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SUMMARY
Structural changes in intramuscular connective tissue during conditioning of beef were studied by elect”
MiCroscopy. oc, TH®
Bovine semitendinosus muscle was dissected from carcass 48 h post-mortem and stored at 4 ;;siﬂﬂ
three-dimensional organization of collagen fibrils in the endomysium and perimysium was investig_awd o o0
the cell-maceration/scanning electron microscope method, by which cellular elements were elim“?at issUe
collagen fibrils and fibres were exposed. The arrangement of proteoglycans in intramuscular conﬂef’nve e ff
was examined under a transmission electron microscope, using Cuprolinic Blue, a cationi® d i of
identification of proteoglycans. Perimysial fractions were isolated from conditioned beef and the & e
hexuronic acid was measured by carbazole method. 1188
Scanning electron microscopic studies revealed that the endomysium resolved into individua! co»n,e,sﬂ
fibrils and thick sheets of the perimysium separated into collagen fibres in beef conditioned for 28 df’ys'ofbgcf
results show directly the structural weakening of the endomysium and perimysium during conditionif® couagcﬂ
Transmission electron microscopic studies displayed that most proteoglycans were dissociated from o wil
fibrils in beef conditioned for 28 days. The amount of hexuronic acid in perimysial fractions decr® Juioé
time. These results suggest that the interaction between collagen fibrils and proteoglycans We

conditioning of beef. otil 7 day?

The structural changes in intramuscular connective tissue described above were rmmmal usculﬂf
post-mortem, but clearly observable after 14 days post-mortem. Therefore, we conclude that inff
connective tissue shows the effect on tenderization in extended conditioning (2-4 weeks) of beef.
Introduction

Conditioning is the process in which meat toughened by rigor mortis is naturally tenderized Law cnjﬂ,g
Though it has not been conclusively proven, the tenderness of meat is believed to be the result of the wllageﬂ $
of the myofibrils (Takahashi, 1992) and the intramuscular connective tissues (Etherington, 1987)' Con,ibuﬁn,g
the major connective tissue component of meat (Light et al., 1985), which has been implicated 1 ooﬂl ag® $
to meat toughness (Bailey & Light, 1989). In early studies it has been shown that the solubility qu‘{ et
affected by neither temperature nor time of conditioning (Sharp, 1963; Pierson & Fox, 1976; Chuzo ,,dxﬂo“’ng
1977). These results suggest that collagen remains unchanged at the molecular level during
However, Stanton & Light (1988, 1990) have presented data which proved that perimysial collage? 1516 (198?)
and partially solubilized during conditioning. Using differential scanning calorimetry, Judge & Abc;oc i’
have shown that the thermal shrinkage temperature of bovine intramuscular collagen decreases by ’ d
7 days post-mortem. It has also been shown that the isometric tension of the intramuscular colla8? g L
at 21 days post-mortem in beef (Etherington, 1987). These results suggest post-mortem alteral
intramuscular connective tissue. g g
Collagen fibrils of intramuscular connective tissue are embedded in ground substa® taspe‘”ﬁ
proteoglycans and glycoproteins. It has been reported that proteoglycans bind to collagen fibrils 2 ged ﬂlﬁ
site in connective tissue, such as tendon (Scott, 1991). We found that proteoglycans are o 8nl with ”
collagen fibrils of the perimysium with a regular interval of 65 nm, which is quite agrecmenams 0
periodicity of collagen fibrils (Nishimura et al., manuscript in preparation). Their precise role
elucidated but they bind to collagen fibrils and may have an important function in tissue stability-




The objective of this study was to investigate the structural changes in intramuscular connective
uring conditioning of beef by electron microscopy. We show here that the intramuscular connective
esolve into individual collagen fibrils and most proteoglycans are dissociated from collagen fibrils in
“onditioned for 28 days.
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Malerials and Methods

Pr, ;
I Datation of muscle samples.

