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Assessment of the Protein Quality of Selected Meat Products Based on
Their Amino Acid Profiles and Their Myofibrillar and Connective

Tissue Protein Contents’

Constantinos G. Zarkadas
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Farm, Agriculture Canada, Ottawa, Ontario, Canada K1A 0C6

The amino acid profiles and levels of myosin, actin, collagen, and collagen-like proteins in extended
composite meats were examined as potential indices to assess protein quality of such products. The
myofibrillar and connective tissue protein levels of typical composite meat products were determined
from the amounts of N"-methylhistidine and 5-hydroxylysine, respectively, found in their acid hy-
drolysates. When the sum of the myofibrillar and connective tissue proteins was subtracted from the
total protein of these products, the difference was an accurate determination of the nonmeat proteins
present. Composite meats varied in their amino acid composition and content of myofibrillar (17.4-
52.3%), connective tissue (4.1-19.0%), and nonmuscle protein (2.4-67.2%), depending upon the meat
cuts and nonmeat protein ingredients used to formulate them. As the content of collagen increased,
three of the nonessential amino acids, glycine, proline, and 4-hydroxyproline, increased while the levels
of lysine and other essential amino acids decreased. Calculated protein efficiency ratios ranged from
2.7 to 2.9 depending upon amounts of nonmuscle protein additives present.

INTRODUCTION

There has been a continuing interest in the development
of reliable analytical methodology for precise assessment
of the skeletal muscle, connective tissue, and nonmuscle
protein contents of meat, poultry, and their products. Past
efforts to assess the protein quality of these products have
been based primarily on immunological assays, electro-
phoretic and chromatographic separation, and the deter-
mination of skeletal muscle and nonmuscle protein ad-
ditives in meat products [reviewed by Pearson (1975);
Olsman and Slump, 1981; Ranken, 1984; Ellis, 1987; Mc-
Neal, 1987; Berkowitz and Webert, 1987; Ashworth, 1987;
Agater et al., 1986; McNeil et al., 1984]. These methods,
although promising (Agater et al., 1986), have had limited
success with processed meats, mainly because of the
extensive denaturation and structural changes which occur
in these mixtures during processing. In addition, the
overall protein quality of such products differs consid-
erably because the levels and nature of the additives and
ingredients used to formulate composite meats and poultry
products vary greatly. Furthermore, the presence of
variable amounts of connective tissue proteins in meat
blends introduces large errors in their protein determi-
nations if the Kjeldahl conversion factor (N X 6.25) is
used. Both collagen and elastin have higher nitrogenlevels
(218%) than muscle or nonmuscle proteins (<16%).
Although the Kjeldahl digesion method is satisfactory for
determining total nitrogen in meats, poultry, and their
products (Morries, 1983), the procedure is imprecise for
determining the total protein content of such blends
because a substantial quantity of nitrogen determined by
the Kjeldahl procedure derives from other nonprotein
nitrogenous constituents in these products (Benedict,
1987). An accurate assessment of the levels of these
proteins, and their contribution to protein quality of
composite meats, is therefore essential for both regulatory
and scientific purposes, as well as for consumer information
and international trade.
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The U.S. Department of Agriculture’s Food Safety and
Inspection Services Expert Work Group (FSIS, 1984), and
the Skylab group (Heidelbaugh et al., 1975) have recom-
mended the use of accurate protein, amino acid, and
connective tissue data of meat and poultry products as a
simple and practical method for assessing their protein
quality. Their recommendation is based on two major
findings: astatistical correlation exists between the protein
efficiency ratio (PER) values and the contents of the
essential amino acids of a protein or protein mixture (Als-
meyer et al., 1974; Lee et al., 1978; Pellett and Young,
1984), and the content of collagen of meats is highly
negatively correlated (R = —0.99) to rat PER values (Lee
etal., 1978; Pellett and Young, 1984). Therefore,accurate
analyses of the actual protein and the complete amino
acid composition of meats and their products, including
analyses of those unique amino acids found in myofibril-
lar and connective tissue proteins (Zarkadas et al., 1986,
1987Db, 1988a,b), may be very useful predictors of protein
quality in meats, poultry, and their products (Young and
Pellet, 1984).

The purpose of the present study was to establish the
levels and variation of all amino acids, including the me-
thylated basic amino acids, Lys(5-OH), and related
compounds in seven typical commercial composite meat
products, using analytical chromatographic methods de-
veloped to quantitate these unique and other amino acids
in proteins and tissues (Zarkadas, 1979; Zarkadas et al.,
1986, 1987b). The aims were (1) to determine whether
the levels and quantitative fluctuations of these unique
basic amino acids in processed meats could be used for the
determination of their myofibrillar, connective tissue, and
nonmuscle proteins content; (2) to determine the protein
content of meats more accurately from amino acid
compositional data; and (3) to determine whether the levels
of these proteins and the amino acid contents of fresh
ground meat and composite meat products could be used
as an accurate measure of their protein nutritional quality
(Zarkadas, 1981; Zarkadas et al., 1988b,c; Karatzas and
Zarkadas, 1988).
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Table I. Composition of Commercially Prepared Standard (std) and Extended (ext) Composite Wiener (W-1-4) and

Hamburger (H-1-3) Products Supplied by Manufacturer I

composite meat samples, g

ingredients used in formulation Hga-1 Hex—2 Hext-3 Wita-1 Wert—2 Wezt—3 Wext—4
lean beef chuck (10/19) 70 60 49 15 12.75 10.75 12.75
beef plates (50/11.5) 30 25 21 25 21.75 17.50 21.25
lean pork trim (15/18) 20 17.00 14.00
pork hearts 15 12.75 10.50
pork backfat (90/2.5) 25 21.25 17.50 21.25
MD chicken (25/11) 17.00
beef tripe 12.25
total meat 100 85 70 100 85 69.25 84.50
binder (23% protein)® 10 10 10 10
Promate 280 (TVP; 52% protein) 0 5 10 2.5 5.0 2.5
Pro-Tn-Pea 800 (58% protein) 2.5 5.0 2.5
water 0 10 20 40 50 60 50
salt/seasoning/cure 3.58 3.62 3.62 3.62
total fresh wt 100 100 100 153.6 153.6 153.6 153.6

@ Values in parentheses indicate approximate fat to protein levels on a fresh weight basis. ® Values for nonmeat plant protein additives are
given on a dry weight basis: Promate 280 is a textured soybean flour product; Pro-Tn-Pea 800 is a moist-heat-treated pea protein product.

Table II. Proximate Composition of Standard (std) and Extended (ext) Hamburger (H) and Wiener (W) Composite Meat

Products (Grams per Kilogram of Fresh Weight)

component
sample description moisture total N crude protein (N X 6.25) total lipid total ash recovered DWBe
all-beef hamburger
Hgg-1 655.5 £ 4.5 29.09 + 0.22 1818+ 1.4 152.3+£ 5.0 8.56 = 0.94 344.5
Hey-2 647.5 £ 8.2 27.80 +£0.19 173.8+ 1.2 150.0 £ 6.8 10.11 £ 0.31 352.5
Hey-3 645.5 £ 2.6 27.16 £ 0.10 169.8 £ 0.6 126.6 £ 5.5 12.02 £ 0.86 354.5
mixed-meat wieners
Weta—1 502.1 £ 0.9 17.78 £ 0.08 111.1+£ 0.5 290.2+ 24 34.27 £ 0.75 497.9
Wext—2 524.5 £ 4.6 18.59 £ 0.09 116.2+ 0.6 250.1 £ 2.2 36.03 £ 0.19 475.5
Wen—3 555.5 + 2.6 20.71 £0.15 120.4 £ 0.9 2029 £+ 14.5 37.99 £ 0.66 444.5
Wer—4 526.8 + 14.0 16.95 £ 0.12 1059+ 0.8 269.6 £ 7.4 35.92 + 1.00 473.2

b Recovered DWB is the sum of values obtained for crude protein, total ash, and lipid. ®* Mean values % SD for six determinations.

