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Many c f the present-day pork processing and marketing problems in  the

United States are seemingly attributable to differences in  pork muscle appear**

snce and character» These differences are manifest in  a wide varie ty o f pork

KMocie qualities ranging from, pale, s o ft, watery pork to  extremely dark, dry

product. These d ifferent qualities vary in  consumer appeal, presumably d iffe r

in  nutritiona l value and d e fin ite ly  re fle c t major y ie ld  differences in  the 
processing

obA ctives o f the Wisconsin research program which encompasses th is  

problem are (x ) characterize the physical and chemical, properties of pork 

exhibiting various qualities (2) to develop pre-slaughter treatments to experi­

mentally a lte r postmortem changes (3) to study the fundamental mechanisms in ­

volved in ' the creation o f the various qua lities and (4 ) to develop control 

measures fo r producing more uniform pork.

In  the lim ited time which I  have available fo r th is report, I  wish to 
(l) present a summary of our in it ia l experiments with th is  problem ami (2) to  

pre—slaughter treatments which the Wisconsin station has administered 

E ffective ly a lte r post-mortem changes, I  would lik e  to mention at the out- 

*hat much o f th is  work is  in  d irect support o f the work of D r, Bate-Smith,

° BsndaU* Dr, Callow and Dr, Lawzde of England; D r, Ludvigsea and D r, J . 

ep“Pederson o f Denmark arid D r. R. Haem of Germany.



Prelim inary experiments were conducted to characterize the various qualities 

The f ir s t  sl3.de preseats the word descriptions i& ich were used to  c la rify  the 

photographic standards used to c la ssify  the hams*

HAM CLASSIFICATION
I* (Pale twantoned) muscles were pale in  color-, soft and watery .in struc­

ture and possessed loose interm uscular binding»

I I »  (Twcwioned) muscles adjacent to  tha bons were dark in  color* «h ile  the 

large outor muscles were pal© in  color* lacking in  firm ness, moderately soft in  

structure and moderately watery immediately a fte r cutting*

111» (Normal) muscles were uniform in  color (grayish-pink) and moderately 
film  in  structure*

JM (Dc,rk) mus c-.es wore firm  in  structure and moderately to  extremely dark

in  color* Muscles wore dry Immediately a fte r cutting .

'i3lU m x t  slid8  (s3.2-de IT  -  Photographic Standards) photographically illu s ­

trates these muscle »classes«* The dark inner muscles are the gluteus accessor- 

¿BJL and ^ ^ u s _  profundus* whereas the lig h t (outer) muscle is  the gluteus médius

Slide I I I  -  (Characterization* pH values) ï

pH Differences (gluteus Medina) between Muscle Classes.

Ham muscle classes

SÎUfelUQS
I

(Pale
two-*toncd)

II
(Tko-
toned)

111

(Normal)
IV

( î)Rrk )
pH at slaughter* 6*19 6*36 6*29 6.35
P-lij 40 minutes

h 3 1 5.90 6.09» 6*07*
pH, 2 4  hours 5.42 h % L 5.a 5*93*

'o f  the in it ia l characterisation study of these muscle classes* as

nesro 3lide (S lide I I I  -  Characterisation), revealed that the pH 
values art the tim » «*> — aughter were srunxlar for* a ll muscles regardless of tha



final (24 hours) classification« The pH values of the gjut9us médius muscles
•‘•rca hams in Class I (Pale two-toned) and Class II (Two-toned), 40 minutes after 
slaughter, were significantly (P<0«05) lower than those of musc3.es from Classes 

(Normal) and Class IV (Dark) hams* Its® increase in acidity appeared to eon- 
kinuo in Glasses and il during the 24 hour chilling process» At the conc3.usioa 

"̂'l3 shilling period (24 hours), the pH values of the gluteus modiua muscles of 
Classes I and II were significantly (P<0«01) lower than those in Classes III and 17» 

