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The Determination of the Myofibrillar and Connective Tissue Contents of Meats and Composite Meat Products 
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McGill University, Macdonald Campus, Quebec, H9X ICO, Canada (FRI Contribution No. 356). t¡o¡

INTRODUCTION
The precise assessment of the skeletal muscle, connective tissue and non-muscle protein content of cornp°s 

meat products has always been a difficult analytical problem. Several of the microscopic, immunological anj
K
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electrophoretic methods which have been described for their determination in such products (1-2) are limits“leimainly because of the extensive denaturation, structural changes and interactions which occur in these comp 
protein mixtures during processing. The more promising methods appear to be those which are based on the 
chromatographic separation and determination of the unique basic amino acid (3-6) and peptides (7) found in se 
specific muscle and non-muscle proteins (5-10). However, until now, the multicolumn systems employed for , 
determinations have proven laborious, and the complete enzymatic hydrolysis of meat products and separation ° 
these unusual amino acids and peptides has not been achieved. For these reasons, new chromatographic metho“ . 
have been developed in this laboratory (11-15) for the complete separation and determination of all methyl® j 
basic amino acids, the diastereoisomers of 5-hydroxylysine [LysiSCiH)1], the stable crosslinks desmosine (D®5̂  
and isodesmosine (ides) and related compounds in a single-column system, using the Durrum type DC-6A 11.0- '

¡m
tec

or the Beckman type W-3 9.0±0.5 urn spherical resins. These sensitive methods are designed to be used with jAp ̂ • +1conventional and fully automated amino acid analyzers, and have been successfully applied for the determin® 
of the myofibrillar and connective tissue contents of meats and prepared composite meats.

Ms

This proposed chemical approach for evaluating the protein quality of composite meats is based on the 
direct determination of their myofilbrillar and connective tissue contents, since the contribution of these 
classes of proteins to the overall nutritive value of meats differs considerably. In this approach the my0' 5 
fibrillar myosin and actin contents of muscles and prepared composite meats can be determined from the amou 
of NT-methylhistidine [His(tMe)] found in their acid hydrolysates. Collagen and collagen-like proteins (lj"s 
16-18) can be calculated from the amounts of Lys(50H) present and the elastin content from the amounts of D 
and Ides (14-15). Therefore, when the sum of the myofibrillar and connective tissue nitrogen is subtracted  ̂
from the total nitrogen of a composite meat hydrolysate sample, the difference is an accurate assessment ot 
non-muscle proteins present. This approach has the advantage over other methods that complete separation 
possible in a single analysis in less than 7 h, and that the determination of the connective tissue and my° 
fibrillar proteins can be carried out in both fresh muscles or processed meats as well as animal protein 
supplements (14-15).
Abbreviations used: Des , desmosine, 4-(4-amino-4-carboxybutyl )-l-(5-amino-5-carboxypentyl )-3,5-bis(3-amin°

r |,iS
3-carboxypropyl )pyridinium; Ides, isodesmosine, 2-(4-amino-4-carboxybutyl)-l-(5-amino-5-carboxypentyl)-3, 5 $- 
(3-amino-3-carboxypropyl )pyridinium; Lys(50H), 5-hydroxylysine (e«/ffiAo-5-hydroxy-L-lysi ne); aLys(50H), a,lU
hydroxylysine (íM.eo-5-hydroxyl-L-lysine) ; Lys(Me), N6-methyl-L-lysine; Lys(Me2), N6-dimethyl-L-lysi ne; >-ysyft • . J J ■j'oimc/, Ljoyric/, 11 iiicuiijf i i j o i iic j Lyavnez/» w -u imetriy i-L-lyb i mc,
N -trimethyl-L-lysine; GlcN, glucosamine; Hisi^Me), N^-methylhistidine or p/wamethyl-L-histidine; His(T̂ ®'’efe' 
methyl histidine or ¿e-femethyl-L-histidine. The superscript denoted by pnoi (abbreviated by the symbol TT)^fie,
to the site of méthylation of the nitrogen atom of the imidazole ring nearer the alanine residue of hist"* 
and the superscript t i le ,  (abbreviated t) refers to the site of méthylation of the imidazole N of histidi°e 
farther from the alanine side chain (see 8-tocAam. J. 1972, 126, 773-780).