MATERIALS AND METHODS

Materials. Type AA-109.0 = 1.0 um spherical resin and type
I standard amino acid calibration mixture were obtained from
Beckman Instruments Inc., Palo Alto, CA, while types DC-6A
11.0 £ 1.0 um, DC-4A 9.0 £ 0.5 um, and DC-5A 6.0 £ 0.5 um
spherical resins were obtained from the Dionex Chemical Corp.,
Palo Alto,CA. The bovine Ligamentum nuchae elastin used for
the preparation of desmosine and isodesmosine (Zarkadas, 1979)
was purchased from Sigma Chemical Co., St. Louis, MO. The
diastereoisomer mixture of 5-hydroxy-pL-lysine and allo-5-hy-
droxy-pL-lysine, N5-methyl-L-lysine, N6-dimethyl-L- and N®-tri-
methyl-L-lysine bis(p-hydroxyazobenzene-p-sulfonate)-H;0, N*-
histidine hydrate, NT-methyl-L-histidine, p-glucosamine, O-
phospho-L-serine, and 4-hydroxyproline were purchased from
Calbiochem, La Jolla, CA. 3-Nitro-L-tyrosine was from Aldrich
Chemical Co., Milwaukee, WI. All other chemicals and reagents
were of the highest purity commercially available and were used
without further purification.

Preparation of Composite Meat Products. The commer-
cially blended all-beef wiener (W) emulsions with condiments
(+C) or without (-C) used in these studies were obtained
immediately after mixing from ordinary commercial sources
(manufacturer II), although information concerning their com-
position was not disclosed by the manufacturer. Five additional
unknown composite meat products (four wiener samples, labeled
Weri-1-4, and three hamburger samples, labeled H-1-3) were
obtained from a major manufacturer (I) in eastern Canada. In
this case, however, information concerning their method of
preparation and composition with regard to the muscle type, the
meat yielding species, and the extenders employed for their
preparation, as presented in Table I, was not disclosed until after
the results of these analyses were compiled (Table II-V). Each
of the commercially blended samples was homogenized in a
Lourdes stainless steel blender (Lourdes Instrument, Corp.,
Brooklyn, NY) operated at top speed (3 min; 5 °C), dried to
constant weight in vacuo (95-100 °C) or by lyophilization,
pulverized in an electrically driven end-runner mill, passed
through a 152-um mesh sieve, and stored at —20 °C until needed.

Proximate Composition. Standard methods from AOAC
(1984) were followed for the determination of moisture (Sections
7.003, 24.002), petroleum-ether-extractable lipids (Sections 10.132,
24.005), and total ash (Sections 24.009, 31.012) as described
previously (Zarkadas et al.,, 1987a). Total nitrogen of the
composite meat products was determined according to the official
Kjeldahl method (Section 2.057) using the automated Technicon
IIsystem (Technicon Instruments Co., Tarrytown, NY) toanalyze
the digests (Section 24.028; AOAC, 1984).

Extraction Procedures for Composite Meats. To effec-
tively remove all traces of soluble histidine dipeptides known to
be present in skeletal muscle tissues (Carnegie et al., 1982, 1984;
Harris and Milne, 1987), samples (10 g) of the pulverized
composite meats were suspended in 200 mL of 75% ethyl alcohol
in 0.1 M HCI (Rangeley and Lawrie, 1977) and homogenized for
3 min in a VirTis Model 45 (VirTis, Gardiner, NY) homogenizer
(speed set at 30/100). The homogenates were centrifuged at
50000g (SS-34 Sorvall rotor) for 30 min at 2 °C, and the pellets
were extracted a further two times. The extracted composite
meat samples were finally ground in an electrically driven end-
runner coffee mill (Moulinex Canada Ltd., Weston, ON) to pass
through a No. 40 mesh screen and stored at —20 °C until needed.

Preparation of Tissue Hydrolysates. Triplicate samples
(0.5 g) of all meat blends were hydrolyzed in Pyrex (No. 9860)
test tubes (18 X 150 mm) under vacuum (below 25 um of Hg)
with triple-glass-distilled constant-boiling HC1 (6.0 M) containing
0.2% (v/v) phenol at 110 = 1.0 °C for periods of 24, 48, 72, and
96 h as described previously (Nguyen et al., 1986; Nguyen and
Zarkadas, 1989). Analyses of individual acid hydrolysates were
performed on the clear filtrate in duplicate according to methods
described previously (Zarkadas, 1975, 1978, 1979; Zarkadas et
al., 1986, 1987b; 1988a,c).

Procedures for Amino Acid Analyses. Aminoacid analyses
were carried out either on a Model 120C conventional or on a
fully automated Beckman Spinco Model 121 MB amino acid
analyzer using single-column methodology (Zarkadas, 1979; Zark-
adasetal., 1986, 1987b). The standard instrument was equipped
with a module control (Autolab Spectra-Physics GmbH, Darm-
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Table III. Comparison of the Total Protein Content of Commercially Prepared Composite Meat Products Calculated by

Three Methods

total protein content, g of protein/100 g DWB, calculated from

N content, g of N/100 g DWB Kjeldahl N
sumof % difference, conversion factors conversion individual sum of
Kjeldahl amino [(A-B)/A] caled from amino factor conversion amino acid

meat product As acid B® X 100 acid composition 6.25 factors composition®4
all-beef hamburger

Hgg-1¢ 8.44¢ 7.95 5.90 5.76 52.78 48.61 45.81 £ 0.48

Hex2 7.89 7.65 2.88 5.69 49.29 44.87 43.56 £ 0.37

Hex—3 7.66 7.20 6.00 5.66 47.88 43.36 40.78 £ 0.45
mixed-meat wieners

Watg~1¢ 3.57 3.26 8.79 5.97 21.94 21.32 19.42 £ 0.29

Wert—2 3.91 3.81 2.63 5.58 24.44 21.82 21.23 £ 0.36

Wert—3 4.66 4.28 8.11 5.48 29.12 25.53 23.49 = 0.40

West—4 3.58 3.24 9.51 5.67 22.39 20.31 18.38 £ 0.11
Skylab meatse

filet mignon 11.75 10.54 10.30 6.35 73.44 73.44 74.56

prime rib 12.20 9.44 22.62 5.45 76.25 76.25 66.47

¢ Analyzed in sextuplet by the Kjeldahl method (AOAC, 1984). ® Mean values expressed on a dry weight basis (DWB) and standard error
of measurements (SEM) for 12 determinations; calculated according to the method of Heidelbaugh et al. (1975). ¢ Data taken from Karatzas
and Zarkadas (1988). ¢ Data calculated according to the method of Horstmann (1979) using egs 1-3. ¢ Data taken from Heidelbaugh et al.

(1975).

