
0iPH 5 fI1OH OP BACTERIAL CONCENTRATES IN THE MANUFACTURE 
SMOKED BEEF PRODUCTS

G*A.ERESKO, I . I .  TIMOSHHUK, T.M. SHAPOSHNIKOVA 
Uky. •T in ian  Research Institute of Dairy and Meat Industry, 
a> Mariny Raskovoi S t., Kiev, 252105, USSR

}ime
%ABSTRACT: The advanced techniques of raw animal material mecha-

^ cal treatment at curing make i t  possible to obtain (fo r  a short 
.nterval) tender beef products of excellent color and attrac­

ts appearance, but their desired aroma and flavor fa i l ,  as a ru­
in*,,1'0 formed. At the same time, the experience gained
has pplicatlon of ?ome sPe° i es and strains of lactic-acid  bacteria 
pj. Proved that this technique is  ambitious for intensifying the 
i'̂ c ies3es of flavor and aroma formation in the meat product manu- 
^io-n^0 ’ Pe.e  ̂ Product po la tab ility  can be improved by applica­
ble., smoked beef product technology with u tiliza tion  of

concentrates which give the product a spec ifica lly  ple- 
n t flavor, fine aroma and adequate consistency. Appropriate 
8tHova i Ve7an<̂ ~hechnical documents have been elaborated for the 
b0iL ^ "b o iled  beef ham manufactured from muscles (prebone, post- 

, tr ic ePhal ° us) of the beef bladebone, egg powder, and v iv i-  
a bacterial concentrate.

k̂ 0? TRODUCTION: The smoked beef product manufacturing process is 
flail11 ho be rather d iff ic u lt  since the beef meat shows a specific 
W  0r» aroma and coarse consistency. The specialists of the Ukra­
ine ? ^search Institute of Dairy and Meat Industry have developed 

bacterial concentrates added to multicomponent brines, which 
c°Ur manû acture the high-quality smoked beef products. In the 

® of degustation procedures, the specialists highly appreci- 
organoleptic indices of the products: the surface is  dry, 

V  colored in golden-brown color, pink in cutting, the pro-
8 are succulent with full-bodied aroma of smoke curing and 
ery, and delicate consistency.

to MATERIALS AND MiETHODS: With a view to select microorganisms 
tow?0 used in the manufacture of smoked beef products, the fo l-  

cultures were studied: Streptococcus d ia ce tila c tis , Stre- 
fbceus thermophilus, Lact. acidophilus, 

to e e selected strains were checked by basic indices inherent
bacteria species. The antagonistic properties of Lbc. aci- 

J-Us and Str. thermophilus were studied as against the sapro­
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genic and sanitary-representative microflora. Selected as com­
ponents of leavening combinations were the strains showing a 
high-level antagonistic a c tiv ity  (10 to 10"°) and an aci­
d ification  a c tiv ity  of 80 to 110 °T for 5.5 to 8 hours ( at 
the 1-% inoculation). Strains Str. d iacetilactis  selected for 
the study showed almost similar indices and represented the 
diplococci, rarely short chains of cocci; the alkaline-test 
occurrence of diacetyl and acetoin was observed within 7 to 
10 minutes, the leavening time at inoculation of the 10—% cul­
ture was from 17 to 20 hours.

The flavor and aroma of milk fermented by a ll  strains are 
delectable, full-bodied, without foreign flavors and odors.
A ll the strains are resistant to the 0.4 % phenol and 2 % 
common salt and show the den itrifica tion  properties, i .e .  they 
enhance the reduction of nitrates into n itr ite s . The la tte r 
property is especially important because i t  allows a twofold 
reduction of sodium n itr ite  in a brine employed for meat stuf­
fing. The cultures selected following the above-enumerated 
indices were used as a basis to compose the leavening combi­
nations featuring a set of strains. Some research works were 
conducted resulting in creation of a bacterial concentrate 
based on leavening combinations of the following strains: 
Streptococcus d iacetilactis , Streptococcus thermophilus, and 
Lbc. acidophilus.

