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INTRODUCTION

Comminuted meat processing involves
several steps such as comminution/mix-
ing, filling and heating. To gain a
comprehensive understanding of the
process, extensive knowledge is needed
on quality properties of meat raw ma-
terial and meat batters as well as on
the effects of processing stages on
them (Smits, 1984). Once such knowled-
ge is obtained, it will serve in op-
timization of product quality. This
knowledge can be incorporated in
least-cost formulation and expert sys-
tem programming.

The color of meat products is one of
the most important quality factors,
determining the consumer’s evaluation
and acceptance (MacDougall, 1977).
Many reports can be found in the lite-
rature on the influence of the pro-
cessing steps mentioned on the color
of meat model systems and specific
product preparations ( Fox et al.,
1967; Reith & Szakaly, 1967; Klettner
& Ambrosiadis, 1980; Wirth, 1986;
Paneras & Bloukas, 1987). These stu-
dies are mostly "end-point" experi-
ments. Approaches providing syste-
matic, scientific evidence or compre-
hensive kinetic assessment are rare
(Jenkins, 1984; MacDougall & Allen,
1984).

Recently a study has started to pro-
vide a kinetic description of changes
and interrelations between reflection
(mainly color measurements) and other
physical properties (microstructure,
rheology and the state of the muscle
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ing
proteins) during the p(ocisztweg
comminuted meat. In the firs* e U
the study an attempt WaS ‘e '
characterize the changes ! 990"
sually related color attri
ness (L), hue (H) and
during the processing of :
ed comminuted porcine 193"w?ywaﬁ

product (Palombo  and "
19893) . n 1 i
The present paper focusses ? dwmﬂ
fluence of air pressu’; ypat
chopping on changes in
product.
MATERIALS AND METHODS "
Meat raw Materials usdesoW
Lean meat from pig 1ed M ;s O
trimmed of excess fat aqd g CMStﬂ
nective tissue to a deslrefah Zuﬁ
composition of about 2.5% m€“¢W
protein and 73% water. The ant "4
then cut into small pieces: T cull
of 6 kg were packed undel % 5gs
nylon-polyethylene Tamind
frozen to -40°C. d
s
Experimental procedure e the
Thg day before use 18 k9 Wﬁra ﬁ&t
in two stages: 10 hours % yerMg
bath at 15°C followed 40
storage in a water bath the:bw

temperature of the meal 2.,y

of the experiment was 2" 5y it
4°C. 17 kg were placed ”1é%/3, fl
per (Laska, model hoppe% of
Austria) and coarsely ﬂ spee

1 minute at knife and DO Spgﬂ‘ g
2677 and 20 r.p.m. TSioudh

(These speeds were USed7 salt
whole chopping stage.) ?“itepﬂcm
taining 0.6% sodium M7 cpu G
phosphate mixture ("Degen? Som“ﬂﬂﬁ
mercial mixture) and 0-05”were i
corbate (Sigma, A-7631) nt“we Tl
dry. Chopping was then Coﬂﬁo )
another 6.5 min divided .
intervals which were 17 ‘
breaks of 1 to 4 min for. f
measurement and samplind res“”e&m
taining the desired air P'rg0 g ;4
batter was transferred 10 °poat@hif
placed for 45 min at 20 C;ra
cording to variable temPZe, %e
combinations, and coo]edere do
0°C (the last 3 steps ¥
water baths).
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Bngpes
o Jental design
"rg . 1S of pressure during chopping

' %ngﬁgfftigated by means of 7 ex-

repts -
EMQPKQQCate experiments for chopping
d Mospheric air pressure (AAP)

rapy s
uwerp]1cate experiments for chopping

géﬁba;fduced air pressure (RAP;

Onaoft

h .
rimendiff e experiments was performed

€rent day. Within each expe-
o Mes we following temperature-time
e Shop €re employed: 15°C from 1 min

