
Lvould be similar in digestibilit!., regard- 
less of the season of the )-ear in which i t  
\vas produced. 

There has been considerable research 
to prove that the digestibility of \\estern 
range grasses decreases \\-ith advance in 
season. Patton and Giesker ( J )  re- 
ported a n  increase of lignin in Rlontana 
grasses from 5% in May to 18Yc in 
September. They sampled the entire 
season‘s growth, hovever. making the 
grass cut in September 4 months older 
than that cut in 51ay. Striking changes 
in ph>-siological development of the 
plants also occurred during their test 
period. Grass cut in hZay, for example. 
\vas described as “sno\v disappearance to 
flo\\-er stalks first in evidence!” Lvhereas 
that cut in September had “seedheads 
shattered.’ Thus, it is believed that 
seasonal differences in digestibility and 
lignin content prebiously observed have 
been largely the result of differences 
in age and stage 0.: development on the 
grass rather than a result of seasonal 
changes in temiierature and rainfall. 

The  data in Table: I1 show a n  interest- 
ing and highly significant interaction 
bet\veen clipping h q u e n c y  and nitrogen 
level as they affect the lignin content of 
Coastal Bermuda grass. \\’hen the grass 
\vas clipped a t  ’-\trek intervals, increas- 
ing ratcs of nitrogen decreased the lignin 
content of the forage harvested: but a t  
6- and 8-1veek intervals. lignin tended to 
increasc \vith incrrasing increments of 
nitrogen. \Vhen fertilized with I00 
pounds or less of nitrogen per acre, 8- 
Lveek-old grass contained no more lignin 
than 2- and 3-\vt:ek-old grass. \\’hen 
fertilized a t  the heavier rates. the lignin 
con~en t  of the grass increased noticeably 
tvit l i  its age. 

A partial explanation for these results 
may be found in the effect of these treat- 
ments upon the leafiness of the forage 
harvested (5). ,4s Coastal Bermuda 
stems contain more lignin than the leaves 
(12.88 LT. 10.88% in 8-week-old grass), 
any treatment that \ \ o d d  increase the 
stem percentage might also be expected 
to increase the lignin content. \Vhen 
the grass \vas clipped at  2-iveek intervals, 
leaf percentages did not change- 
ranging from 84.1 to 83.47, Lvith nitrogen 
increases from 0 to 900 pounds per acre. 
Leaf percentages decreased from 64.8 to 
49.1 with increased rates of nitrogen 
\\-hen the grass \vas cut a t  8-week inter- 
vals. \\’ith no nitrogen, leaf percentages 
dropped from 84.1 to 64.8y0 \\.ith in- 
creasing age: \<hereas they dropped from 
85.4 to 49.1yG with age \\.hen fertilized 
lvith 900 pounds of nitrogen per acre. 
As changes in leaf percentage did not 
alu.ays result in lignin changes, other fac- 
tors, as yet unkno\vn? influenced the 
lignin development in this study. 

The  data presented in Table 111 sho\v 
that the digestibility of the Coastal 
Bermuda cut in 1954 generally decreases 
as the length of the clipping period or age 
of the grass increased. The  big drop in 
digestibility occurred. ho\vever. between 
the 6- and 8-\veek-old hay, suggesting 
that no more than 6 Tveeks should elapse 
bet\\.een cuttings where high quality hay 
is sought. T h e  close negative correlation 
beriveen the crude-fiber content of the 
hay- (Table IV) and its total digestible 
nutrients (TDK) content is interesting. 
Although lignin analyses of the forage 
collected in 1954 \vere not made, they 
Lvould probably have been similar to 
those obtained in 1953. As the forage 
fed the Iambs in this digestion trial re- 
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Cystine, Tyrosine, and Essential Amino 
Acid Content of Selected Foods of 
Plant and Animal Origin 

\ RECEST Y E - ~ R S .  emphasis has been I placed on the evaluation of protein 
qualit).. rather than the total quantity of 
protein in foods. This is indeed a 
timely approach. as utilization of the 
amino acids. tvhich are constituents of 
protein. is dependent on all of the es- 
sential amino acids being present si- 
multaneously and in proper proportions. 
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hlore information on the amino acid 
composition of foods commonly con- 
sumed is necessar). to evaluate these 
foods as sources of protein in the diet. 
This approach is also of value in prac- 
tical nutrition education programs, \\-here 
it may be possible to recommend foods. 
individually, which may be lo\v in spe- 
cific amino acids. but which supplement 
each other Ivhen eaten a t  the same time. 
Thus. knolving the amino acid compo- 
sition of ordinary foods in the diet. the 
nutritionist may be able to raise the ].eve1 
of health and well being through assist- 
ing the population in specific areas to 
achieve a good state of protein nutri- 

v 0 L. 