Conversely, the glycogen concentration of the gluteus aeclius muscles were 
significantly higher in Classes I and II than in Classes III and IV, at the time 
°f slaughter*

^  nexfc site* I*) »*«** ih® differences in myoglobin concentrations
0eri ®USQle classes, (Characterisation, ityoglobin):

^ ^ Lgoroparison of the gü&flM jsg t o  Between %sela Glasses«

t x g / m

1

T
(Pale

Ham muscle dasses
n

(Twc=
III IV

Jag?"tonad toned)--(KgaK&).__.( Parie)
a 91 «9$’ 1*11 lg 20

îiice the main visual criterion for muscle class distinction was that of
c°lor, special attention was directed to the absence of a significant increase 
' P̂ giiont concentration with an increase in the intensity of the color« It

®^9Uld t Cognized, however, that there seemed to bo a trend toward increased
^ g l o b i n ^^entration in Glass 17« The significance of this trend will be
aiscwsat5ri •iAfcor in thin report*



311 e{,i'ort to measure the change in "water~rM,«ntionn the above apparatus 
"** <leVel0ped as a modification of the "Filter Paper Moisture Absolution Technique" 
Presented by Gray and Hamm« A large number of samples were hereins checked 
simultaneously with increased efficieney0

It was found that there was a gradual decrease in expressible H~0 from(Jluas .
1 (Pale two-toned) to Glass IV (Dark)0

udy suggested a definite relationship between color, pH, expressible
Ha° «

®s® characteristics in mind s the next step in this problem was to 
* Ind means of

®*perlmentally producing certain muscle classes <, In this 
tissue* of î own way

orig in  and n u tritio n  could be studied« Since the two most



of glycogen before slaughter would be a means to th is  end«

Slid® V I »  (Side view of the animal exerciser): This slid e  shows the side 

view of the animal exerciser that was designed and constructed fo r th is  purpose«, 

Slide V II -  (Ehd view of the animal exerciser): This apparatus e ffe ctive ly  

exercised from 2 to 6 hogs simultaneously under controlled conditions 0 The 

speed and duration were herein accurately controlled a

£XtlrC,'Seb

»jl̂
follow ing s lid e , (S lide V III  «=• Representative hams from each treatment ) : 

«hows the

levels of
fa u lts  o f an experiment designed to study the effectiveness of various 

®*®rci3e in  a ltering  muscle appearances0

LotP I  «  Control 

■k>t I I  -  1 milo/day -  4 days 

I I I  «  2-3 mües/day -  4 days 

-  3 miles p rio r to slaughterLot IV
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$h© differences due to treatment Wei's very striking. Eleven cf the 12 hogs 
k* the first three lots were either pale or two«toned. whereas, the hogs in

iv were either normal or dark* Seemingly the animals which received repeated 
®359rcise adjusted and. restored thoir glycogen stores» This isas supported by the 
ffict that in Lot XV the muscles were apparently depleted of glycogen «nd were 
dark arid dry with a significantly higher pH*

In another experiment exhaustion was used as the end point rather than any 
**•
xc degree of stress* This exhaustive exercise was administered, under

n®xtaal and ni^t sucrose regimens. Representative hams from this experiment are 
shewn in tb ■«-■‘■lowing slide, (slide IX « Representative hams from sucrose am 
* ® r0ls* ^ a t e e n t e ) .

Data a, . experiment implied that exhaustive exercise, with normal
stations, creafcpyj dark, dry tissue* In contrast, the high suero3 © rations seemed

!, *
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uo Produce muscles wM.cn were pale in color3 soft in structure and extremely 
in appearance.,

Sauce exhaustive exercise and high sucrose rations were effective in produc­
es dark and light hams, respectively* it seemed desirable to compare the effects 

exhaustive exercise an lev-;* medium and high carbohydrate rations* The follow- 
>̂g experiment was conducted to accomplish this gosl*