EXPERIMENTAL METHODS
Preparation of Composite Meat Products. Each of the commercially blended all-beef sausage (S) and wiener ( 
emulsions with condiments (+c) or without, used in these studies, were obtained immediately after mixing 
ordinary commercial sources. Composite meat blends (1000 g) were then prepared with the appropriate q, 
(w/wet w) of soya-bean (SB) concentrate (493S) to W emulsion samples shown in Table 1. The samples were ^
genized in a Lourdes stainless steel blender (Lourdes Instr. Corp., Brooklyn, N.Y.) operated at top speeed .„■j/
(3 min; 5°C), dried to constant weight in vacuo (95-100°C) or byrlyophilizatôn,'’pLilverïzed"-in"an electric » fj 
end-runner mill, passed through a 152 urn mesh sieve, and their proximate composition was determined by s â 
methods (13-15), summarized in Table 1.

Preparation of Tissue Hydrolysates. Triplicate samples (0.5 g) of all blends were hydrolyzed under vacuo"1 , 
(below 25 ym of Hg) with double glass-distilled constant-boiling HC1 (6.0 M) containing 0.2% (w/v) phenol 3 j

„__.4-4________ j____J.*_________ _______1_ 1 . . r 11 n nrG-1 A110±1. 0°C for periods of 24, 48, 72 and 96 h. Foaming during evacuation or filtration was greatly supPreor,ei 
by the addition of 5 ul octanol to each hydrolysate. After hydrolysis the tubes (Pyrex No. 9860) were sc
and opened, the hydrolysates filtered through 0.22 p type GS "(24/25 mm) microfilters (Mi 11 ipore Corp.,
Mass.) into Pyrex tubes (18 x 150 mm) and dried under vacuum (below 750 urn of Hg) in (Bd1.... -. ... _ Rotary Evapo-Mix a
Instr., Fort Lee, N.J.). The residue was taken up quantitatively in 5.0 ml pH 2.2 citrate buffer (0.2
„  1 A 1 „ J? ___-• J I I *1 - -  ______ _____/•  I . i 1 -.I. . . -I +P Dj

nd
refiltered. Analyses of individual acid-hydrolysates were performed on the clear filtrate  in duplicate 
methods described previously (12-14).

h
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Amino Acid Calibration Standards and Chemicals....... . ........vn̂ iu ivo i j . The acquisition and preparation of all the unusual amino
standards employed for peak identification and standardization of the instruments was as previously ^esCed 
(12-14). All other chemicals and reagents were of the highest purity commercially available and were us 
without further purification.

>1
.tl

Procedures for Amino Acid Analyses. Amino acid analyses were carried out on either a Model 120C conven ,̂ (1 
(Method B) or a fully automated Beckman Spinco Model 121MB amino acid analyzer (Method C) using single- 
methodology (12, 14) as follows:

tr
Method B - Aliquots of 100 ul of the hydrolysate were applied to the special 60 x 0.9 cm column of Durri^
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resin and initially developed w1-tlr 0.35 M sodium citrate buffer, pH 5.700±0.002, on the Beckman Model 
analyzer operated at 27°C and 35 ml/h (0.92 cm min-1). After the emergence of the neutral and acidic amino 

¡¡“ (1 h), the regular ninhydrin reagent was pumped into the effluent stream at 17.5 ml/h (12). At 415 min 
I buffer was changed to 0.35 M sodium citrate, pH 5.000+0.002, containing the same concentrations of octanoic 

'0.1 rnl/t) and phenol (1.0 g/Jt).
- In this system, aliquots of 20 ul of composite meat hydrolysate (0.1 g/ml) were applied to the 

; J’28 cm microcolumn of Beckman type W-3 (AA-10) resin and initially developed at 35°C (120 min) with sodium 
buffer, pH 5.734±0.002, but at a flow rate of 5.35 ml/h (1.45 cm min-1). After the emergence of the 
and acidic amino acids (50 min), the dimethyl sulfoxide-ninhydrin reagent was pumped into the effluent 

ff5’1 at 2.68 ml/h. At 125 min the temperature of the microcolumn was reduced to 28°C, and a second citrate 
C  (0.35M;pH 5.000) containing the same concentrations of octanoic acid (0.1 ml/i.) and phenol (1.0 g / i )  was

Ueed at 244 min so that both His(irMe) and His(xMe) emerged as discrete peaks following the ammonia peak 
!A).

