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Acid and Salt-Soluble Collagen in Bovine Muscle.* (30218) 

P. E. MCCLAIN,~ A. M. MULLINS, S. L. HANSARD, J. D. Fox AND R. F. BOULWARE 
Louisiana Agricultural Experiment Station, Baton Rouge 

Conventional methods for determination of 
collagen in muscle have been based on the 
assumption that intracellular constituents of 
muscle are solubilized by alkali solutions, 
while connective tissue collagen is insoluble. 
However, both dilute acid and dilute alkali 
soluble components of collagen have been re- 
ported(l,2), and a cold salt soluble fraction 
of collagen has been found which can be 
changed into mature collagen by warming to 
body temperature (3 ) . These soluble colla- 
gens have been postulated to be metabolic 
precursors of insoluble mature collagens (4).  
Supporting reports in the literature show 
that soluble collagen can be altered by many 
factors including temperature, growth rate, 
nutrition, and by various endocrine prepara- 
tions( 5,6,7). Most studies on the soluble col- 
lagens have been with purified sources such 
as tendon, and cartilage. Therefore, knowl- 
edge of previously uninvestigated soluble 
components of collagens in bovine muscle 
would be beneficial for elucidating some of 
the chemical and physiological changes which 
occur in the conversion of living muscle tis- 
sue to edible meat, and for clarifying specific 
relationships of collagen to meat tenderness. 

*This paper is publsished with approval of the 
Director, Louisiana State Univ. Agri. Exp. Station, 
Baton Rouge. This work was supported by a con- 
tract with U. S. Dept. of Agriculture and authorized 
by Research and Marketing Act of 1946. The con- 
tract is being supervised by the Eastern Utilization 
Research and Development Division of Agricultural 
Research Service. 

t Present address: Dept. of Food Science, Michigan 
State University, East Lansing. 

Materials and methods. The fore shank 
muscles from 10 yearling steers were used in 
this study, primarily because of their high 
collagen content. All samples were removed 
within 15 minutes of dispatching and ground 
through 6.2 and 3.1 mm plates of an electric 
grinder. At 7 days post mortem, samples 
were taken from the Zongissimus dorsi, semi- 
membranosus and triceps brachii muscles for 
Warner-Bratzler shear value measurements 
for use in correlation of tenderness with the 
soluble collagen fraction. A number of diffi- 
culties were encountered when existing meth- 
ods were applied in collagen determination 
from bovine muscle tissue. The colorimetric 
method of Neuman and Logan(8) for hy- 
droxyproline determination proved unreliable 
for muscle extracts. Two amino acids, tyro- 
sine and tryptophan, have been reported to 
interfere with the colorimetric procedure (8 ) .  
Tryptophan produced 0.7% as much color as 
hydroxyproline, but humin formation on acid 
hydrolysis of proteins eliminated this inter- 
ference. Tyrosine, however, was not de- 
stroyed by acid hydrolysis and produced 
1.5% as much color as did hydroxyproline. 
The recovery of an internal standard of hy- 
droxypmline added to beef muscle extracts 
was never greater than 60% using this meth- 
od. Tyrosine content of the salt-soluble ex- 
tract was determined spectrophotometrically 
(Eastoe and Courts(9)), and found to con- 
tain 375 pg of tyrosine per ml. The observed 
interference of tyrosine on hydroxyproline in 
bovine muscle is shown in Table I. Although 
tyrosine contributed to color development in 
this procedure, i t  actually resulted in a sup- 
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TABLE I. Effect of Tyrosine on Absorbance" in 
Determination 0.f Hydroxypmhe in Bovine Muscle. 

--Hydr 0.x y p r oline, pg-\ 

0 5 10 15 

Tyrmine, pg 
0 0 .112 .190 .325 

40'0 ,185 .245 .335 .440 
6 0.0 .238 .310 .338 .440 

* Values are absorbance readings taken at 557 mp. 

pression of color yield for hydroxyproline. It 
was determined that salt extracts contained 
approximately 2 pg per ml of hydroxyproline. 
At the 2 pg hydroxyproline-400 pg tyrosine 
level-a 3 6 % reduction in total absorbance 
was evidenced. This would account for the 
failure to attain more than a 60% recovery 
of internal standards. The procedure of Mar- 
tin and Axelrod( 10) also proved to be un- 
satisfactory for muscle tissue. 

The extraction procedure used in this 
study was a modification of the method of 
Gross ( 11 ) and Harkness ( 12 ) . A 1 0  g sample 
was weighed into a 60 ml polyethylene cen- 
trifuge tabe; 40 ml of 0.45 M sodium chlor- 
ide was added, and samples were extracted 
1 8  hours on a mechanical shaker. A 4 to 1 
ratio of extractant to muscle tissue resulted 
in the greatest recovery of both acid- and 
salt-extractable collagen after 18 hours. All 
operations were carried out in a 3°C cold 
room. Samples were then centrifuged at 3,330 
g for 60 minutes and passed through a coarse- 
sintered glass filter. Samples were washed 
with distilled water in the centrifuge (30 
minutes at 3,330 g) and the rinse water was 
again filtered. Forty ml of citrate buffer, pH 
3.8, was then added to the residue remaining 
after extraction. Citrate extraction was car- 
ried out for 1 8  hours, and the samples cen- 
trifuged and filtered as before. 