Table IV. Comparison of the Amino Acid Composition (Grams of Amino Acid per Kilogram of Total Protein) of Extended
(ext) and Composite Hamburger Samples (H-2 and H-3) before and after Solvent Extraction with 0.1 M HCl in 75% Ethyl

Alcohol* (Manufacturer I)

extended hamburger samples

H-2 H-3

amino acid (AA) untreated® extracted® untreated® extracted®
aspartic acid 90.81 £ 1.37 93.79 £ 0.35 96.36 £ 0.69 96.16 £ 3.34
threonine 39.81 £ 0.22 40.38 £0.15 40.49 £ 0.21 41.38 £ 2.66
serine 39.72 £ 0.38 39.34 £ 0.13 41,97 £ 0.44 4121+ 1.25
glutamic acid 158.02 £ 2.38 149.00 = 2.63 164.42 £ 1.83 157.96 = 5,29
proline 50.11 £ 1.56 48.23 = 1.70 48.22 £ 1.59 44.29 £ 1.49
glycine 51.89 £ 1.05 58.87 £ 0.75 47,40 £ 0.64 4740 £ 1.43
alanine 54.89 £ 0.76 57.13 £ 0.65 52.22 £ 0.53 49.57 £ 1.52
cysteine 23.98 = 0.09 24,99 £ 0.10 27.99 £ 0.12 26.57 £0.13
valine 49.74 £ 0.22 51.78 + 0.39 52.72 £ 0.49 51.52 £ 0.92
methionine 25.25 £ 0.54 30.36 = 2.66 21.43 £ 0.57 31.69 + 2.15
isoleucine 51.31 £ 1.94 49.06 £ 1.99 50.56 £ 0.51 51.45 % 1.49
leucine 81.48 £ 1.01 78.46 = 0.57 79.46 £ 0.24 80.25 £ 1.24
tyrosine 34.18 £ 0.25 34.03 £ 0.03 33.27 £0.51 36.49 = 1.39
phenylalanine 42.07 £ 0.45 42.11 £ 0.52 43.30 £ 0.44 45.81 £ 0.55
histidine 32.69 £ 0.36 28.87 £ 1.31 32.11 £ 0.27 29.24 £1.13
lysine 83.41x1.15 80.33 £ 0.54 81.04 £ 0.62 81.67£2.78
arginine 65.22 £ 0.79 67.28 £ 0.83 66.43 & 0.64 67.67 £ 2.16
tryptophan 11.16 £+ 0.39 14.72 £ 0.51 10.36 £ 0.43 10.16 £ 0.39
4-hydroxyproline 11.43 £ 0.85 12.12 £ 0.97 8.55 £ 0.74 8.05 £ 0.09
N7-methylhistidine 0.983 £ 0.02 0.131 £ 0.00 0.715 £ 0.03 0.094 £ 0.01
unknown 17, nmol/mg of protein 29.35 + 0.58 13.49 + 1.53 nd nd
ammonia 16.07 £ 2.12 17.35 £ 0.79 18.03 £ 0.95 17.83 £ 1.07
total protein, g/kg of dry weight 435.61 = 3.71 886.68 % 20.49 407.82 = 4.45 878.43 £ 17.89
total AA-N¢ 175.82 177.36 176.58 175.61
total EAA 9 mg/g of N 2887.2 2887.5 2871.45 2987.65
EAA indexd 78.61 78.00 77.99 79.70
protein scored 69.40 71.83 65.67 62.29
WE,¢ ug/nmol 0.109397 0.108448 0.109869 0.110361
F,® ug/nmol 0.113013 0.112163 0.113964 0.114300
F'f ug/nmol 0.121483 0.120310 0.121913 0.121631

¢ Method of Rangeley and Lawrie (1976, 1977). ® Mean values and standard error of measurements (SEM) for 12 determinations. nd, not
determined. ¢ Calculated according to the method of Heidelbaugh et al. (1975). 4 From Oser (1951) and Block and Mitchell (1946). ¢ The weight
equivalent (WE) and conversion factor F were calculated according to the method of Horstmann (1979). / The conversion factor F* (ug/nmol)
was also calculated according to the method of Horstmann (1979) using eq 2 but in the absence of tryptophan, cyst(e)ine, proline, and

4-hydroxyproline.

stadt, West Germany) and a companion Autolab System AA
(Beckman Methodology Bulletins AA-TB-001-TB-014) for com-
puting peak concentrations (Zarkadas, 1978, 1979). The auto-
mated instrument was equipped with a Varian Vista 402
chromatographic data reduction system (Varian Instruments
Group, Walnut Creek, CA) to increase the sensitivity of the
analysis and to enable quantitation of amino acids at the pico-
mole level as described previously (Zarkadas et al., 1987b).
Complete amino acid analyses were carried out on each of the

composite meat samples according to the standard procedures
described previously (Zarkadas, 1979; Zarkadas et al., 1986,
1987D).

The data reported for serine and threonine represent the
average values extrapolated to zerotime of hydrolysis. The values
for valine, isoleucine, leucine, and phenylalanine are averages of
data from 48, 72, and 96 h of hydrolysis. All others are reported
as the average values from 24, 48, 72, and 96 h of hydrolysis.

4-Hydroxyproline was determined separately from a concen-
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Table V. Amino Acid Composition (Grams of Amino Acid per Kilogram of Total Protein) of Mixed-Meat Extended (ext)
Wiener Sausage Samples (W-2-4) before and after Solvent Extraction with 0.1 M HCIl in 75% Ethyl Alcohol* (Manufacturer

I
composite meat samples
Wext_2 Wext'3 Wen'4

amino acid (AA) untreated® extracted’ untreated® extracted® untreated? extracted®
aspartic acid 85.47 = 1.08 95.43 + 0.47 97.35 = 0.61 99.11 + 0.44 85.48 + 0.41 95.20 £ 0.30
threonine 41.12+0.29 40.25 + 0.19 34.83 + 0.07 40.83 £0.12 38.11 £ 0.14 39.35 £ 0.18
serine 42,77 % 0.65 42,11 % 0.16 29.85 + 0.02 44.44 £0.10 43.26 = 0.43 43,19 + 0.36
glutamic acid 170.48 £ 2.55 164.76 = 0.44 182.66 £ 0.44 167.44 £ 1.36 168.15 £ 1.81 163.07 £ 1.12
proline 58.17+ 1.91 49.78 = 0.50 64.18 = 0.17 49,13 £ 0.97 61.94 = 1.16 55.99 + 1.33
glycine 48.16 = 0.53 47.64 £ 0.20 49.81 £0.31 42.36 £ 0.27 58.31 £ 0.38 55.90 £ 0.61
alanine 50.53 £ 0.55 51.10 = 0.38 51.89 % 0.17 48.76 = 0.49 52.45 + 0.29 52.43 + 0.48
cysteine 18.35 £ 1.81 18.56 + 1.82 16.14 £ 0.24 15.16 + 0.24 18.31 £ 1.34 18.29 £ 1.63
valine 55.96 = 0.19 55.08 £ 0.31 58.91 £ 0.12 56.02 = 0.20 55.16 £ 0.33 53.20 £ 0.32
methionine 32.30 £ 3.20 27.45 = 0.56 25.19 + 0.38 25.69  0.25 29.46 = 2.15 26.58 £ 0.29
isoleucine 50.07 £ 0.24 50.80 = 0.16 50.65 = 0.13 50.44 £ 0.12 49.35 x 0.28 48.86 = 0.21
leucine 82.37 £ 0.51 83.80 = 0.09 83.77+0.13 85.66 = 0.04 78.54 £ 0.21 79.41 % 0.31
tyrosine 31.80 £ 0.76 35.21 £ 0.14 18.65 £ 0.03 37.74 £ 0.14 29.75 £ 0.51 34.19 £ 0.34
phenylalanine 44.28 £ 0.22 46.22 = 0.18 47.65 = 0.07 48.50 = 0.07 42,98 £ 0.11 44.33 £ 0.23
histidine 32.17 £ 0.51 29.27 £ 0.26 32.70 £ 0.07 28.70 £ 0.19 29.72 £ 0.23 27.96 + 0.46
lysine 76.50 £ 0.34 80.39 = 0.21 76.55 £ 0.21 77.93 £ 0.50 70.78 + 0.63 74.59 % 0.66
arginine 58.71 = 2.00 64.60 = 0.29 59.10 % 0.37 67.24 £ 0.18 58.28 + 1.94 65.93 + 0.44
tryptophan 10.79 £ 2.02 10.90 = 1.63 11.07 £ 0.01 10.40 £ 0.34 12.09 £ 1.30 11.16 £ 0.86
4-hydroxyproline 8.41 £ 0.58 5.39 + 0.84 7.55 £0.11 3.68 £ 0.79 14.11 £ 0.89 8.63 + 1.01
N~-methylhistidine 0.402 £ 0.004 0.02 £ 0.00 0.324 = 0.003 0.177 £ 0.01 1.311 + 0.04 0.00 £ 0.00
unknown 17, nmol/mg of protein 2.50 £0.01 1.15 £ 0.08 2.55 £0.001 1.24 £0.21 3.91 £ 0.002 1.34 £0.25
ammonia 19.50 £ 0.43 18.63 £ 0.62 27.26 £ 0.73 21.98 = 0.33 19.66 % 0.76 15.78 £ 1.02
total protein, g/kg of dry weight ~ 212.31 + 3.60 718.95 £ 14.75 234,94 £ 4.32 823.38 £10.80 183.83 = 1.05 716.29 £ 5.59
total AA-N¢ 179.33 175.62 182.35 177.62 176.31 174.16
total EAA, mg/g of N 2553.3 2922.59 2646.12 2902.76 2738.44 284741
EAA index? 76.87 78.52 74.35 76.99 75.95 76.89
protein score 75.66 68.26 73.77 64.87 75.60 72.37
WE,¢ pg/nmol 0.109933 0.110069 0.109533 0.110888 0.108282 0.108877
F,¢ yg/nmol 0.112864 0.113037 0.112187 0.113441 0.111201 0.111766
F'/f ug/nmol 0.122148 0.120681 0.122162 0.120822 0.121505 0.120563

