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OfsllJMMARY: The ‘effect of chilling rate and pH before ?onlng
’@gapaw Fésp. fast glycolysing pork loins were evaluated as ?
Hm @ Lo tenderness and muscle fibre contraction. As compare
5o CSONVentional cold boning procedure, hot boned loins at
’ésﬁlg.a and 5.7 from both slow and fast glycolys?ng.musclese
dupg , -9 in significant toughening when a fast chilling proce-
wnuewds used, although to a less degree by d§0r8381ng 82 3
Mﬂhif-At a4 moderate chilling rate, air chilling at 274 ,tp ’
lrpeg, . caNt toughening was observed in hot excised loin sections,

t@nispeCtively to pH at boning but significant sarcomere shor-
"8 was found,

%mégTRODUCTION; The relationship of early post.mortem pg and

S0 Pature of pork muscles has mainly been considered and :
e 5 Clated to the occurence of PSE (pale, soft and exudat}ve
the (Benda1y g Swatland, 1988). Another aspect dealing with
the p{.a?d temperature during rigor is cold contracture, i.e. 1
Whe Wility of excised muscles with high ATP levels to contrac
Hmerxposed to low temperatures (Locker & Hagyard, 1963). i
Popci, -~ €L al. (1984) reported that the development of rigor
Co ; € muscles occurs at pH 5.9 which implies that mgscles
Ptan: 2Pildly chilled at this point without excessive musclee
% co1n 8. Although pork is generally believed to be less pron
ent Shortening, tough pork has been reported to occur more

ly Probably due to increased chilling procedures being
1985, Y the industry (James et al,, 1983; Dransfield & Lockyer,
é Rapton-Gade et al., 1987; Mgller & Vestergaard, ]987)-1
tmmerfect Of chilling rate on meat palatability, partlguégr y
Msey,. "€SS, may be even more critical for pre rigor €xcls T
ois because of less restrictions to shortenlpg. Most s 3
lapy, Doning procedures have been carried out with beef and .
1“tﬁ ork muscles, however, differ greatly from those Sp?ﬁl?
etalat POSt mortem glycolysis occurs in pork faster (Honike :
Subgy -2, 1984) , Additionally, pork muscles are well known to vary
Pop, 3Mtiously “in their pH decline post mortem. Consequently,
Torg nuscles e€specially from slow glycolysing carcasses ars
]9®pppOnQ to cold induced toughening (Mpller & Vestergaar ’f
thig’ M@llﬁp, Kirkegaard & Vestergaard, 1988). The purpose 0
ShiD Stqu Wwas to extend our previous studies on the r‘elatlon-S
“m Mof €arly post mortem pH and temperature to meat tender?egm.
oy ¢ longissimys dorsi were excised at various pH levels Ehe
@méc?n fast glycolysing carcasses and used for evaluating
£ Chilling rate on tenderness.

%arééERIALS AND METHODS: 87 Danish Landrace or Yorkghirelgigs
w@ht At the same progeny station to approximately 9 i %onven—
10nal Were stunned with carbon dioxide and slaughter? &4
%asuply, At 45 min. post stunning, the pH value (pHq) W 8ikh
SlUes Ein M, longissimus dorsi (LD) at the 15th rib frog o
SIOQ his measurement was used to allocate the cgrcasse Ve
PH, 2 6.3) respectively a fast (5.7 < pH, £ 5.9) 81y
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slow glycolysing carcasses were further

igned into four subgroups (A, B; C-& D) while the fast
lysing carcasses were assigned into three subgroups

5  G) according to heir pH values at time at boning,

't sides : arcasses were used as controlS

hilling tunnel, operating at -189C, h
hr } S stunning. I []¢ carcasses were ( ‘;rl‘,‘wf‘yr‘)}'i;"t"i 1/hr‘OUg
tunnel in 6 min..and then placed “into a convent ional
l1ling room at 2-4%C .2 m/s. At 24 hr post stunning <Guss
(700-800 g) of the LD muscle was removed at the posl‘d
he 12th t I5th rib. The right sides were Iw'arn;fer?e
o sectio?

