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Effec • of Rate of Chilling on Stfaenare of Fork Meat

j. WisTser» 
Danish Meat

Pedersen and E. <!• Briskey 
R e s e a r c h  I n s t i t u t e ,  R o s k i l d e

® e f r t M A . U t y  of pork carcasses has
er, I St^  © f rate of shilling on th  - ^ _  f o r  a long .time»
, *  matter of discussion in the me a. i & ^ ideepre ad belief

the ■ ' l “ t r o d 'l c î l o r i  o t  r e f r  E! ^ l  n  c t w e d  î h e  « « e*. P » 1 0 '
*». 4 * i î  lnda* ïry raSi“ B n ™ *  '‘‘ s o r t » « » . » *  ot the »»»««l\% .op the surface with a resUl-an« * y

*n the interior of the carcass O)*
.44» < t o  the ^closed

tu>J ** ® w ®  in hams and bason were «heÎefore customary to
»•U It thG muscle structure so i - * J ¿emperature before
l0il carcasses to hang over-night at room

® them in the cooler,

Tl** of
nj0 &̂iiow
u l T -*hto "«Us

„ « »closed K structure of pork
work with JPen ÎJ of ¿ooling and pB hai effect nn th® 
found that the rate of | rapid penetratl«(6) found that the rate of coo ^ g ^  ld penetration or 

■ Ehe *openw structure, "k x®h * »ultimate58 pH was low 
the meat was developped wnan - rapid cooling

*pX > * c * 5 ‘8) and "lV3 C°O U ”floaed« riiardless of the -pH.Ske lled the structure became closed 8 with Wiltshire
4  n ,  ax, (4 5 in a practical our! S « * > £ ™ lBg b e ing detrimen­
ts h°*ever8 found no evidence for i&pia «

:'&a *«*t Quality. a nu>b#r of observations
*?. frequently on»«-owever, in recent years ntly <,0eur very rapid in

that anaerobic glycolyses a% atta ii*s a considerable 
c l®. r¿he res It is that ^he mea, _ carcass and sense-

the body h..« .«ill « “a‘"a * » .  tarposo of «hi.
boüoass pal» f“d "a ;os;ibl¿ through as rapid , o o U n 8  
date mine if i* i® p , „ Diant conditions to 
a. appears £nd he a « « 4 *h e a ‘!id-Of pH fall in the carcas
Quality of the processed

9)

itîï wh U e
r|t meat 
h e &nt 18 to
*°icS oaii£es
l̂ iOB • raÍe c on the

Experimental , -
iai„ "«»•'mental material consisted o

chilling method. fhe *15giaen. ^  P*SS ***e
°® Pigs of known breeding aR t tbe Roskilde bacon factory.

* *p*d m  t* 0 groups of three each « #J \ ftap k i c k i n g ,  the 
!̂ ^ aX6ihg and singeing about 5c - one side wa8 weighed,
> w  * W e r e  e v i s c e r a t e d  and e p U  ̂ » t h e r m o m e t e r s  h a d  b e e n
M  , tR a p o l y e  shy lene b a g  a f i . r  ” 5 * ' e “ i d .  Pig-1- » •  ai r  * a! h e “ ve,i
1 at .arloua P )aaat V a c u u m  clesuei1 t0 .li.1“ -1*^,s bag be means of a household <Bffife-rsid ih «„vat containing

wrapped side was then f J;i p ;ratus,„ 0f -2. C through 
x?i8 brine which was hep, g The tempera ure

8 c° U s  placed in the bottom of the,,p t „ Pii.. 2.
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isk of Qe^oeen iR order to produce a maximum chilling rat-« without 
i freezing of any part of the side* The brine cooling 
6(1 ®oat 1 out until “ be Part of the side (ham center 5 which chil-

B b B M H
parte of the aide.