ceived 600 pounds of nitrogen per acre in 
1954, the lignin analyses in Table I1 for 
forage receiving 600 pounds of nitrogen 
per acre should be applicable. These 
data show a linear increase in lignin 
content from 9.4570 for 2-~eek-o ld  grass 
to 12.05% for 8-week-old grass. IVith 
the exception of the 8-\\eek-old grass, 
the Coastal Bermuda forage exceeded 
the annual lespedeza check in digesti- 
bility. .L\ full ration (rather than the 
maintenance ration fed) might have de- 
creased the digestion coefficients slightly, 
but it should not have altered the rela- 
tive performance of the ha \s  studied. 
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tion without altering the basic dietary 
pa iter n. 

This work represents the second in a 
series of determinations of the moisture, 
ash. total nitrogen. and amino acid 
contents of selected foods. including 
grain. meat. milk, and vegetable products. 
Foods reported in the first investigation 
(3)  \\’ere commonl) consumed in the 
southeastern section of the United 
States. Those reported herein are gen- 
erally consumed throughout the coun- 
try. Determinations of 10 essential and 
t\vo other important amino acids. cys- 
tine and tyrosine. are reported for 20 
foods. 
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Twenty foods commonly consumed in the United States have been analyzed for 12 amino 
acids, total nitrogen, moisture, and ash. Using whole egg as a standard to evaluate the 
foods, on the basis of 100 grams, corn-soya, cottage cheese, and liverwurst were rated as 
excellent suppliers of the essential amino acids, with few exceptions. However, when 
menus cannot be based on protein of excellent quality, diets should be planned to include, 
simultaneously, two or more foods rated as good or fair sources of the amino acids. 

Experimental Procedures 

All of the foods (brand names are 
available upon request) analyzed in this 
project were purchased on the local 
market, with exception of light and dark 
rye flour. The quantities of grain. 
meat and milk products, and vegetables 
purchased were approximately 100 times 
those used for preparation of hydroly- 
zates. The  total quantity of each food 
was carefully mixed before subsamples 
were taken for assay. 

The buck\vheat flour was made of 
pure buckFvheat. gro\vn in Minnesota. 
harvested in 1953, and milled by the 
regular roller milling process. The  
cornflakes were made of flaked. milled 
corn. Degermed white corn meal \vas 
used as a source of corn meal. The  
corn-soya \vas ribbon-milled. Plain 
macaroni \vas made from No. 1 Semi- 
nola. The noodles were made from 
Durum fancy patent flour. containing 
5,576 egg solids. Long-grain converted 
rice served as a source of converted rice. 
Both light and dark rye flour \cere pure, 
and were provided by the B. A .  Eckhart 
Milling Co.. Chicago. Ill. The  wheat 
flakes and shredded irheat were made of 
\\.hole wheat. 

Bologna, frankfurters, and IiverLvurst 
were prepared from all meat products. 
The  buttermilk )vas pasteurized and 
cultured. Cottage cheese \vas also pas- 
teurized and creamed. The  cream 
cheese !vas pasteurized Lvith vegetable 
gum added. 

The lima beans \vere fresh, and were 
analyzed 1 day after picking. The  pork 
and beans and baked beans were canned 
and baked in tomato sauce. 

Determination of Moisture. Mois- 
ture assays on fresh foods were conducted 
bvithin 2 to 3 hours after the foods were 
purchased. Three to five iveighed fresh 
samplrs of each food were heated to 
constant weight in glass weighing bottles 
in a vacuum oven a t  50' to 60' C .  
Xloisture was calculated as per cent of 
the frrsh weight of the sample. 

Because they could be obtained only at  
specific times in the year. small weighed 
quantities of fresh lima beans were frozen 
and stored at  -10' C. for future assays 
of amino acids. 

Three to five 
frrsh or dried samples of the foods were 
ashed to constanr weight in a muffle 
furnace in platinum or porcelain cruci- 

Determination of Ash. 

bles. .\sh \vas calculated as per cent of 
the original fresh iveight of the sample. 