Cyp Fpon% 11 20 b, and 30°C and

Yim

0
FO,}*
Q

m
" &y €asurement

Q01@;)]]-CattEémpera’cure-t1'me combination
tha°f te cans were opened, and the

h 3 Hy heir surfaces were measured
op ‘Nter D25M-9 Tristimulus colo-
ltted with a D-25M optical
¢ instrument gave the CIE
Ser2° p’OSa. and b~ (CIELAB) values (for
g Vepn a1t10n of the "standard ob-
in Whiﬁ? a "C" type light source)
(@hthSc the psychopetric values
&9 Werg L'), hue (H) and chroma

1@3’ 1982C)a]cu1ated (Wyszecki and
Ay :

(i, i t air was determined using
N$Hg, VeSter developed by Vemag
cwﬁﬁmre €rden, West-Germany). The
Qted by gf.determination was as des-
q%Q Meag €ichert (1988). Five repli-
i ourements were made for each
Ity on of % entrapped air.
At~ Ost
QmVarﬁﬂft“ral examination
it Ple Unf stages of the process, 6
Idop, S, 1 cm® each, were taken
. hey were mounted on small
1hufr0296 Wrapped with aluminum foil
“mﬂd nit]n isopentane cooled with
iny 8 54 ~'09en. The samples were
T ShOrt]‘go C until further handl-
o Mat; ny before the microscopical
Qndcut in Sections, 6 microns thick,
&Nwon, UK a Cryostat (type HR, Slee,
S 2Liyg ) set”at -20°C. One repre-
HQTE unisoction was taken from each
‘o Emp) Or microscopical examina-
iy Copy (8¥1ng the dark-ground mi-
. Fury & Wallington, 1980),
S could be easily distin-

g“g#ubb1
U
Om the meat matrix. Three
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sections from 3 different sample units
were used for counting the number of
bubbles per field of view (NB) at 100
magnification. For each section, the
number of bubbles in each of 15 ran-
domly selected fields of view was
counted. The results for the 3 sec-
tions were averaged and used for fur-
ther analysis. The size distribution
of the bubbles’ diameter (BSD) was
determined by the a morphometrical
processor ( mini-MOP, Kontron, Munich,
W. Germany). One similarly prepared
section from each of the other 3 sam-
ple units was systematically screened
to permit at least 100 bubbles to be
measured in a section.

Data processing

Iterative fitting of the kinetic data
and other statistical analyses were
done by using the Genstat statistical
package (Genstat manual, 1977).

RESULTS AND DISCUSSION

Results of two typical experiments
dealing with changes in lightness of
porcine lean meat batter during the
various processing stages are shown in
figure 1, the one chopped under AAP
and the other chopped under RAP. Prin-
cipally, for both systems we obtained
the same pattern of changes: a sharp
increase during the chopping stage
which reached a maximum value at the
end of the comminution. This peak is
followed by a gradual decrease during
6-8 hours and from then, the plots
approximate a final constant value
(plateau).

Comparison of the plots for the two
conditions shows that through all the
stages lightness values were always
higher for chopping in air. Visual
assessment of the differences was in
agreement with the pattern mentioned.
For the sake of clarity, the analysis
of the results and further discussion
are separated into:

- results obtained during the chopping
stage (the increasing phase), and

- results related to changes along the
period from end of chopping until
24 h (the decreasing phase).

Chopping stage

To allow quantitative analysis for the
changes in L, different parameters
were defined (Table 1).
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Fig. 1. Changes in Tightness of por-
cine lean meat (PLM) during proces-
sing. (A-A) PLM chopped under atmos-

pheric air pressure (AAP);
chopped under reduced
(RAP).

Table 1.

batters during the chopping stage.