Prior to introducing the bacterial concentrate into a brine’ 
i t  is  subjected to v iv ifica tion . To this end, the nonfat or 
reconstituted dried milk is used, which is obtained by dissol- 
ving 0.5 kg of nonfat dry ijiilk in 91.3 1 o f'tap  water preheat­
ed to a temperature of 40 -2 °C. The nonfat and reconstituted 
dried m|lk is  to be pasteurized at a temperature of 93 -2+ 
for 40 -5 minutes and cooled down to a temperature of 37 -1 
The bacterial concentrate is introduced into the pasteurized 
milk in quantity of 1 g per 100 1, having predissolved the 
concentrate in 10-20 ml of the pasteurized milk or physiolcgi" 
cal salt solution. The leavening is conducted at 37 *1 °C un­
t i l  the milk is  clotted for 16 Ï2 hours, then i t  is cooled 
down to a temperature of 7 -2 °C and stored at this tempera­
ture for not more than 24 Î1 hr.

The multicomponent brine formulas and the cured beef pro­
duct manufacturing procedures were elaborated. In addition 
the v iv if ie d  bacterial concentrate, the brine composition i 9 
added with a number of components which intensify the meat cu­
ring process, fa c ilita te  the aroma formation and increase the 
b io log ica l and nutritive value of the ready-to-eat product.
The multicomponent brine is  introduced into meat pieces by 
pumping in quantity from 20 to 35 %. The pumping brine tempe­
rature should be 0 to 4 °C. A fter the pumping, the raw meat 
material is to be kneaded for 30 to 40 minutes, employing the 
smooth-wall agitators. When a mixer-tenderizer is  used, the 
raw meat material is cured and kneaded in the automatic mode
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f or 15 to 25 minutes. No disruption of muscular tissue is 
flow ed  during kneading. Then the raw meat material is kept 
in a brine fo r 18 hours at a temperature from 2 to 4 °G.
|ne as-cured and as-formed product is transferred to heat 
treatment in thermal chambers or stationary and cooking 
cnambers. The smoking is  conducted in a fume-air atmosphere 
occurring a fter burning dry sawdust of leaf-bearing hard 
'̂ood, the process temperature ranging from 80 to 100 °C 

^nring 1.5 to 2 hours. The cooking is  conducted by steam in 
ôe steam chambers or in water in open digesters at a tempe­

rature range from 78 to 82 °C until the in-product tempera­
ture reaches 70 to 74 °0. The term of cooking is 50 to 80 mi- 
hutes for a product mass of 1 kg. The smoking and cooking 
Procedures can be carried out in automatic thermal chambers, 
the as-cooked product is cooled down in a chamber at 0 to 
^°G u gtil the temperature inside the product does not exce-

The above-specified technology with application of bacte- 
i&l concentrate "A0ID0BACT" is supported with the normative- 

7technical documentation which was elaborated and certified  
or a wide variety of beef products: top-grade "cured ham", 
irst-class "Desnyanskaya beef neck", firs t-c lass  beefro ll 
^lavutich", and firs t-c lass  "beef ham". The raw meat mate- 
la ls used to manufacture the above products are as follows: 
oured ham" - back and fore rib ( thick end: eye muscle of 

^ in ) or s ir lo in  ( thin end: backbone muscles), or rump (fle sh ); 
desnyanskaya beef neck" - muscular tissue of scrag from 3rd 
° 7th vertebra inclusive;
oe fro ll "Slavutich" - f la t  flesh (broadest muscle of back) 
lessed out in one muscular layer from the rib and breast of 

.h a l f  carcass;
heef ham" - prebone, postbone and tricephalous muscles of 
he beef bladebone.

AND DISCUSSION: The bacterial concentrate for the 
Toked beef products is characterized by the following indices: 

c lo tting due to introduction of 1 g into 100 1 of water 
^ccurred a fter '14 to 18 hours, the titra tab le acidity was 
■^hin the range of 84 to 115 °T. This concentration corres- 

^°hded to a lactic  acid content of 7.6 to 10.3  g in 1 1  of le -  
ttlVeh, thus a ffecting favourably the quality of meat products 
^^dTuetured with application of bacterial concentrates. The
actic  acid 

