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Introduction

I S ™ « " ? ossibl e P°sl' mortem (Lawrie, 1979). The E « < j

‘National Food Centre, Teagasc, Dublin 15, IRELAND

¡ £ 5 2 “  * *  l 9«  f <• » "fresh « „  intended fo , i e  c h il le d i->  ,

the ,h“  t 7 "C f° L ~ -  » 1  « *  -  «  °C for.. / .  , 1 ““ “  temperature not more man + /  “C for carcasses and cuts and +3 °C for off»1 • " ,
h « a ,  m he deepest p »  o f the carcass m»s, be below 7 *C before leaving the fac to ,,. The rate o f chilhng ” „ o 7 s p e c i Ï Ï  « <

~  —  * » T  practice^........... S Ä .  ^_ --------------■>---- * v..w ^ae-iiiuibcin mspccuon . meat ractory practice is to trv to chill meat1- f
to the required temperature in approximately 18 hours. As a hot carcass loses heat to the refrigerated air surface moisture is also l o ^  
resultant carcass weieht oss o f  n n m H t r a . i p i  1001:1 T i ,,„ o i____ _______  , - . surface moisture is ai»msultant catcass weight loss of up to 2% (Gigiel, 1996). These losses are an order o f magnitude h gher ^

? S t  98e9 T T w e I enh t io PenCet P H t  "  ab° Ut 20 t,meS tHe C° St ° f the energy C° nSUI™ d in the 4 2  process M
emnloved in he f  ^  ^  3 minlm um surface temperature must be brought down quickly and rapid chilling K
employed in the early stages o f carcass refrigeration (Bailey, 1972; Cutting, 1972; Jam es and Bailey 1989) Attempts to achieve <

w ithou tm n  " f m‘Cr0blal gr° Wth and lower wei8ht Ioss has led t0 the developm ent o f fast chilling procedures which are
m ° r  in  n f° r SUubSeqUC'U meat quallty- The main obstacle to the adoption of rapid chilling is that if the meat temperature fa"s

i f  £  - 1 “ ? I T l  b ln..!? ^ S S t T S f f .  I972?  * _ « “ •  M  ~  »  * * ,  <ke O t m f j¡r , „ 1 r »r , , © VJUUJ v^unuaii, 17/z,;. n c  tidies mat L,oia shortening sets in during the chW'
L c h  l7eZZa?DH S6ff (Z  , ^  [allen below 6 2 ' The severity °f™ ld shortening is highly pH-depend^'j

7 , . 1 \  ' excePtlonally  rapid chilling) than at 6.2 (i.e. at an easily acceptable rate o f chilling) This rule imp11.6.

E e a  e th f ^  ^  (3S *  * *  0356 “  ^  WH1 be vulnerable to cold shortening. To e ^ S S o r t ^ l u l  « * ?  decrease the muscle must be set in n eo r mortis he.forp it ic phiii^H in  or* /r>____. . . . .
“  - -  ^  -  v--------- — -  w m  u u  v u n i c i a i

decrease the muscle must be set in rigor mortis before it is chilled below 10 °C (Davey et al. 1976). The industry's nrohlem is 
prevent cold shortening while chilling fast enough to minimise weight loss and bacterial growth. P
S n iT lf3 i l l l f h n r c  n Q U P  f/\l lri/J tVtnl nil. .1 _ 1 ' 11 ’ 1 < _
* T ------- " b  - ‘““ ins ciiougn 10 minimise weignt loss and bacterial growth.
l S  v U l k s f c h i i l m s  ; whoIe carcasses resulted in nothing more than cold toughened meat (Lawrie, 1 9 ^ 1
1993). Very Fast Chilling (VFC), defined as the attainment o f 0°C in 4 hours, as a chilling method has recently been suggested as3
ai™ 996) C° nVen 1 Chllllng Wlthout any detr*ment to meat quality (Bowling et a l. 1987; Sheridan, 1990 Jaime e t f l ,  1992; *

The aim of the present study is two fold; firstly to investigate claims in the literature that the Very Fast Chilling of beef produce«1 
ender as slow chilled beef, and, secondly, to investigate the temperature requirements o f Very Fast Chilling.

Materials and Methods

w>? S  *  “ f . « —  Food c “ “ - A M l  m om  was modified so...oc u i a , . 1 , , r  -----  — x^auui uu 1 uuu cnm room was modified so
was blown downwards through a polythene tunnel o f 1.3m diameter in which a carcass sample or muscle (M. long.ssimus dorsi 
be suspended. Rotating vane anemometers were used to measure air velocity.

