
EFFECT OF PROCESSING CONDITIONS ON MICROSTRUCTURE AND FUNCTIO NAL PROPERTIES OF COMMINUTED 
MEAT BATTERS

A .-M . HERMANSSON

SIK - The Swedish Food In s titu te , Box 27022, S-40023 Gothenburg, Sweden 

INTRODUCTION

THE Q UALITY  o f com m inuted meat products are highly dependent on processing conditions such as tim e and tem perature as 
w e ll as on the design of the equipment used. Several studies have been made on the e ffe c t o f processing conditions in a bowl 
chopper on various properties. Hansen (1960), Helm er and Saffle  (1963), and Ackerm an et al. (1971) showed the e ffe c t of 
fin a l process tem perature on the m icrostructu re  o f ba tte rs. The fa t and w a te r release a fte r  heat trea tm e n t were studied as 
a function of chopping parameters such as tem perature and speed by Townsend et_aL (1968; 1971) Schut and Brouwer (1975)» 
and Brown and Toledo (1975). So fa r very l i t t le  has been published on the e ffe c t o f equipment design on the m icrostructure 
and functiona l properties o f fine ly  comminuted meat batte rs. Knowledge in th is fie ld  is badly needed since there  is an 
increasing change-over from  batch to  continuous production o f meat batte rs.

The aim of th is paper is to  give some examples o f the e ffe c t o f processing in three kinds o f equipment on a p ilo t-p la n t scale* 
The functiona l properties presented here include fa t and w ate r release before and a fte r  heat trea tm e n t. The m icrostructu re  
was evaluated by lig h t m icroscopy.

MATERIALS AND METHODS

THE FORM ULA consisted o f 32.8% lean beef meat, 31.1% pork back fa t,  34.1% w ater, and 2.0% sa lt or approxim ately B ^ 
pro te in , 27% fa t, and 62% w ate r.

The batters were prepared in the fo llow ing equipment

1. A bowl chopper w ith  6 knives, a m otor speed o f 1500/3000 rpm and a capacity o f 25 1 (Rohwer-Kolbe).

2. A Stephan Universal Machine UMM-SK2E w ith  6 knives, a m otor speed of 1500/3000 rpm , and a capacity of 25 1.

3. A Stephan M ic rocu t M CH-D30 w ith  a tw in  cu ttin g  system and a capacity o f ca 2000 kg/h. The two cu ttin g  heads could 
be adjusted to s lit  w idths o f 1.5 to  0.2 mm.

Frozen meat and fa t were slow ly thawed at 0°C  and precut in to  cubes. W ith the bowl chopper or universal machine 
operating at low speed the ingredients were added in the fo llow ing  order: meat, sa lt, w ater, and fa t.  The tem perature 
before chopping at high speed was 4 to 6 C. The raw m ateria ls  fo r  ba tte rs to  be produced in the M icrocu t were blended and 
coarsely com m united in the bowl chopper as described above. The size o f the batches was ca. 15 kg.

Fat and w ate r release was measured before and a fte r  heat trea tm e n t by two d iffe re n t methods. For the raw meat batters 
20 g was placed in cen trifuge  tubes, tempered a t 30 C, and cen trifuged a t 15000 xg fo r  15 m in. Released fa t and w ate r was 
measured in m l/100 g o f b a tte r. Four replicas were made.

In the heat s ta b ility  test 10 g o f b a tte r was placed in graded tubes, cen trifuged gently to  deaerate and heated at 75°C fo r 30 
m in. The meat plug was removed and released fa t and w ate r measured in m l/100 g o f ba tte r. Six rep licas were made. The 
standard devia tion fo r  both tests was $ 1.0%.

For the ligh t-m icroscopy exam ination meat ba tte r was fixed  in 4% fo rm a lin  fo r at 
leas^ 15 h. Small pieces were then frozen in liqu id  n itrogen and cryosectioned at 
-30 C to  a thickness o f 10 ,um. The sections were e ither investigated d ire c tly  
under po larized lig h t or stainfed fo r p ro te in , collagen, and fa t.  Sudan B lack B was 
used as a fa t stain.

RESULTS AND DISCUSSION

IN A BOWL chopper the knives are ro ta tin g  perpendicular to the bowl. The 
distance between the cu ttin g  edge and the bowl is sm all (ca 1 mm). During 
chopping op tim al conditions are known to exist when the ba tte r has reached a 
tem perature o f 14-16°C . F igure 1 shows the e ffe c t o f f in a l ba tte r tem perature on 
fa t and w ater release a fte r heat trea tm en t. The fa t  release was m in im al in the 
range o f 12-21 C and increased markedly at tem peratures above 21°C. The w ate r 
release was less dependent on processing conditions. S im ila r trends were obtained 
also when other form ulas were used. I t  is not possible to  make a c lear d is tinc tion  
between the e ffe c t o f chopping tem perature and tim e  from  th is type o f test.