Pfot
produced by microorganisms increases the tissue 

, --eo lytic  ferment ac tiv ity  thereby fa c ilita tin g  the manufac- 
of a tender beef product. I t  should be noted, however, 

s.a‘t the meat tissue ferment a c tiv ity  change has been poorly 
g.uhied so far. An important role of tissue ferments (cathep- 
^ds) Was found in the mechanism of formation o f the meat ten- 
t  ̂ features, flavor and aroma. The curing-associated meat pro- 
s ^Tysis, followed by accumulation o f non-protein nitrogenous 
^^stances to which the free amino acids pertain, occurs under 
Q ^ iv ity  of curing ingredients and due to continuous activ ity  

tissue proteolytic ferments whose action is increased with
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presence of lactic  acid produced by microorganisms. The pro­
teolysis is  induced by cathepsins e ffec t, Gathepsin D or aci­
dic proteinase is one of basic lysosome prcteinases of mus­
cular tissue, which presents a wide spectrum of effects and 
is an important contributor to degradation of various prote­
ins and peptides. The maximum activ ity  of this ferment mani­
fests i t s e l f  in a d istinctly  acidic zone. In the course of 
meat curing with application of a brine containing a bacte­
r ia l concentrate, a complex system of structural changes is 
developed. These changes consist in swelling of muscular f i ­
bers, deterioration or disappearance of their la tera l stria- 
tion, nuclei chromatolysis, outflow of salt-soluble proteins 
from muscular fibers with formation of fine mass between mus- 
cular fascicles and fibers, occurrence of cracksand fissured 
spaces in muscular fibers with subsequent fragmentation of i 1" 
bers due to development of autolytic processes, as well as 
destruction and lys is  of f ib r i l la r  structures affected by l 0-0'  
t ic  acid microflora. In the microorganism localization  sites* 
the muscular fibers show a disjunction of m io fib rilla  ends 
with occurrence of homogeneous mass in expanded spaces (Ska- 
linsky et a l . ,  1978). In the course of curing by the conser­
vative method, the microstructural change development is very 
slow. Application of the pumping method is known to speed up 
the meat curing process due to more uniform distribution o f#a 
brine in the meat mass and more intensive and uniform d is tr i­
bution and action of lactic  acid bacteria on i t .  The histolo" 
gical examinations of muscular tissue (Plotnikov, 1973) show­
ed that the quantity of microorganisms in samples of meat cu­
red without pumping at a l l  terms of curing was dramatically 
lower as compared with the pumped samples.- However, the pum­
ping process at reduced terms of keeping the beef in curing 
is essentially insufficient for ensuring the uniform d is tr i­
bution of curing ingredients including bacterial cultures.
In view of great contribution of lactic  acid microflora to 
the curing, a special emphasis should be put on its  distribu­
tion within the muscular tissue, which can be achieved by 
kneading. The liquid being injected at curing is distributed» 
f ir s t  of a l l ,  through the sections offering a least resistan­
ce (Belousov et a l. ,  1975). For introducing the microbic bo­
dies into a complex structure of muscular tissue, an in jec­
table curing ingredient has to overcome the resistance of i 11" 
terfib er connections and connective-tissue interlayers. V/hen 
the pumping is used with kneading, the tissue is loosened 
thus enabling better distribution of curing agents in meat. 
The results of bacteriological analysis have shown that the 
kneading a ffects the intensity of microbic nuclei distribu­
tion. As the distance from the brine in jection point increa­
ses, the microbic nuclei content in the kneaded samples is 
several times as higher as compared with a check sample. Th® 
examinations have allowed to set a kneading process duration 
of 30 to 40 minutes for the raw meat material pumped with a 
brine containing the lactic  acid bacteria. In order to study
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the product nutritive value, the biochemical examinations 
were conducted over fiv e  manufactured products with tr ip ­
le recurrence. The check samples were represented by the 
products whose curing had been carried out without in­
troducing a bacterial concentrate into the brine. The fo l ­
lowing indices were analyzed: content of protein, moistu­
re, fa t, ash, pH value, and water holding capacity (WHG).

The results of the study are presented in Table 1

Table 1

Name of product Indices (in  %)

Moisture Protein. Pat Ash WHO pH

Beefroll "Slavutich" 69.83 20.02 5.05• 2.51 32.3 6.2
"Be snyanskaya" neck 71.29 21.00 2.76 2.92 32.8 6.45
Beef ham 69.67 21.15 3.99 4.40 33.0 6.20
Check sample 66.38 19.23 7.76 3.04 25.0 6.65

