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In a previous paper (1) data were presented on the leucme valme is0-
leucine, phenylalanine, threonine, histidine, arginine, lysine, methionine,
and tryptophan content of fresh and cooked ‘pork and lamb cuts. With
further development of microbjological methods of analysis, this study has
been extended to include data on glutamic acid, aspartic acid, tyrosine,
proline, glycine, serine, and cystine. In most cases, these methods have
been evaluated by the use of more than one test organism, and, in the case
of cystine, the microbiological data were compared with results obtained
by chemical methods. Semiquantitative data-on alanine have also been
obtained: and the amount of the total mitrogen accounted for by these
amino acids has been calculated The results are reported in this paper.

EXPERIMENTAL

The mlcrcblolcglcal procedures uscd “detailed descrlption of the samples
for analysis, and sample preparation were described previously (1). - All
mierobiological tests were conducted with a fotal volume of 2 ml. per tube.
Glutamic acid was determined with Lactobaczllus ambmosus 17-5 and Leu-
conostoc mesenteroides P-60 as test crgamsms ‘aspartic. acad with. L. mesen-
teroides, tyrosine with L. a,mbmosus L. mesenterm,des and. Leuconostoc
eitrovorum 8081, proline with L. mescntcrozdes and Lactobaczllu-s brevis 8257,
(2), glyeine w1th L. mesenteroides and L. eitrovorum, serine with L. mesen-
teroides, cystine with L. mesentcrmdes and alanine with L. citrovorum (3)
and Lactobacillus leichmannii 327 (4). 50 v of glutamine were added per
tube for the glutamic acid assays (5). Serine was determined in the pres-
ence and absence of vitamin Be-active compounds in the medium. In
agreement with others (6), we found that the blank titrations were higher
in the presence of vitamin B;; however, the assay vilues were comparable
when vitamin B was either present or abgent from the medmm

.. * Journal Pa,per No. 30, American Meat Institute Foundation. We ate indebted
to Dr. M. 8, Dunn for: prowdmg the stock: cultures of Lcctobaczllus brevis used in
this study .
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698 AMINO ACID COMPOSITION OF MEAT

Cystine (plus cysteine) was also determined by two chemical methods,
the modified Sullivan method (7) and by the phosphotungstic acid method
(8). In addition, values were obtained for total sulfur (9) minus methio-
nine sulfur, which was caleulated from previous values (1), and these
values were compared with the sulfur aceounted for by the cystine esti-
mations. - ) . ‘

All analyses were conducted on the partially dried and defatted samples
and from analyses for erude protein (N X 6.25) in these semiples and for
the same samples before drying and defatting; the percentage of each
amino acid in the fresh meat and in the protein was calculated.

TasLe 1

LQAspa'riic Acid Activity of t-Asparagine and DL-Aspartic Acid for
! : L. mesenteroides P-60 :

pr-Aspartic acid Activity of p isomer* .L-.Aspat"agine Activity*
v per tube per cont . ~ per tube per cent
10 : . 60 : 10 ) 5
2 e 65 20 6
30 66 30 7
40 : : 62 ' 0 - 12
50 : 66 - : 60 14
.60 Y 80 - .18
' 100 16

* These calculations ave based on 100 per cent activity for r-aspartic acid.

RESULTS AND DISCUSSION

The L. isomer was used as the standard for glutamic acid, aspartic acid,
tyrosine, proline, cystine, and alanine assays. p-Alanine possessed ala-
nine activity approximately equal to that of the v isomer for L. citrovorum
(3) and similar results were obtained for L. leichmanndi. While p-aspartic
acid (tested as pr-aspartic acid) wag approximately 60 per cent as active
as L-aspartic acid for L. mesenteroides, r-asparagine was relatively inactive
over & 10fold range in concentration (Table I). A recent paper by
Camien and Dunn (10) indicated similar findings for the aspartic acid
activity of these compounds for L. mesenieroides, and the low activity of
L-asparagine was also observed by Hae and Srell (11). A reliable L-serine
standard was not available, and the results have been caleulated on the
basis of 50 per cent activity of the oL mixture (6).

The assay results for glutamic acid, aspartic acid, tyrosine, proline, and
glycine were in good agreement ag obtained in repested assays and with
the use of more than one test organism. Representative data for glutamic
acid assays obtained with L. erabinosus and L. mesenteroides, for tyrosine
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with L. mesenteroides and L. citrovorum, for proline (L. brevis and L. mesen-
teroides}), and for glycine (L. citrovorum and L. mesenteroides) are presented
in TableTI. As can be seen from Table IT, good agreement was observed
in the assay values for purified protein samples as well as for pork and
lamb cuts. .

Since the reports that L, citrovorum (3) and L. leichmannii {4) require -

TaBre I1
Comparison of Values for Amino Acids Oblairied with Use of Different Test
Organisms
All values are expressed as the percentage of the partially dried and defatted
samples.