The results shown in F igure 1 were caused both by chopping and heat trea tm e n t. As 
s truc tu ra l changes caused by heating were substantia l, i t  was of in te rest to 
measure the properties o f unheated batte rs. F igure 2 shows the fa t and w ate r 
releases as a function  o f fina l process tem perature. As can be seen, the water 
release decreased w ith  prolonged chopping up to  a tem perature o f 21°C, where­
a fte r  no changes were observed. The fa t release, on the other hand, remained 
unchanged up to  21 C, w hereafte r i t  increased m arkedly.

F igure 1. W ater and fa t  releas® 
a fte r heat trea tm en t as a fu n c ti011 
o f f ina l b a tte r tem perature in l ê 
bowl chopper.
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d is tribu tion  o f fa t  in the meat m a trix  is considered an im portan t event during chopping. Anisotrop ic fa t  and ce ll 
Membranes have strong b iré fring en t properties. In ta c t muscle fibe rs  have weak b iré fringen t properties whereas the 
^n im inu ted  meat m a trix  and amorphous fa t have none. Figures 3 and 4 are micrographs taken in polarized lig h t o f the 
p tte rs  chopped to  14.5°C and 26°C, respective ly . A t  14.5°C fa t is visib le both in fa t  cells and as fine  partic les  o is tribu ted 
/'roughout the invis ib le meat pro te in  m a trix . A t  26°C, overprocessing has caused phase separation and most of the fa t is in 
116 form  of large fa t pools, although some in ta c t fa t  ce lls are s t i l l  present. No muscle fibe rs  can be seen. The results are in 

c*°se agreement w ith  those obtained by specific  stain ing o f fa t  and pro te in  (Hansen, 1960; Hermansson, 1980).

contrast to those o f the bowl chopper the knives in the "U niversal machine" are 
R un ted  on a ve rtic a l shaft in the bottom  o f the bowl and ro ta te  ho rizon ta lly .

Iere is a long distance between the cu ttin g  edge and the bowl w a ll o f, ca 5 cm. 
e condition of the knives was expected to  be o f im portance fo r the e ffic ie n cy  o f

Th,
Th,

process. I f  the knifes are not sharp enough, the tissues w ill be torn apart 
5.ather than properly cu t. A comparison was made between tw o types o f knives. 
pTPe A had a normal, smooth cu ttin g  edge, whereas type B had a wave cu t edge. 
f r°m Figure 5 i t  can be seen tha t under- and overchopping caused a much higher 

release when knives o f type B were used. In the op tim al tem perature range the 
¡Jference in fa t release was negligible and equal to  tha t obtained in the bowl 
"Qpper. The w ater release was higher when type B knives were used throughout
the
of

process. The results show tha t the qua lity  and design of the cu ttin g  device are
extrem e im portance.

Vaery l i t t le  is as ye t known about the op tim al choice o f c r ite r ia  fo r  continuous 
Reduction o f meat ba tte rs. Several types o f equipment w ith  d iffe re n t cu ttin g  
Sterns ex is t. In th is study a Stephan M icrocu t M CH-D30 w ith  a tw in  cu ttin g  

, ' stem was used. Functiona l properties and m icrostructu re  were investigated as a 
A c tion  o f the s lit  w idths o f the two cu ttin g  heads. The fo llow ing  combinations 

tested 1.5-0.9, 1.3-0.9, 1.3-0.7, 0 .0-0 .7, 0 .9-0 .5, and 0.5-0.2 mm. The 
™*crocut" process was regarded as a un it process fo r em u ls ifica tion . As such, i t  
a- 

t¡o
^o v e. This means tha t op tim a l conditions fo r bowl chopping were used, which are 

*■ necessarily the best conditions fo r the continuous process.

p."L and w ate r release a fte r  heat trea tm e n t as a function  of s lit  w idths is shown in 
>^j£.e 6. F ina l b a tte r tem peratures are w r itte n  w ith in  brackets. N e ithe r the 

at-er nor the fa t release seems to be dependent on the s lit  w idths. Both the fa t  
Water release shown in F igure 6 is higher than those o f the batte rs produced in

-  w w U V  r  * V* UW  i  V JU U  UW U  U l l i b  UWWWW ■ W » I .M *W . • • b

t .as compared w ith  the bowl chopper, and additiona l blending and coarse com m inu- 
°n were made in the bowl chopper under exactly  the same conditions as described

F in a l b a t te r  t e m p e ra tu r e  (°c)

Figure 2. Water and fa t release of 
raw ba tte r a fte r cen trifuga tion  at 
15.000 xg as a function  o f fina l 
ba tte r tem perature in the bowl 
chopper.

