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Z U S A M M E N F A S S U N G
S U M M A R Y

In der vorliegenden Arbeit wird das experimentelle Mate­
rial vorgeführt, das auf Grund der Analyse des Untersuchungs­
komplexes (darunter auch Röhtgenkontrastaufnahmen) erhalten 
wurde. In diesem Material wird die Dynamik der Eindringung und 
der Verteilung der Lake gezeigt, die mit Hilfe des nadellosen 
Injektors ln das Muskelgewebe eingeführt wird.

Die Untersuchungsergebnisse ermöglichten es, die Abhängig­
keit der Lakeeindringung (Eindringungstiefe, Form und Ausmaße 
der primären Ansammlungszonen) von geometrischen Kennwerten der 
Injektorsdüse und hydraulischen Charakteristika des Vorganges 
festzustellen.

Es wurde nachgewiesen, daß die Reifungsdauer der Rohstoffe 
vor der Injektion sowie die Methode der Kältebehandlung die 
Form und die Ausmaße der entstehenden primären Lakeansammlungs- 
zonen sowie die Eindringungstiefe, die sich von 10 bis 65 mm 
verändert, wesentlich beeinflussen.

Das erhaltene experimentelle Material dient als Grundlage 
bei der Ausarbeitung des technologischen Schemas der Produktion 
von Erzeugnissen aus Schweinefleisch.

h t**The experimental data are presented, obtained throug ^ 
analysis of a complex of studies (contrast X-radiograpbyJ  ̂
revealing the dynamics of the penetration and distriDutio11 „ 
the brine introduced into the muscle with a needielesfl

tor- »tt«1" 
The results allowed to establish a relation of the P ̂ ̂

of brine penetration (penetration depth, the shape and 
the initial accumulation zones) to injecting nozzle ge0D‘e 
and process hydraulyc characteristics. ^ 

Raw meat ageing time prior to injection, as well a® & 
frigeration method were established to effect slgnifi00*1 - 
the shape and size of the initial zones of brine accumul^ 
formed, and brine penetration depth varying from 1C to y ^ 

The experimental data obtained serve the basis f°r ^  
velopment of a technology of pork products manufacture»
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In the recent years, great attention has been paid to the 
problem of improving and accelerating meat curing in ham pro­
duction.

One of the methods, allowing to accelerate the penetrati­
on and to contribute to the even distribution of curing ingre­
dients, is brine jet-injection by means of a needleless injec­
tor.

Physico-chemical and histological studies of jet-injected 
samples (1, 2) showed that curing ingredients distribution 
just after brine injection into muscle was uniform and took 
shorter time as compared to the conventional procedure. In the 
latter case, the brine is, as a rule, accumulated in the inter­
layers of loose connective tissue, thus moving muscle bundles 
and individual fibers apart. It does not penetrate into musole 
fibers, this being indicated with the absence of any vizible 
changes in their structure and configuration. With jet-injec-

7
tlon under the pressure of about 2.5 to 3.0 x 10* Pa, the bri­
ne penetrates not only into connective tissue interlayers, but 
also muscle fibres. This is confirmed with fibers swelling, 
structural homogenization, and an increased proportion of fir­
mly bound water.

A H H O T A U H f l

B paíoTe npejcTaBJieH 3KCnepnMeHTajn>HHñ MarepHaJi, noJiy1*®
Ha ocHOBe aHaJiH3a KOMiueKOa HccnenoBaHufi (b uacTHOCTW Pe"c[¡pe' 
KOHTpaCTHOif CbeMKH), paCKpUBaK>U(í!0 HHHaMHKy BHenpeHM 0 ^3ptO&' 
nejieiwn paccojia, BBejeHHOioB MHme'fflyio TKani> npH noMoa0 
Horo HHteKTopa. -fi'- 

Pe3yjtBTara HCCnenoBaHM no3BOJiim ycTaHOBim. saBH00**0 
paKTepa BHenpeHHK paooojia írnytíHHH npoHHKHOBeMH, 4>°PMIJ 0 s 
Mepa HaaaJiLHHX 30H HaKorureHHa) o t reoMeTpnuecnnx nap^^ 
comía HHteKTopa a rnnpaBjmuecKHx xapaKTepHCTUK npoiiecca- .