Giutamic acid Tyrosine
Semle T, aat [ £ g S it |2 e
HOSHS teroides . voeram teraides
Cagein* 20.0 | 10.3 | Casein. 522 | 5.30
Bovine plasma albu- | 14.9 14.0 | Bovine plasma albu- | 4.85 5.02
min* . _ min
Lamb rib chop 11.6 11.5 | Lamb breast 2.46 2.40
“  breast 13.2 12.4 “  loin : 3.08 3.14
Pork spareribs 11.2 I1.8 ] “ - “ chop 2.71 2.54
“ lein 13.5 13.2 { Pork spareribs 2.87 3.16
Proline - ] .' R Glycine
| | Lbreis | Bmsmel L i | e
Cagein® 10.66. | 10.31 | Casein ' _ 1.76 1.67
Bovine plasma. albu- 4.80 - 5.02 |'Bovine plasma albu- | 1.98 2.14
min* : min
Lamb loin ) 3.95 4,08 | Lamb breast 6.01 5.06
« “ ghop - 3.95 | 4.11 X shoulder 5.18 4,96
Pork loin - : 4.38 4.50 | Pork loin 5.67 5.64
“  gteak 4.00 3.77 | “ spareribs 5.14 5.64

* Ca.sem 15.1 per cent N; bovme plasma. albumin, 15.7 per cent N.

alanine, extensive studies have been conducted to develop reliable ASSAY
methaods for alanine. Considerable variation in the sensitivity of the re-
sponse to graded levels of alanine has been encountered. Thus far no
procedure has been ecompletely satisfactory. The data which have been
obtained and considered reasonably reliable (on the basis of reproduci-
bility, agreement in values af different test levels of the sample, recoveries,
ete.) show that comparable values were obtained with hoth test organisms.
The alanine content of casein (15.1 per cent N) and of bovine plasma albu-
min (15.7 per cent N} was found to be 8.6 and 6.0 per cent, respectively,
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. while the slanine content of the crude protem of pork and lamb cuts was
found to be 6.3 per cent. - -
‘Although cystine determinations were qmte satlsfactory on the bams of

the usual eriteria of evaluating microbiological amino acid- assays (12-14),

the known and variable inactivation of cystine and cysteine during heat

sterilization of the medium (4, 15, 16) indicated that additional tests with -

Tapre I
Amsno Aeid Content of Fresh and Cooked Pork*
. Glu-

Sample - . | Protein tisgl-l;c tfg‘g;l Tg’i;:' Prolipe |Glyciné | Serine ‘tlg‘;f

Fresh samples
Rib €hOP - - veeeerenennnnns 11631 | 13.3 | 8.84 | 3.29 | 4,43 | 5.68 | 3.68 | 1.2
L0 % oo 16.53 | 14.5 | 8,92 | 3.49 [ 4.91 | 6.15 [ 4.09 | 1.5’
Steak....... e 1262 | 13.7 | 8.70 | 3.61 | 4.37 | 6.46 | 3.04 | 1.2’
Lot o eennnnnn O ... 16,36 14.8 | 8.50 | 3.42 | 5.04 | 6.51 | 4.03 | 1.3
SPATeribE. .« oeiit e 14.90 | 14.5 | .26 | 3.47 | 5.05 | 6.27 | 4.09 | 1.8
ShOULAeT - -+ eevevaerinrnenn 14.84| 14.7 | 8.34 | 3.53 | 4.25 | 5.07 | 3.73 | 1.3
Average.............. | | 143|876 |3:47 {4.56 | 6.17 | 3.93 1.3

" Cooked samples
Rib €hop. e ceeceeeeananns 21.00 | 15.2 | 8.77 | 3.6 | 4.75 | 5.85 | 4.07 | 1.4
Lot - vt 23.19 | 14.4 | 9.04 | 3.32 | 4.65 | 6.25 | 4.23 | 1.4
SHEAk . . e 17.08 | 15.4 | 9.05 |-3.55 | 4.63 | 6.06 | 4.44 [ 1.4
LOI0 T088b -« oo aveeinenn 19.68 | 15.5 | 9.05 | 3.62 | 4.60' | 5.57 | 3.52 [ 1.3
Spareribs. . . ..o 23.22. | 13.7 | 9.45 | 3.52 | 4.85 | 6.35 | 3.76 | 1.0
Shoulder. ..o.\.. ... S 92.96 | 14.4 [ 9.11 | 3.55 | 4.33 | 6.08 | . 1.4
Average i . 11481008 354|464 6.8 |4.00]1.3

* The. va.lues for the protem content are expressed as the percentage in the moist
mesat and thosefor -the. amino aecids as.the percentage in the crude protein (N
X 6 25). .

chexmcal methods Would be of value. Extensive tests with the phospho-
tungstic acid method were conducted. The blank conectmns were quite
high and the recoveries of added cystine were somewhat low when this
method was used for the meat samples. The method appeared to be more
satisfactory for purified proteins (egg, albumin, fibrin, and lactalbumin),

~ The Sullivan method (7) was then investigated. The values with this
method were more consistent, blank corrections were lower,. and recoveries
of added cystine-and cysteine ranged from 79 to 113 per cent. The values
ohiained were somewhat higher than those obtained mmroblologlcally
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The percentage of cystine in the protein of the meat samples determined
by the Sullivan method ranged from 1.0-t0.1.6 per cent, by the microbio-
logical method 0.7 to 1.1 per cent, and by the phosphotungstlc acid method
(.6 to L.1.per cent.:

Evaluation of these results on the basm of the total su]fur minug methm-
nine sulfur indicated for mdlwduai sa.mples thaﬁh the maximum values for

) : TA'BLE 1w
_ o . Amino Aczd Content of Fresh. cmd Cookeci Lamb
Values expressgd ag in Table III.