-F igu re  3. B a tte r chopped to  14.5 C 
in the bowl chopper viewed by 
po larized lig h t.

-F igu re  4. B a tte r chopped to  26°C 
in the bowl chopper viewed by 
po larized ligh t.
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F igure 5. Water and fa t  release 
a fte r  heat trea tm en t o f batters 
chopped w ith  two d iffe re n t types of 
knifes in the "U niversal Machine" as 
a function  o f fina l b a tte r tem pera­
ture .

F igure 6. W ater and fa t  release 
a fte r  heat trea tm en t a t various s lit  
w id th  combinations in the Sephan 
M icrocut.

F igure 7. W ater and fa t release of 
raw  batters a t various s lit  w idth 
combinations in the Sephan M icro­
cu t.

F igure 8. B a tte r chopped to  14.5°C 
in the bowl chopper a fte r  specific  
stain ing o f fa t  w ith  Sudan Black B.

F igure 9. B a tte r produced in the 
Stephan M icrocu t w ith  the s lit  w id th  
com bination 1.3-0.7 mm.

F igure 10. B a tte r produced in 
Stephan M ic rocu t w ith  the s lit  w idt(1 
com bination 0.7-0.5 mm viewed W 
polarized lig h t

the bowl chopper. When the ba tte r was run a second tim e through the M ic rocu t machine, the w ater release decreased fo r all 
com binations by on the average 2%. The fa t  release increased fo r the com binations 1.5-0.9, 1.3-0.9, 1.3-0.7, 0.9-0.7 by ° n 
the average 2% and decreased fo r the com binations 0.9-0.5, 0.7-0 .5, 0.5-0.2 by on the average 2%.

F igure 7 shows the fa t  and w ater release o f the raw  batters before heat trea tm e n t as a function  o f the various s li t  w idth 
com binations. The fa t and w ate r release seems to  be independent o f s li t  w id th  or fina l tem perature also before heal 
trea tm en t.

The fa t release wa3 low er and the w ate r release was higher than the corresponding data obtained fo r  bowl chopping 
(F igure 2). The results ind ica te th a t the sta te  o f the meat pro te in  m a trix  was not op tim al a fte r  processing in the M icrocu l 
Machine and tha t a proper network was not form ed upon heating. This hypothesis is con firm ed by the m icrographs shown ¡h 
F igures 8 and 9. The sections have been spe c ifica lly  stained fo r fa t  and pro te in  in th is  case, and the fa t shows up dark in the 
figures. F igure 8 is a m icrograph o f the b a tte r produced in the bowl chopper w ith  a fin a l tem perature o f 14.5°C. In this 
ba tte r the fa t  is evenly d is tribu ted in a continuous meat m a trix . A p a rt from  fa t  ce lls , a great number o f sm all fa t  partic les
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^  ^ 3 Ure9 iSf a m 'c ro9raph Of the ba tte r produced in the M ic rocu t w ith  s lit  w idhts o f 1.3-0 7 mm In this ba tte r
present t0 rn  8part’ ther6 to 8 l0W de9ree ° f  C e r e n t  meat pro te in  m a trix . A large n ^ e r  o f fa t  ceHs

%1| ,
*he at Partlc les  w lth  b ire fring en t properties were sparse in the batte rs produced in the M icrocu t comoared w ith  thn<m nf

S s ;  s ^ u ” dT‘. ^ ^ r ™ taT -  r  r r a s w j s i s i i
‘ ' 'hingem prop.,«” ! i .  « ill '  A1™” ‘  *n’ " 1 ’ “ n , C ' “  be — 1"«*« " ™ . l .  fib .r. (M) with

the rescue1631 c° n d it i° ns no coherent meat m a trix  was form ed, and the fa t  was not "em u ls ified " in the M ic rocu t However 
< S  r T i  qo-te d iffe re n t ,n a large-sca le operation. For example, flo w  param eters such as shear forces and 

are believed to  be o f im portance fo r the e ffic ie n cy  o f the cu ttin g  system and need to  be fu rthe r studied.

C°NlE l u s io n s

S StioNn ! P TIG AJ ION j ° ‘nt8 ° Ut the im P°rtance o f param eters such as equipment design and process tem peratures on the 
C  - nal Pr° pertles and - ‘ re s tru c tu re  o f meat batte rs. Thus in order to c o n tro l industria l processes, ^  has to  considerParameters.

^ ^ N o w l e d g m e n t s

he Granqvist and Ms E lv i Olsson are thanked fo r th e ir  s k il lfu l techn ica l assistance.
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