¢
from grou Lo BB ang gt <k .5 hr post stun= |
xmpling from group B, C and D was not performed be fore
H values had dropped to respectively 5.9, 5.8 and 2 o
X ] sam f'r the right sides were divided
laced in polyethylene bags and
ly Lldly. cooled 1n ice water or more
leratel chilling room at 2-49C until 24 hr
un S wWere tnen vacuum pac ked and kept
- , 1til further analysis. Tumporature
1nd W h LD muscles from both sides at
rval ial chilling period. The pH vulu?s
wer ¢ Digital model 653 and direct }n‘
1gold Lot 406-M3. Perchloric ac?t
I ts used for measuring the R-value 2
ma > of transformation of ATP to 1 P'ck ‘
| 1 A Cross section was cut 10 mm th
& 1Ch helium-neon laser with a queleng
no pr surements of sarcomere lﬂﬁﬁth
e A F 1

rom each subsample, 6-8 blocks

gy . : = I
taken for Warner-Bratzler shea

ted in

leasu samples were individually heat
por ~r » o) N \ ’ ' ( 7.
1C1 a 25 min., Samples of rectangular cross

o

n (10x10 mm) were cut from the cooked mea and

rht angles to the fibre axis, using a Warner-Bratzler
ir blade with a triangular slot angular cutting edge- s
tron Universal testing machine mgdel 4301 was used toO Sum’

sheared

i
(
1

Y o AT = ~ - -~
i fl peak snear Iforces N/em&cji A total:of . 12519 med he |
RN g s e : Ry * At ing
were obtained from each oin section for calculatlls
d ra Wi V'ilu'“u.

lean values of loin temperatures during the initial (;hil]_ll’lgF
riod from controls and early excised samples (group Ay

and G) are illustrated in Fig. 1. The fastest cooling samp
in ice water at 0YC, cooled to about 4°C within 3 hr post
stunning. By this chilling procedure, the aim was to obt
maximum muscle fibre contracture from residual cold shor
ability in regard to the pH level at time of boning. A ;qs
reduced and more reasonable chilling rate for the early

loin sections was obtained by chilling in air at 2-49C.
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lo%n S€ctions took approximately 5.5 hr to be cooled beloY )
109¢ The chilling rate for loins in intact sides (controls

ls_almOSP intermediary to the fast respectively mgderate'
Chlllin% rate used for the right sides excised loin sections.
=Values

€an R-values from early excised loin sections as influenced
e PH at time of boning are given in table 1. Previous work
has Shown that R-values are highly correlated to.the ATP
COnCentPatiuns in pre rigor muscles (Honikel & Fischer,

772. From this study, loins from the high pH group, 1.€.

521 = 6.3, show an R-value of .97 which according tgdgugo T
Flier measurements (Mpller et al., 1989) correspo

A?P Concentration of about 4.0 umol/g. For the slow glyC91Y-

vi0€ high py muscles, the R-values increase as expectedly

Ey decreasingd pH level at time of boning. Approximately 50,

ahd 12.5% of the initial ATP concentration appears in
Atese Muscles when excised at respectively 5.9, 5.8 or E'Z:
% the same pH levels, however, obtained at 1 hr post s g -
tlng from the fast glycolysing muscles, the R-values ten zf
A? ¢ higher which may indicate a somewhat higher degrei

P depletion as compared to slow glycolysing muscles when
She: D? level is considered.

I force measurements

€an wp Values are given in table 2. The shear force measure-
1ents op early excised loins were evaluated by t-test calcu—l
lons on differences in WB means between }eft §1des contgo S
atd the corresponding right sides representing dlffer?ntogghe-
ni Oning ‘and chilling rate. The most severe degreeAO it
¢ '8 appeared especially in loins boned at pH 6.3. St fpcold
B8he controls in that group of carcasses, the extent of z
ol8hening represents a 70% increase in WB values. This 121
OgmeWhat higher cold toughening potential than we Preﬁlogvez
W S€rved (Mpller & Vestergaard, 1987) where samples, ow : aé
Op§ €XCised at 3 hr post stunning. At decreasing pH 1eZie
denlng from loins with initial high pH values (2 6'3}5110wed

Sfee of co1d toughening decreased but even at 5.7 It S raast
iy fast Chilling in ice water a significant (P.< .05) 2;1d
b "B values is seen. The effect of fast chilling on oo

u%hcning caused a higher degree of significance among B as
comyPS Of ‘slew glycolysing muscles (treatments B, G} 2l thotigh
tﬁmx”@d to the fast glycolysing groups (E, F and Poups.

° level of WB values is somewhat higher in the latte:gider-
ab?m this study, a pH level above 5.7 may present a co

Usée risk of cold shortening if a rapid chilling prqﬁzgugi ;i.’
]98d' This result differs from earlier studies (Honlhas A
Suge’ "CYe et al., 1985) from which pH 5.9 in 101nsboning
whggestcd as a useful guideline for performing ho; - 2_500

by ? hot boned loin sections are cooled more slowfycant ey
r@nthe air chilling procedure (table 2), no signifi o v
of gis between controls and early excised loins irresp

al boning are observed from this study.

