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EFFECT OF PRERIGOR PRESSURIZATION ON BOVUlE LYSOSOHAL ENZYME ACTIVITY 

E.A . Elgasiml, W.H. Kennickl, A.F. Anglemier 2 , t1 . Koohmaraie 1 
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Longissimus muscle from 8 dairy cows was 
prerigor pressure (PRP) treated at different pres 
sure levels (0, 34.5, 68.9 and 103.5 I·INm- ' ). 
a-Glucuronidase (indicator of lysosomal enzymes) 
activity in the unsedimentable (U) and sediment
able (S) fractions was fluorometrically assayed 
at ! ~ , 24 and 168 hr postmortem. At I~ and 24 hr 
postmortem, the specific activity of a-Glucuroni
dase in the U-fraction from PRP treated samples 
was significantly (P <0,05) higher than that in the 
U-fraction from the control. However, at these 
times, the sedimentable fraction from the control 
sample had higher (P <0.05) enzyme activity than 
the sedimentable fraction from the PRP sample. 
Prerigor pressurization caused a pronounced Z-line 
degradation. However, there was no Z-line degra
dation in the control samples, either at 1~ or 24 
hr postmortem. Z-l ine degradation could have been 
caused by a lysosomal enzy~ released early as the 
result of the pressure treatment. 

Initial paper received January 19, 1983. 
Final manuscript received June 16, 1983. 
Direct inquiries to E.A. Elgasim . 
Telephone number : 503-754-3414. 

KEY WORDS : Prer i gor, pressure, bovi ne, lysosomal 
enzymes, a-Gl ucuronidase activity, transmission 
electron microscope, sodium dodecyl sulfate poly
acrylamide gel electrophoresis, Z- line. 
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Introduction 

Tenderness is one of the most important char
acteristics that render meat acceptable to consum
ers. Tenderness is a dynamic property, and as such, 
even originally tender meat can be rendered tough 
by the postmortem handling e . g . chilling in a 
holding cooler. Several tenderization techniques 
have been found to restore tenderness, including 
prerigor pressurization (PRP) (Elgasim, 1977; 
Kennick et al . , 1980; 11acfarlane, 1973). In the 
past few years PRP has been intensively investi
gated at our laboratory and it s beneficial effect 
on tenderness has been well documented. Also, 
several other physico-chemical properties were 
affected by PRP (Elgasim and Kennick, 1982). 

Several investigators have provided evidence 
for the presence of lysosomes in ske letal muscle 
(Canonico and Bird, 1970; Ono, 1970; Stagni and 
Bernard, 1968). Lysosomes are subce llul ar organ
elles that house several proteolytic enzyrres. 
l~any researchers have reported on the role of 
lysosomal enzymes in meat tenderness (~loeller et 
al., 1976; Dutson et al., 1980) . Also these 
studies suggested that unless the lysosomal mem
brane is disrupted, the lysosomal enzyrres are 
inactive. Disruptive processes including several 
chemical and physical factors e.g. pH, freezing 
and thawing, thermal activation and detergent 
treatment, have been implicated in lysosomal dis
ruption (Sawant et al., !g64). 

Ivanov et a l. (1960), I kka i and Ooi (1966) 
and Joseph and Harrington (1968) concluded that 
muscle proteins are affected by hydrostatic pres
sure. Enzymes are proteins and are likely to be 
affected by pressure treatment. Hydrostatic_ 
pressure in the order of 786.6 and 588.6 MN m 2 
inactivated trypsin and chymotrypsin respectively 
( t-liyagawa and Suzuki, 1963a, b) . Also sarcopl;:J.s
mic reticulum subjected to 150 MNm- 2 lost its 
extra Adenosine Triphosphatase (ATPase) activity 
(Horgan, 1981) . 