Forty ml of the salt-soluble or acid-soluble 
filtrate were hydrolyzed with 40 ml of HC1 
for 15 hours at 120°C. Acid hydrolysis of 
muscle extracts was complete after 6 hours, 
and no reduction in yield was evident after 
1 8  hours in the autoclave. Activated charcoal 
was added to the salt-soluble hydrolysates 
immediately after removal from the autoclave 
in order to remove humin. Samples were fil- 
tered and the charcoal washed several times 

with 6 N HCl. The hydrolysate from the 
acid-soluble fraction was then neutralized and 
assayed for hydroxyproline. However, for the 
salt-soluble hydrolysate, the salt concentra- 
tion after direct neutralization, was too high 
for accurate hydroxyproline determination. 
It was, therefore, necessary to dry them on 
a rotary evaporator to neutrality. This pro- 
cedure did not result in any detectable loss 
of hydroxyproline. Hydrolyzed samples were 
then diluted to contain 1 to 5 -pg of hydroxy- 
proline per 2 ml aliquot for hydroxyproline 
determination. 

The acid- and salt-soluble fractions were 
assayed for hydroxyproline using a modifica- 
tion of Method I1 as described by Woessner 
(13). This procedure was developed to in- 
crease the sensitivity and stability of hydroxy- 
proline chromogen and to eliminate inter- 
ference from other amino acids in a variety 
of protein and tissue fractions. Preliminary 
determinations resulted in the recovery of 
internal standards of approximately 85%. 
According to Woessner, the addition of 5 mg 
of hydrolyzed protein to 5 pg of hydroxy- 
proline resulted in a 5% decrease in absorb- 
ance. In an effort to lower the amino acid- 
hydroxyproline ratio of the salt soluble ex- 
tracts, a preliminary extraction of muscle 
tissue with distilled water was attempted, and 
a recovery for added internal standard of 
90 to 100% was accomplished. Therefore, 
this preliminary extraction was incorporated 
into the procedure for bovine muscle. More 
consistent results were obtained, however, 
using 45 ml of 70% perchloric acid diluted 
to 100 ml with water, instead of 27  ml recom- 
mended by Woessner. Preparations of p-di- 
met hylaminobenzaldehyde from Matheson, 
Coleman and Bell were found to give the 
most satisfactory and consistent results. Cer- 
tain lots of methyl cellosolve (ethylene glycol 
monomethyl ether) were unsatisfactory and 
it became necessary to pre-test each batch 
before being incorporated into the hydroxy- 
proline procedure. 

Results. Extractability of salt- and acid- 
soluble collagens at 30 minutes and at 7 days 
storage in steer and calf muscle tissue are 
shown in Table 11. These data indicate salt- 
soluble collagen was reduced with sample 
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TABLE 11. Salt- and Acid-Soluble Collagens* in 
Steer and Calf Fore Shank Muscles After 30 Min- 

utes and 7 Days Storage. 

Steer Calf 
30 7 30 7 

min days min days 

Sdt-soluble collagen 23.2 8.8 19.0 8.1 
Acid-soluble " 9.6 13.6 25.0 45.0 
Total soluble " 32.8 22.4 44.0 53.1 

*Expressed as pg hydroxyproline per g sample 
(f rwh weight). 

TABLE 111. Mean Values for Salt- and Acid- 
Soluble Collagen in Bovine Shank Muscles." 

Tenderness Shear Salt soluble Acid soluble 
groups value t collagen4 collagen3 

Less tender 35.59 115.08 76.62 
Tender 21.11 96.34 43.40 

* Samples extracted immediately after death. 
t Mean shear values of longissimus dorsi muscles. 
3 ,~g  hydrosyproline per g protein on a fresh- 

weight basis. 

storage, which was in agreement with Gross 
(1 1). However, the quantity of acid-soluble 
collagen increased during this same storage 
period. Total soluble collagen was also ob- 
served to increase during storage in the calf 
samples. 

Age differences were evident in quantities 
of salt- and acid-soluble collagens present. 
The quantity of salt-extractable collagen has 
been previously reported to increase with 
increasing animal age, with large quantities 
of soluble collagen occurring only in younger 
animals ( 1 1 ) . Our data substantiated these 
reports. Steer muscle contained more salt- 
soluble collagen than did calf tissue; how- 
ever, the total soluble collagen in calf muscle 
was greater. 