. Glu- N B .
. - Aspar- | Tyro- s - s 8-
Sample — Protgm t:géc' tic acid| sine Proline {Glycine _Serme. (t:gze i

Fresh samples'_'.- _ .

Rib ehop....c.ooevenno.i...| 14,45 | 18.5 | 7.41°| 2.86 | 5.25 |'6.98 | 3.66 | 1.2
Loin % oot 14,47 | 15.3 1 8.32 | 3.03 | 4.82 ; 6.99 | 3.71 | 1.6
Shoutder. . ...vevvrrrerenen.. 18.33 | 15.1 18.73 | 3.20 | 4.55 | 6.59 | 3.80 | 1.3
Leg........ e i ...1 15.23 | 13.5 | 7.78 | 3.28 [ 4.33 | 7.12 | 3.67 | 1.2
Breasb....ooeveuneoonsis ....112.83 | 14.0 | 8.14 [-3.19 | 5.12 | 7.15 | 3.68 | 1.5
Loin.......... [TV 18.58 | 13.3 | 8,45 | 3.35 | 4.64 | 6.47 | 3.90 | 1.2
Avérage... il : 14.1 1814 | 3.16 | 4.79 | 7.05 | .75 | 1.3

- Cooked gamples -

Rib CHOD. v erevreeinns. 17201 14.6 | 8.52 4.78 16.50 | 4.32

-3.28 : 1.3
Loin % tivrninriiaeeaeann. 19.06 | 14.2 | 8.6¢ | 3.44 | 4927 6.10 [ 3.84 | 1.6
Shoulder. . ...vooeioieaonn.. 122,54 | 15.2°| 8057 '3.36 | 4.76 | 5.98 | 3.98 | 1.3
L 19.84 | 14.6 | 9.06 | 3.42 | 4.837] 5.80 | 4.00 | 1.2
Breast. ... ooccnnn- e 20.22 1 15.7 | 9.03 1 2.90 | 4.94 ] 6.57 | 4.06 ; 1.5
Loin. 1Ot .t eeans .1 93.85 | 15.0 | 8,41} 3.24 | 4.63 | 7.62 | 4.34 | 1.3
AVOTAE. ..ot : 15.0' | 8.77 1 3.27 | 4.81 | 6.43 | 4.10 | 1.4

cystine in the protein could range from 1.5 to 2.5 per-cent cystine, assum-
ing that all of the sulfur was present as cystine plus methionine. These
data, therefore, did not provide additional information to evaluate the
validity of any of the three methods used. The values presented for cys-
tine, therefore, are regarded as tentative.

The percentage of crude protein in the undried mea,t and the percentage
of each amino acid in the crude protein of fresh and cooked pork are pre-
sented in Table III and of fresh and cooked lamb in Table IV. As was
observed for the amino acids studied previously, the amino acid composi-
tion of the proteins of different cuts of pork or of lamb are similar, and the
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amino acids are not destroyed during cooking. The data for cystine (Sul-
livan method) presented and those obtained by the phosphotungstic acid,
micerobiological method, or by the total sulfur minus methionine sulfur
calculations indicate that no appreciable losses of cystine oceurred dur-
ing ecooking.

The percentage of the total nitrogen accounted for by the nitrogen con-
tributed by the quantities of the eighteen aminc acids determined in the
pork and lamb samples has been calculated. The composite data for the
twelve pork samples averaged 84.9 per cent and for the twelve Iamb sam-
ples 85.1 per cent of the total nitrogen acecounted for by the eighteen amino
acids determined. Other nitrogen-containing compounds {(creatine, cre-
atinine, purines, amide N, hydroxyproline, etc.) were not determined.
These figures approximate those obtained for the amount of total nitrogen
in rat liver contributed by eighteen amino a.clds (86 and 91 per cent) deter-
mmed by similar methods (17).

SUMMARY

The amounts of glutamic acid, aspartic acid, tyrosine, proline, serine,
glycine, and cystine in fresh and cooked pork and lamb cuts were deter-
mined. Semiquantitative data for alanine are presented. All amino acids
were determined by microbiological methods. In addltmn, cystine was -
determined chemically.

The L-aspartic acid activity of p-aspartic acid (added as pi-aspartie
acid) averaged 60 per cent, while the activity of L-asparagine was less than
20 per cent for L. mesenteroides P-60.

Good agreement in the assay values was obtained by the use of more
than one test organism.

The amounts of gluta,mm acid, aspartic acid, tyrosine, proline, glycine,
serine, cystine, and alanine in the erude protein of different pork and lamb
cuts were similar. These amino acids were also found to be stable to
cooking. )

Approximately 85 .per cent of the total nitrogen was accounted for by
the nitrogen from the eighteen amino acids determined in these samples.
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