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Post M ortem  Changes of Glvcoconjugates in Meat 

K.H. EGGEN and W.E. BUER

MATFORSK, Norwegian Food Research Institute, Osloveien 1, N-1430 Âs, Norway

SUMMARY: In the present study proteoglycans were extracted from M .semimembranosus of young bulls after

and 21 days of post mortem  storage by use of 4M guanidin-HCI in 0.05 M acetate buffer pH 6. The extracts were tPPiie<

ultracentrifugation in a gradient of CsCl and the fractions obtained studied by SDS polyacrylamide gel electrophor6Sl
ft1

different types of proteoglycans were present; one of high molecular weight which appeared in the high density ffaC 

another with an appearant molecular weight above 100.000 which appeared in the low density fractions. A reduce011 

size of the high molecular weight proteoglycans was observed as a result of post mortem  storage.

INTRODUCTION: Several studies have been performed on post mortem  degradation of meat proteins using & 

electrophoresis. It has been suggested that post mortem  degradation of meat involved breakdown of glycoconjugafeS
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(McIntosh, 1967, Dutson and Lawrie, 1974). We have reported previously that perimysium from M.semimembra'10

contained chondroitin-4-sulfate and dermatan-sulfate as a part of the proteoglycan molecules (Eggen and Wadding1011 

The methods used were gelfiltration, cellulose acetate electrophoresis and ELISA. The present study was undertake11
• « /  0 ° Nl

to establish methods of obtaining glycoconjugates from whole meat in a way that made the study of proteoglyoa°s by

conventional gel electrophoretic techniques possible. Proteoglycan breakdown post m ortem  was then studied by use 

polyacrylamide gel electrophoresis.
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MATERIALS and METHODS: Extraction: M. semimembranosus from young bulls were obtained from the loc:al

slaughterhouse immediately after slaughter and brought to the laboratory. After the épimysium had been removed-
th«1

J

was minced, divided randomly, vacuum packed and stored for 0, 7, 14 and 21 days respectively at a temperature of
,oC>

the end of the storage period the portions were frozen at -80 °C. The samples were homogenized in liquid nitr°§etl

incubated in an extraction buffer consisting of 4 M guanidin-HCI and 0.05 M sodium acetate of pH 6 (10 ml buffef

tissue). The solution contained furthermore protease inhibitors (for review: HeinegArd and Sommarin, 1987). The
SUSP01

,„St

were left for 16 hours at 4 °C under gentle stirring, centrifuged and the sediments reincubated with fresh extract10
w ]

The supernatants were clarified by centrifugation and filtration through cheese clothes. Samples of the su p e rn a l15 

dialysed against distilled water, freeze dried and used for SDS polyacrylamide gel electrophoresis.

Ultracentrifugation: Before ultracentrifugation the supernatants were concentrated to 1/3 of the original volume 111
afl

4

ultrafiltration cell on a PM 30 filter under the influx of nitrogen. CsCl was added to the concentrates to a densitynv of1
.31

N

vl

rs ^
g/ml, and ultracentrifugation was carried out at 140.000 g in a Beckman Ultracentrifuge, Optima L-80 for 92 h°u ^

N
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gradients were harvested by puncturing the bottom of the tubes. The eluates were divided into 5 fractions c<**— .

D4 and D5. D1 represented the bottom fraction. Each fraction were monitored for density, the contents of uro°l0
ac1'

344



3: 7

S

v ,

bhe top of the tube consisted of a red, sticky surface layer which was discarded. Analytical methods: Densities were 

with a 200 ul pipette as pycnometer. The protein content was estimated by the Bio-Rad assay based on the methodeN i  w;

BrMf,

 ̂Ue:

was

S

f°rd ( 1 9 7 6 ), whereas the amount of uronic acid was estimated by dimethylmethylene blue (DMB) (Famdale et al.,

S&S polyacrylamide gel electrophoresis of the freeze dried supernatant samples as well as the gradient fractions after 

"I'trifiaga(l on was carried out on gradient gels ranging from 3 -12 % by use of the discontinuous buffer system described 

"’mii (1970), Proteoglycans from the gradient fractions were precipitated with ethanol and dissolved in SDS-buffer 

electrophoresis. Bands were visualized by commassie or silver staining (Merrill et al., 1981). Scanning of the gels 

by use of LKB Ultroscan XL Laser Densitometer.

^ J LTS and DISCUSSION: Previously it has been shown that about 90 % of the proteoglycans in perimysium

from bovine M .semimembranosus was extracted by use of 4M guanidin-HCL based on measurements of the content 

acid in the supernatant and the sediment (Eggen and Waddington, 1989). In the present study whole muscle 

>ns homogenized in liquid nitrogen were preferred as the source for proteoglycans. The same buffer solution was,
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used for extraction. The use of whole muscle preparations made it possible to obtain the total proteoglycan 

extractable by 4M guanidin HC1 and not only the proteoglycans present in the pieces of dissected perimysium. The 

r°m ultracentrifugation are shown in Table 1. The fractions of densities around 1.5 showed the highest content of 

whereas the major proportion of the proteins were concentrated in the top fractions of lower densities.

