "Eﬂc" (ideally (I = I; @% = 0), the

e :
%Qs SSential amino acids are balanced and the more rational they can be used by the or-—
q
%
LWg 7 +
Q&;\\éiéﬁﬁégn which takes into account the ratio of essential and non-essentizl amine

“QE_SuCh formalization allows to evaluste quantitatively the quota of essential amino
protein of the concrete product which can be used as precursors of non-essential
“% . Qids blosynthe51s or as an energogenic material because of their being unbalanced,
“.g or Tedundancy with respect to non-essential amino acids. Only six mutually exclusi-
uatl°n3 can be picked out which reflect proportions of essential and non-essential

\ 8ey hls .
%Q ds in a protein evaluated. In symbol form the conditions corresponding to these si-

u 8¢ described by the following inequalities:

l[t SEAA > $5; S4 = Sy = const > I (5)
Q<I- ZEAA & I8 S =8 i, = const &£ I (6)

y Uey'  ZE > ¥s; USEM 3385 Sy, 5> I 7
I‘g%’ ZEAA > 253 Spip<Ii USEAL < 38 (8)
Ly,  T- Es) sy, (82)
U I. (I - 38)° s, (8Db)
RS TR 8ot £, A (9)
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In expressions (5-9) the following signs are accepted: p

SEAA - tobtal mass quota of essential amino acids in a protein evaluated, fraction of
USEAA - mass quota of interbalanced essential amino acids; b
§S ~- total mass quota of essential amino acids in standard protein, fraction of und o

e
For quantitative evaluation of distribution of essential amino acids in the c:oIlGr‘:"b
po?
sOf

v

tein which play the role of energogenic material or are precursors of biosynthesi
essential ones the following formulas given below were deduced (Table . #

.dO
The main criterien of this evaluation,by means of these formulas, of the amino act .

position of a protein of food products or of raw materials for their manufacture £rot d”
ansidere

. 48 o
a maximum,as compared with other variants, quota of assimilated essential amino acl &

65°
its protein contains is able to use for anabolic needs without the degradation on no¥ of

positions of rational use of essential amino acids is that the product can be ¢

2 6
a preferable one, when (provided that an orgenism is equally supplied by anaboliC wa®

tial amino acids biosynthesis and not to use for compensation of energy consumPti
the organism because of their interbalance and with non-essential amino acids.

In symbol form this criterion is written as follows:
BS EG 0)
{Rc—vmax; S EAA — min; £ EAA — min (I :
ot
The second stage of creating the theoretic and practical foundations of food Produ 4
o
signing was the development of modelling methods of influence of the set of formUlati

gredients and of their ratio on changes in mass quotas of macro- and micronutrient’

Mass gquota of amino acids: tiawﬁw
: 0 4
Situation correspond-iz=—r—ro S FOOTT= Coefficient of T8 mPﬁi

ing to the inequalityisors of biosynthe gﬁii@oéﬁizz ;ztg— of the amino acid 2

sis of non-essentid .
al amino acids L T/

8 U
5 S EAA =ZEAA - S 2 B et
0 D in
EG S -SEAA
6 - S NEAA = S=2-Coo=oo = 1
BS =S e o
7 > EAA =38(8 .~ I) - B, = _5__—-
EG min
8 & 8a - S EAA = (I - U)SEAA R, =1
G

BS E
8 & 8b zEAA:(I—U)ZEAA-é(I}-smin);ZEAA=(I-smj_n) R, =

9 g S EAA = (I - U)ZEAA Rc=UM,
8
|
To become a calculated information of mass quotas of such matters as proteil 5 Fid
i#

tes, fabt, minerals, vitamins the following formula may be used which in its essence

written form of the material balance equations

n
¥ :g; .S
= s ’
5%;1:I:i gi¥!

c
g = iné
where Sc is the mass quota of the concrete macro~ or micronutrient in formula®t ]

fraction of unity or %; I; is the mass quota of the i~th component of formulatins
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I‘ac
“on of unity or %; S; 1s the mass quota of the concrete macro- or micronutrient in the

N
%
hc°mPone.nt, fraction of unity or %.

S
=

fig formula can be used also for the calculation of mass quotas of ballast matters.
0 aIn Case when it is necessary to become an information, e.g., about mass quotas in formu-
%

) &@ Wix of such matters as amino acids to be a part of protein or as fatty acids to be a

pE fat, somewhat another writing form of material balance equation may be proposed:
n
y Ms: 2 Xy S Mij
e b=
4 i Xy S;
95 whﬁbe b 2 v=1

M- is the mass quota of the j=th component of a complex macronutrient in multi-compo-

(12)

Y
)| N e
°rmulatlon, fraction of unity (or %, or g/I00 g of complex macronutrient); MiJ is the

§ qu°ta of j=~th component in the concrete complex macronutrient of the i-th component of
%frmulation, fraction of unity (or %, or g/I100 g of complex macronutrient).
% ¥he basigs of this equation at the limitations below-mentioned the authors proposed

Ry llOWing algebraical expression that is a fundamental one for modelling protein amino

44
e
“Wposition in multi —component formulating mixtures:

; Sy anay+ (55 -Y)E a0+ yEx Sxnay
4 AJ-_LL’H &i p=b+i y=m (I3)
/ Ensap+ (3T Y)STprYE LS LM,

b=l =1 p=f+1 i=msi

L}
ebe
%b LI the total number of ingredients to be a part of the formulation; 1 is the num-

of
y §w ingredients not to vary while modelling; (m - 1) is the number of ingredients to va-

by
l%g le modelling; (n - m) is the number of ingredients which are substituted while model-
)
2 f%n Z (I,‘ = I; Z a_' = I; Y J,' is the total mass quota of ingredients in the
f%m tlQn which vary whlle modelllng, CC,ls the mass quota of the i~th ingredient in the

2 0. tion, fraction of unity; |).P is the protein mass gquota in the i-th ingredient, %;

‘D%ts *he mags quota in the protein of i-th ingredient of the j-th amino acid, g/I00 g of

| b"ing ' &nd A; is the mass quota of the j-th amino acid in the protein of the formulation

| mlmodelled g/I00 g of protein.

e%w WMalysig of existing formulations and of real possibilities of meat and dairy plants
Shat while developing new forms of products, including products for special use, it

Qg uy whether it should be used in their formulations more than six protein-contain-

/| ty,  EPedien

4 Oty
| Em a1 ®Quation (I3) which allows by means of computer to realize the cyclic algorithm
g |

ts. In this connection, it is simple to deduce the dependence on the basis of

e
%g‘ linS the amino acid composition of six-component formulation. It looks like as fol-

ARENC 0, +P,05)+P, 05+ RaRs[RuP. 0y +(A-Ru)P O fi-RIRROy-(-RIBA DL -,
" CP-P)+ Po+ Re Ry [Ra P +(1-Re)Pu] +(1-Rs)[ RePs (1-ROP] - |
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b . it
Original essence of this model consists in that while its realizing with computer %

ué?

quite enough to be given to only the mass quota of the first component. After that val e
: < dee”

of in, R2, R3’ 34 and R5 are chosen on the modelling results which to the greatest p

$
satisfy the rationality criterion (IO0), the following values are calculated on the pex?

mulass X =1~ xﬁl R Xz = 32R3R4; X, = RaR3 (I - Rq); X5 = R2(I - RB)Rs;
Xg = Ry(I = R;)(I = Ro). (15)
For all this the following limitations must be maintained:

, : 6)
R, £ (I = xp) Rze [031] Ry [031] RgE fosz] 5 s

While introducing other limitations on the model corresponding to any in® ;
e ’
/

ate situation, including five-, four-, three-~ and two-component systems, can be obtad®

]
Brocedure of designing formulations of multi-component food products includes thre
i’
i

ges. In the first of them by means of formulas (I4) and (I5) modelling the protein
acid composition of a food product designed is realized and those values are chosed

to the greatest degree satisfy the criterion (I0). In the second stage the evaluation

10
the fatty acid composition of a product designed takes place. For this purpose the £o
ing formule is used: : 3 Z Z 3: b E,‘ )

Zr - d=4 = (17
d S:ac b

where lij is the mass quota of the j=th fatty aclds in the fat of the i-th component'

l is the mass quota of the j~th fatty acids in the fat of multi-component food Produ ;
% to fat; Li is thea mass quota of fat in the i~-th component, %; x& is the mass quota
the i~-th fat-conteining component in a food product designed, fraction of unitye. BW

Values of index J in the formule (I7) are identified, respectively, withs I - mos? iﬁ’
rated fatty acids; 2 = saturated fatty acids; 3 = linoleic acid; 4 = linolenic acidi
chidonic acid. In this case it's taking into account that mass quotas xi(P)of Compaw:gy
containing protein besides fat are constant as pre-determined by the first stage of eﬂw
ing. On the results of this evaluation such mass guotas xi are chosen which in ot tﬁw
xi(p) provide the required approximation to physiologically necesgsary ratio betweenga
ted, mono- and polyunsaturated fatty acids. o
In the third stage the energy value of food products designed is calculated. For .

purpose the following formula is used:

n (4 2 v j S s
Q = 12,25 2P {1-Smm (XD} +0,38§Ziziacfu,£;, +15 7;‘ falsy o
b=4 =it= ={1=1 £
I3 on o

where x§ is the mass quota of the i-th carbohydrate-containing component, fract V’W
Sij is the mass quota of the j~th sugars in the i-th carbohydrate-containing compoﬂalowy
17,25 15,7; 0,338 are coefficients proportionate to the energy value of proteins: .
raves (kJ(%+g)™T) and fats (kJ(%*%eg)™L). g
The first sum in the second item of the formula (I8) takes into account the facb ﬂtf#

6
correct balance of the fatty acid composition polyunsaturated acids have not 10 be

compensation of eénergy consumption by the orgenism.
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. g The first sum of the third item of this formula values of index J are identified withs
{N
mmOSaccharides; 2 = disaccharidesj 3 = polysaccharides hydrolyzed.

mkftel‘ that the energy value was calculated by means of the formula (I8), it is compared
th

4 the required value of Q_g . If the energy value calculated is found to be less than Qs .
44

ltlc’n&l technologically permissible carbohydrate-containing components are introduced in-
he Product composition. If the calculated value of Q is found to be more than Qg ’
sih Zith excegsively high values of L may be changed by new ones (btechnologically permis

) With lower values of Ly
% ::e Procedure of designing a composition above-described can be used for grounding food
g us balanced including the first and the second dishes and allows to take into account

QInpC’Sition of garnishes, bread quantity consumed, desserts and drinks,
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