RESULTS AND DISCUSSION
previous work from this laboratory (12, 14) showed that all methylated basic amino acids, the diastereo- 
;temS °f Lys(50H), Ides, Des, GlcN and related compounds could be completely separated by a single-column 
tH, using Durrum type DC-6A or Beckman W-2(AA-20) spherical resins (11.0±1 urn). In the present study i t  was 

' t)M .at the smaller and more uniform spherical resin (9.0±0.5 urn) used permitted faster flow rates and re- 
tjj ln a higher resolving power of all the unique basic amino acids most likely to be encountered in protein 
se,Sue.hydrolysates primarily because resin equilibrium was attained more rapidly. As may be seen in Fig. 1A, 
i ®cting the optimum conditions of temperature, buffer and pH, and adjusting the flow rate to 1.45 cm min*1, 
¡U 1 the basic components of the synthetic calibration mixture applied to the micro-column emerged as a dis- 
it-‘ wnll-separated peak in less than 7 h. Within the precision of the chromatographic procedure (±3.OX), 

Ptoducibility of such determinations was perfect and recoveries were found to be quantitative.
edification of this accelerated method to composite meats was then tested with acid hydrolysates of com- 
. ig prepared all-beef wiener emulsion, sausage and hamburger. The chromatographic separations shown in 
th1s'C are typical of those obtained when the acid hydrolysates of two composite meat products were analyzed 
¡te J^thod. As shown in Fig. 1B-C the analysis of all-beef wiener with condiments (W+c) samples and a com- 
H^fener (W3) product containing 17.3% SB revealed the complete separation of the diastereoisomers of Lys(50H) 

iy*Me) along with eighteen as yet unidentified compounds that are stable to acid hydrolysis. Each of the 
V  unknown peaks was assigned an Arabic number from 1 to 18 to indicate its relative order of elution from 

c°lumn. Although the identity of all these unknown compounds remains to be confirmed, the two major 
ltH6ln'P°s1 tive components, designated as peaks 17 and 18 (Fig. 1B-C), that eluted from the column after 
\ i  warrant further close Investigation as possible markers for identifying specific proteins present in 
'Wil^ures. These results clearly demonstrate the high resolving power of this simple microcolumn chromato- 
'■jj| System which can be conveniently used as a standard analytical method for the determination of all these 

basic amino acids in protein or composite meat hydrolysates.
16 1 Proximate composition of commerically prepared all-beef wiener (W) and sausage (S) emulsions

. Protein source 
ln blend (g/kg; w/w) 

from
Dry matter 

(DM; g/kg)
Total N Crude protein 

(N x 6.25)
Total 
1 ipid

W Soybean (g/kg DM)

1000 412.8+ 0.5t 39.77 ± 0.83 248.6± 5.2 688.3± 2.5
958.3 7.2 348.4+ 1.2 47.05± 0.90 294.1 ± 5.6 593.2± 2.7
875.0 21.4 337.4+ 4.7 49.30± 0.76 308.1 ± 4.8 606.7 ± 2.4
833.0 28.6 339.7 ± 3.6 46.58 + 1 .36 291.1 ± 8.5 591 .1 ± 4.3
750.0 42.8 330.9± 2.1 50.17 + 1,01 313.6± 6.3 569.9± 3.1
675.0 64.3 299.0± 1.7 60.23 ± 2.97 376.4± 18 470.2± 2.9
500.0 85.7 249.1 ± 5.8 66.63 ± 2.14 416.4 ± 13 368.7 ±2.3
250.0 128.6 220.9± 0.9 71 .85 ± 1 .25 440.1 ±7.8 297.2± 3.8
- _ 403.0± 0.5 45.32 ± 0.62 283.3± 3.9 555.2 ± 5.8
r . 408.5 ± 4.8 37.40 ± 1.70 233.8± 10.1 705.9 ± 5.8
- _ 436.1 ±3.4 39.23 ± 1.02 245.2± 6.3 615.2± 4.2

- 344.5± 4.5 78.82± 0.86 492.6± 5.4 453.0 ±7.5

Ues with standard deviations for six determinations.
i/l^b its  obtained for the His(TMe) and Lys(50H) content of composite wiener blends (W1 to 7) are pre-

^ reIastereoisomers after epimerization (12). From the results presented 1n Table 2, it  is evident that a 
To y\ ationsh1 p exists between the amounts of His(tMe) and Lys(50H) found in the composite meat blends 
¡Jth ^ arialyzed and the percentage of meat emulsion (W) in the mixture. The results obtained from analyses 
t,vi 9h and low concentrations of these unusual amino acids in mixtures (W) clearly demonstrates the high 
6 tom ant* resolving power of this method which has the added advantage that nanogram amounts of these- 

H'Pounds can be determined with an accuracy of less than ±3.0%. For comparison, Table 2 lists the
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Table 2. The NT-methyl h is t id in e  and 5-hydroxylysine contents o f commercially blended a l l-b e e f  wiener (W) 
and sausage (S) emulsions w ith  condiments (+c) or w ith o u t, composite meat blends (1 to  7) and 
hamburger (H ).