2 Method of Rangeley and Lawrie (1977). ® Mean values and standard error of measurements (SEM) for 18 determinations. ¢ Calculated
according to the method of Heidelbaugh et al. (1975). ¢ From Oser (1951) and Block and Mitchell (1946). ¢ The weight equivalent (WE) and
conversion factor (F) were calculated according to the method of Horstmann (1979). / The conversion factor F was also calculated according
to the method of Horstmann (1979) using eq 2 but in the absence of tryptophan, cysteine, proline, and 4-hydroxyproline.

trated 24-h hydrolysate (equivalent to 0.1 mg of protein/analysis)
using a single column (21 X 0.6 cm) packed with Dionex DC-6A
resin (Zarkadas et al., 1986). Recoveries of Pro(4-OH) were
calculated relative to alanine, isoleucine, and leucine. Deter-
mination of tryptophan in meat samples (0.1 g) was carried out
separately after alkaline hydrolysis (Hugli and Moore, 1972) on
the same column as described previously (Zarkadas et al., 1986,
1987b).

Methionine and cyst(e)ine were determined separately (0.2-g
samples) according to the performic acid procedure of Moore
(1963). Norleucine was added in the hydrolysates as an internal
standard, and the recoveries of cyst(e)ine as cysteic acid and
methionine as methionine S,S-dioxide were calculated in pro-
portion to the yields obtained by the performic acid treatment
of standard solutions of these amino acids and relative to ala-
nine, valine, leucine, and isoleucine present in the sample.

Determination of the methylated basic amino acids, the di-
astereoisomers of Lys(5-OH), and related compounds were carried
out with concentrated hydrolysates (equivalent to 1-2 mg of
protein) by the accelerated single-microcolumn (50 x 0.28 ¢cm)
system described previously (Zarkadas et al., 1987a) so that peaks
adequate for these compounds would be obtained.

Protein Determination. The content of total proteinin each
of these meat products was determined according to three
methods: first, the conventional Kjeldahl method (AOAC, 1984;
Morries, 1983) and the multiplication of nitrogen by 6.25; second,
the multiplication of Kjeldahl nitrogen by the new conversion
factors calculated from the amino acid composition of a given
product as described by Heidelbaugh et al. (1975) for Skylab
Foods; and third, the protein mass of individual samples
calculated by summation of the 18 standard amino acid residues
plus Pro(4-OH), Lys(5-OH), and His(7-Me) of which each sample
is composed according to the procedure described by Horstmann

(1979) and Zarkadas et al. (1988a) as follows:

21
WE = Z;(a,.b,.) Q)

The mean residue weight (WE in micrograms per nanomole)
and conversion factors F (in micrograms per nanomole) for
determining the protein mass in each sample analyzed in the
absence of tryptophan and cyst(e)ine were calculated as described
previously (Horstmann, 1979; Nguyen et al., 1986). A conversion
factor F' (in micrograms per nanomole) was also calculated
according tothe method of Horstmann (1979), but for determining
protein mass in the absence of tryptophan, cyst(e)ine, proline,
and/or Pro(4-OH) the expression

15
F= Z(a,.b,.)/u -

1=]
(@1rp + Ggyy + Gpyo T+ Oproiony + Fpom + CHiserMe)] (2)

was used, where g; is the nanomole fraction of an amino acid {
found in the analyzed aliquot and b; is the molecular mass of
amino acid residue i (in micrograms) as described by Horstmann
(1979). Both of these factors, F and F’, can be used in all
subsequent quantitations of a given sample. The protein content
of each sample was calculated by multiplying F or F’ by the
nanomoles of total amino acids found in each acid hydrolysate

as follows:
15
P= Pz;x,. @)
=

Statistical Analysis. Data processing and linear regression
analysis of the results were carried out by a FORTRAN computer
program developed for this purpose. Analysis of variance
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conducted on the amino acid data for a completely randomized
block design (factorial) was carried out by the general linear
model procedure (SAS, 1982).

RESULTS AND DISCUSSION

Accurate and detailed amino acid determinations were
carried out in five selected meat products, to ascertain
whether the amino acid profiles and levels of myosin, ac-
tin, collagen, and collagen-like proteins in extended
composite meats could be used as indices for assessing
their protein quality (FSIS, 1984; Young and Pellett, 1984;
Lee et al., 1978; Zarkadas, 1981; Zarkadas et al., 1988a—c).
Samples of typical all-beef and mixed-meat wieners and
hamburger, prepared commercially by varying both the
amounts and the type of meat cuts and nonmuscle plant
or animal additives used to formulate them (Table I),
selected from two major Canadian manufacturers, were
subjected to proximate and complete amino acid analyses.
All determinations were carried out according to the single-
column chromatographic methods developed for this
purpose (Zarkadas, 1979; Zarkadas et al., 1986, 1987Db). In
this study the amino acid compositions of two all-beef
wiener emulsions with and without condiments and fresh
hamburger were also included for comparison.

Proximate Composition. The average proximate
composition of standard and extended hamburger and
wiener composite meat products, prepared by manufac-
turer I (TableI), are summarized in Tables Il and III. The
data on Kjeldahl nitrogen, crude protein, moisture, fat,
and ash (Table II) are given on a wet weight basis (WWB).
The mizxed-meat wiener blends had a high lipid content
(20.3-29.0%) and lower crude protein content (10.5-
12.0%), compared to the high crude protein content (17.0-
18.2%) and lower lipid content (12.7-15.2%) found in the
all-beef hamburger blends (Table II). These results are
comparable to those reported previously for other com-
posite meat products (Zarkadas et al., 1987b). Variation
was also found to be highly significant in the ash contents
on a dry weight basis among the all-beef hamburger and
the mixed-meat wieners.

Protein Determination. Table III compares the total
nitrogen content determined according to the Kjeldahl
procedure and the total nitrogen content determined by
the sum of the amino acids present in each of these
products. The total protein contents of the selected
composite meat blends used for this survey were calculated
from their amino acid composition (Tables IV-VI) as
described by Heidelbaugh et al. (1975) and Horstmann
(1979) and were compared with crude protein values
calculated using the Kjeldahl protein conversion factor of
6.25. Variation in protein content as a function of method
of calculation ranged from 2.6 to 9.5% (Table III). The
apparent differences in protein or nitrogen content cal-
culated by the Kjeldahl method were higher than calcu-
lations based on amino acid composition. Similar vari-
ability has been reported previously by Heidelbaugh et al.
(1975) for Skylab foods, which included bovine filet
mignon and prime rib (Table III). These authors rec-
ommended that whenever accurate data on the protein
content of meats are required, conversion factors based
on the actual amino acid nitrogen content should be used.