Determination of Total Nitrogen. 
Sitrogen analyses on all foods were 
conducted by a modified Kjeldahl- 
Gunning procedure. Three to eight 
fresh samples of all foods \\.ere digested 
for 2 hours with 25 ml. of concentrated 
sulfuric acid and 15 grams of a potassium 
sulfate-mercuric oxide catalyst. After 
cooling and addition of 200 ml. of tap 
water. an  excess of concentrated sodium 
hydroxide-sodium sulfide solution and a 
feiv grains of zinc were added. The  
samples Lvere distilled into a 4.5% boric 
acid solution and titrated n i th  standard 
0.l.V h\-drochloric acid. using a methyl- 
ene blue-methyl red indicator. 

Sitrogen \vas calculated as per cent 
of the fresh sample. Values for total 
nitrogen. moisture. and ash represent 
the average of five to eight assays which 
\vere in excellent agreement. 

Preparation of Acid Hydrolyzates. 
Samples of all foods: containing 1 gram of 
protein, \cere refluxed for 24 hours after 
the addition to each of 3.5 ml. of 2070 
hydrochloric acid. After cooling. the 
p H  of the samples was adjusted to 
4.0. They were made to a volume of 
100 ml. and filtered through a fritted- 
glass funnel of medium porosity. 

For the assay of cystine. the foods were 
hydrolyzed with acid for only 2 hours. as 
recommended by Horn ( 6 ) .  In other 
respects. the procedure for acid hydroly- 
sis was the same as listed previously. 

Fat was extracted from bologna. but- 
termilk. cottage and cream cheese. frank- 
furters. liverivurst. and pork and beans 
Ivith ethyl ether. 

.4t the time of assay, aliquots of the 
hydrolyzed food solutions \Fer? adjusted 
to pH 6.8 and diluted to convenient 
concentrations. Assays of arginine. cys- 
tine. histidine. lysine. methionine, phen- 
ylalanine, threonine, tryptophan. and 
tyrosine were conducted immediately 
after preparation of hydrol>-zates. 
Those for other amino acids were con- 
ducted Ivithin 7 to 10 days. 

In  foods where the ratio of carbohy- 
drate to protein exceeds 1 to 1. higher 
values are often obtained when alkaline 
hydrolyzates are used for tryosine as- 
sa)-. For this reason. preliminary tyro- 
sine assays were conducted on both 
acid and alkaline hydrolyzates of all 
foods. Hoirever, the values obtained 
were consistently higher after acid hy- 

drolysis. Therefore. acid hydrolyzates 
\rere used for all subsequent tyrosine 
assays. and for determinations of all 
amino acids except tryptophan. 

Preparation of Alkaline Hydroly- 
zates. Alkaline h!-drolyzates were used 
in tryptophan assays. For each sample. 
100 mg. of L-cysteine hydrochloride was 
added to 16 mi. of 4.\-sodium hydroxide. 
and the solution was autoclaved at  15- 
pound pressure for 1 hour, according to 
the method of Lyman and Kuiken (8). 
\Vhile the solution \cas hot. another 10C- 
mg. portion of cysteine \vas added along 
Lrith the sample to be hydrolyzed. Au- 
toclaving was then continued for 16 
hours. 

.4fter the samples had cooled. the p H  
\vas adjusted to 4.0. They were made 
to a volume of 100 ml. and filtered 
through a fritted-glass funnel of medium 
porosity. 

Microbiological Assay. Barton- 
\\:right's modification of the basal 
medium of Schiveigert (70) \vas used for 
the assay of leucine. isoleucine. and 
valine. employing Lactobacillus arabinosus 
17-5. The basal medium of Greenhut 
(I) was used for the assay ofarginine. with 
Streptococcus ,fuecalis serving as the assay 
organism. Histidine. lysine. phenylala- 
nine. methionine, and tyrosine as- 
says Lvere conducted by the methods of 
Barton-\Yright ( 7 .  2) with Leuconostoc 
tnesenteroides P-60. Barton-\l-right's 
basal medium ( 2 )  \vas used for the assay of 
tryptophan, employing L.  arabinosus 17-5. 
'The basal medium of Stokes ( 7 7 )  \vas 
used for the determination of threonine 
\vith Streptococcus faecal is  serving as the 
assay organism. Cystine \vas deter- 
mined by the method of Horn (6). em- 
ploying L.  rnesenteroides P-60. 