Sample % N in  
blend

% P rote in 
c o n tr ib u tio n  to 

blend from W

Amino acid 
(g/16gN)

His(xMe) Lys(50H)

W 3.98 100 0.037 + 0.0010+ Ô.266 + 0.0002Wl 4.71 95.7 0.035 ±0.0010 0.238 +0.0020W2 4.93 87.1 0.033 ±0.0010 0.209 + 0.0010W3 4.66 82.7 0.027 ±0.0010 0.161 + 0.0020W4 5.02 74.3 0.025 ±0.0010 0.129 +0.0030W5 6.02 63.3 0.022 ±0.0005 0.095 +0.0001W6 6.66 54.0 0.016 ± 0.0010 0.082 + 0.0001W7 7.19 44.3 0.012 ±0.0004 0.031 ±0.0002
W+c 4.53 0.037 ±0.0010 0.217 +0.0020s 3.74 0.062 +0.0007 0.302 +0.0020
S+c 3.92 0.050 ±0.0004 0.210 +0.0250
H 7.88 0.058 ±0.0008 0.194 ±0.0030

+Mean values w ith  standard dev ia tions fo r  nine de te rm ina tions .

His(xMe) and Lys(50H) contents o f commercially prepared sausages and hamburger samples. Both o f these meat 
products were found to  conta in  considerab ly higher le ve ls  o f His(xMe) compared to wiener blends (Wl to  7) hU r 
lower Lys(50H). Although the data reported in  Table 2 are in  reasonable agreement w ith  those reported by ot
authors (8 -9 , 22), some d iffe re nce s  have been noted. These may a ris e  from the fa c t  th a t o ther methods were j

«  x.rxA +• /■* A ~ 4-   i ~  -  4- , •  -    U  ---------------  „  C  ______-• 4- - •  -• _  4.  I 1  1 _  _ r- ________ 1 -  . i  . 4_ „  n  C ij S ^employed fo r  these determ inations or because o f v a r ia tio n s  in  the le ve ls  o f muscle or non-muscle prote ins { 
in  the prepara tion  o f such products. U n til now 4-hydroxypro line  [Pro(40H)] was thought to  be confined al"1®^.
e x c lu s iv e ly  to  the connective tissu e  fib ro u s  p ro te in s , collagens and e la s t in  (19-20, 23 ), and has been
an in d ic a to r o f both the presence o f co llagen and e la s t in  in  tissues and the assessment o f the connective ,otacontent o f meats (1 ). However, the discovery in  the present stud ies o f small amounts o f Pro(40H) in  both P 
(0.46 g/kg d .w t.)  and oat groats (0.22 g/kg d. w t . ) ,  and by others in  higher p la n ts , algae (21 ), and animaj ^  
pro te ins in c lu d in g  ace ty l cho lines te rase , Clq e tc . ,  (17 -18 ), suggest th a t Pro(40H) should no longer be used ^  
an accurate index fo r  determ ining the connective tis s u e  content o f e ith e r muscles or composite meats. Fr °,nr) ¡¡e 
foregoing re s u lts ,  i t  is  evident th a t the m y c o f ib r i l la r  and connective tis s u e  contents o f prepared meats ca { 
determined from the amounts o f His(xMe) and Lys( 50H) present in  th e ir  acid hyd ro lysates, re s p e c tiv e ly ! a,)^oW'
th is  d ire c t  chemical approach could be e a s ily  applied in  a ro u tin e  basis fo r  enforcing meat re g u la ti 
ever, s ince the le v e ls  o f His(xMe) and Lys(50H) in  various muscles and composite meats have not ye t

ons. est«'
Yet

b lished , a complete survey to determine the le ve ls  o f these unique amino acids in  s k e le ta l,  card iac and 
muscle pro te ins  o f the major meat y ie ld in g  species and meat products would be required so th a t precise re9 
standards fo r  these components can be estab lished . ,

The author wishes to  acknowledge the e xce lle n t assistance o f Dr. Susan Loeb, Miss Carol Beddard and 
Mr. John P. Emery.
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