4
Wfr ZM?e Black steers aged 32 months were stunned and slaughtered conventionally. Semitendinosus muscles
0] dissected from the carcasses 48 h post-mortem and were treated antiseptically by dipping them in a

4°éltlon ‘ontaining 1 mM NaN,. Then they were wrapped with polyethylene films and stored for 28 days at

L
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cut olrumg to the cell-maceration method of Ohtani et al. (1988), small pieces of muscle (10x10x15 mm) were
Were ; and ﬁxeq in 2.5% glutaraldehyde in 0.1 M phosphate buffer solution, pH 7.3, for 1 day. The pieces
The ‘;’nmer Sed.m 10% NaOH for 7 days and then rinsed in distilled water for 5 days at room temperature.
OSy; e PUl.m 1% tannic acid for 3 h, rinsed in distilled water for several hours, and post-fixed in 1%
freeze. tetroxide for 1 h. The specimens were dehydrated in a series of graded concentrations of ethanol,

e 4. tured with a razor blade in liquid nitrogen, and dried by the t-butyl alcohol freeze-drying method.
Hitachj erospechnens were coated with gold and observed using a scanning electron microscope (S-800,

kyo) with an accelerating voltage of 10 kV.

Tk - .
AcaC’:)Srf;u_ssmn electron microscopy.

$Olut,, 18 o the method of Scott (1980), samples (1x1x2 mm) were cut out and were fixed and stained in a

Cuprolir:ﬁconmining 2.5% gultaraldehyde, 0.3 M MgCl, and 0.025 M sodium acetate buffer, pH 5.6, with 0.1%
! Sae sgl Blue (POLYSCIENCE INC., USA). After 24 hours, the tissue samples were washed three times in
u

hoyy . tion without Cuprolinic Blue, and immersed in a same solution with 0.5% sodium tungstate for 1
Sections SSue samples were subsequently washed, dehydrated, embedded in epon, and sectioned. Ultrathin
Bagh S on formvar-coated grids (80 xm in thickness) were post-stained with 10% uranyl acetate for 10 min.

vo]tagea;?glg ;V\Z;S observed with a transmission electron microscope (H-800, HITACHI) with an accelerating

& aratj
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Pe‘im 0 of perimysial fractions.

bTieﬂ}},ls;al Fraction was extracted and purified, using the method described by Stanton & Light (1987), which,

] ()fi(’:efwo]Ve the following steps. Muscle samples (50 g wet weight) were minced and homogenized in 200

homogen?]d 0.05 M CaCl, for 10 s at 10,000 rpm in a Virtis homogenizer (The Virtis Co., New York). The

filtey Was & was filtered through a graded copper grid (1 mm? perforations) and the material retained on the

mﬂteﬁal wre'hom%enized in 0.05 M CaCl, and re-filtered. The process was repeated twice, and the retained
3 denoteq the perimysial fraction.

ReSu
" and DiSCUSsion

Figum
’f"lm ilglshOWS an electron micrograph of intramuscular connective tissue of bovine semitendinosus muscle
O ho i y POS_Y'moncm. The honeycomb structure of the endomysium, the sheaths 60-100 mm in diameter
mefnbranoﬁ Individual muscle fibres, was clearly observed (Fig. 1B). The sheaths of endomysium were
Petimy; :,and consisted of tightly arranged collagen fibrils 30-70 nm in diameter (Fig. 1C). The
i _()Unding lh::s comPOSéd Qf several layers of 100-200 mm-thick sheets :
: Mg Were ; endomysia (F 1g. 1A). The wavy sheets of perimysium consisted of collagen fibres in which the
u’faee of 0 CI_OSC Contact with each other (Fig. 1D). Some collagen fibrils formed loose networks at the
Is ang ﬁgrze’_‘mysial sheets and between two sheets. The well-ordered anatomical arrangement of collagen
Musele S In the endomysium and perimysium seems to have an important function in tissue stability of
&Oét‘mon heseuftmcmrcs of the intramuscular connective tissue remained unchanged for up to 7 days
var_amusclﬂa;r & progression of structural alterations was clearly visible after 14 days post-mortem. In
10yg * Connective tissue of bovine semitendinosus muscle conditioned for 28 days at 4°C, gaps of
OPened €verywhere (Fig. 2A); the honeycomb structure of endomysium markedly deformed, and
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the perimysial sheets disintegrated into ribbon-like structures. Endomysial sheaths became lacy (Fig 2B) gt
higher magnification, the endomysium resolved into individual collagen fibrils that were arrang 100560%
though neither broken nor tomm (Fig. 2C). A closer view of perimysium shows that the thick shects i
perimysium separated into collagen fibres of 4-8 mm in diameter, where collagen fibrils lay more o
parallel (Fig. 2D). These results indicate that the structural changes in intramuscular connective ‘055“5 o
induced by the dissociation of collagen fibrils and fibres from endomysial sheaths and perimwal
respectively. uscle
Fig. 3A shows the transverse section along the axis of muscle fibre of semitendinosl{S,mBlue’
immediately post-mortem. Proteoglycans of 20-40 nm in length, being heavily stained with Cupuroliti® - of
were arranged in the lamina lucida of basal laminae and seemed to be attached each other. ProteOS‘lyc -
40-70 nm in length were randomly distributed in the reticular layer and the endomysium. In the pemn}’;‘ﬂm’
proteoglycans of 40-50 nm in length were arranged along collagen fibrils with a regular interval °_6ed 0
which is quite agreement with the periodicity of collagen fibrils (Fig. 3B). They seemed to be lmk he
collagen fibrils at the specific binding site and appeared to be contributed to linking collagen fibrils
perimysium. ediﬂme