U. S. Pharmacopeia standards were 
used as reference amino acids in assays 
of isoleucine. leucine. lysine: methionine. 
phenylalanine. threonine. tryptophan? 
and valine. The samples of arginine, 
cystine. histidine. and tyrosine for stand- 
ard curves were secured from Sutr i -  
tional Biochemicals. Inc. L forms were 
used in all assays. 

Three tubes lvere assayed on each of 
15 levels of the standard. whereas two 
tubes were assayed on each of five levels 
of the food hydrolyzates. 

The  tubes liere capped with aluminum 
thimbles. placed in labeled \\.ire racks? 
and sterilized a t  10-pound pressure for 
10 minutes. After they had cooled, 
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one drop of  inoculum was aseptically 
added to each. 

Inoculated tube!; were incubated a t  
30" C. for 72 hour!;. after which growth 
\vas inhibited b!. refrigeration. The  
tubes tvere alloived to come to room tem- 
perature and titrated to p H  7.0 using a 
Beckman p H  meter. 

Three freshly hydrolyzed samples of 
bologna. frankfuriers, and liverwurst. 
purchased a t  different times. were as- 
sayed for the 12 amino acids. This 
\vas also true of habred beans. buttermilk, 
cottage and cream cheese. and pork and 
beans. 

Four to five hydrolyzed fresh samples 
of bucklvheat. cornflakes. cornmeal, 
corn-soya. lima beans. macaroni. noo- 
dles. rice. shredded wheat, and wheat 
flakes from the saine original lots were 
assayed. Lvhereas t i ree hydrolyzed fresh 
samples of light and dark rye flour were 
used. 

Discussion 

Assays of total n.!trogen, moisture, and 
ash in 20 selected foods are given in 
Table I .  

The  amino acid:; studied included the 
eight bvhich are a t  present considered to 
be essential for the human adult-iso- 
leucine. leucine. lysine. methionine, 
phenylalanine. threonine, tryptophan. 
and valine. Foods were also analyzed 
for cystine and tymsine \vhich have par- 
tial replacement ,value for methionine 
and  phenylalanine. respectively. and 
arginine and histidine, which may be 
essential in infancy and childhood. 
These data are given in Table I1 as 
grams of amino acid per 100 grams of 
crude protein (calculated to 16% ni- 
trogen). and as grams of amino acid per 
100 grams of food in Table 111. 

Comparison of Amino Acid Content 
of Foods on the Elasis of 100 Grams of 
Protein. Determinations of the amino 
acid content of macaroni. noodles. 
shredded Lvheat. and wheat flakes are in 
close agreement with comparable values 
for whole wheat published by Horn and 
coworkers (7). The  values for degermed 
cornmeal are alsc, similar to those re- 
ported by these workers for whole corn. 
except in phenylalanine and tyrosine con- 
tents. In contrast. the amino acids in 
converted rice are all lower than figures 
reported by Horn and  associates, sug- 
gesting that the amino acid content of 
converted rice is loiver than that of reg- 
ular \vhite rice. 

Concentrations of histidine, cystine. 
isoleucine. leucine. lysine. methionine. 
threonine. tryptophan. and valine in 
cream and cottagr: cheese are similar to 
each other and comparable to literature 
values for casein ;7).  The amino acid 
content of cottage cheese \vas similar to 
that of skim milk powder. except in the 
case of arginine. 

A somewhat higher value for the valine 
content of lima beans. 6.?4%, \vas ob- 
tained in this investigation than b>- 
Horn and associates. 5.?8% (5). for the 
analysis of this legume. 

Schweigert ( 9 )  has reported data for 
amino acids in bologna and frankfurt- 
ers. The  total nitrogen content ob- 
tained for bologna in this investigation, 
2.05Y,, is in excellent agreement n i th  
the value of 2.077, calculated from 
Schweigert's report. The  amino acid 
contents of meat products such as 
bologna, liverwurst, and  frankfurters. 
may be expected to vary in samples 
purchased a t  different times on the mar- 
ket if the amounts of collagen and elastin 
in these samples differ. In comparison 
to muscle meat. collagen is high in ar-  
ginine and elastin is high in valine; both 
are low in all other essential amino acids. 