To correct for this variation, I have calculated new
Kjeldahl protein conversion factors based on the actual
amino acid nitrogen content of meats. These protein
conversion factors are characteristic for each product and
can be used in all subsequent quantitations of these
products to convert Kjeldahl nitrogen into total protein.
The protein contents of the seven meat blends evaluated
by the conventional Kjeldahl nitrogen proceudre (AOAC,
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Table VI. Amino Acid Composition (Grams of Amino Acid
per Kilogram of Protein) of Lyophilized All-Beef Wiener
Emulsions with Condiments® (+C) or without (-C)
following Extraction with 0.1 M HCI in 75% Ethyl Alcohol
(Manufacturer II)

all-beef wieners

amino acid (AA) -Ce +Cs
aspartic acid 87.35 %+ 1.29 84.01 £ 0.62
threonine 40.33 £ 0.46 41.28 £ 0.31
serine 42.06 £ 0.38 43.33 £ 0.48
glutamic acid 128.59 £ 2.66 147.60 = 2.05
proline 66.50 £ 1.70 60.69 = 1.28
glycine 84.25 £ 3.13 66.61 £ 1.99
alanine 64.40 £ 1.36 56.89 + 1.19
cysteine 12.21 % 0.07 10.78 = 0.05
valine 60.46 + 1.36 60.05 = 0.47
methionine 27.28 £ 2.42 36.67 = 1.11
isoleucine 39.55 £ 1.16 49.33 £ 0.28
leucine 73.68 £ 1.31 79.19 £ 0.89
tyrosine 3212 £ 0.47 34.03 £ 0.15
phenylalanine 38.79 £ 0.67 41.85 £ 0.38
histidine 27.73 £ 0.52 29.44 £ 0.34
lysine 72.69 % 1.40 73.53 £ 1.17
arginine 64.50 £ 1.04 59.51 % 0.30
tryptophan 8.96 £ 0.09 7.91 £0.10
4-hydroxyproline 25.23 & 2.32 15.55 & 0.93
Nr-methylhistidine 0.149 % 0.003 0.174 £ 0.015
ammonia 14.01 £ 0.1737 12.46 £ 0.22
total protein, g/kg of dry wt  604.51 % 10.76 766.07 £+ 13.73
total AA-N® 177.62 173.29
total EAA, mg/g of N 2649.28 2849.68
EAA index¢ 70.50 75.43
protein score® 77.99 88.74
WE,? ug/nmol 0.104433 0.106959
F,% ug/nmol 0.106280 0.108668
F' 8 ug/nmol 0.117629 0.118484

@ Mean values and standard error of measurements (SEM) for 18
determinations. It should be noted that information concerning the
composition of the added condiments was not disclosed by the
manufacturer. ® Calculated according to the method of Heidelbaugh
etal. (1975). < From Oser (1951) and Block and Mitchell (1946).¢ The
WE and F constants were calculated according to the method of
Horstmann (1979). The F’ value was calculated in the absence of
tryptophan, cysteine, proline, and 4-hydroxyproline.

1984) and by quantitative amino acid analysis (Heidel-
baugh et al., 1975; Horstmann, 1979) differ considerably
(Table III). It appears that a substantial quantity of
Kjeldahl nitrogen is derived from nonprotein nitrogenous
constituents present in these products. From these results
it is also apparent that a more accurate method for
calculating total protein is the summation of the weights
of each amino acid present in foods and that less than 30
ug of protein can be quantitated.

Amino Acid Composition. Results of the amino acid
analyses carried out in thisstudy are summarized in Tables
IV-VI. A comparison of different methods of expressing
results (Eastoe, 1967) indicated that, within any given
product, the least variability occurred when the data are
expressed on a moisture-, fat-, and ash-free basis. Results
have therefore been calculated as grams of anhydrous
amino acids per kilogram of total protein. The advantages
of this method are that calculations of percentage amino
acid recovery and essential amino acid contents can be
carried out by simple summation, which allows compar-
isons to be made between the present data (Tables IV-VI)
and those reported in food compositional tables (T'ris-
tram and Smith, 1963; Richardson et al., 1980). Values
for all determinations show a reproducibility of 100+ 3%
for all amino acids. The mean residue weight (WE, ug/
nmol) and conversion factors F and F (ug/nmol) calculated
from the amino acid composition of these products are
given in Tables IV-VI.
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The data presented in Tables IV-VI indicate that each
of these composite meat blends has a characteristic amino
acid profile, reflecting the amounts of meat and nonmeat
plant or animal additives used to formulate them. The
amino acid profiles of the two extended hamburger
products evaluated in this study, i.e., H-2 and H-3 (Table
IV), appeared to be very similar in composition. Theacidic
amino acids in the extended hamburgers were present in
substantially high quantities and when taken together
accounted for almost 25% of all amino acid residues. The
total basic amino acids, including arginine, lysine, small
amounts of Lys(5-OH), and histidine, comprised approx-
imately 20% of the total amino acids, which is a slightly
lower percentage than that of the acidic amino acids. The
proteins in the extended hamburger mixtures were overall
acidic proteins, which reflects the higher content of plant
protein ingredients used to formulate them. Methionine
and cysteine accounted for only 4-5% of the total amino
acid residues. Although these two amino acids still
represent the minor components of these products, it
appears that their concentration in meats might also be
used to predict their protein quality. To meet minimum
FAO recommendations for the essential amino acids in
meats, the concentration of methionine should be 3.0%
of the total amino acid content. These results are in close
agreement with those obtained recently (Karatzas and
Zarkadas, 1988).

Processed meats, however, have been reported to contain
variable amounts of soluble histidine dipeptides (Carn-
egie et al., 1982, 1983, 1984; Harris and Milne, 1987; Ko-
henetal., 1988) including carnosine (8-alanyl-1-histidine),
anserine (8-alanyl-L-N7-histidine), and balenine (3-alanyl-
L-N7-methylhistidine), which upon acid hydrolysis yield
B-alanyl, histidine, His(r-Me), and His(r-Me). To quan-
titatively establish the levels of protein-bound amino acids,
including histidine, His(r-Me), Pro(4-OH), and Lys(5-OH),
these histidine dipeptides must be extracted from com-
posite meats prior to acid hydrolysis (Zarkadas et al.,
1988a,b). The composition of lyophilized hamburger
samples before and after solvent extraction (Table IV)
shows that the soluble amino acids extracted by 0.1 M
HClin 75% ethanol prior to acid hydrolysis ranged from
0.75 to 1.0% of the total amino acid content. The results
in Tables IV and V show that approximately 9.0-12.2%
of the total histidine and practically all of the His(w-Me)
have been extracted at ambient temperatures by the 0.1
MHCIlin75% ethyl alcohol solvent. A sizable proportion
of the total non-amino-acid nitrogen extracted from the
wiener composite meats (Table V) was free ammonia.

Although the amino acid profiles of the products
evaluated in this study were similar, some differences were
noted. The mean values obtained for aspartic acid in the
extracted meat blends ranged from 0 to 10.44% higher
than those of the corresponding untreated samples (Tables
Vand VI). For comparison, the recalculated mean values
for aspartic acid from USDA Handbook 8-7 (Richardson
et al., 1980) ranged from 87.9 to 98.9 g/kg of protein for
mixed-meat types of wieners. These values are consid-
erably higher than those of the untreated wiener samples
evaluated in this study (Tables IV-VI) but slightly lower
than those of the corresponding reference hamburger
sample. The arginine values of the hamburger and wien-
ers ranged from 2.0 to 12.1% higher than those of the
corresponding untreated samples. Extended wiener sam-
ples were high in glutamic acid (17.5%), proline (55.0%),
valine (5.5% ), and the basic amino acids, which accounted
for a further 16.5% of all residues (Tables V and VI).