(+-+) PLM
air pressure

Summary of t-tests for re-
plicates means of changes in Tightness
(in L* units) of the porcine lean meat

Parameter Chopping Chopping S.E.
under under
reduced atmosphe-
air ric air
pressure pressure
(a) (b)

L™ at
1 min
chopping 48.85** 52.94 V.27
(X)
L™ at
end of
chopping 52.43%** 59.17 0.92
(Y)
Y-X 3.58* 6.23 1.05
* = p<0.05
** = p<0.01
*** = p<0.001
S.E. = standard error
(a) = 3 replicate experiments
(b) = 4 replicate experiments

For both parameters, "X angr

observed significantly high Tab1elh
lues for chopping in air ( renth
Determination of the air cOl Forme
the two meat batters was'%o
after filling the batters 100
The following values (in H 3040+
were obtained: 6.32+0.66 and
(Means+S.D.) for the batter ;
AAP and the batter chopped U\
respectively. Microscopica
tions of the meat surfaces - icdl
of chopping, revealed a dramaa nents
ference between the two treosmw f
The batter produced in a“%mbe ;
pressure contained a largé UZ
air bubbles mostly in the S1&,guc
of 10-100 microns. The batter psmﬂ1%
under 0.15 bar had a markedlz qost
number of bubbles which Wen@ 2) 4
bigger than 100 microns (E‘gurawe ]
Because of the marked diffé aira%
the refractive indices betwee’ | o
batter matrix, the eptraﬂf qent?”
bubbles act as scatteringd
The more encounters caused
tion of 1light, the more 119
flected from the surface, i
surface appear lighter (Frant qind
desdale, 1975). Moreover, C

1id of the chopper during thi chopfy,
intervals exposed the batteto anhﬁ
under reduced air pressuré o Tof
most 7 times higher P"e.ssuextel1t 0
obviously induced a certain =% il
compression which resulted faces 4l
tight and less scattering > cco!ys
was indeed observed in miCl ™= esl
tests and is supported by

of the air determination.

f
0
End-of-chopping until 24 b ach o
Applying the empirical ?ppr%jb%;
kinetic mathematical mode]1pear'w1ﬂ
1983) the following n(m'“nchahgeS

was used for describing thé

e.
L* during this decreasing phas

a-bl[l- exp(-Ct)]

L* =

where: A

a = initial value (L Un1§5)nitﬁ
b = extent of decrease (L ‘

¢ = rate constant (min™)

t = time (min)

chopeﬁf |




Microscopical
at th2°FC1ne lean meat (PLM) bat-

appearance
¢
M%p&jund end of chopping. (a) = PLM
tp J- (b) €r atmospheric air pressure
Preg PLM chopped under reduced
ly, T (RAP).
0f ° Mogay .
Mmi_fiilt]s in fact a modification
of‘OPQer model obtained by
Val e an initial value (a) and a
Uy 2 ySis(a - b). Table 2 presents
) iy, > Of the model parameters.
VNU:S (Tagr the predicted initial L*
b Ende 2) with the measured
Mgy L e of chopping presented in
Wit wﬁDStrates the high preci-
1ch the model predict the

Table 2. Summary of t-tests for re-
plicates means of the model parameters
for 1lightness (in L* units) of the
porcine Tean meat batters.

Parameter Chopping Chopping S.E.

under under atmo-
reduced air spheric air
pressure pressure
(a) (b)

Initial
value 53.40*%%* 59 50 0.98
Extent of
decrease B J2%* 7.38 0.54
Final
value 47 .68*** 52 12 0.92
Rate
constant 0.00725*** 0,.00445 0.00056
** = p<0.01
**%x = p<0.001
S.E. = standard error
(a) = 3 replicate experiments
(b) = 4 replicate experiments

data. Moreover, the variation of the
differences between measured and pre-
dicted values is comparable with the
standard deviation calculated for the
replicate measurements.

Chopping in air results in a signifi-
cantly higher decrease of L* values
(b). However, examination of the final
values (a-b) reveals that the higher
decrease for chopping in air is not
sufficient for both systems to reach
the same final value.