Chilling regimes

.IP )

Chilling Regime Stage 1
Time Temp. Velocity

VFC -  Very Fast Chilling 4 h -30°C 2 m/s
SC -  Slow Chilling 24 h 12°C 0 m/s
FCl -  Fast Chill 1 4 h -10°C 0.2 m/s
FC2 -  Fast Chill 2 4 h -2°C 1.5 m/s

°  ------------ “ -“67 au ai o o.zm/s ror tne balance of 48 nou*-
Tenderness evaluation was carried out according to the method of B°c 
al (1981). A fter tempering the m eat samples in a cold water & , 
approximately 4 °C) for 4-5 hours 2 steaks (2 cm in thickness and ro i^ 1 ,  
g in weight) from each sample were weighed (for cook loss evalua«0̂ ,  
cooked in unsealed vac-pack bags to an internal temperature of 7° #! 
water bath operating at 72 °C. From each steak 7 x 1.25 cm coreS.
obtained, with the long axis parallel to the muscle fibre direction- . 
sampling aging of samples at 4°C was carried for periods of up 4
k  n u n r  t- M  ____ -------------------------------- j r v r r r r u o  i l l  ^  tO

machine, mode, 4 «  (bistron. UK, fifed  with ,  W arner-Bra,a,er Z t S  < N ,»  S" Ï  e ^  i T « ^

The cooling curves for the various chilling r e g ^ SResults: Chilling:
shown in figure 1. These values were averaged over 20 animals’ for ■- 
s c  and over 8 animals for FC1 and FC2. The VFC regime caused a rap'd " 
mortem temperature fall in the first stage by using an ambient te m p e r^  -
M lu l  ’  tVar  A A 4__ 4
, no_  ;  ~ ------ - u,c ^^ge oy using an ambient tempei“1'
, 1 to r 4 hours- A  temperature gradient o f approximately 2 or 3 degree'

t h e  surfnr*#» tr\ t h o  ____ ____; j ___ J  __  _ ¡ ¡ f ll
» o r r  a. ut j

the surface to the centre was evident in the first 4 hours o f chilling
centre temperature o f the muscle achieved 0°C after 4 hours o f chiH '^' § 
surface temperature by this time had reached -2.2°C Surface f r e e s t  
occur to a depth o f 1 cm. Slow chilling SC allowed compliance with
1 0/1  n  m l i»  r t f  ...1____ i__ ¿.I. tt i . . .  r  . _ fflU*'1A/ir\ 1 r -----°  w w m p i a u L t  wn**
10/10 rule o f thumb, whereby the pH decreased below 6.2 before the 
tem perature reached 11°C thus avoiding cold shortening. A fter 4 hflLl -
«"•hil lirirr  f V i __*_______  , __ _____ _ _  ®

Fig 1 : Chilling curves for each of the regimes

T - i r  ‘ s- mus avoiaing cold shortening. A fter 4
chilling the centre temperature was 23.8 °C. Both FC options were bel°vV 
within 10 h.
Tenderness Evaluation
W arner-Bratzler shear force is an objective, mechanical means ofJ  » u v w i a i i i w a i  i i i c c u i a  u i  11  *  1
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Discussion
The results from the present study show that it was possible to 
produce tender meat from beef m. longissimus dorsi using the very 
fast chilling regime and aging the meat for 7 days. Very Fast 
Chilling (VFC) produced tender meat after 7 days ageing by chilling 
striploins for 4 hours at -30°C, at an air speed of 2 m/s The 
tenderness observed was similar to that found in Slow Chilled (SC) 
samples after 7 days, which had been chilled firstly in ambient 
boning hall air for 24 hours and then at 0°C for a further 24 hours. 
This is in contrast to Bendalls “ 10/10 rule” which implies that very 
tough loins due to cold shortening should have been produced by 
chilling at very fast rates. Most research would indicate that meat 

l0 chilled below 10°C in less than 10 hours results in unreversible cold
¡»cold"? ® endall, 1972). These authors found that muscles cooled in less than 10 hours under 11 C before the pH fell through 6.2 resu 

1 0rtened meat. The present study seems to call this theory into question. 
etQl =- ..............................  ----------------•—  — =-

200 ,

2 D ays A ged 7 14
Fig 2: S h e a r  force for  each reg im e

äPpri

uuened meat. The present study seems to call this theory into question. « .« 1Q79. Rnwijnfr
ere is a growing body of evidence in the literature to suggest that rapid cooling may result in ten er meat en a , , . .

