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^ S ^ IONSHIP BETWEEN HIGH ENERGY PHOSPHATES, pH AND VISCOSITY OF

COW AND BULL MEAT SLURRIES

V. G. Moss, E. W. Kielsmeier and F. C. Olson 
Oscar Mayer & Co., Inc., Madison, Wisconsin, U.S.A.

ZUSAMMENFASSUNG

Methoden zur Messung der Qualitaet von warmen, gefrorenen 
,elche 1Sch wurden entwickelt. Die Zeitspanne (Viscositaetspanne) , 
ü ^  ben°m ^ leischbrei> bestehend aus pre-rigor Fleisch und Salzloes- 
^  Corr ° ^ igt w frd zu eretarren, schwankt mit der Fleischqualitaet 
ê-'-Schee^^ert mbt bem behalt an energie reichen Phosphaten des

SUMMARY

c Methods were developed to measure the quality of hot boned, 
tieSbjtry°X% nieat * T^ e laPse time (viscosity lag phase) needed by 
ofat qual- Pre“ri§or meat and salt solution to set up, varies with 

the m lty and correlates with the high energy phosphate content

o ^ er and ^ m  USe ob bot meat is an old art in sausage making.
V * t  ^ Olson (1) found that rapid freezing preserves the quality 
in Jjtion by stoPPing the phys iological processes of actomyosin

tbe fr^and high energy phosphate depletion. If such meat is ground. -L u z p n  c + -o + -^  ~  ____1_______3 x :_________  ^  ______ L^   ____OJ £ - t   _ —w»--.«!.«. O J_ J_ u VIV L1 rnv w w J_u ^ t
Q£ ¡¡ti0ll °^fn state and introduced frozen into the extracting salt 
its °t bon nigor is avoided. This meat can then be used instead
in t̂ ater f. unfrozen meat in sausage manufacture, without loss of 
inline inding and fat emulsifying capacity. Because of variations 
i k̂ i-Pg, v oifferent animals to go into rigor and because of slow 
6nt etaITlg a^iations in the quality of pre-rigor meat were found.

5w " urebore’ necessary to measure the progress of its incipi- 
:Ltn fair accuracy.
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itss
S° ^ b i V ted to vary in§ degrees into actin and myosin. The greater 
^at a s ty °f this structural protein is characteristic of pre-rigor 
1nine(j .compared with post-rigor meat, where actin and myosin are

In pre-rigor meat the structual protein actomyosin is

Jo
into actomyosin

ge pr The dissociation of actomyosin in pre-rigor meat is due to 
r adüal]ence high energy phosphates (HEP). These phosphates are 
ets y depleted after slaughter and disappear when rigor mortis

a6tetmi T^ e two methods reported in this paper were developed to
Ct° % O R <L Pie“rig?r fr°zen meat quality by measuring the progress in

ax:. w a s observed that when pre-rigor m 
tet slaughter, was blended with salt so

Sln formation and concurrent HEP depletion 
It

qV ha\7neede^ different lengths of times to set 
an * ‘ ‘ ' '

T does not run out of an inverted beaker.

meat, obtained at various 
lution, the resulting 
up. The slurry whichn  l *c lV e 4 7  y j  x. t i i u c o  u w  o  c: u  u p «  X l i e  o  l U I

tj.?ailv Han initial low viscosity becomes gradually stiffer and
v Consequently the
¥ C°sitv me re 1 uired for a slurry to set up or to reach a certain 

deia can serve as a method to measure pre-rigor meat quality. 
Y was called viscosity lag phase (VLP).

Ha^PPeara^^6 oth er method of quality measurement was based on the 
Ph!u§Hter ncf high energy phosphate from pre-rigor meat after 
lo^Phate5 characteir ized by a corresponding increase in inorganic

anj \  ihe method was developed along the lines of that by 
nd Lopez (14). y

L^hile the VLP method provides a direct measurement of pre=TT10̂ ----- - - — ---- — ---------
the dfl2Uality’ the Phosphate method is an indirect method. To 

Ween tv,ata meaningful a correlation had first to be established 
e results of the two methods.

METHODS
V
&

^  h^u^L^££gj-ty Lag Phase. The meat sample was frozen and held 
Prior to the test at -28.9° C. (-20° F.). The sample 

*•87 ? Wete , ̂ °2en through a 1/8" plate at 0° C . One hundred and fifty 
of "ended at room temperature in a Waring blendor with 

a temr,9 saft solution of 0° C. Blending was carried out 
<sc a 40q P?rature °f 10° C. was reached. The slurry was poured

eter beaker and the viscosity measured with a Brookfield
gs de-t-]111® sPin dle No. 6 . The spindle should be lowered to a
%  juried q h and ihe 0-point marked on the dial. The viscometer 
gs ^ a k e and the dial was allowed to make two complete turns.
^  b!7 d and Tp a t .o n .and the number inside the dial under the pointer 
Ht aket lIluitiplied by 1000. This was the viscosity in centipoiswa<? . i 1 '—  ~j ŵ .̂ . .in. -hi centipoises

ePeated ttlen placed in a water bath at 10° C. and the measure- 
every ten minutes. When the viscosity in centipoises
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the jd®d 100,000 the meat was considered as set up. The delay between 
^  ^asSr and laSt measurement was called the viscosity lag phase 
Ŝed  ̂ found to correlate with the pre-rigor quality of the meat