The rate constant for the decrease in
lightness was significantly lower for
chopping in air. The same model was
used for analysis of the same process-
ing phase for the additional tempera-
tures 30°C and 40°C. Table 3 presents
the calculated rate constants for the
three temperatures for two experiments
representative for the two processing
conditions. We can clearly observe,
that for air chopping at all three
temperatures, the rate constant is
Tower.

Employing the Arrhenius model for des-
cribing the temperature dependence of




the rate constants resulted in an ex-
cellent fit , which supports the ade-
quacy of this model for analysis. Cal-
culation of the apparent activation
energy (Ea) for both systems revealed
that chopping in air yielded a marked-
ly Tower value (Table 3).

Table 3. Rate constants (C) and ap-
parent energy of activation for the
changes in lightness.

Temperature Chopping Chopping
(°C) under under at-
reduced air mospheric

pressure air pressure
(cx10% min™!) (Cx10% min™')

15 155 0.8

30 22.8 4.6

40 124.0 14.0
Energy of 31.8 19.8
activation (0.999)° (0.999)°
(Kcal/mol)

& Numbers 1in brackets are adjusted
linear correlation coefficients of

Ln(C) vs 1/T

At the end of chopping the PLM batter
contains muscle tissue fragments and,
as reported here, entrapped air
bubbles which are embedded in a vis-
cous sol-like matrix consisting of
sarcoplasmic and extracted myofibril-
lar proteins. Two main processes, able
to influence changes in L, might be
affected by the air pressure during
the chopping stage. They are:

- transitions in the entrapped air
fraction, and
- changes in the state of the meat

pigment Myoglobin (Mb).

Transitions in the entrapped air

Preliminary tests performed on the PLM
batter chopped under AAP, showed that,
during the decreasing phase entrapped
air bubbles disproportionate. Dis-
proportionation is a physical process
driven by the Laplace pressure dif-
ference over curved bubble surfaces.
Gas diffuses from small bubbles to
bigger bubbles and a shift in the
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ples
bubincrgﬁgﬁe
t in of

tionally, this process
celerating since as

smaller the driving force
Thus, parallel to the shif
size distribution, also th
bubbles in a unit volume 5
since smaller bubbles will &Y

disappear (Prins, 1988). T
bubbles per field of vie® 2
various processing stages o

batter chopped under AAP is P
in Fig. 3.
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the “nd
As was also observed throughchowge
croscope, from the end © decﬁby
(14 min) until 36 min a steeP 10V of
in NB is obtained. This 15 5 h- g”
a moderate decrease unti] i chwwe
then until 24 h only MiN% .ng
occur. A histogram descll
changes in the size dist']
the entrapped air bubbl€S . i
during the decreasing phasé Show%ﬁf
the same PLM batter, 15 ervetrwd
Fig. 4. One can clearly 0PS€" 5 ndls
with increasing process t1M
shift of the BSD towards
classes takes place.
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- air pressure (AAP).
hgy  le
ﬁ?rs'$§+t0 quantify the same para-
b " Rap the PLM batter produced
tmcm1 A Succeeded only for the NB.
tmmﬂy 1 Observed in Fig. 3, an ex-
> batfw NB value was obtained for
thener at the end of chopping.
o3 ang 2 Vvery small decrease com-
Hﬂt Vahjwas followed by a near con-
U o, Until 24 h. These low NB
o Pered the construction of a
'1stogram and detection of
s BSD was not possible.
Under the "chopping stage",
; AIr bubbles act as scatter-
hmff e A change in their number
' 1 ey 1ft in their size distribu-
%h§cattep?Cted to induce changes in
ly Tn Whir]ng properties of the bat-
" °0rré; they reside. Consequent-
USS ref] Ponding change in the bat-
in sCtance properties , and
takes place (Hunter,
a decrease in NB, to-
a shift in BSD towards

i Classes,, is expected to
Fease in L.