The data obtained are indicative of positive influence 
° f  a multicomponent brine with application of a bacterial 
concentrate upon the quality o f a ready-to-eat product.
As compared with the check samples, the assay samples sho­
wed the protein content being higher by 0.8 to 1.9 %. The 
hydrogen ion concentration in the assay samples is  lower 
than that in the check samples, this fact being prominent 
in formation of a cured product color. The water holding 
Rapacity in the assay samples is considerably higher than 
in the check samples, thus, ensuring the succulent proper­
ty and tender consistency, and ris ing the output of the 
ready-to-eat products. The b io logica l value of the ready- 
~to-eat cured meat products has been studied by determining 
the amino acid composition and comparable coeffic ien ts of 
Protein. The amino acid composition was studied u tilis in g  
the amino acid analyzer, while the protein effic iency coef­
fic ien ts by the microanalysis method with application of a 
tetrahymen pyriformis infusorian as a test-object, and by 
the rat tests. The amino acid composition analysis results 
Presented in Table 2 show that the curing with application 

bacterial cultures enhances the increase of amino acids 
fP the product. So, the tota l quantity of amino acids of 
Pssay samples of the product is higher by 700 to 2000 mg as 
c°mpared with the check samples. Besides, another spec ifi-  
ca lly  important feature is  that a content of indispensable 
arilino acids is increased from 100 mg to 1100 mg in 100 g 

product mass. The high b io logica l value of products un- 
aer the study is proved by the results o f a comparative ana-



lyses of the protein e ffic iency coeffic ien ts determined in 
the course of rat tests. In the assay samples, they were 14 
to 15 % as high as in the check samples cured without appli­
cation of a bacterial concentrate. The similar data were ob­
tained in tests with a tetrahymen pyriformis used as a test- 
-object, wherein the protein effic iency coeffic ien t of the 
assay products was 23 to 27 % as high as of the check samples.

Table 2

Amino acids Check Beefroll "Desnyans- Beef ham
samples "Slavutich" kaya" neck

Indispensable 
amino acids, mg, 6586 6685 7442 7689
in 100 g of pro- 
duc t , including:
Valine 1010 933 1025 1085
Isoleucine 600 681 794 842
Leucine 1491 1507 1621 1640
Lysin 1362 1396 1614 1682
Methionine 403 412 464 477
Threonine 747 775 844 859
Tryptophan 228 245 275 278
Phenylalanine 745 736 805 826
Nonessential 
amino acids, 12,512 13,137 13,321 13,392
including:
Alanine 1142 1204 1248 1261
Arginine 1041 1234 1338 1349
Aspartic acid 2131 2238 2257 2294
Histidine 659 737 765 774
Glycine 1097 1095 982 891
Glutamic acid 3794 3881 3984 3997
Oxyproline 352 203 160 133
Proline 852 832 771 692
Serine 829 896 965 971
Tyrosine 515 649 681 762
Cystine 100 168 230 294
Total of amino
acids 19,098 19,822 20,823 21,101

The bacteriological study data te s t ify  to the fact that in­
troduction of the v iv if ie d  bacterial concentrate "ACIDOBACT" 
into a brine for meat curing exerts a positive influence upon 
the storable properties and ensures the manufacture of ready- 
-to-eat products which meet the food sanitation requirements.
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CONCLUSIONS: The above-presented results can be summari- 
2ed as follows:
* Bacterial concentrate "ACIDOBACT" for application in the 

Manufacture of the cured beef products has been developed. 
■Phe concentrate contains microorganisms which show their 
antagonistic properties as against sanitary-representati­
ve microflora, thereby enhancing the storable properties 
of the ready-to-eat product. Besides, these microorganisms 
are famous for their den itrification  properties which a l­
low a double decrease of the sodium n itr ite  quantity in a 
brine for meat curing. The microorganism v ita l a c tiv ity  
products, i .e .  vo la tile  compounds, are aroma carriers of 
the ready-to-eat product. The lactic  acid produced by the 
Microorganisms enhances the e ffect of tissue proteolytic 
ferments, thereby fa c ilita tin g  the manufacture of tender 
products.
The cured beef product manufacture technology has been de­
veloped on the basis of application of bacterial concentra­
te "ACIDOBACT” in a multicomponent brine.
fhe normative-and-technical documentation has been elabora­
ted and ce rtified  for new kinds of the cured beef products.
The products manufactured with application of the bacteri­
al concentrate may be ranked among the high-protein ones. 
They show delicate flavor, fine aroma and tender consisten- 
°y. The products display excellent storable properties and 
Conform with the medico-biologic standards of the nutrition 
science.
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