 ̂ slowly had reached a temperature below 2<rC<
n°Vr®<* On fig- re 3 is an example of the chilling rates in

That lasted
For comparison gives figure ft the 
side. The sides were then taken

r e Sn< , '  H « *  v e  c s  "6ra® u c e .
H  °? -tb in® rates in the control side. The sides were then take 
¡^tute* bfls &nd P]aosd a chilling room (Banish Meat Research 
l i f t e d  * i t h  an air temperature of O  C .  The control side was 
£ * n o r r s l a u g h t e r  line and placed in the same shilling room 

* ao®®ercial sequence. Right and left sides were equally 
i ’‘Shter *, e*P«*niosental and control groups. 2ft hours after
•̂Ple* - 'fe sidea were taken out of the chilling room, weighed* and

S &il &5?d ajSen out of the loin at the lumbar region for evaluation of 
IS water holding capacity of the meat»

the meat The control and experimental sides were 
fes®s, shoulders* and loins. These cuts were stick 

*̂ Poiy-, 6 19 B pickle containing salt, NiKo,,, NaNO« and sodium
^°®phate. The quantity of pickle purapee into the cuts come- 

J* ftatia» 0  ̂^ their weight, fhe cuts were tank cured for 3 days
a0r ®d for 5 days. They were then boned, trimmed and packed in 
hafc# Ponding tc the weight of the cuts and the cans were evacuated, 

aRd shoulders pear shaped cans were used* for pork loin 2 lbs.
¡. C * 1  can,.

^ 6 of Slven a heat treatment until the center reached a |empera-
W * *8e The cans were examined after 1 month storage at ft 5.

’®yla*on was made from the tenderloin, belly meat and meat 
Of® 3 ¿ i ^ Cm 3&oulder and loin. There were made two batches for 
^ r0lr0asses * one of the meat from the experimental sides, one 

the control side»«. For the two batches made f r o m  
H * lâ cj33es ih the first groSji^iPStandard recipe of 7 kg lean meat, 
m N s  I I 5 ks ice-water. The emulsion was packed in 7 os. cylintrio- 

nd sterilised at 108 C for 60 min.i,
Of *tit  ̂" o  batches mace from the carcasses in the second group a 
H jN *  ^20 g milk powder was added to the recipe, The inclusion
Hi °'̂ ®der would illustrate if addition of an emulsion improving 

‘_A'®*ght influence the effect of differences in the meat 
n the finished product quality.

^ifsj^^-J^othods. Besides weighing the sides and the cuts during
processing, temperature and pH were also determined during 

x > w ‘L ; f. the carcasses. For pH deterraination a pH meter*
Hh 3l ' sa°del gfte and a continuous registering pH meter (Radiometer 
%?*■̂ vi>i1<;iec^rode = 8elector ELS 31 electronic recorder type 1 5 3  

W9re hsed. The color of the fresh loin surface was 
weans of a reflectance photometer, Carl Zeiss model 

H  ^ 5 3 , with magnesium oxide as a standard white
\  C®ht „1^® intensity of light reflected from the meat surface in 
\  !̂e<$ Q“ the intensity of light reflected from the magnesium oxide 
H  !°̂ Qr t 4 Measure of meat color. This percentage is hereby termed 

~n<*ex. A low value indicates a dark cdlor. The color index 
ihsd not only on the fresh meat but also cn center slices
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,fthe .
s ^ g ?aped «eft» products Readings »ere made at standard points on 

and the average taken. The water holding capacity was 
as explained earlier (Wismer- Pedersen 1959)* The water holding 

In is expressed in the LW number, which gives the amount of water
sdUch can be pressed out of 1 g of meat under standard conditions. 

V r ,LW Prober denotes an inferior water holding capacity.
°iePtie evaluations of the canned products were conducted by a

6 to 7 members. The scoring was made with a scale of 10 
^  denoting excellent, 8 good, 6 minor quality defficieney, 

y def f i eiency, 2 strong quality deffieiency and 0 extremely bad 
J'%- In the scores for salt taste ♦ denote deduction for too salty, 

f°r too fresh. Tbe percentage of Jelly in the can was determined. 
t̂i>a?0litent of the meat was determined by precipitation with silver 
^Phs.e (l) and the nitroso-baem pigments were estimated as done

(7).
by

Results and discussion

«n
^auii ftg and its effect on pH

b i l l i n g  of the sides in the refrigerated brine was applied 
Possible to accelerate the rate of chilling as shown on^f^gureït for the ham center to reach 2 0  

hours for the control sides. In the shilling room 
sides were chilled the air temperature was held at