The  values obtained for bologna are 
comparable to those of muscle meat. 
Frankfurters ivere loiver than muscle 
meat in all amino acids except arginine. 
suggesting that meat of a higher collagen 
content may have been used in the prep- 
aration of the lots of frankfurters as- 
sayed. In contrast, liverwurst \vas found 
to be low only in methionine when com- 
pared to muscle meat. 

The  lysine and phenylalanine contents 
of canned baked beans were lower than 
those of canned pork and beans. though 
values for other amino acids compared 
favorably. 

Comparison of Amino Acid Content 
of Foods on the Basis of 100 Grams of 
Food. LVhole egg )vas used as a basis 
for the evaluation of the amino acid 
content of the foods on the basis of 100 

grams of the food. In  an earlier in 
vestigation ( 3 ) .  egg white and egg yolk 
were assayed for amino acids. The  
values for whole egg were calculated 
from the data on egg Jshite and egg 
yolk. using 31 grams of Ivhite and 17 
grams of yolk as the proportions of these 
components in kvhole egg. 

\l+hen 100 grams of a food contained 
l@@Fc or more of the quantity of the 
amino acid in 100 grams of whole egg, 
the food \vas rated as an excellent source 
of that amino acid. Similarly, if the 
food contained 75  to 99%, of the quantity 
of the amino acid in whole egg, it was 
rated as a good source. Those foods 
listed as fair sources contain .iO to 74% 
of the amino acids in \vhole egg. Lvhereas 
poor sources contain less than joyc. 

\t'hen the foods are appraised. corn- 
soya appears to be an  excellent supplier 
of the essential amino acids, \vith the 
exception of methionine and tryptophan, 
in ivhich this food is rated good. -4s 
corn-soya is also an excellent source of 
cystine. the supplementary relationships 
Lvhich exist between this amino acid and 
methionine may operate to provide 
better than average sources of the latter 
amino acid. Similarly. cottage cheese 
also proved to be an  outstanding source 
of the essential amino acids, being rated 
excellent in all except arginine. 

In sharp contrast. holvever. the amino 
acids contained in cream cheese were 
usually rated poor or fair. Buttermilk. 
because of a high percentage of ivater, 
is a poor source of the amino acids on the 
basis of 100 grams of the food. 

Liveriviirst proved to be an excellent 
source of essential amino acids, with the 

Table 1. Total Nitrogen, Moisture, and Ash Contents of Selected Foods 
Total Nitrogen, Moisture, Ash, 

Food % % % 
Grain Products 

Buckwheat flour 1 . 8 2  9 . 6 5  1 . 8 2  
Corn flakes 1 . 1 1  9 . 4 7  0 . 3 3  
Corn meal (degermed) 1 .14  7 . 4 0  0 . 4 4  

Macaroni 1 . 8 5  1 0 . 3 4  0 . 5 4  
Noodles 1 . 9 9  9 . 5 5  0 .88  
Rice (converted) 1 . 1 5  6 . 5 0  0 . 6 1  
Rye flour (dark) 2 . 6 7  6 . 9 5  2 . 5 0  
Rye flour (light) 1 . 4 9  8 . 6 2  0 . 6 0  
Wheat flakes 1 . 5 9  4 . 8 8  2 .91  

Corn-soya 2 . 8 7  5 .41  1 . 2 1  

Wheat (shredded) 1 . 6 2  7 . 0 4  1 . 5 9  

Meat Products 
Bologna 
Frankfurters 
Liverwurst 

2 . 0 5  50 .23  1 . 7 1  
2 . 1 4  6 0 , 6 7  0 . 7 9  
2 . 3 4  4 1 . 5 8  1 .87  

hfilk and Xlilk Products 
Buttermilk 0 51 90 20 0 63 
Cottage cheese 2 18 78 63 0 86 
Cream theme 1 05 52 78 0 80 

Vegetables 
Beans (canned baked) 
Lima beans (fresh) 
Pork and beans 

1 . 2 0  
1 . 0 2  
1 , O j  

6 2 . 2 3  
71 .20  
69 .59  

1 . 4 5  
0 . 9 2  
1 .56  
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Table II. Per Cent Amino Acids in Selected Foods" 

Food 

Buckwheat flour 
Corn flakes 
Corn meal (degermed 1 
Corn-so ya 
.Macaroni 
Noodles 
Rice (converted) 
Rye flour (dark) 
Rye flour (light) 
Wheat flakes 
Wheat (shredded) 