Mean quantities of acid- and salt-soluble 
collagen in the fore shank muscle of carcasses 
used in this study are shown in Table 111. 
No significant differences were observed be- 
tween the 2 muscle tenderness groups in the 
amount of acid- or salt-soluble collagen. Since 
tenderness was not determined on the fore 
shank muscles, no conclusion concerning spe- 
cific effect of soluble collagens on muscle 
tenderness was made. However, this study 
has revealed the presence of these soluble 
collagen fractions in muscle tissue. I t  has 
been widely accepted that collagen is not 

solubilized in 0.1 N sodium hydroxide. In 
fact, it is this lack of solubility which forms 
the basis for conventional methods of colla- 
gen analyses. Therefore, since these soluble 
components are not measured by conventional 
procedures, underestimation of the true col- 
lagen content of muscle may occur. 

Discussion. Data have provided evidence 
that there may be differences in type and 
character of connective tissue not revealed 
by conventional methods for connective tis- 
sue determinations. Practically all previous 
research on connective tissue components in- 
fluencing meat tenderness has been focused 
on the alkali-insoluble collagen and elastin 
moieties. Reports by Miller and Kastelic( 14) 
have indicated that only 33% of the stroma 
was accounted for by fibrous elements. The 
remaining connective tissue was composed of 
previously uninvestigated connective tissue 
components such as ground substance, cellu- 
lar inclusions, and soluble collagens. Perhaps 
the traditional approaches for studying the 
role of connective tissue on meat tenderness 
have been limited by a restricted concept of 
the morphological complexity of connective 
tissue. There remains the further compli- 
cation that chemical definitions for various 
components of connective tissue are still a 
matter for speculation. Gross analyses ap- 
parently do not reveal the presence of deli- 
cate chemical substances, nor elucidate their 
morphological character . Theref ore, certain 
connective tissue constituents, though mini- 
mal in quantity, may well play a determin- 
ing role in architectural aspects, and subse- 
quently influence the tenderness of meat. 

Summary. Salt- and acid-soluble collagens 
in bovine muscle tissue were investigated, 
utilizing modified procedures employed for 
purified collagen sources. The quantity of 
salt-soluble collagen in shank muscles de- 
creased during post mortem aging, while acid- 
soluble collagen increased. Age differences 
were evident for acid- and salt-soluble colla- 
gen. The quantity of acid- and salt-soluble 
collagen in the fore shank muscles of cattle 
did not differ significantly between tender 
and less tender groups. 
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In  acutely injured cells, increased contents 
of water (cloudy swelling) and lipid (fatty 
metamorphosis) are readily detected histo- 
logically and document the impairment of 
water and lipid metabolism and transport. 
The effect of cell injury upon cytoplasmic 
proteins is less readily examined in intact 
cells. Nevertheless, since the time of Vir- 
chow, morphologists have generally believed 
that in mildly injured cells, such as in cloudy 
swelling, alterations in quantity or state of 
cytoplasmic proteins do occur. 

Recent studies indicate that one of the 
more significant functional alterations accom- 
panying some forms of cell injury is impair- 
ment of protein synthesis ( 1,2,3,4). These 
studies, linked with current concepts of the 
role of ribonucleoprotein ( RNA-protein) in 
the cytoplasmic synthesis of pro,teins( 5 )  and 
with the feasibility of examination of ribo- 
somes with electron microscopy, have intro- 
duced an additional parameter in the study 
of cell injury. 

To correlate cytoplasmic ultras tructural 
and biochemical abnormalities related to pro- 
tein synthesis in injured cells, an investiga- 
tion of the effects of a sublethal dose of thio- 

* "his research was supported by Nat. Inst. Health 
Grants He-08676-01 and He-OS120-05. 

acetamide (TAA) upon the liver was carried 
out. The biochemical mechanism of the in- 
jurious effect of TAA upon the cell is not well 
known. Rather ( 6 ) ,  Laird ( 7)  and Kleinfeld 
and Von Haam(8) suggested that i t  caused 
an increase in nucleoprotein synthesis. Their 
studies were aimed at  the tumorigenic effect 
of TAA and were carried out a t  a time when 
recovery from earlier injury might have been 
in effect. Thoennes and Bannasch(9) showed 
that in the earlier stages of the injury by 
TAA, hepatic cell ribosomes disappeared, 
while later the ribosomes became abundant. 
While these observations did not reveal the 
exact mechanism of cell injury by TAA, they 
suggested that it might be due to impaired 
protein synthesis. 

Thioacetamide has been shown to cause 
hepatic cell injury and cell death if given 
in sufficient amount to rats(l0). In our 
studies, a dosage of TAA which would pro- 
duce cell injury with no or minimal necrosis 
was sought, and the early effects upon hepatic 
RNA-protein and serum albumin synthesis 
were evaluated by radioactive amino acid 
uptake. Simultaneously, the ultra-structural 
changes in hepatic cells were examined. 

Methods. Seventy-two male Holtzman rats 
weighing about 150 g and fasted for 16 hours 