The mechanisms by which pressurization ten
derizes meat have not been fully e lucidated. In 
a previous study , Elgasim (1977) hypothesized 
that lysosomal enzymes are likely to play a role 
in the tenderness improvement i nduced by PRP . 
This study was conducted to see if PRP caused an 
early release of lysosom(ll enzymes as mon itored 
by e-Gl ucuroni dase. 
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1-la teri a 1 s and t-1ethods 

~Preparation and Treatment 
Samples were obtained from 8 uti 1 i ty grade 

dairy cows (approx . wt 480 kg) slaughtered at the 
Oregon State Un i versity Meat Science Laboratory . 
After slaughter, skinning, evisceration, splitting 
and washing the carcass, the left side of the car
cass was assigned for various pressure treatments, 
whereas the right side served as the control 
(CON). The longissimus muscle (from the last lum
bar vertebra to the 8th thoracic vertebra) was 
removed ( =35 min. post slaughter) from the side 
designated for treatment and pressure treated 
according to the procedure of Elgasim et al . 
(1982) except that the pressure was applied at the 
rate of 2.6 MNm- 2sec- l. Un le ss other.-Jise stated 
the pressure level used throughout the experiment 
was 103 . 5 MNm- 2 . (102 1 atm.) 

Four pressure levels, namely 0 , 34 . 5, 68.9 
and 103.5 I"Nm- 2 were used to study the effect of 
the pressure level on the activity of a-Glucuroni
dase . Longissimus musc le between the 6th and 8th 
thoracic vertebrae was removed from 6 sides desig
nated for the pressure treatment in the study. 
Each t\"IO sides were assigned for 34.5, 68.9 and 
103 . 5 f-!Nm- 2 pressure treatment, whereas all the 
muscles from the corresponding sides were used for 
the 0 (CON) 11Nm- 2 . For this part of the study the 
act i vity was measured at 1~ hr postmortem in the 
unsedimentable (U) fraction only. 

The pH of the CON and pressure treated sam
ples was meas ured at 1~ . 6, 24 and 168 hr post
mortem using a Corning pH meter, Model 125, equip
ped with a comb ination glass electrode which wa s 
in serted in a freshly made incision each time pH 
was taken. 
f!!.llme Extraction 

A method similar to that employed by Moeller 
et al. ( 1976) was used for the enzyme extraction . 
At appropriate ti~res postmortem (1~ . 24 and 168 
hr) samples were removed from each CON and pres
s ure treated muscle , trirrmed of external fat and 
connective tissue and ground in a Hobart meat 
grinder. Ten grams of the ground meat sample was 
homogenized in 50 ml homogenizing solut i on (con
taining 0 . 25 M sucrose, 0 .02 M KCl and 2 . 0 rW1 
EDTA , pH 7 .0) for 45 sec . in an Osterizer blender. 
The homogenate was fi 1 tered through two layers of 
cheese cloth and the pH of the fi 1 trate was ad
justed to 7 . 25 to 7.30 with 0 .5 M KOH. The fil
trate was centrifuged at 105,000 G for 2 hr to 
give unsedimentable (U) and sed i mentable (S) 
fractio ns . The U-fract i on was filtered through 
glass wool and the S-fraction was resuspended in 
25 ml of the homogenizing solution . 
Enzyme Assay 

a-Glucuronidase standard and 4-methyl umbel 
liferyl-8-0- glucuron ide were obtained from Sigma 
Chemical (St . Louis, 110). The enzyme activity 
was measured according to me thods described by 
Moeller et al. ( 1976). 
Electron Microscopy 

Observat ions were made on samples from two 
anima l s . Within 1.\.;! hr postmortem, samples were 
removed from the CON and pres sure treated samples 
and fixed iiTlllediately i n 3% glutaraldehyde in 
0 . 1 M phosphate buffer, pH 7. 2 for 4 hr, then 
transferred to a fresh phosphate buffer and left 
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overnight . The samples were then fixed in 1':; 
osmi urn tetroxide (OsO,,) in 0.1 M phosphate buffer , 
dehydrated in 50, 70, 90 and 100% acetone so·u
tions and sta i ned with a saturated solution of 
uranyl acetate. Specimens were infi 1 trated, em
bedded in Spur's epoxy formulation and cured 
overn i ght at 70°C. Silver-grey sections were cut 
using a diamond knife on a Porter- Blum MT-2 ult ra
microtome, stained with Reyno l d ' s lead citrate 
and examined with a Philips EM - 300 transmiss i on 
microscope. At 24 hr postmortem a sample was 
removed from the CON muscle and similarly pre 
pared for examination with the electron micro
scope. 
Sodium Dodec 1 Sulfate Pol acr lamide Gel El ec tro
horesis SDS-PAGE 