Bologna 
Frankfurters 
Liverwurst 

Buttermilk 
Cottage cheese 
Cream cheese 

Beans (canned baked) 
Lima beans (fresh) 
Pork and beans 

(canned baked) 
tVhole eggb 

Arginine 

7 . 7 4  
1 . 7 3  
3 . 7 9  
5 . 4 6  
4 . 1 5  
4 . 5 0  
5 . 7 0  
4 . 8 5  
3 . 4 4  
4 . 1 3  
4 . 8 4  

7 . 8 9  
6 . 9 5  
5 . 7 4  

4 . 0 8  
4 . 8 4  
3 . 5 0  

5 . 8 7  
6 . 4 3  

4 . 2 7  
6 . 5  

Mefhio. 
Histidine Isoleucine leucine lysine nine 

Grain Products 
2 . 2 9  
2 . 4 5  
3 09 
2 . 6 2  
2 . 1 6  
2 . 1 7  
1 . 9 5  
2 . 2 8  
2 . 1 5  
1 . 9 1  
2 . 1 7  

2 . 9 7  
2 . 5 4  
3 . 1 5  

3 1 4  
3 . 3 0  
3 . 2 0  

2 . 2 7  
3 . 2 9  

3 . 2 0  
2 . 1  

4 04 
3 60 
3 79 
4 68 
4 58 
4 50 
4 03 
4 02 
4 08 
4 23 
4 15 

5 31 
4 26 
4 92 

6 27 
5 94  
5 94 

4 40 
5 18 

5 03 
4 4  

6 . 0 7  6 . 1 5  1 . 5 8  
1 2 . 5 4  0 . 4 3  2 . 0 2  
1 2 . 2 1  2 . 5 3  1 . 9 6  

9 . 2 0  4 . 2 9  1 . 5 1  
6 05 2 94 1 38 
6 03 2 97 1 53 
7 23 3 62 2 09 
6 77 3 66 1 32 
7 09 3 54 1 40 
6 24 2 01 1 21 
6 32 3 . 0 6  1 . 2 8  

Meat Products 
7 . 5 7  9 . 4 4  2 26 
7 03 7 5 5  1 5 i  
8 34 8 41 2 05 

Milk and Milk Products 
10 .98  1 0 . 0 4  2 . 5 1  
1 0 . 9 4  8 . 5 9  2 . 7 9  
1 0 . 5 1  8 . 2 3  2 . 5 9  

Vegetables 
7 . 4 7  4 . 9 3  0 . 8 0  
8 . 1 6  6 . 9 0  1 . 2 5  

8 . 3 8  6 . 1 0  1 . 0 7  
9 . 4  6 0 3 . 1  

Cysfine 

1 . 2 3  
1 .87  
2 . 1 1  
1 . 7 3  
1 . 7 3  
1 . 7 7  
1 .81 
1 . 9 2  
1 72  
1 . 6 1  
1 . 8 8  

1 . 0 1  
1 . 0 5  
1 . 0 3  

0 . 9 4  
0 . 8 8  
0 . 9 1  

0 . 4 0  
1 . 1 0  

0 . 3 0  
1 . 7  

Phenyl- 
alanine 

3 . 3 4  
3 . 7 5  
4 . 3 5  
4 . 6 3  
4 . 7 6  
4 . 4 2  
4 . 3 1  
3 . 8 4  
4 . 7 2  
4 . 3 3  
4 . 4 4  

4 . 1 4  
2 . 9 2  
4 . 4 4  

6 . 2 7  
5 . 5 0  
6 . 2 5  

4 . 5 3  
5 . 4 9  

5 . 7 9  
5 . 6  

Tyrosine 

2 . 0 2  
2 . 0 2  
2 . 1 1  
3 . 1 2  
2 . 5 1  
2 . 2 5  
2 . 6 4  
2 . 0 4  
1 . 2 9  
1 . 8 1  
2 . 1 7  

3 . 0 4  
2 . 4 7  
2 . 5 3  

5 . 3 3  
5 . 5 0  
4 . 5 7  

2 . 5 3  
3 . 4 5  

2 . 9 0  
5 . 0  

Tryp io. 
Threonine phan 

3 . 5 2  
3 . 1 7  
3 . 6 5  
4 . 4 0  
3 . 5 5  
3 . 8 6  
3 , 9 0  
3 . 6 6  
4 . 1 9  
3 42 
3 .75  