J. Agric. Food Chem., Vol. 40, No. 5, 1992 7985

Table VII. Nr-Methylhistidine and 5-Hydroxylysine
Contents (Grams of Amino Acid per Kilogram of Total
Protein) of Standard (std) and Extended (ext) Hamburgers
(H), All-Beef Wieners with Condiments (+C) and without
(-C), and Mixed-Meat Wiener (W) Products following
Extraction with 0.1 M HCI in 75% Ethyl Alcohol

protein-bound
Nr-methylhistidine

5-hydroxylysine

meat product mean+ SEM¢ CV mean+ SEM¢ CV
all-beef
hamburger (N = 6; R = 3)
Hya 18 0.533£0.027 1017 1.755%0.035  3.97
H—2 0.485+£0.013 3.75 1.625%0.010 0.87
H,,:-3 0.358 £0.008 3.00 1.085%0.057 7.49
wiener (-C) 0.366 £ 0.015 826 3.003+0.110 7.30
wiener (+C) 0.293 £0.003 3.10 1.743x0.010 1.16
mixed-meat (N = 4; R = 2)
Woer—2 0228 +£0.011 7.10 1.071+0.026 3.38
Woeri—3 0.177 £0.017 13.35 0.647£0.055 11.94
Wer—4 0.216 £0.007 439 1.576+0.042 3.80

@ Mean values and standard error of measurements (SEM): R,
replicates; N, determinations. ® Data taken from Karatzas and Zark-
adas (1988).

These results are in good agreement with those reported
by Karatzas and Zarkadas (1988) for similar meat products.

From the results presented in Tables IV-VI, it is
apparent that the Pro(4-OH) content of composite meats
varies considerably, possibly reflecting the connective
tissue protein contents of these meat blends. Until recently
Pro(4-OH) was thought to be confined almost exclusively
to the connective tissue fibrous proteins, i.e., collagen and
elastin (Eastoe, 1967; Bentley and Hanson, 1969), and has
been used as the basis for determining the connective tissue
protein content of meats primarily with the methods of
either Woessner (1961), Kivirikko (1963), Laurent et al.
(1978), or Berg (1982). Recent studies indicate that this
hydroxylated unique amino acid occurs in the extracel-
lular matrices of primary cell wall glycoproteins, i.e., ex-
tensins, arabinogalactan proteins and salt-extractable
glycoproteins, lectins, and agglutinins (Lamport, 1977;
Fincher et al., 1983; Stuart and Varner, 1980; Smith et al.,
1986; Cooper et al., 1987; Cassab and Varner, 1988). It
has also been shown that Pro(4-OH) makes up 45.5% of
the polypeptide backbone of some of these glycoproteins.
In addition, Pro(4-OH) was found to be present in oilseed
and cereal-derived nomeat protein additives as well as in
sensory enhancers, potato protein isolate, and alfalfa meal
proteins (Zarkadas et al., 1988b). Therefore, the use of
this unique amino acid as an index for determining col-
lagen and elastin in composite meats is limited. Although
in the present study Pro(4-OH) was used as the basis for
determining the total connective tissue contents of ex-
tended wieners, the results presented in Table VIIL indicate
that such calculations gave overestimated connective tissue
values for most of these products.

Unique Basic Amino Acid Content of Composite
Meats. The results obtained for the protein-bound His-
(r-Me) and Lys(5-OH) contents of the all-beef standard
and extended hamburger samples (Hgq-1, Hex-2, and Heye-
3) and mixed-meat wiener blends (Wey-2—4) after extrac-
tion are presented in Table VII and represent the average
values of sextuplet determinations. From these results it
is evident that each of these meat products has a typical
His(7-Me) and Lys(5-OH) profile, reflecting the amounts
of specific meat cuts and nonmuscle protein ingredients
used to formulate them. The data reported in Table VII
show high reproducibility and low coefficients of variation,
and within the precision of the chromatographic procedure
(100 %= 2.5%), recoveries were found to be quantitative
(Table I). Table VII lists the His(r-Me) and Lys(5-OH)
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Table VIII. Myofibrillar and Connective Tissue Protein Contents (Grams of Protein per Kilogram of Total Protein) of
Standard (std) and Extended (ext) Hamburger (H) and Wiener (W) Composite Meats and of Wieners with Condiments (+C)
and without (-C)

composite meat products® skeletal muscle

5088 mMajor
all-beef G‘;Yam ?éga
; ; ; reaser, X
hamburger wieners mixed-meat wieners % of total )
protein class H,y-1/ Hex2 Ho-8 -C +C Wen—2 Wex—3 Wer—4 muscle protein
Skeletal Muscle Proteins
i, intracellular (ia + ib)* 851.63 774.66 571.81 584.59 467.98 364.17 282.71 345.00
ia, myofibrillar® 523.12 475,719 £ 12.75 351.20 £ 7.85 359.05 % 14.71 287.43 £ 2.94 223.67 £10.79 173.64 + 16.68 211.90 £ 6.87 57.71
actin® 110.48 10040+ 269 74.114+166 75.76%0.11 60.65 £ 0.62 47.20 £ 2.28 36.64 = 3.52 44,711+ 1.45 12.69
myosin® 229.72 209.04+ 560 154.30 +3.45 157.75+6.47 126.28+1.29 9827 + 4.74 76.29 = 7.33 93.10 £ 3.01 24.82
actomyosin® 340.20 309.43 +829 228.40=x5.10 233.51+9.57 186.93+191 14546 +7.02 112,93+ 10.85 137.81 * 4.47 37.52
ib, other solubge 328.51 298,87+ 8.01 220.61 +£4.93 22554+9.24 180.55+1.85 140.50 £6.77 109.07 + 10.48 133.10 + 4.31
proteins
ii, extracellular matrixc 46.38 42.20#1.13 31.15£0.77 31.84£1.31 25.49+£0.26 20.10 +£0.87 15.40 £ 1.50 18.79 £ 0.61
iia, collagen® 32,52 29.54+0.79 21.80+£049 2230 0.90 17.84 £0.18 13.89 £0.61 10.78 = 1.04 13.15 + 0.43
total (i + ii) 898.01 816.86 602.96 616.43 493.47 384.27 298.11 363.79
Nonmuscle Additives and Ingredients
iii, connective tissue? 88.89 91.78+6.83 68.66 £ 5,94 202.60 £ 18.60 124.87+ 7.47 67.53 * 4.66 60.63 &+ 0.88 113.30 £ 7.15
(43.28 £ 6.75) (29.55 £6.34) (69.30 £ 8.11)
iv, total collagen and 110.13 102.86% 0.63 68.68+3.61 190.09+6.39 110.33+£2.85 63.30+1.65 40.96 + 3.48 99.76 £ 2.66
collagen-like
proteins®
v, added cc))llagen 77681 73.32 46.88 167.79 92.49 49.41 30.18 86.61
(iv - iia
Vi, Lfms G+ 1 + V) 975.62 890.18 649.84 784.22 585.96 433.68 328.29 450.40
vii, added nonmuscle 24.38 109.82 350.16 215.78 414.04 566.32 671.71 549.60
proteins
Essential Amino Acids
EAA ¢ % 38.2 37.3 36.9 35.3 38.2 38.3 36.5 36.4
EAA ;S % 48.9 48.2 449 45.4 479 48.4 46.5 46.4
Protein Efficiency Ratio (PER)
PER# predicted by
eq 8 (PER») 2.98 2.90 2.87 2.85 2.98 2.98 2.84 2.83
eq 9 (PER,p) 2.94 2.89 2.68 2.71 2.87 2.90 2.75 2.78
eq 10 (PERagen) 2.90 291 2.99 2.72 2.94 3.03 3.05 2,92