ÍCTaHOB^eHO, UTO npOROJOtHTejIBHOOTB 003peBaHHB cspLR $1 
HHieimpoBaHHeM, a Tanate cnocot5 xojiojhjibhoíI oópafioTKH oKa^ gljj£ 
cyuecTBeHHoe Bmmíie Ha jiopiay h pa3Mepn o<3pa3yioiiuixcíi 03 op8¡j 
3o h HanoiuieHHH paooojia. Ha iviyíHHy ero npoHmtHOBeHMi k0T 
KOJiePjieTOH o t 10 no 65 Mía. __ ^  

ÜOJiyueHHHñ 3KcnepimeHTaJií.Hiiil MaTepuaJi ojiynHT ocHOB°* ^  
pa3padOTKH TexHOjiormecKoíi cxeMH npon3BojcTBa nposyKTOÍ 
OBHHHHH*
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To decide on the commercial application of this method of 
1116 injection to accelerate cure distribution throughout the 
UBcle, ^  is necessary to know the regularities of curing in-
8te<Hents penetration into and distribution throughout the tis­
ses.

2.

Methods

î>otk
*îteli,

Ejects of the study were l.dorsi muscles disseoted from 
and beef cooled at +2°C for 3, 5, 7 and 10 days or thawed 

r pre-freezing at -18°C for 24hr post 3 day oooling. 
awihg was performed at +18°C, R.H. 80£, for 24hr.

^  An objective evaluation of any method of brine injeotion 
net obvi°asay, based upon the pattern of curing ingredients pe- 
^  tatlon into and distribution throughout the muscle, Undoub- 

the character of curing liquid distribution, the shape 
tbe accumulation zone and penetration depth depend upon the 
aulic paramétrés of the injection process and tissue physi- 

V  mecb'anloa^ Properties. X-graphy and X-oinematography used 
Ce US 8,8 con‘tro-L methods rendered it possible to follow thepro- 

of brine penetration and to get a rehable pioture of its 
p ribution throughout intact musole as related to time (3,4).

Nation depth and the shape of a brine accumulation zone 
^  8 *0ufcd by means of the examination of X-radiographs with

scale considered.

cUbVi,
i'or the experiments a "Phillips" X-cinematographic appara- 

*as used, which has the shooting speed of 16 shots per min. 
k lo€raphic studies were oarried out 0, 24, 48 and 72 hr post 

of the samples. Technical conditions for samples radio- 
^ 8&toying ^  two p i ^ e B  (top and lateral views) were constant 

^Iversally accepted for taking images of soft tissues.The 
*Ub iCai" of the analysis were as follows: voltage in the
7q " ^9 kvolts, exposition time - 0.25 sec., focus distance -cm.

As a X-contrast substance, 76£ verographine solution was
used.

3.

Results and discussion

In the experiments we studied the pattern of curing ingre­
dients penetration and distribution throughout the muscle in 
case of jet introduction with an injector having a spring-type 
drive.

As for the mechanism of curing ingredients penetration by 
means of a jet method, of special importance during injeotion 
is the dynamios of pressure changes at the nozzle inlet (i.e. 
pressure in the working chamber of the injector). In spring- 
type injectors, the pressure at the beginning of a cycle in­
creases sharply, thus supplying the maximum kinetic energy to 
the substance. The analysis of numerous X-grams and of the in­
jection process allowed to determine that a part of jet energy 
of the first portion of the curing liquid is spent for passage 
formation, the rest of the energy being spent for liquid pene­
tration and distribution both in-between connective—tissue in­
terlayers and directly in the muscle. The pressure in the in­
jector working chamber is reduoed by the end of process when 
the passage has already been formed with the first portion of 
the liquid being injected.

The X-cinematographic analysis of jet injections clearly 
demostrated two stages in brine penetration into the muscle.
At the first stage the point of a liquid Jet reached the maxi­
mum depth almost immediately. At the second stage, with jet ki­
netic energy falling, the brine was distributed radially rela­
tive to the injection passage and in the plane which coincided 
with the direction of the connective-tissue interlayers (fas- 
cies) and of the muscle fibers in the injection zone.