Gel electrophoresis of the total extract 
(unsedimentable fraction + resuspended pellet) 
and U- fraction was performed following the pro
cedure described by Porzio and Pearson ( 1977) 
using 10% gels. The protein concentrations of 
the two fractions were determined by the biuret 
method (Gornall et al., 1949) . 
Statistica l Analysis 

Since the design of the experiment uses a 
paired comparison, the data co 11 ec ted for the pH, 
and enzyme activity in the sedimentable and U
fractions were analyzed by the paired t-test 
(Steel and Torrie, 1960). 

Results and Discussion 

6-Gl ucuroni dase activity was determined 
after treating muscles at 0 ( ~ CON), 34.5, 68 . 9 
and 103.5 MNm- 2 for 2 min . to determine whether 
the enzyme activity is pressure dependent. There 
was a progressive increase in activity with in
crease in pressure level (Fig. 1), however, the 
change was observed to be non-linear. The change 
in activity/press ure unit was higher between 34.5 
and 68 . 9 ~1Nm- 2 . The cause for this non-1 i neari ty 
was not clear , however , it could be that more 
enzyme was released but s ome of it wa s inacti 
vated. Pressure in the order of 51.8 MNm- 2 
caused an increase in the activity of sarcoplas 
mi c reticulum extra ATPase, however, the activity 
decreased as the pressure level was increased to 
!03.5 and !55 MNm- 2 (Horgan, 1979). 

The specific activity of a- Glucuronidase in 
the U and S-fractions at different postmortem 
times is shown in Table 1. At 1~ and 24 hr post
mortem, the activity in the U-fraction from the 
PRP samp le was s ignificantly (P <0.05) higher than 
its corresponding CON (approximately 23% and 20% 
increases in free activities at these postmortem 
times, respectively). At 7 days postmortem, the 
free activities of both CON and PRP samples were 
the same (P >0 . 05) . Dutson et al. (1980) reported 
that electrically stimulated ovine samples had 
higher percent free activity for a-Glucuronidase 
and cathepsin C. The increase in the activity of 
a-Glucuronidase in the U-fraction, immediately 
after the treatment ( 1l:z hours postmortem), was 
not s urpr i sing because, bes i des other factors , 
the PRP treatment caused the pH of the samp l e to 
be acidic {Fig . 2) . At the acidic range observed 
in this study, Sawant et al. (1964), reported 
that aryl sulfatase , acid phosphatase and a- Glu 
curonidase became more available. Diva lent 
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Fig. 1: Changes in the specific activity of 
a- Glucu r on i dase ( relat ive intensity) with changes 
in pressure levels. Tempe rature (37° C) and dura
tion (2 min.) of pressurization were kept con
sta nt. The activity wa s measured in the U-frac
tion immediately before and after pressurization 
( =l J.z hr postmortem) . Each point is a mean of 2 
samp les 1-1i th 2 observations per sample , except 
the 1st point, at 0 MNm- 2 , which i s a mean of 6 
observations. 

cations, especially Ca++ and Mg++ a l so enhance the 
ava ilability of lysosomal enzyrres (Sawant et al., 
1964) . In apreviousstudy usingelectron mi croscopy , 
El gas i m and Kennick (1982), obser ved that the 
mi to chondri a 1 and sa rcopl asmic reti cul urn sys terns 
loJere both affected by PRP resulting in t he release 
of ca ++ in the cell cytoplasm which was evident by 
the contraction (48% of its on carcass length) 
obse rved after PRP t rea t me nt (Kenn ick et al., 
1980). However, the effect of pressure on the pH 
of prer i gor muscle cannot be used to explain the 
differences observed in the B- Glucuronidase 
activities between PRP and CON samples at 24 and 
168 hours postmortem (Table I) . At these times , 
the pH differences between the two treatments 
van i shed and the samples have the same ulti mate 
pH (Fig. 2). 