Forty Poland China barrow3 ranging in weight from 190 lb* to 240 lb* wars 
secured Stosx purebred breeders* fed a 145» protein basal ration for a two-week 
period* stratified according to weight* and then randomly allotted into four 
lots each of tea pigs* The pigs -tiers individually fed one of the following ex- 
P̂ risnoatal rations (as shown on the next slide* Slide 2 « Rations) for a two- 

P e r io d . :

Table 1« SXPERXMTAL RATIONS
Ration I
14$ Protein 
4.'S Fat
Ration X1J
14% Protein 
15% Fat 
25% Sucrose

Ration I I

30% Protein 
3C% Fat
Ration IV
lk% Protoin 
50% Sucrose 
1*7% Fat

* rer•eo®ivod a 11$ protein basal ration and. served as the control for this
~u- the rations contained com* oats* tankage* alfalfa meal* dried 

eklasailk s
•̂ Qan oil seal* Lot II received & low carbohydrate ration* as 

tankage* soybean . *1 ®il aeal* alfalfa meal and fat were increased at the expense of 
torn and cats* j .

^  Hi received a 145» protein ration that was considered Medina
*** fafc Ok Of the fat ,& content of ration II) and sodium in sucrose (| of the
“Ateros© content of ̂ ~4.* s . .«•euion I?)* Let IV received a 14% protein - 50% oucros© ration«

A t.‘ the concilup'5 >%_*,i0R of the feeding period, five from oaeh lot were exercised.
t© exhaustio*' 4«*i iwac-iiatoly prior* to slaughter* As the aaiiaels were bled, saap3.es

/
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ftran the f-lutsus madias a biceps famords and rectus faaoris muscles were removed 

¿2*031 the lig h t has?.. A fter the carcasses were ch illed  fo r a 24-hour period at 

o4° — 38° F .j the le ft  hams were removed and the closed  ham butt muscles were

classified* Chilled samples (24 h r») were subsequently removed from the pro« 

Viously mentioned muscles as w d l as the pectoralls profundus*

The next slid e  (Slid® X I) shows the positions of the muscles sampled* The 

two ham, muscless (Biceps femoris and Gluteus aedius) aid the Pectoralls profundus 

b e lly  muscles are shown in  the external musculature of th is pork carcass,

^  ^  cail be seen frost the next slide  (S lide X II -  Effect o f various rations

exorcise on the properties of the Bicops femorls) that exhaustive ox3rc5.se 

“̂aised the musde pH regardless o f ra tio n , however* i t  was most effective  fo r 

^  ^ha basal, and low carbohydrate lo ts .

Properties of the Biceps fcsaoris

M  ^ (***, x

! i ta y c o g p n  " T
M l M i l ^ J l a M r e e  &vr)\%  o f tota l

Exercised 5.93**6*10**
Mod* Sucrose)

l^f.7

,12,93

to e^srcis® (ict x  

Possible h20* 
” ***»«= to r a t i « , ,

,ec* %  sizable reductions in  the glycogen concentrations due 

&£sS .Wfc n ) and s lig h t reductions in  the percentages o f ex*» 

isLutaua Radius responded sim ila rly to the bieapa <Ww*a 

SRd oxercia®. The rectus femcris  and the pectora l,is  profundus
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although they responded to  ©xareise, did not show sign ificant differences due 

*© ration

»ext slid® (S lide  X III -  Represent at ivo  Hams ■» Ration Experiment) shows

^Preservative hams from each treatment and ration* I t  can be seen that the hams

£?oai the unexercised hogs of Lots I I I  and I?  (medium and high sucrose) wore defin-»

S-toly l i f t e r  in  color and softer in  structure than those from the basal and low

carbohydrate rations* S im ila rly, i t  can be seen that hams from the exercised

hogs were s ig n ifica n tly  darker dn firm er than the unexsrcised, regardless o f

ra tion , however, the darkest hams were from the low carbohydrate lot*

Another experiment was conducted to cheek the effect o f m ethyl-thiouraeil in

b a tin g  the "soffc-wateiy" condition* An additional lo t was added to study the