@ Mean values and standard error of measurements (SEM) for 18 determinations following extraction with a mixture of 75% ethyl alcohol
in 0.1 M HCL. ® Calculated using His(rMe) data from Table VII and eq 4 [amount of myosin and actin = 638Cr, where Cr is the amount of
His(r-Me); Zarkadas et al., 1988c]. The SDS-soluble muscle protein fraction in meat products could also be computed by using His(r-Me)
data from Table VII and eq 4a [amount of other muscle SDS-soluble proteins = 616.2Ct; Karatzas and Zarkadas, 1988]. ¢ Calculated by using
His(r-Me) data from Table VII and eq 5 [amount of extracellular matrix = 87Cr; Karatzas and Zarkadas, 1988]. ¢ Calculated by using Pro(4-
OH) data from Tables IV-VI and eq 6 [amount of connective tissue (Pct) = amount of Pro(4-OH) X 8.03; Nguyen and Zarkadas, 1989]. The
values in parentheses are those obtained from the extracted products (Table V). ¢ Calculated by using Lys(5-OH) data from Tables IV-VI
and eq 7 [amount of collagen (Pc) = amount of Lys(5-OH) X 63.3; Nguyen and Zarkadas, 1989]. / Data quoted from Karatzas and Zarkadas
(1988). # Calculated according to the method of Lee et al. (1978). EAA; include the amino acids isoleucine, leucine, lysine, methionine,
phenylalanine, threonine, and valine; EAA,q include the preceding seven amino acids plus tryptophan, histidine, and arginine. PER were also
calculated from eq 8 [PER = 0.08084(EAA;) - 0.1094], eq 9 [PER = 0.06320(EAA o) - 0.1539], and eq 10 [PER = -0.02290(collagen) = 3.1528].

contents of all-beef wiener emulsions with and without
condiments and a standard all-beef hamburger (Hy4-1)
analyzed previously (Karatzas and Zarkadas, 1988). Both
the all-beef hamburger and wiener emulsion with and
without condiments were found to contain considerably
higher concentrations of His(7-Me) and Lys(5-OH) com-
pared to the all-beef extended hamburger and mixed-meat
wiener blends. The extended products contained lower
myofibrillar and connective tissue proteins. These results
are inaccord with those reported by other authors (Range-
ley and Lawrie, 1977; Poulter and Lawrie, 1980; Olsman
and Slump, 1981), although some differences were noted.
These differences may have arisen because other methods
were employed for these determinations.

Essential Amino Acid Content of Meats. A com-
parison of the essential amino acid (EAA) profiles (mil-
ligrams of EAA per gram of dietary nitrogen) of the selected
composite meat products examined in this study, as
recommended by Block and Mitchell (1946), Oser (1951),
and FAO/WHO (1965, 1973), indicates that these com-
posite meat products contain significant amounts of all
EAA required for human nutrition. Mean values for total
EAA profiles of composite meat samples before and after
extraction ranged from 2553 to 2922 mg/g of N (Tables
IV-VI), compared to the total EAA of cow’s milk (3200
mg/g of N) or hen’s egg (3215 mg/g of N; FAO/WHO,

1965, 1973). Similar results were obtained from the EAA
indices and chemical scores.

From the data presented in Tables IV-VI, it may be
concluded that a potentially more complete assessment of
the protein quality of meats, poultry, and their products
might be obtained from a knowledge of their complete
amino acid composition. This concept of evaluating the
protein quality of meat from its amino acid composition
was first introduced by Block and Mitchell (1946) and
was improved by Alsmeyer et al. (1974) and Happich et
al. (1975). Asthesepredictive testsfail totakeintoaccount
differences in digestibility, the quality of the various
proteins present, and the availability of individual amino
acids, more reliable nutritional methods (Sarvar, 1984),
including rat bioassays, have been developed to assess their
nutritive value and protein quality. However, because
such assays are both expensive and time-consuming (Lee
et al., 1978; Pellett and Young, 1984; Young and Pellett,
1984), both the complete amino acid composition and the
collagen content of meats, poultry, and their products have
been used as a basis for assessing their potential nutritive
value. The contents of tryptophan, lysine, Pro(4-OH),
and His(7-Me) have also been used as indicators of protein
quality in meats.

Leeetal. (1978) identified total EAA in two ways, either
as 7 or as 10 amino acids, the 7 (EAA~) being isoleucine,
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leucine, lysine, methionine, phenylalanine, threonine, and
valine and the 10 (EAA o) being these 7 plus tryptophan,
histidine, and arginine. Mean valuesfor total EAA; ranged
from 35.3 to 38.3% and for EAA;, from 45.4 t0 48.9% in
the composite meat products evaluated (Table VIII). These
results are consistent with those listed in the paper by
Pellett and Young (1984) for similar meat products but
are considerably above the minimum value of 33 % required
for the seven (EAA,) by USDA regulations (FSIS, 1984).
Because this scoring procedure is limited to the essential
amino acids, Lee et al. (1978) developed equations (egs
8-10 listed in Table VIII) for predicting the protein
efficiency ratios (PER) of meats from amino acid data. In
using the prediction, eqs 8 (EAA,), 9 (EAAp), and 10
(PERcollagen) 8llshow that the calculated mean PER values
for composite meats, which for skeletal muscle protein
averages 3.2, also varied (2.7-2.9) with the amounts of
nonmuscle plant and animal proteins present.- These
values are also considerably above the minimum PER value
of 2.5 required for such products by USDA regulations
(FSIS, 1984); in fact, the higher PER values observed for
these products are indicative of the complementation of
the plant and animal proteins present. It should also be
noted that as the content of collagen increased (Table
VIII) three of the nonessential amino acids, glycine, pro-
line, and 4-hydroxyproline, increased while the levels of
lysine and other essential amino acids decreased (Tables
IV-VI).

Contents of Intracellular Muscle Proteins in
Meats. (i) Actin and Myosin Components. The data in
Table VII show that the quantitation of protein-bound
His(7-Me), known to occur exclusively in actin and myosin
(Elzinga et al., 1973; Maita et al., 1987), can be used as an
index for determining these two principal myofibrillar
proteins in composite meats, as described previously (Zark-
adas et al., 1988b,c; Karatzas and Zarkadas, 1988), and
the results are summarized in Table VIII. Data for a
typical skeletal muscle, psoas major (Yates and Greaser,
1983), and for a standard all-beef hamburger sample
(Karatzas and Zarkadas, 1988) are also included for
comparison. From the data presented in Table VIII, it is
apparent that the extended hamburger samples, Hey-2
and H,,-3, contained 10.0 and 7.4% actin and 20.9 and
15.4% myosin, respectively, of the total muscle proteins.
This corresponds to 47.6 and 35.1% myofibrillar proteins
for Hezi-2 and Heyi-3, respectively. Inthe case of standard
all-beef hamburger (Hg4-1), myosin accounted for an
estimated 22.9% of the total muscle protein, which cor-
responds to 43.9% of the myofibrillar proteins. Actin
accounted for an estimated 11.0% of the total muscle
proteins, which corresponds to 21.1% of the myofibrillar
proteins (52.3% of the total protein). Although hamburger
is usually prepared from tougher meat cuts, which are
higher in connective tissue proteins, the levels of the my-
ofibrillar proteins present were in close agreement with
those reported by Yates and Greaser (1983), who have
shown that skeletal muscle, i.e., psoas major, contains
57.71% myofibrillar protein of the total muscle mass and
that the myofibrils contain 22% actin and 43 % myosin by
weight. Therefore, the observed differences between the
myofibrillar protein contents of standard and extended
hamburger samples represent an accurate assessment of
the nonmuscle plant or animal protein additives present.

The data of Table VIII also show that the myofibrillar
proteins in mixed-meat wiener blends, which ranged from
17.36t022.37% compared to 28.7 and 35.9 % , respectively,
in all-beef wieners with condiments and without, indicate
a substantial amount of nonmuscle proteins present in
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these products. These results are in good agreement with
the myofibrillar content of 14.7-32.2% reported for other
mixed-meat products (Karatzas and Zarkadas, 1988).