At this stage our attent ion was focused on 
poss i ble molecular changes tha t could have dic
tated these differences in the activities of CON 
and PRP samples . Exami nati on of electrophoreto
grams (F ig. 3) of the CON and pressure treated 
samples reveal that the PRP sample from the U
fraction (gel I) ha s two bands less than the CON 
samp l e (gel 2). The two missing bands were ob
served to be i n the 173,000 and 153,000- dalton 
reg i ons and it is s uggested these two bands were 
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Fi g. 2: Changes in the pH of the control ( - ) 
and pressure treated (e--e ) longissirrus muscle 
with postmortem tilre!s. Conditions of the pressure 
treatment: 103 . 5 MNm- 2 , 37° C, 2 min . duration. 
Each point is a mean of 8 observation s . 

Table I- Changes in specific activit ie s of 
B-Glucuronidase in the sedi mentable and 
unsedimentable fract i on from control 
and pressure treated bovine logissimus 
muscles with ~ostmo r tem times. 

Post- b Specifi c Activ!t i es 
mortem Treatment of Fraction % Bound 
Time I hr) u s Act i vit{ 

I '> CON 0 .1 64d 0. 202 h 55 . 50 

PRP 0 . 231d 0 .113h 32.90 

24 CON 0 . 268e 0.171 i 39.00 

PRP u. 356e 0.084 i 19.10 

168 CON 0. 341 f 0.141 k 29.20 

PRP 0 . 3929 o.o1zk 15.50 

a Specif ic activities were expressed as nM sub
strate hydrolyzed/mg protein/min. Each value 
is a mea n of eight observations. U = unsedi 
mentab l e f raction; S = sedimentabl e fraction . 

b CON = control ; PRP = pre r igor pressurization.:. 
Conditions of pressure treatment: 103.5 MNm 2 

37° C and 2 min. duration. 
c % bound act i vity = S-activ ity (U-act ivity + 

sed i mentable activity }. 

d • e • f • g • h • i • k means in the same pas tmortem 
period and the same column , carrying the same 
superscr ipt are significantly different (P <O.OS) 
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mobilized by the PRP treatment. The nature of these 
two bands is not known, but we believe them to be 
natural proteinase inh i bitors. A third band at 
130,000-dalton region a l most vanished from the PRP 
samp l e (gel 1). Whe n these gels were scanned, the 
intensity of some other minor bands were observed 
to be affected by the pressure treatrrent. There 
were no differences i n the banding pattern of the 
electrophoretograms obtained from the total ex
tract of the PRP (gel 3) and in the CON (gel 4). 
Only minor differences in the intensity of these 
bands can be observed . 

2 MW x l03 

- · 17 3 .. 
130 

4 

Fig . 3: SDS - ge l e l ect rop ho r es i s of total extract 
and U-fractions pre pa red from CO N and PRP samp l es 
11

2 hr postmortem . Ge l s 1 and 2 are U-fractions 
from PRP and CON samples respectively . Ge l s 3and 
4 are total extracts from PRP and CON respec
tively . Conditions of the PRP: 103.5 MNm- 2 , 
37 ° C and 2 min. duration . Note that CON has two 
bands (arrows) more than the PRP sampl es. 

Figure 4 shows the electron mi crographs of 
pressure treated and CON samples . It is obvious 
that the Z- 1 i nes of the pressure treated samples 
were extensively disintegrated. Calcium-activated 
factor ( CAF) (Penny, 1974; Dayton et a l . , 1976) 
and cathepsin D (Eino and Stan l ey , 1973) were 
i mplicated in postmortem Z- line degradation. At 
a pH <6 . 0 Suzuki et al. ( 1982), observed that CAF 
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was less effecti ve i n degrading the Z-1 ine of the 
myof i brils, and i n our study, the pH of the musc l e 
is below 6.0 irrmediately after pressurizati on . 
Severa l studies (Ei no and Stanley, 1973; Ro)bins 
and Cohen, 1976) have i ndicated that catheps in 0 
is effective under these conditions. Since 
cathepsin D is lysosomal in origin (Canonico and 
Bird , 1970) the Z-1 i ne degradation observed he re 
(Fig. 4) can be taken as evidence of an early 
release of lysosomal enzymes induced by PRP treat
ment. 