'acrylamide gel electrophoresis of the uronic acid containing fractions after ultracentrifugation showed high molecular 

Pr°teogiycans in the area of the gel representing molecular sizes above 200.000, Figure 1. This material was only 

by the silver staining technique. The results showed furthermore that the high molecular weight proteoglycans 

fr°m samples stored for 7, 14 and 21 days penetrated deeper into the gel. The migration distance increased with 

lrig time of storage post mortem, Figure 1 and 2. Post mortem  degradation of M .semimembranosus thus involved

H n °f glycoconjugates of high molecular size.

Siij'i rbe table shows the density of the fractions from CsCl-ultracentrifugation and the distribution of uronic acid and 
n ltle fractions prepared from meat samples after a period of storage of 0, 7, 14 or 21 days

density 
g/ml

0 days

uronic
acid

Pg/ml

34 

36 

26 

24

protein
mg/ml

0.5 

0.4 

0.5 

0.9 

2.9

density
g/ml

1.49

1.42

1.39

1.34

1.32

7 days

uronic
acid

pg/ml

35

35

33.4

12

0.6

protein
mg/ml

0.4

0.6

1.3

2.1

4.0

14 days

density
g/ml

1.50

1.43

1.39

uronic
acid

pg/ml

30

23

3.4

protein
mg/ml

0.6

1.2

1.6

3.0

3.5

21 days

density
g/ml

1.49

1.40

1.38

1.34

1.31

uronic
acid
p/ml

36

40

26

23

protein
mg/ml

0.2

1.0

4.2
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Figure 1: The figure shows the pattern 
obtained by SDS polyacrylamide gel 
electrophoresis of the fractions with 
densities above 1.4 g/ml. LMW represents 
a protein standard preparation of low 
molecular weights whereas HMW 
represents a standard preparation of low 
molecular weights

LMW Od 7d 14d 21d Od 7d 14d 21d HMW
D1 D1 D1 D1 D2 D2 D2 D2

Figure 2: The figure shows the 
densitometric scans of gels with the 
high molecular weight proteoglycans

7d

Figure 3: The figure 
shows the pattern fr0111 
SDS polyacrylamide ^  
electrophoresis of ur°n 
acid containing fracti° 
with lower densities

s
s
s
\

A decomposition of the glycoconjugate matrix will most likely influence the mechanical stability of the tissue. An°' 

population of proteoglycans of lower bouyant density with a molecular size around 100.000 was observed by gel 

electrophoresis of the fractions of densities around 1.34, Figure 3. The gel pattern was like that obtained by electroP1

thef

to o'61iS»S

small proteoglycans isolated from sclera, Figure 4. Treatment of the component by chondroitinase ABC resulted in a V P

around 40.000 whereas the original band disappeared. Figure 5 a and b show the results obtained by electroph°reSlS
, o i ^

dried samples of the supernatants before ultracentrifugation.

Figure 4: The figure shows the 
results from electrophoresis of small 
proteoglycans from sclera before and 
after chondroitinase ABC treatment. 
Lane a) represents the protein 
standard preparation, b) represents 
the enzyme, c) represents small 
proteoglycans from sclera whereas d) 
represents enzyme treated proteo­
glycans from sclera

Figure 5 a and b: The figures show the patterns obtained by SDS g®  ̂vaji^  
electrophoresis of the supernatants of nitrogen powdered samples atte 
periods of storage post mortem

LMW Od Id 3d 7d HMW

a b e d
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s°n of the gels obtained from electrophoresis of the supernatants before and after ultracentrifugation showed that the 

^Xans were hardly visible in the gels before ultracentrifugation. The reason for this is most likely that the 

^tycans are minor components of the muscle and have in contrast to other proteins a weak binding capacity for 

^  stains.

^ C U R IO N S - Extraction of nitrogen powdered whole meat samples in 4M guanidin-HCl with subsequentV
ntrifugation in a gradient of CsCl was a convenient method for preparation of proteoglycans. SDS polyacrylamide gel

S h <

N ,

10resis on gradient gels ranging from 3 - 12 % with subsequent silver staining of the gels made it possible to study

°8lycans and post mortem  degradation of these components. Two types of proteoglycans were detected; one of high

% height which appeared in the fractions of the highest densities, and another one which appeared in the fractions of

d
C ities. The results showed furthermore a reduction in size of the high molecular weight proteoglycans after 14 days
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