In bovine semitendinosus muscle conditioned for 28 days at 4°C, no proteoglycan was observe™
basement membrane (Fig. 4A). A few of proteoglycans were randomly distributed in the endomystu® = .
perimysium, most proteoglycans were dissociated from collagen fibrils (Fig. 4B). The amount of b¢ [1age®
acid in perimysial fractions decreased with time. These results suggest that the interaction between wﬁbrils
fibrils and proteoglycans weakened during conditioning of beef. Proteoglycans may tightly bind wu?gen Jurivé
to each other in inframuscular connective tissue in vivo, and the binding properties may diminish
conditioning of beef, resulting in the separation of collagen fibrils and fibres.

Conclusion

. idod
Electron microscopic studies demonstrated that the intramuscular connective tissue resolves into mdlv’dgys.
collagen fibrils and most proteoglycans are dissociated from collagen fibrils in beef conditioned fof 7 dof
The structural changes in intramuscular connective tissue described above were minimal UD s
post-mortem, but clearly observable after 14 days post-mortem. Therefore, we conclude that intra®
connective tissue shows the effect on tenderization in extended conditioning (2-4 weeks) of beef.
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Bure Legends
Fig
uni:d Scamling electron micrographs of intramuscular connective tissue of bovine semitendinosus muscle
sheath 1ately post-mortem. (A) Low magnification view of intramuscular connective tissue. (B) Endomysial
100 (AS. (C) A closer view of a part of (B). (D) A closer view of a part of the perimysium. Scale bars indicate

%25 (B), 1.0 (C) and 5.0 mm (D). E, Endomysium; P, perimysium.

B
coidﬁ'iofcmmg electron micrographs of intramuscular connective tissue of bovine semitendinosus muscle
Mdogy Fd for 28 days at 4°C. (A) Low magnification view of intramuscular connective tissue. (B)
b in d}fslal sheaths. (C) A closer view of a part of (B). (D) A closer view of a part of the perimysium. Scale
Cate 100 (A), 25 (B), 1.0 (C), 5.0 (D) mm. E, Endomysium; P, perimysium.

Usg .TranSUHSsion electron micrographs of intramuscular connective tissue of bovine semitendinosus
lmmedlalely post-mortem. (A) The cross section along the axis of muscle fibre. (B) Longitudinal
plo]in;:: ];}lle bundle of collagen fibrils in the perimysium. Arrows indicate proteoglycans stained with

ue. Scale bars indicate 200 nm (A) and 200 nm (B).

B
mg‘ 4. Transmise; : : G r itendi
Sion electron micrographs of intramuscular connective tissue of bovine semitendinosus

le ES
Sectioncgndmon"d for 28 days at 4°C. (A) The cross section along the axis of muscle fibre. (B) Longitudinal
Cuplolinic the bundle of collagen fibrils in the perimysium. Arrows indicate proteoglycans stained with
lue. Scale bars indicate 200 nm (A) and 200 nm (B).