Fig . 4 : Transmission electron mi crograph of l on
giss i mus muscle samp l ed and fixed 1 ~ hr postroor
tem: a) l ongit udinal secti on from CON sample; 
b) longi t udi nal section from PRP sample; c) lon
gitud i na l section from CON sample, samp l ed and 
fixed at 24 hr postmortem . Note Z- line disinte
gration of PRP (arrows) . There was no Z- line 
disintegr ation i n the CON samp l es even with 
aging up to 24 hr pos t rrortem . Bars in a and b 
equal 3. 1 lJ m, ba r i n c = 2.0 ~m . 
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In view of the results presented here, there 
is no doubt that PRP caused an early release of 
lysosomal enzymes at a t ime when the temperature 
and pH conditions of the muscle were conducive to 
a greater and faster enzymatic action . Therefore, 
at least part of the improvement in tenderness 
induced by PRP treatJren t could be attributed to 
the earl y action of the lysosomal enzymes . 
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Discussion with Reviewers 

P. B. Addis: The author~ report that press ure 
cau5esamore rapid pH drop in muscle . However, 
thi s experiment is confounded by the fact that 
the control s ide was i n tact whereas the treated 
si de was excised , and excis ion by itself is able 
to stimulate contraction and pH decline. Further
more, pH decline i s a factor which ca n st imula te 
release of lysosoma 1 enzymes . 
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Authors: We meas ured pH before and after excision 
and we observed very 1 i ttle change as a result of 
exc i s i on. It is to be noted that our meas urements 
were taken within ":! to I min . after excision. He 
think excision will become a factor in pH decline 
i f there is a time gap between excision and pH 
measurement . We are quite confident that the 
substantial change in the pH of the pressure 
treated sample is due to the treatment itself and 
not the excis ion of the muscle. We do agree with 
you that pH decline is a factor that can stimu la te 
release of lysosomal enzymes and this is the main 
reason for presenting the pH results in this 
study. 

T. R. Dutson: Was care taken not to remove samples 
from any area of muscle that had previously been 
cut for pH measurement? 
Authors: Generally we avoided any muscle area 
that had been exposed for a longer period . 

R. J. Carroll: Why were utility grade cows used? 
Would not the connective tissue content be higher, 
and, therefore, less tender meat? 
Authors: It happened that they were t he samples 
available to us. We agree with you that they are 
less tender, however, we think it is due mainly 
to the quality of connective tis:ue rather than 
the quantity. Connect ive tissue becomes more 
cross -linked with maturity, thus mo re stable to 
heating (cooking). 

Reviewer VI : Can you please comment further on 
the gel electrophoresis? 
Authors: Two techniques were used to perform gel 
electrophoresis . One was laei1Tl1li (1970) with son~ 
modification {slab gel instead) and the other was 
the Porzio and Pearson { 1977) technique. The 
latter has given a much better resolution and a 
clear electrophoretogram is presented (Fig. 3). 
With Laemml i 's procedure the two missing bands 
were observed at 179 ,000 and 126 ,500-da lton. 
With Porzio and Pea1·son 's procedure the two miss
ing bands were observed at 173,000 and Ei7 ,200-
dalton. A third band at the 130,000-dalton re
gion almost vanished. 

T.R. Dutson: Are these micrographs {Fig. 4) rep
resenta-tTVe of the micrographs of all samples? 
How many animals and how many samples per animal 
were evaluated? 
Authors: Samples were obtained from two animals 
with two observations per animal. Over the years 
we have taken many electron micrographs and feel 
confident that the effect of pressure on the 
ultrastructure of muscle is very cons i stent. 

R.J. Carroll: In the 'Results' section in dis 
cussing Table 1, you mention "approximately 23% 
and 20% increases in free activities .. . ". Can 
you please explain this further? 
Authors: Free activity is the enzyme activity in 
the unsedimentable fraction (supernatant). 23% 
and 20% came from Table 1 by subtracting and 
rounding to whole numbers, the % bound activity 
in the PRP sample from that of the CON at I ~ and 
24 hr postmortem, respectively. 