(it) Other Soluble Muscle Protein Components. In
addition to myofibrillar proteins, skeletal muscles contain
a large quantity of other soluble intracellular muscle
proteins (McCollester, 1962; Laurent et al., 1981) which
onthe average represent 42.5% of the total muscle protein
among the bovine and porcine skeletal muscles investigated
(Zarkadas et al., 1988b,c), which is in accord with the
findings of Szent-Gyorgi et al. (1955). The latter, using
two different extraction procedures, found that the soluble
muscle protein fraction accounted for an estimated 41.6 %
of the total muscle proteins. The work of Hanson and
Huxley (1957), however, reported that the salt-soluble (ca.
0.15 M) sarcoplasmic protein fraction represented only
28.0% of the total muscle proteins. In the present study,
the quantity of intracellular SDS-soluble muscle protein
fraction, which could also be estimated from His(7-Me)
data and eq 4a given in Table VII (Zarkadas et al., 1988c;
Karatzas and Zarkadas, 1988), ranged from 10.9t0 32.9%
of the total protein found in the various meat products
investigated (Table VIII). These data indicate that the
sum of the myofibrillar and other intracellular soluble
muscle proteins in composite meats ranged from 28.27 to
77.47% on a total protein basis, compared to 85.16 % found
in the reference all-beef hamburger sample (Karatzas and
Zarkadas, 1988).

(tii) Determination of the Connective Tissue Proteins.
In the present study, an attempt was also made to relate
the amounts of protein-bound Lys(5-OH), which occurs
exclusively in collagen and collagen-like proteins (Porter
and Reid, 1978; Anglister et al., 1976), to the contents of
total connective tissue proteins in composite meats. In
this chemical approach the distribution of collagenous
fibers in composite meats could be calculated from the
amounts of Lys(5-OH) found in the acid hydrolysates of
these products. Since types I and III skeletal muscle col-
lagens accounted, respectively, for 61 and 35% of the
recovered collagen in the muscle connective tissue in
epimysium, perimysium, and endomysium, while type IV
collagen accounted for the remaining 5% (Light and
Champion, 1984; Light et al., 1985; Light, 1985), a mean
for the diastereoisomers of Lys(5-OH) content of n/; =
10.0 residues per 1000 total amino acid residues in muscle
collagen could be computed from the relative distribution
of collagen types; their respective Lys(5-OH) contents are
presented in Table IX, using eq 7 (Table VIII). The
average residue weight (WE) for collagen is 91.1, and each
of the diastereoisomers of Lys(5-OH) has an anhydrous
M, of 145.18.

Significant variations in collagen content were found in
the extended meats and all-beef wiener types of cured
sausages and among the standard and extended hamburger
samples evaluated. Theresults,summarized in Table VIII,
show that the amount of collagen in the extended
hamburger samples ranged from 6.9 to 10.2% and in the
wiener samples from 4.9 to 19.0% of the total protein.
High collagen values were found in wiener samples both
with condiments (11.0%) and without 19.0% ), compared
to the reference hamburger sample (11.0%). Thus, the
higher collagen content of these products (Table VIII),
compared to the average collagen value of 4.2% calculated
for skeletal muscles (Bendall, 1967; Dransfield, 1977), may
be attributed to the inclusion of tougher meat cuts, which
are high in connective tissue proteins. These results
correspond closely to those reported by Terrell (1982) for
beef plate and cow meat but are much higher than the
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Table IX. Average Values for 5-Hydroxylysine and 4-Hydroxyproline Computed from the Known Distribution of Types I,

III, and IV Collagens in Skeletal Muscle®

av no. of residues/

; 11 type distrib av no. of residues contrib by
collagen 1000 total residues® c aagse% c})’IP fot;i T collagen type/1000 residues
type standard chain assoc Pro(4-OH) Lys(5-OH) muscle collagen® Pro(4-OH) Lys(5-OH)
I [a1(T)]202(I) 98 10 61.5 60.3 6.2
III [aldID]s 118 5 33.5 39.5 1.7
v [a1(IV)]2a2(IV) 120 42 5.0 6.0 2.1
Than, 105.8 10.0

¢ Average values computed from the data of Miller and Gay (1982), Laurent et al. (1981), and Light (1985). ® Data taken from Light and
Champion (1984) and Light et al. (1985). The average mean residue weight for muscle collagen and connective tigsue was calculated according
to the method of Horstmann (1979), as described previously (see also Table V; Zarkadas et al., 1988¢).

[(0.615 x 91.14) + (0.335 x 90.90) + (0.05 X 95.94)]

3
Z WE muscle collagen =
=

= 91.30 g/mol
100 8

[(0.0466 X 85.06) + (0.9534 X 91.10)]

3
E WE muscle connective tissue=
=

calculated average collagen value of 4.2% (which ranged
from 1.2t015.1%) reported for 34 different bovine skeletal
muscles (Bendall, 1967; Dransfield, 1977; Light et al., 1985).

For purposes of comparison of the productsin thisstudy,
the average value of 4.2% collagen has been used to
calculate the added collagen in the products. This figure
was used until an accepted upper limit for collagen in
meats, poultry, and their products has been agreed upon.
Mean values for total collagen ranged from 4.1 to 19.0%
in the meat products evaluated. If the amount of collagen
normally associated with skeletal muscle tissues is sub-
tracted from the total collagen found in composite meats,
the difference is an accurate assessment of the nonmuscle
collagen being added to these products. For example, all-
beef wieners with and without condiments contained
19.0% total collagen, as estimated from the amount of
Lys(5-OH) found (Table VII) in its acid hydrolysate, of
which 16.7% was added as nonmuscle collagen to this
product. Values for collagen being added to all-beef mixed
hamburger and wieners with and without condiments were
high and ranged from 46.9 to 167.8 g/kg of total protein.
The mixed-meat wiener samples contained the lowest
levels of collagen of all of the products analyzed (Table
VIID).

(iv) Contents of Nonmuscle Proteins. The data pre-
sented in Table VIII show that when the sum of the in-
tracellular and extracellular muscle protein content is
subtracted from the total protein of a given meat product,
the difference represents an accurate assessment of the
nonmuscle protein additives and ingredients present. All-
beef extended hamburger samples, Hexi-2 and Heg-3,
contained 11.0 and 35.0% nonmuscle protein additives of
the total proteins, respectively, compared to only 2.4%
found in the reference hamburger sample (Hgq4-1). Sim-
ilarly, the nonmuscle proteins in mixed-meat wiener blends
ranged from 54.9 to 67.2% compared to 21.6 and 41.4%
found in all-beef wieners with and without condiments,
respectively. Sample W.,:-4 was also found to contain
8.7% additional connective tissue collagen, as estimated
from the amount of Lys(5-OH) compared to sample Wex¢-
2 or Wei-3. The largest amount of added collagen was
found in the all-beef wiener samples W(+C) and W(-C),
which represented 9.3 and 16.8% collagen, respectively.

From the foregoing results, it may be concluded that
the direct method of analysis described in this paper for
determining the content of myosin, actin, collagen, and
total connective tissue proteins in muscle tissues and
composite meats from the amounts of His(7-Me) and Lys-

= 90.8 g/mol
100

(5-OH) found, respectively, should be especially valuable
for assessing the overall protein quality of these products.
The data presented in this paper show that the commer-
cially prepared composite meats selected for this survey
varied in their myofibrillar (17.4-52.3 % ), connective tissue
(4.1-19%), and nonmuscle protein contents (2.4-67.2%).
Each of these composite meat blends has a characteristic
amino acid profile, reflecting the amounts of meat cuts
and nonmeat plant or animal additives used to formulate
them.
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