5 , 0 7  
3 . 4 4  
4 . 5 8  

5 , 3 3  
4 . 7 7  
4 . 5 7  

4 . 1 3  
5 . 1 8  

4 . 7 2  
5 . 0  

1 . 0 5  
0 . 2 9  
0 . 2 8  
0 . 8 9  
0 . 8 6  
0 . 9 6  
1 . 1 1  
0 . 7 2  
0 . 5 4  
0 81 
0 . 7 9  

0 . 8 6  
0 . 5 2  
1 . 0 9  

1 . 2 5  
1 . 1 0  
0 . 9 1  

0 . 9 3  
1 . 1 0  

0 . 9 1  
1 . 9  

Valine 

5 , 2 7  
4 . 4 7  
5 . 1 9  
5 . 8 5  
4 . 7 6  
4 . 8 2  
5 . 7 0  
4 . 8 5  
4 . 8 3  
4 . 6 3  
5 . 0 4  

6 . 1 7  
4 .  I 9  
6 . 2 2  

7 , 8 4  
5 . 8 7  
6 . 1 0  

4 . 2 7  
6 . 7 4  

5 . 3 3  
6 . 7  

All results are expressed in grams per 100 grams of crude protein. calculated to 16:; nitrogen. 
* Calculated from previously published data on egg white and egg yolk (3). using 31 grams of white and 17 qrams of yolk as components 

of whole egg. 

Food 

Buckwheat flour 
Corn flakes 
Corn meal (degermed) 
Corn-soya 
Macaroni 
Noodles 
Rice (converted) 
Rye flour (dark) 
Rye flour (light) 
Wheat flakes 
Wheat (shredded) 

Bologna 
Frankfurters 
Liverwurst 

Buttermilk 
Cottage cheese 
Cream cheese 

Beans (canned baked) 
Lima beans (fresh) 
Pork and beans 

Whole egga 
(canned baked) 

Table 111. Per Cent Amino Acids in Selected Fresh Foods 

Arginine Histidine Isoleucine 

0 88 
0 12 
0 27 
0 98 
0 48 
0 56 
0 41 
0 81 
0 32 
0 41 
0 49 

1 00 
0 93 
0 84 

0 13 
0 66 
0 23 

0 44 
0 41 

0 28 
0 83 

0 . 2 6  
0 . 1 7  
0 . 2 2  
0 . 4 7  
0 . 2 5  
0 . 2 7  
0 . 1 4  
0 . 3 8  
0 . 2 0  
0 . 1 9  
0 . 2 2  

0 . 3 8  
0 . 3 4  
0 . 4 6  

0 . 1 0  
0 . 4 5  
0 . 2 1  

0 . 1 7  
0 . 2 1  

0 . 2 1  
0 . 2 5  

0 . 4 6  
0 . 2 5  
0 . 2 7  
0 . 8 4  
0 . 5 3  
0 . 5 6  
0 . 2 9  
0 . 6 7  
0 . 3 8  
0 . 4 2  
0 . 4 2  

0 . 6 8  
0 . 5 7  
0 . 7 2  

0 . 2 0  
0 . 8 1  
0 . 3 9  

0 , 3 3  
0 . 3 3  

0 . 3 3  
0 . 5 2  

Mefhio-  
leucine lysine nine 

Grain Products 
0 . 6 9  
0 . 8 7  
0 . 8 7  
1 , 6 5  
0 . 7 0  
0 . 7 5  
0 , 5 2  
1 . 1 3  
0 . 6 6  
0 . 6 2  
0 . 6 4  

0 70 
0 03 
0 18 
0 77 
0 34 
0 37 
0 26 
0 61 
0 33 
0 20 
0 31 

0 18 
0 1 4  
0 1 4  
0 27 
0 16 
0 19 
0 15 
0 22 
0 . 1 3  
0 12 
0 13 

Meat Products 
0 . 9 7  1 . 2 1  0 . 2 9  
0 . 9 4  1 . 0 1  0 . 2 1  
1 . 2 2  1 . 2 3  0 . 3 0  

Milk and Milk Products 
0 35 0 32 0 08 
1 49 1 . 1 7  0 . 3 8  
0 69 0 . 5 4  0 . 1 7  