96 

Reviewer VI: Please give further details about 
the B Glucuronidase standard. 
Authors: Purified enzyme with known protein :on
tent and enzyme activity {3,500,000 unitsjgm 
solid) obtained from Sigma Chemical , St. Loui;,MO. 

R. J . Carroll: . . . 48% of carcass length contnc
tion after PRP treatment {Kennick et al .• 198)). 
but on page 77 (Elgasim and Kennick , 1982, Fold 
l~icrostructure) the sarcomeres for longissimu; 
muscle were only 8 . 2% shorter. Can you clarify 
this discrepancy? 
Authors: There is no discrepancy. In the first 
study (Kennick et al .• 1980) we are looking t) 

the overall shortening of the whole muscle rela
tive to its rest i ng length . In the second stJdy 
(Elgasim and Kennick, 1982) the measurement WlS 

on the sarcomere, 'tlhich is the smallest unit Jf 
the muscle. We have encountered sorre di ffi cul ties 
measurin; the sarcomere length of the pressur~ 
treated samples. It is observed that the con
traction generated by the pressure treatment is 
not uniform. \~e observed areas where the sarco
meres are stretched and in other areas super
contracted. 

T.R. Dutson: Were gels produced from the tissue 
before 105,000 XG centrifugation or were the two 
fractions combined after centrifugation? 
Authors: After centrifugation. 

Reviewer VI : In connection with Fig.3, can you 
please explain relative intensity further? What 
was the activity of S-fractions for these samp l es? 
Authors: In our case s -Glucuronidase enzyme so l 
ution with the highest concentration was used to 
set the relative intensity sca le at 80. Usually 
quinine sulfate solution is used to calibrate the 
machine, but we did not use it in our study be
cause the excitation and emission wave lengths of 
our samples are different from those of quinine. 
Unfortunately with our limited re sources we did 
not measure the activity of the S-fraction, but 
our assumption is that it will show a pattern sim
ilar to that in Table 1. 

P. B. Addis: Does prerigor pressurization affect 
rancidity of tissue? The disruption of membranes 
could, if severe, lead to phospholipid oxidation. 
Autho12.: This study is in progress. We observed 
that there is more free fatty acid {FFA) in the 
PRP sample than their corresponding control . How
ever, the peroxide values of the PRP samples are 
less than those of the control. It is too early 
to speculate what happened exactly. 

Reviewer V: Another way to l ook at the data in 
Table 1, which I think is easily defendab·le, is to 
sum the activities of the "U" and "S" fractions 
and l ook at the total activity. If this is done, 
one finds differences due to treatment that do 
not appear to be significant. Thus, it may be 
postulated that the treatment only affects the 
equilibrium between the two fractions. Please 
comment. 
Au thors: There is more than one way of look i ng 
at the data. Based on the objective that we have 
stated for this study we looked at the data from 
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the distribution point of view (distribution of 
8-Glucuronidase in the Sand U-fractions). We 
don't see any way of reaching the conclusion that 
the treatment has affected the equilibrium (we 
believe you mean distribution) between the two 
fractions without presenting the data the way we 
did in Table 1. Dutson et al. ( 1980) found that 
e l ectrical stimulation affects the distribution 
of lysosomal enzymes . Prerigor pressurization 
effect is similar to electrical stimulation, just 
more vigorous than it, therefore it is not sur
pr i sing that it affects the distribution in the 
manner discussed in this paper . 

R.J. Carroll: Since the pH i s a major variable 
in this st udy, why did you not fix each sample 
at the pH of the muscle at the time of sampling 
to minimize possible artifacts? 
R. J. Carroll : Have you carried a restrained 
muscle through the prerigor pressurization treat
me nt? How would this effec t sarcomere lengths? 
Meat tenderness? 
Authors: We agree with you that the effect of pH 
is very i mportant. This study as well as the 
study you mentioned in your second question are 
in progress at this time and we hope to report 
about them in the near future. 