C
where 

about
Required less than 4 hours 

*« 6
C ____ _____ ________

V  bino, ^J,e period without forced air circulation. During
i • ou* "* operations forced air circulation and lower air temperatures t „ M3'CQmi».. «...  ̂ *v.»* «viinini pflfii was only filled», a R»."0mary- Due to

» however,
V

s
i

• ï l i t e
s

forced
the fact that the chilling room was 

fraction of its capacity, the chilling rate of the sides 
what is common under commercial conditions. the 

was terminated when the haw center had reached a tempera- 
ifodel experiments 0 )  had indicated that effect of low 

on the color and water holding eagacity was substantial 
the meat temperature was. above 2 0  C*

f««hi??0opd1**» ehowedla distinct difference in pattern in relaticn to 
U l *ng rates - As indicated earlier (11) there are four distinct 

ÿh  aV Post-mortem pH patterns which may be recorded in pork muscle.
I ' tileae has a special effect on development of the meat structure. 
C £W  exPeriment we have pH pattern no. 2, 3 and 4 represented.

denotes a gradual decrease of pH to approximately 5.; a& 8 
J1** a« ultimate pH of 5 5 - 5-7. Pattern 5 denotes a relatively 

•*  ̂_ _______  ̂ * jv _ t „ c = „*. •>i with an ultimate pH of■3 
U'

e pH
, „„ Qr*ease to approximately f>.5 at 5 hours
1». Pattern 5 denotes a sharp decrease to a pH of approximately

v hour and a subsequent elevation to 5*^ " 5*6. in table 1 
i<: o0i 4he types of pH patterns recorded in the loins with LW values 

6 index of the meat, it is notable that the rapid chilled
fl? Ve type 2 and ;5 while all the normal chilled sides except one 

s ^ pH pattern. As a result there is a highly significant c.15pv,®4np .
■'bji  ̂ th,e LW values between the two rates of chilling. -fhe average 

1»«. for rapid e-fri«« is lower than for the normalf j U 6in<1ex for the rapid chilled sides is lower than for the 
0 %  »ides showing that the meat color is darker. The pH values at

ter slaughter were rather uniform around 6.4 except for carcass 
' A  L r*ie*’e the pH had dropped to 5-90 and 5-55 respectively

d drop resulted in very poor water holding eapac y 
Q sides were normally chilled. For the rapio

Thisand pale color 
chilled sides the
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8ooi a„?iciinS capacities of the meat from these carcasses were quite 
t̂feep th<a effect of the initial rapid drop in pH only showed a 

P»le color of the meat frosa carcass 5*

*Ue -̂ SjLthe cured products
iifig&^!"aSe i03s in weight of the sides submitted to the brine chil­
es hoi! °’06 * compared to 0 62 %  when the sides were chilled in 

k Sev!I1U £f«y* The substantial reduction in the chilling loss app*. - 
I ¿ , pkrii5llT due ■ ;> the sides were wrapped in fchê  polyothy ied u v . ,  " "  u  u u  i  v  o  a  Vi w o  w v #  ^  « •  ” r r  
^  ¡^8 the brine chilling. Xn table 2 are given the.average net 
°f the ! Wei6ht during sure of the hams and shoulders, the salt contents 
ths hQ*?eat and the oercentaee of jelly cooked out of the meat^dui ing 

'“ treatment. The percentage is calculated on basis o «_e
t Of ■S'ViA__ a. % ~ . . • » j,__ _ j_ «̂.4. r s * \ o n rt •£. 4 ¿5 &  R  feiSS.'fcTae percentage ¿0 —  - ,

’«•t* f -  tfefc meat before the heat treatment. One notices that the 
tho"® -fefee rapid cooled sides gained less in weighs dur^ug cure 

0i,iiied content was lower compared to the cuts from ^ ®  .
J?o<|u d,siöfes* The reason appears to be that the rapid shilling h 