^«ctive n a ss Gf  exercise in  correcting the condition brought about by the use

°“ thSj5 agent* This slide  (S lide XI? -  Representative hams from m ethyl-thiour«/-

3-1 ex^*lmant) shows representative hams from each treatment* I t  can be semi 
iih a t ham?! *

l r °m hogs receiving 1  mg* of m ethyl-thiouracil per day fo r 10 days 
p rio r t « I

daughter were pale, soft and watery when compared to th e ir controls *
Ih is

c°nfir®£ the results of Ludvigsen, Denmark)* S im ilarly i t  can be seen

0-® rcis« apparently depleted the glycogen (accumulated due to the reduced 
faet,aVx)j.j

c ra t®) and the hams were darker and d rie r in  appearance than the une*- 

ĴPom the same lot*

_ ^ ,fle next s lid e  (S lide X? — Hams from in su lin  experiment) shots; th©
r f®ctiv©ne8s

, 5̂0 and 300 units of protamine Zn insu lin  in  apparently reducing
tha ^ w o g o a

-sing  the pH and increasing the in te nsity of tho color»
1 n&ght also an-»

u that the Wisconsin station (Robert Sayre, graduate student)
liaa recently

h3v.r-at<3d a sim ilar type of response, although not as pronounced*suspending pi*? ?
^  ib  an ice sold water bath p rio r to  slaughter*

The ^
^© riiiiont which I  wish to discuss is  concerned with the time
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course of these post-mortem changes» The experiment was designed to study the 
effect of cushaustive exercise and sucrose feeding on pH, glycogen and ATP at 
s hr«, 8 hr s.3 16 hrs» ana 24 hrsa after slaughter» (This experiment has not 
kaen completely analyzed, so only preliminary results win be given)«

The next slid© (Slid© TTl) shows Ganges in pH with time after slaû vfcero
Post-Mortem Changes in the (24 hr«) pH of the Biceps Fonoris),

liime after 
slaughter (hours)

r
1
I Control T R E A T M E N T  

Sucrose-fed Exercised
1

Í
I1 6*61 6*09 6*18

8 1
11 5*88 5*62 5*87

16 1
Í1 5« 61 5.42 5*90

24 1
Í 5*45 5.35 5*86

'Sie first samples wars taken 20̂ *30 minutas sitar slaughter* The ultimate 
I® o£* staples from the sueros ©-fed and control lots were definitely lower than 
these of the oxorcised lot* I wish to point out that these values are averages 
«use that individual muscles which became ©specially pal© and watery dropped to 
& pH of around 5 at either th© 8 or 16 hr» period* 1fe®3e muscles subsequently 
increased to 5@2 or 5*3 at the 24 hour period* It also seamed that the color 
Chang® vías siroultaneous with this drastic reduction in pH* Since at this point 
there was a definite increase in percent "free» Ĥ O, further studies are being 
conducted to cheek th© possibility of myoglobin extraction into extracellular 
t̂ej* as an explanation of the loss of mus el© color«,

Th@ next slid© (Slide XII) shows the changes in glyeogan during post-mortem



Post«Moi'fe«ta Changes in  the Glycogen Concentration of the Mcspa Fem^ris*

Time after 
»lau^iter (hours) T R E A T M E N T

Control

h 37,60 29,05 8 , 3 0

a 25,83 15,48 1,33
16 15,56 11,87 1,17
24 8,22 5,02 ,26

— ---------------- J
(Mg/gu (Fat-free, dry tissue)

On® can se® that the major part of th® glycogen was depleted in  muscles tern. 