P.B. Addis: Are any cornnercial applications of 
this technology currently being utilized? 
Authors: So far no , but we think 1.,re are getting 
there. 

S.H. Cohen: The authors should make note of the 
range of act ivity of the CAF vs cathepti c enzymes, 
s ince the cathepsins are active at postmortem pH, 
whereas CAF i s not. 
Authors: CAF was dealt with in a separate study 
and its manuscript is under preparation. 

Reviewer V: There is no evidence to support the 
statenent that, the Z-di sc removal is evidence of 
l ysosomal activity . 
Authors: A study on CAF from two different musc les 
(Koohmaraie, Kennick and Elgasim, in progress) 
shows that the control had mo re CAF activity, at 
all postmortem periods investigated, than the PRP 
samples . Our preliminary results with cathepsin 0 
indicate that the PRP samp les have more activity 
than their corresponding controls, that is immed
iately after the pressure treatment (=1~ hr post
mortem). Since cathepsin 0 and CAF are the two 
enzymes implicated in the Z-disk removal and 
since the conditions of the pressure treatment 
are not in favor of the CAF activity, one would 
tend to lean towards cathepsin 0 (a l ysosomal 
enzyme) as a possible causat i ve of the Z-disk 
degradation observed in the study . Also please 
refer to S. H. Cohen 1 s comment above. 
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P. B. Add is: Does hyperbaric treatment of the type 
reported here result in more dissolved gasses 
(nitrogen and oxygen) in the aqueous phase of the 
meat? 
Authors: Both subjective (consumer panel) and 
objective (Hunter Co lor Difference Neter} eval
uations indicate that PRP improves the color of 
the meat. The mechanism(s) by which it does so 
is not clear. Some possible mechanisms are: 
1) pressure treatment induces the expansion of 
muscle pigments (Marshland, 1944); 2) accelerated 
lactic acid production or 3) the improvement 
observed in color is due simply to rore oxygen 
dissolved in the aqueous phase of the meat. We 
do not know. 
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P. Rcsmini and ~I.A. Pagani 

Additional discussion with reviewers of the paper 11Ultra structure Studies of Pasta. A Review" continued 
from page 12. 

E. A. Davis: Figure 4 shows ··water'' around sta rch and mem
brane residues. In our studies we observe thi s '"water'" or 
'"ridge area'· forming just as the granule begins to swelL What 
model system evidence do you mean by .. membrane residue''? 
Authors: By FF a ridge area of the granule ca nnot be clearly 
shown. because etch ing is not performed. The material around 
the granule th:1t we indicated as '"membrane residue'' ("m'' 
in Fig. 4c) exhibits the cha racteristic fea tures of th e material 
shown at the surface of the granule <lfter a surface-fracture 
(Fig. 4b). 

J .E. Dex ter : How did the authors determine cooking time? 
Why was group B cooked 5 minutes longer than group A? 
Assuming strand diameter is similar for all samples I would not 
expect coo king time to vary by more than one minute between 
samples. 
Authors: Cooking time is determined as written in the Ap
pendix. Group B always shows a much longe r cook ing time than 
Group A even with the same st rand diam eter. We think that this 
is probably due to the starch and protein modifications caused 
by the heat treatment producing perhaps a lower rat e of water 
penetra tion into the strand of the spaghetti (Wyland and 
I)'Appolon ia. [81 ]). ll owever , in our opinion. it is diffi cu lt to 
foresee the cook ing time of unknown produc ts on th e basis of 
convent ional pasta cooking time. 

R. Moss: How are protein and starch components identified, 
p:1rticularly in cooked pasta - in many of the Figures the 
protein appears to have a finer granular struc ture than the 
starch? Is this the case? 
Au th ors: In FF coo ked samples the protein exhibits always a 
finer str uc ture than the starch because. under hydra ted sta te, 
the protein subun its have a diameter at least 3 tim es sma ll er 
than 1.tarch spherulites. This is one of the differential features 
of the two componen ts. Funhermore. the protein matrix shows 
o ft en inclusions o f lipid and other material , never found into 
the st arch. which help in the int e rpretatio n of the micrographs. 
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