, 98?; Sheridan, 1990; Jaime et a i,  1992). These authors achieved rates of temperature decline rapid enough to produce tender meat a 
, . . . . . . . .  ,_____. . . . .  ....................cfinuiafinn At annroximatelv 5 hours post-mortem,t0«m

-Was

’ ^ucriaan, Jaime ei at., in csc  auuiuij» auncvcu  imca vi --------------- r  ~
nately 7 days post-mortem. All o f the above studies including the present had one stipulation. At approximate y 0 r rSf^ hili:na aii 

tors ac^‘eved in the centre of the muscle examined. This may be the regulating factor in attaining tender meat rom very as 
*n the c’ lnc'uding the present study, did find that intense toughening had occurred in rapidly cooled samples aged or a s or er pe

arrent study were found as high as 130 Newtons after 2 days o f ageing. . . • . .
to - ■ ................... ..  ~ - ■ -  -. 1Y *ne
Pro - e M

at study were found as high as 130 Newtons after 2 days of ageing. Ki . j
shortening found in VFC samples at 2 days post-mortem is a direct result o f the intense cold that the meat samp es therefore 

a- ^ngissim us dorsi was chosen in this study as it is the most rapidly frozen of the commercially important m^sc.e* 1 .  ¡ng
toughening. The cold shock produced by the VFC regime caused the muscle fibres to contract resu ting in e 111 ■ „

rt»n ^ days post-mortem. This is in agreement with Locker (1993) who found that beef sternomandibularis muse e ex 1 
"ing ^  o °c
,etl 2 and 7 days post-mortem however an extreme tenderisation process had occurred in the VFC samples compared to SC s P

I ear force values had fallen from approximately 100 Newtons to 65 Newtons. This would be rated ten er y a sensory
crisatio„ ... . . . .  , ............................... u:„u 4____ ^  ™„nhu, m  N pwtont in both positions along the muscle.

vok
—. was m o re  in te n se  u iau  m e slo w  e n m e u  sa in p .e s  w .u u i  on»y ----------------------------------- --- - . u . . .

Nanism for this reversal in cold toughened beef due to ageing has still not been developed. A number of theories have been
leered.

’Iteir-p Jarn'e et al (1992) found that exised pre-rigor lamb striploin brought to 0°C in 3 to 4 hours showed a tenderness maxima. To ®xP 'a| a 
^ 0 ! ts the authors suggested that shock chilling to 0°C releases extra Ca2+ from the sarcoplasmic reticulum. This Ca which is Known ̂  
'old, the ‘ ..................ne action o f proteolytic enzymes (calpains) which cause an intense tenderisation capable oi overcoming in g -  
'"eim.-rtenin§- The slightly higher pH which was found in the present study early post-mortem would help to further stimulate proteolysis 
S J ^ n c r e a s e  in Ca 2+ would promote the contraction of muscle by provoking shortening. If the action of the proteases were su lcien 

Pe i,'V’desPread the effect of contraction might be to pull apart sections of the muscle, exposing more protein chains to proteo ytic a ac ' 
aPs enhancing tenderness. Contraction would be continuous along a muscle length in order to increase toughness. In contrast, a sma 

r °f breaks created by proteolysis could produce an increase in tenderness out o f all proportion to their number. A c am is on y as 
^lierT lt s Weakest link. The presence of cracks and breaks in the cytoskeletal structure therefore, would focus strain lines when s ress is
W .  atld thus increase the likelihood o f fractures. Very little fracturing would be needed to produce a marked tenderising, a sing e ro en 

ire _ . . . . .,

Ms

1>lere ’n every thousand would rupture the fibre at 2 mm intervals. „  ,
rec?In ^  Second theory that may account for the effect o f Very Fast Chilling is skeletal restraint derived from surface reezing. u ace 
>ei„ 8 Was — „n t h o  I . «  tr, the mniH tpmnpratnrp Herline in VFC samples resulting in temperatures ot -Z C

eory m at may account lor me encc i oi very ra» . u u m u j  .a ---------------------------- -
•it)» ° was found on all VFC samples. This was due to the rapid temperature decline in VFC samples resulting m temperatures ot -Z c  

; < ^ hieved for approximately 40 hours (figure 3.1 (a) and (b)). Surface freezing occurred to a depth of approximately 1 cm. I his was 
V  , >n the difficulty in obtaining the 4 and 5 hour pH  measurements. Surface freezing may provide a restraining effect similar to that ot

tachments. . , ,
, — —______________________________________ By having a frozen “crust” the muscle fibres would be fixed in place and unable

j ](J —— ____________________________________  to shorten. The extra restraints imposed by this surface hardening may be all that
is required to overcome cold shortening. Unpublished work carried out in this 
laboratory has shown that VFC muscle, attained through a brine, which has not 
developed a crust did result in toughened meat (W hite et al., 1996). The authors 
used a pre-cooled brine immersion to attain 0°C in 5 hours post-mortem but with 
no surface freezing. This technique yielded extremely tough meat.
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