the exercised hogs, Although there was & continuous decrees® in  muscle glyeogan 

concentration., i t  seemed that the f ir s t  eight hours were th© most important, I t  

also appeared that anaerobic g lyco lysis was s l i^ t ly  more rapid in  the muscles 

from the sucrose fed hogs 0 I t  is  further interesting to point cut that the 

muscles in  the exercised hogs possessed greater myoglobin concentrations 0 The 

presence c f the haere-scd pigment quantity, although not believed to be due to  

th® single exercise treatment, may hav® an effect on the reduced le ve l of glyco­

gen at slaughter by perm itting increased aerobic and anaerobic metabolism p rio r 

to  and a fte r slaughter,

Th® next slide  (S lide X V III) shows th® decrease in  % ATP «  P o f T„S.P„ during 

postmortem c h illin g .

Post-Mortem Changes in  the ATP «  P as % o f T .S ,P , in  th© Biceps Faeo ris .

Time after 
slaughter (hours T R E A T  M E N TControl Suerose-fsd Exei-eised

h 18,69 18,43 6,72
8

16
5,72 8,19 6,27
3,53 6,31 7,50
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Sine© glycogen was severely depleted in  the musculature of the exercised hogs, 

J.t W83  expected that there would be only a neglig ib le  change in  ATP during post­

mortem ch illingo I t  is  also interesting to point out, however, that during exen*- 

eise there was also a major reduction in  ATP. The fact that there was a slower 

post-mortem reduction in  ATP and a faster reduction in  glycogen in  the muscles 

from the sucros«~fed pigs suggests that perhaps g lyco lysis was preceding at a 

faster rate which accounts fo r a greater rssynthssis o f ATP.

In  Summary:

The muscles from pigs fed sucrose o r m ethyl-thiouracil contained moderate to 

high in it ia l glycogen concentrations and were ultim ately s o ft, pale and “watery» 

in  appearance. During post-mortem c h illin g  the muscles from the sucrose fed pigs 

decreased rapid ly in  pH. These muscles decreased slow ly and then rap id ly in  ATP 

and increased consistently in  expressible water.

The pigs which were exhaustively exercised or fed high levels o f Insulin  

possessed muscles vdth a small amount of glycogen at the time of slaughter.

These muscles were darker and d rie r in  appearance, higher in  pH, and lower in  

expressible water a fte r post-mortem c h illin g . S im ilarly there were negligib le  

changes in  the ATP content o f these muscles (exercised animals) during postmortem 

©hillingo Although pH and related wateî binding characteristics appear to be the 

dominant factors in  determining color appearance, concentration and d istribu tion  

°r inyoglobin may influence d ire c tly  or in d ire c tly  the resulting co lo r.

Ill do sin g , I  wish to thank you fo r in v itin g  me to participate in  th is con 

f®*once0 This has been an honor and p rivilege  which I  w ill forever cherish.



(RESUME)
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Ce rapport examine les effets des d ifferents traitements avant 1*abattage 

eur le  processus de la  rig id ité  cadavérique dans plusieurs muscles du porc»

Les traitements avant abattage comprennent plusieurs exercices menés a différents 

niveaux: exercice physique unique et intense de 1«animal; rations de suerose 

\a dose fortes ou modérées); rations faibles d*hydrocarbones; raéthyl-thiouraclL;

«hoc par l'in s u lin e  ou par l'eau fro ide« Des analyses physiques et chimique«
</

de Xsel*anent aqueux agglutinateur et de ses propriétés associées ont été fa ites 

8ur différents muscles du porc a d ifférents moments du refroidissement qui su it 

la  morte

Les muscles des porcs nourris de suerose ou de m éthyl-thiouraeil contenais 

®nt des concentrations in itia le s  de glycogène moyennes ou élevées» Les muscles 

Tlniï3S3_iti?.,t. par devenir mous, pales et d'aspect aqueux  ̂ Pendant le  refroidisse^ 