°°nditions similar to Sallow’s "closed structure. X*J -

^orb i0re been observed (10) that pork outs with high L v a x - i * < >

/ 0Re Pickle thai» cuts with low LW values. The pereen* .g Pooled 
“■ the cans are generally lower for the cuts from , e ‘ "

to the difference in the absorption of pickle not m w c ,. T*5\ Pur, ~  - •« *< t% fl X. JTl e
lf>oK. ,feabd be
0t̂ r e!i be"attached to^the**differeiice! Interest might 0» the
01^di!nd be given the difference in percentage cooked out Jji J. 
ran-? for the two sausage preparations. For both re _ P
ie*!ici «hillin* of She sides had increased the water bindinge0°Pe»rt -•■‘Ailing of She sides had increased the water b^,îw*8 

htent °$ the meat. For both recipes the reduction in j.- -s 
was highly significant (P <  99*95 #}•

2 > b l
»e
5}t

- • •  v u e  q u a l i f y  o i  T i n e  y t - w u i w w v «  » .  -------------------

SjJsn 0r Î: An exception was texture which were found sligtouly

8fthoi! ? aPP®ar the average results from the evaluation of ¡»he 
*uSie quality of the canned products. It appears *l® s- 

1>f9be«hat the P&«el could not on an average find any notab*
nce in the quality of the products ir relation to the chi 1 
*6 - An exception was texture which were found slififtiy 
f®r the products made of the outs from the rapid ehliieoh- J.TUUU5 VB liiaue Ui —  ----  ~~ ' „ _ j

iĥ ever Sia'£istical analysis of the taste panel, scores reveale .
thsii feiShly significant differences between the panel ®®rab led 

e;,acorAng, some prefer!ng the products from the rapid_ i:dex 
t, 0%,e<i ... «oli^alde from the normal chilled sides. co t

ma!hat the meat color was slightly darker when the Products 
¿J musd® from the rapid chilled sides, except for the should •
4 Oon'i?8 iR shoulder cut are, however, rather ^homogeneous

*iln fairiy high quantities of fatty tissue, muscles
and r®8po»“d different to the rates of chilling ^ o m  ^  g

ham muscles do. as also noted from the results in table 2.^ 
Pr!dn °f the formation of the nitroao»haeia oompoun^ in - -- ‘ the 

U°^s revealed no considerable difference in : e T products 
lhV°aie5 i’ates. Examination of the quality of the froffl

 ̂ difference in relation to the chilling !’1- 0- *'
D. -ity 0f cooked-out jelly.
lbe She increased raie of chilling »«rthrousll u lng increased the binding capacity cf the neat tfcrou„
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r«<l'actiG 1 'fee rft<ie of the post mortem pH fall and possibly by 
*»8ke n R of the impact of acidity on the meat proteins. From the 
»•nt 0J J ® 1 observations may be concluded that nc definite improve» 

Ina tbe quality o? the canned meat products was achieved through 
e0olsed-t 6*aed «billing r a t e . However, a definite reduction of the 
°°fteer~ ^ “ was obtained as far as the emulsion products are

in °t*d<av,
8o^ ro1 the development of watery porK structure ex»

'h® o h m , , * * * ®  made with rapid chilling of split pork carcasses.
the b "* *,as performed immediately following the evisceration 

/¡a8 and fr c a s s * The pork sides were wrapped in a polyethylene 
tepjsi Ra,,srsed in refrigerated brine at »2 C. The chilling Q 

.jjioh when the ham center reached a tempera- are of 20 w,
, ® slightly less than 4 hours .compared to 6 hours for

s ^ es * The increased rate of chilling retarded she 
6^ Wat*»* Post-mortem pH fall with the result that the color
J’QSi bolding capacity of the meat was materially improved.

s ~ i*aPid and r.n«ir>.» i eidpje «Ape nroeessed cured, canned

Summary

____  Pam  and normal shilled sides were processed cure-
loin®, as well as sausage emulsions0 ©eamina^tion 

,pp«*uetm did not reveal any definite improvement of -ha 
l'**oU* relation to th. ln<>r.u*d r . M  of chilling. » •  “ »»“ *
^ « • S  íu0wt J « U p  in the sausage products was, however, s i g n i f i c a n t  

when moat fro® the rapidly chilled sides was m&d°
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