Me me re lenghts _ : P
tp:n Values of sarcomere lengths in the varloustigoggntrols
Ment are given in table 3. As compared to
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which show a mean sarcomere length at approx. 1.80 um, both |

the moderately and fast cooled excised loin sections showe

reduced sarcomere lengths as an indication of muscle fibre

fuu'PlC ion. The ice water chilled samples obtained, however's

generally a higher degree of muscle fibre contraction and

QGIHCIdllj so for the samples belonging to the slow glyco-
/sing muscle group in accordance to our earlier results

lysing
(Mpller & Vestergaard, 1987). Also the moderately cooled 0
excised loins do show significantly shorter sarcomere lené
but without a concomitantly toughening effect as compare
the controls (table 2). Apparently, a certain degree of ae
ageing effect due to a higher muscle temperature during h \
initial post mortem period may have caused a tenderizing
effect as revealed by the non significant difference in
shear force data between controls and moderately cooled
excised . loln sections.
_/
Table 1.-Mean R-values at time of boning and experimentalmom
groups for the right sides early excised loin S€C€
pH Group R-value Number of sides>

(S=Mus cles)a
B Ay, Ot = 209 16
B. 5.9¢ 44 s£:407 16

> -
e 9% 8C 2y ol :
Da 5.7 $.2% 22500 E
(F-Muscles)”
E.. 5.9 21307 40 g
F. 5.8 {12692 8
Gsiery ST ) 231k

s 32 8
__—-———-// \

Muscles excised at .1 hr .post stunning.

g : t hé
Muscles from high pH., group (pH, >6.3) when excised at
indicated pH values. T
mp?
Following bonihg, loin sections were cut into two subS@ %,

chilled in air at 2-49°C (moderate chilling rate) or 1D
water at 0°C (fast chilling rate).

S- = slow and F- = fast glycolysing muscles.

/
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Table
2.-Effect of PH and chilling rate of early excised pork

loin sections on Warner-Bratzler (WB) shear force values.

¥ AP . 2
Mean WB values N/cm® * s.d.

MiGPOuP . : Excised loins / Chilling rate3
control Moderate Fast
2: gfjf i f % 63.6 * 15.322 103.5 * 25.6zzz
e ;1.1 = 5.9 55.0 2 8.4ns 711 2 15.4XX
s 2 ;1'§ . 12.5 SN2 10.3ns 61.8 % ‘:5.6X
s o /7-f 3 11-? ??.O z 9.9ns 56.2 * 18.1
. e 2.0t 10.7°% G4.7 * 27.7’;X
ko s i 58.4 * 13.9 68.3 * 12.1
e 629225 52.0 T 11,27 70.7 ¥ 19.6"°
T
ﬁgnificgif Zib%;,1%%n§n5 gf?%si§$é§?cant; X X% and XXX =

able
3.-Effect of PH and chilling rate of early excised pork

\\\\\\‘\ifiﬁ sections on sarcomere lengths.

Mean sarcomere lengths, um % s.d.

NiGPou Excised loins / Chilling rate3
\\\\\\E____Pontrol Moderate Fast
A
L
5, 5'32 1.80 * .07 1571 & .63 % 100
: 5'92 1.80 * .10 1.75 + .06% 15§ £ A0
D, 5'82 1.80 T .10 1.73 % L06" Y128 T
B 5.71 1.85 * .07 1.76 * .06™ 1.72 £ .06
P 5'9] V.12 %2 167 2 A2 LG
0. 5'81 1.81 ¥ .08 1.69 * .04% g
] -7 1.81 * .08 1.73 * 07"S 1.69 ¥ .06"
92'3
Mﬂ”ifi S€e table 1; ns = non significant; x, xx and XXX =
cant at 5%, 1% and 0.1% level.
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1 3 5 7 9 hr post stunning

Fig.1.- Temperature in hot or cold boned pork loins
during the initial chilling period 1 to 9 hr post stun
@® = cold boned (controls) at 24 hr post stunning

A, ¢ = hot boned at 1 hr post stunning, then cooled ig
ice water at 0°C (@) or in air at 2-4°C (A).

ning’
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Fig.1.- Temperature in hot or cold boned pork loins
during the initial chilling period 1 to 9 hr post stunf
® = cold boned (controls) at 24 hr post stunning

4, ¢ - hot boned at 1 hr post stunning, then cooled 1P |
ice water at 0°C (@) or in air at 2-4°C (A).
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