^ari°us sausage formulations. Standard deviation s for the 
u was 4.7 minutes.

tk^*9° r Energy Phosphates. The frozen sample was ground at
9nirteen 3nd sieved through a No. 8 U.S. Standard sieve. Twelve to 

Pis f§raP s °f the powder were blended in a micro-blender with 
tw0 1 s°lution at 0° C ., for two minutes. After waiting

th tetedm°ue manu^es f°r the foam to break, the suspension was 
k ^°Ugh through a No. 1 Whatman filter paper. The filtrate passing 
Jrh: 0p the paper during the first two minutes was retained. One 
jrjss st°ne m l o f the filtrate was transferred to a 50 ml graduated 
(iWio °PP®ted cylinder containing 6 ml of a 0.1 M  sodium acetate 
V 6978 e- T . cy linder was filled to 50 ml with pH 4.0 acetate buffer 
$y;er) & sodium acetate and 3 g glacial acetic acid in 1 liter dist. 
V V e d asne COntent mixed and held at 0° C. until needed. This sample 
$i,ke tube c?n,tr°l° Another 0.5 ml filtrate was hydrolyzed in a centri 
thiSequenrT.it î ^ M HC1 in the steam bath for 10 minutes and
8̂ e Was n y co°ied in faP water to 25° = 30° C. The content of the 
C PpeteaqUa^ itatively transferred into a 50 ml graduated glass- 

filleaCyIlnder containing_2 ml of a 1.0 M sodium acetate solution 
UP with pH 4.0 buffer to 50 ml. This sample was the test.

A^ 2ktrate ^ ank was prepared by using the same solutions without 
micr(i)& ^he standard was prepared by using a solution containing 

eriaiT1S ^ Per 0 ^ en °f each solution were pipetted into 
ybdate i(~nmeyer flasks. To each flask one ml of a it ammonium 
0pe m ° iution (1 g (NH4 ) 6 M O ? 0 24 . 4H20 in 100 ml 0.05 M H ?304 ,

On?- a ascorhic acid solution were added while shaking the 
S h - °Phot-n Cal density readings were carried out on a Beckman DU 
to >ln§s diffleter at 700 m y ’ after 5 and 10 minutes. If the sample 
H<j time ered froiP those of the standard, they were extrapolated 
n SQ ?d unar ° ^r' °Ptlcal density change in excess of 0.008 was con-

tf 0 CePtabLe and a new sample was prepared. This was done 
tions Cai density changes of standard and test were in opposite

the TKipuati0^ e Percent high energy phosphate content was calculated by 
’ P-kP After Hydrolysis - O.D. Before Hydrolysis . , nn

O.D, After Hydrolysis ~ ” x
The accuracy of the method was + 2% HEP,



^lattonship Between High Energy Phosphates

Perimental:

P a g e  F o u r

°btK'''-ainPH - ^ e°r:*-̂ ?r C°w and Bull M e a t , Hot cow rounds, (4 series) 
ôu&ht- • °n the hill floor about 15-20 minutes after killing, were 
°aHecti lmmehiately into the 0° C. cooler, freed from fat and 
ktotinc3 t-u6 tissue, and cut into 1" pieces. After mixing they were 
t^een arou§h a 1/8 plate, mixed again and spread out on trays 
(T* Plac ^°.Poly ethy lene sheets about 1/4" thick. The trays were 
■bo ^n t° a big polyethylene bag to cut down evaporation.
4 C. P laced in the -63° Co freezer, and five trays in the
Ho 4«°ier- prom this cooler they were removed one by one after 

(3 o ar}d 72 hours and placed in the -63° C. freezer. Hot bull
at> w,:eries> which makes up only a fraction of the hot boned cow 

n°t held over 24 hours at +7° C.

¡ N e r x, terminations . One hundred fifty grams frozen meat
4 ^1rig k-, e blended with 100 ml pre-cooled dist. water at 0° C, in a 
% L C^ n M j r * until a slurrY temperature of 0° C. was reached, 

h Pre»o 0<Tel H2 pH meter with glass electrodes was standardized 
cooled pH 7.0 buffer at 0° C. and the slurry pH was read.

RESULTS
)0
V  Prin^isure 1 sbows the decrease of VLP with holding time at 
<k,.en lin to freezing. The solid line refers to cow meat, the 
t^ng the fi° buiJ m e a t - The rate of change of VLP was the greatest 
iru.^ate ^ a i s t  ^4 hours. During the next 24 hours (cow meat only), 
S  Cat®d f.reased to about zero. Results obtained with bull meat 

^ a t  bu?atuthe initial VLP was considerably higher than that with 
6̂atdlsap_ the rate of decrease was much faster. As it may be seen, 

as Cnm red completely after 24 hours holding at 7° C. for bull 
Pared with 48 hours for cow meat.

of

<
a? decli SU^e 2 Presents the corresponding pH values. The rate 
^ Ued ’Wikw f°ll°wed roughly the trend of the VLP. pH values 
®ased at b u l1 meat started at a somewhat higher level but c a slower rate than in cow meat.