2 %he staﬁe of pigmentation
0X° the inhibitory effect of
Uiva ygen on the reducing sys-
trie /N the conversion of Mb to
(wa§§1de form (NOMb) are wide-
S et al., 1966; Fox et

"y
menm

n(:e
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al., 1967; Wirth, 1986). The formation
of the NOMb in the studied PLM batters
occurs in the same time interval
during which the decreasing phase in
L takes place. It is characterized by
a parallel decrease in hue angle (H)
which corresponds to a visually
detected reddening of the batters
surface (Palombo & Wijngaards, 1989a).
A comprehensive kinetic analysis of
color changes during the processing of
comminuted meat was recently reported
by Palombo and Wijngaards (1989b).
They argued that for the two process-
ing conditions studied changes in rate
of this chemical transition in the
state of Mb is one of the main factors
responsible for the marked differences
in the rate constants calculated for
the three color attributes L, H and
C during this phase. X
Hence, the overall effect seen in L
during the decreasing phase is sug-
gested to be the sum of two simulta-
neously occurring processes i.e. dis-
proportionation and formation of NOMb.
On the basis of the results reported
here, it is clear that the extent of
changes in bubbles parameters are much
more pronounced in the batter produced
under AAP. An excess amount of nitrite
was added to both of the studied sys-
tems at the fist stage of comminytion.
Thus, at the plateau phase in L (see
Fig. 1) the total amount of NOMb pre-
sent in both systems, can be con-
sidered the same. In this light, the
significantly higher  extent of de-
crease obtained for L of this batter
can be mainly attributed to the the
effect of disproportionation of en-
trapped air bubbles.

The balance between the relative con-
tributions of the two types of pro-
cesses, can be used to explain the
marked difference between the rate
constants obtained for L in the two
chopping conditions.

In the batter chopped under RAP the
partial contribution of disproportio-
nation to the overall decreasing rate
in L is very small. On the other
hand, the rate of NOMb formation is
markedly accelerated due to the the
Tower proportion of entrapped oxygen.
Thus the rate of this process will
predominantly steer the rate of the
observed decrease in L .

In the batter chopped under AAP, the




partial contribution of the dispropor-
tionation to, the overall rate of de-
crease in L, 1is masked by the de-
celerating effect induced by the re-
tarded rate of NOMb formation (due to
the inhibitive effect of entrapped
oxygen). Thus, a Jower overall rate of
the decrease in L results.

Following the same 1ine of reasoning a
hypothesis, for the difference in Ea
can be offered. Activation energy in-
dicates how sensitive changes in pro-
perties or components of food systems
respond to temperature changes. A
shift in Ea due to specific treatment,
might suggest a change in the physico-
chemical properties of the system.
Assume that disproportionation and the
reactions responsible for the for-
mation of NOMb have different Ea
values and that the Ea for the Tatter
process is the higher one, and assume
that during chopping under RAP the
process with the higher Ea controls,
then a steeper slope will be obtained
for the Arrhenius plot as indeed re-
sulted from our analysis.

The exact mechanism steering the ob-
served changes in L 1is obviously a
complex one. An attempt to further
substantiate and to quantify it, is
the subject of our subsequent study.

CONCLUSIONS

During the chopping stage, the marked
djfference in the absolute values of
L between the batter produced under
AAP and the one produced under RAP,
can be explained by a salient dif-
ference in their air content.

Evidence for the diproportionation of
entrapped air bubbles during the de-
creasing phase were presented. This
process 1is suggested to induce the
difference in the extent of decrease
between the two treatments. However,
it could not be used to explain the
marked difference between their rate
constants during this processing
stage. The inhibitory effect of oxygen
on the rate of reactions responsible
for the formation of NOMb could be
used to offer an explanation for this
phenomenon.

An explanation for the difference in
Ea of the two treatments is approached
by referring to the balance between
the two types of transitions (i.e.
disproportionation and reactions res-
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