Sinoe pressure at the end of the cycle is less than at its 
beginning, each next portion of the brine penetrated to a smal­
ler depth. This, probably, accounts for a specific shape of the

accumulation which is obvious in X-grams. This 
e*Plalns the fact that, first of all, a part of the li- 
^ ^ c t e d  into the musole becomes vizible, and only after 

passage is revealed.
^id sec. after injecting, a part of the injected 11-

seen which forms the initial zone of brine accumulati­
ve ^creasing for 4-5 sec.; after this time the shape and 

°f the zone do not change. Therefore, brine penetra—
8 completed, and the process of slow diffusive re—distri—«* °'Qw ■ *

the curing ingredients starts, which lasts for hours8̂Thefather than for seconds.aaalysis of the materials obtained allows to suggest+ <w o i 8  o i rne m a te r ia ls  o o ia iiieu  ttxxuwo

sfcaPe and the depth of brine distribution throughout 
k  Ssues in case of the jet-injection method depend, first- 

dynamics of pressure changes during liquid flowing- 
°m bhe nozzle. Brine penetration depth grows with the

hO; In the injector working chamber and with a decrease in
22le dlametre.Th. Table shows the penetration depth of curing ingredi- 

Vd ^  ^®lated to meat kind and ageing time prior to curing 
treatment kind.

, is seen from the Table that penetration depth was gre- 
fenced with cold treatment kind and intensity. Longer 

^  , °aa8ed a rise in penetration depth, this being, eviden-'*Ug 10 the autolytio changes in the musole.
 ̂ ^  structure damages during freezing also oftntributed to

^enetration depth. The latter was higher in case of 
11 along musole fibers as compared to that across the

** dfj,e °aape of brine accumulation zones depended on injecti- 
0*CVon relative to muscle fibres: with perpendicular di-

V,s.was herring-bone-shaped, in case of a parallel one -

5.Table
Changes in the depth of curing ingredients penetration (mm) in 

case of brine jet-injection as related to cold treatment 
and meat ageing time. (Needleless injector7
31-2, P=3.0xl0 Pa, nozzle diametre is 

0.2 mm)

Kind of meat and direo- Meat cooled for(dajra)= Tha»ed
tion of injeotion 3 5 7 10 meat

Pork; along muscle fibres X 41.3 43.4 48. 5 56.2 65.1
S -3.61 ±2.93 ±3.24 ±3.72 ±4.16
% 100 105,1 117.4 136.1 157.6

Pork; across muscle fibres X 31.8 34.3 37.7 42.6 48.3
S ±2.7 * ±3.29 ±3.11 ±3.81 ±3.57
% 100 107.9 118.6 133.9 151.9

Beef; along muscle fibres X 42.7 46.8 52.2 59.6 68.4
S ±3.48 ±3.20 ±3.69 ±4.43 ±4.80
* 100 109.6 122.2 139.6 160.2

Beef; across muscle fibres X 33.8 36.5 40.3 45.7 49.9
S ±2.44 ±3.05 ±2.89 ±3.62 ±3.92
* 100 107.9 119.2 135.2 147.6
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The exp er im en ta l da ta  oan be need to  d eve lop  a des ign  o f  

a n e e d le le s s  in je c t o r  and b r in e  pumping proceuuxes in  ham p ro ­

d u c tio n .

C o n c l u s i o n s

1 . A p o s s ib i l i t y  o f  a p p ly in g  an X -oinem atograph io method 
t o  an a lyze  n e e d le le s s  in je c t io n  o f  b r in e  in  the p rocess o f  cu­

r in g  has been dem onstrated.
2. The p a t te rn  o f  b r in e  p e n e tra t io n  and d is t r ib u t io n  has 

been e s ta b lis h e d  f o r  j e t - in j e c t i o n  method.
3 . B rine p e n e tra t io n  depth and the shape and s iz e  o f  b r i ­

ne accum ulation  zone have been shown to  be in flu e n c e d  w ith  the 
hydrodynamio param étrés o f  the p rooess (p re ssu re  in  the w orking 

chamber, n o z z le  d ia m e tre ), as w e l l  as w ith  musole physioo-m echa- 
n ic a l  p r o p e r t ie s  ( c o ld  trea tm en t k ind  and in t e n s i t y ,  in je o t io n  

d ir e c t io n  r e la t i v e  to  musole f ib e r s  lo o a t io n ,  k ind  o f  m ea t).
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