^•nt qui su it la  mort, les muscles des porcs nourris de suerose diminuaient de 

^u a e  lentanent d'abord, puis avec rapidité dans l'ATP pendant que la  quantité" 

exprimée cro issa it«

i,«i; porcs qui avaient été soumis a des exercices intenses ou qui avalent 

fd des injections a fortes doses d « insuline possédaient des muscles contenant 

*** c*‘9 glycogène au marnent de l'abattage« Ces muscles avaient un aspect plus 

ot Plus sec, leur contenu de pH é ta it plus élevé et la  quantité d'eau 

moindre apres le  refroidissement qui fa it suite a la  mort«
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(SUMMARY)

Pre-Slaughter Treatments as Related to Post-Mortem Changes in  Pork Muscle©
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U.S.A©

(The Danish Meat Research In stitu te  (Roskilde, Denmark) 
and the Royal College of Agriculture ( Copenhagen, Danmark)

The effects of various pre-slaughter treatments on the post-mortem changes 

in  several pork muscles were discussed in  th is report. The pre-slaughter treat­

ment# included various levels o f exercise; sing le , severe exercise; sucrose 

rations (high and medium le v e ls ); low carbohydrate rations; m ethyl-thiouracil; 

insu lin  and cold water stress© Physical end chemical analysis of the waters 

binding and associated properties were conducted on several d iffe ren t pork muscles 

at various stages during post-mortem chilling©

The muscles from pigs fed sucrose or m ethyl-thiouraeil contained moderate 

to high in it ia l glycogen concentrations and were ultim ately s o ft, pale and watery 

in  appearance© During post-mortem c h illin g , the muscles from the sucrose fed 

pigp decreased slow ly arid then rap id ly in  ATP and increased consistently in  

expressible water0

The pigs which were exhaustively exercised or injected with high levels of 

insu lin  possessed muscles with a small amount of glycogen at the time of 

•laughter© These muscles were darker and d rie r in  appearance, higher in  pH and 

lower in  expressible water a fte r post-mortem c h illin g 0
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Pre-Slaughter Treatments as Related to Post-Mortem Ghangss in  Pork Jiusele*
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In  dieser Arbeit wurde der Einfluss verschiedener Bedingungen vor der

Schlachtung auf post-aortem Veränderungen in  einigen Muskeln von Schlacht»

Schweinen d isk u tie rt» Die Bedingungen erstreckten sich auf verschiedene Grade

von erzwungener körperlicher Bewegung (mössige bis harte Bewegung); Zucker in

der Putterration (grosse und m ittlere Mengen Sucrose); Futterrationen mit

niederlgem Gehalt an Kohlenwassei*-stoifVerbindungen sowie mit M ethyl-Thiouracil;

Insu lin  und Kaltwasserschock* Zu verschiedenen Zeitpunkten wöhrend der post—

mortem Reifung der Schlachtkörper wurden physicalische und chemische Untersuch­
ungen über das Wassertindungsvermögen und den damit verbundenen Eigenschaften

an mehreren, verschiedenen Muskeln durchgeföhrt 0

Die Muskeln der mit Sukrose oder M ethyl-Thiouracil gefutterten Tiere ent­

hielten zu Aufang massige bis hohe Konzentrationen von Glykogen und waren weich, 

blass und wässerig in  ih re r ausseren Erscheinung* Wahrend der post-morteu R e if-
n

Ung verloren die Muskeln der mit Sukrose gefutterten Tiere zuerst langsam und 

dann rapide an ATP—Gehalto Zu der gleichen Ze it nahm der Gehalt an auspressbarssa 

Nasser ste tig  zu«
Die T ie re , die bis zur Erschöpfung getrieben waren oder die grossere Mengen

*hsulin erhalten hatten, hatten Muskeln, die nur gelinge Mengen Glykogen zur Zeit

^®r Schlachtung enthielten* Diese Muskeln waren auch dunkler und trockener in

^tfer ausseren Erscheinung* Sie hatten ebenfalls höhere pH Werte und einen 
^singeren Gehalt an aus pressbarem Wasser nach der post-mortam Reifung*