?* Pi,e ?u^e 3 demonstrates the change in labile phosphate during 
K hoUi the h ° u  rt may be Seen that durin§ the first 4 hours about >  tUts aboutfin?nerSy PhosPhate was lost, while during the subsequentJ, "= v. ' a  a b o n t - " ‘V n : > / ------~  OJ * ' * ■ * ' ' “ * '  w c c  J - W O U ,  W H J . J . C  U U J - J L i l g ,  L i l t ;  S U D S e t

deer b0/° °f the remaining half was lost. From there on te tgor c ceased more evenly. Despite great VLP differences between 
9te of HT?and hull meats, no differences were found in percent HEP 

rP loss in bull meat closely paralleled that of cow meat.
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I n F i g u r e ^ 4  the VLP data were plotted against decrease in
6sterg Cc°rding to Bailey and Marsh (10) about 70% of all phosphate 
«8 tauare hydrolyzable during 10 minutes in 1.0 M  HCl. This amount 

0T,.ei} as 100 and the decrease in HEP was expressed in percent of 
riginal amount.

DISCUSSION

Cv°ut 2-a ^ c o r d i n g  to various authors (2, 3, 4, 5, 6) muscle contains 
bi Pin 713m ^cromols ATP per gram and about 3-5 micrograms phospho- 
¿?r°lv7=wi per grara muscle (A, 7 , 8 , 9, 10). Of the about 70% acid 
anlch 4o5 bi-e Phosphate esters, about 76% correspond to ATP and PC of 
c ^ t i y o s A T P  and 60% PC. Phosphocreatin does not dissociate 
c > equei?i ItS main effect is the regeneration of ATP from ADP, and 
bh 6 in tt- disaPPears first from the cells. The steepness of the 
tth akdOT, ^tgure 3 during the first four hours is probably due to PC 
st , * (10, 11, 12). It is evident that the first hours are the

P rtant in the conservation of HEP.

tg? simii A .similarly shaped curve was obtained with VLP (Fig. 1). 
Pl^ti0 a]fity of the curves in Figures 1 and 3 suggest that a close 
Of0tted „blP between these sets of data exists. When VLP values were 
i\ot-C°II1plefa T'nst Phe decrease °f % HEP as shown in Figure 4 two curves 

Phat a y .different shape were obtained. It is interesting to 
Jê e aSed during the first four hours of holding at 7° C. the HEP

O at

5h:

cow meat at a much higher rate than the VLP. This is 
ed by the nearly horrizontal shape of the first sectionQ. J J-y UUJ.  j . ± £ i U L i u a j .  o  L i a j J C  W l  L U C  1  L I  O L b C L L L U L l

J Hep Vrve in Figure 4. The PC which makes up the major part of 
h (llj br°hen down while part of it is used to regenerate ATP, 

h|ay pe and(iMarsh (1 2 ) found that after slaughter there '* * 
ho. Pc cF0C*" several hours during which ATP breakdow

4 7J-öaPpears fast. 
^  ’ '

is a
during which ATP breakdown is slow, 

Applying this theory to the curve in
°sPhorf,i . Posslble^that VLP does not change markedly while

Ip y hyH^^?t^°n °f ATP is going on. From four to 24 hours the
Ca r°lyzable part of HEP disappeared together with the VLP. 

th^ly cong^^^-bh bull meat the rate of decrease in VLP and HEP was 
L ^eap which might suggest a lower myosinase activity in

el J he ProSresslve decline in pH in both meats follows a 
meatrVe° Although the initial pH in bull meat was higher than 

4-6 the t 5 bhe same difference was maintained during the 24 hoursTaH fh Hull mpflf run (V -i o-nro 9'̂with bull meat was run (Figure 2).
as, big variations between tests make, however,-nt ,_0 LUCtrve, HWWCVCJ., pH

bniiUnsuitable for quality determination in frozen, pre-rigor 
meat.

The
-es

en°Ugh
results obtained with HEP determinations confirmed those 

which allows the conclusion that the VLP method is
to determine the quality of frozen, pre-rigor meat



F igure 1

Effect of Holding Time at 7"' C o n  the 
Viscosity Lag Phase of Pre-rigor Cow 

and Sull Meat

o Cow Meat

•---------- # Bull Meat

24 48 7
Holding Time at 7° C. (Hrs.)

ro
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Change in pH in Pre-rigor Cow and Bull Meat: 
D uring H old ing  th e  Meat a t  7° Co f o r  V arious Times

ZZi>

Holding Time at 7 C. (Hrs.



Holding Time at 7 C. (Hrs.



R e la t io n s h ip  Between V i s c o s i t y  Las Phase and 
D e c re a s e  i n  H ig h  E n e rg y  P h o s p h a te  i n  P r e - r i g o r  

Cow and  B u l l  M e a t
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