Vegetables 
0 56 0 . 3 7  0 . 0 6  
0 . 5 2  0 . 4 4  0 . 0 8  

0 . 5 5  0 . 4 0  0 . 0 7  
1 . 1 5  0 75 0 . 3 8  

Cystine 

0 . 1 4  
0 . 1 3  
0 . 1 5  
0 . 3 1  
0 . 2 0  
0 . 2 2  
0 13 
0 . 3 2  
0 . 1 6  
0 16 
0 . 1 9  

0 . 1 3  
0 . 1 4  
0 . 1 5  

0 . 0 3  
0 . 1 2  
0 . 0 6  

0 . 0 3  
0 . 0 7  

0 . 0 2  
0 . 2 1  

Phenyl. 
alanine 

0 . 3 8  
0 . 2 6  
0 . 3 1  
0 , 8 3  
0 . 5 5  
0 . 5 5  
0 . 3 1  
0 . 6 4  
0 . 4 4  
0 . 4 3  
0 . 4 5  

0 . 5 3  
0 . 3 9  
0 . 6 5  

0 . 2 0  
0 . 7 5  
0 . 4 1  

0 . 3 4  
0 . 3 5  

0 . 3 8  
0 . 6 7  

Tyrosine 

0 . 2 3  
0 . 1 4  
0 . 1 5  
0 . 5 6  
0 . 2 9  
0 . 2 8  
0 . 1 9  
0 . 3 4  
0 . 1 2  
0 . 1 8  
0 . 2 2  

0 . 3 9  
0 . 3 3  
0 . 3 7  

0 . 1 7  
0 . 7 5  
0 . 3 0  

0 . 1 9  
0 . 2 2  

0 . 1 9  
0 . 6 0  

Threonine 

0 . 4 0  
0 . 2 2  
0 . 2 6  
0 . 7 9  
0 . 4 1  
0 . 4 8  
0 . 2 8  
0 . 6 1  
0 . 3 9  
0 . 3 4  
0 . 3 8  

0 . 6 5  
0 . 4 6  
0 . 6 7  

0 . 1 7  
0 . 6 5  
0 . 3 0  

0 . 3 1  
0 . 3 3  

0 . 3 1  
0 . 6 3  

Trypfo-  
phan 

0 . 1 2  
0 . 0 2  
0 . 0 2  
0 . 1 6  
0 . 1 0  
0 . 1 2  
0 . 0 8  
0 . 1 2  
0 . 0 5  
0 . 0 8  
0 . 0 8  

0 . 1 1  
0 . 0 7  
0 . 1 6  

0 . 0 4  

0 . 0 6  
0 . 1 5  

0 . 0 7  
0 . 0 7  

0 . 0 6  
0 . 2 1  

Val ine 

0 . 6 0  
0 . 3 1  
0 . 3 7  
1 . 0 5  
0 . 5 5  
0 . 6 0  
0 . 4 1  
0 . 8 1  
0 . 4 5  
0 . 4 6  
0 . 5 1  

0 . 7 9  
0 . 5 6  
0 . 9 1  

0 . 2 5  
0 . 8 0  
0 . 4 0  

0 32 
0 . 4 3  

0 . 3 5  
0 . 7 9  

Calculated from previously published data on egg white and egg yolk (3), using 31 grams of white and 17 grams of yolk as components of 
whole egg. 
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exception of tryptophan. The  quanti- 
ties of amino acids :;upplied by frankfurt- 
ers and bologna were usually rated fair; 
holyever. bologna proved to be a some- 
what better source i:han frankfurters. 

Dark rye flour contains three of the 
essential amino acids (histidine. isoleu- 
cine. and valine) in excellent quantities, 
and was usually rated as a good source of 
others. This is in marked contrast to 
light rye flour. \vhich appeared to be a 
poor to fair so~irce of the amino acids. 

O n  the basis of 100 grams of the food 
and food protein. macaroni. noodles. 
wheat flakes. and shredded wheat \yere 
similar in contents of all amino acids. 
cxcept lysine. Ivhich was considerably 
lower in \\heat flakes. Lima beans pro- 
vided a better source of cystine and val- 
ine than either canned baked beans or 
pork and beans. hoth on the basis of 
fresh \\.right and protein. 

Fresh lima beans. baked beans. and 
pork and beans a r t  similar in their con- 

being usually clas- 
sified as poor or fair. This was also true 

of cornmeal. rice? and cornflakes. though 
cornmeal rated somewhat higher than 
the other two in this group. 

The  need for such evaluations of foods 
becomes apparent when one attempts to 
assess the protein quality of foods. LVhen 
menus cannot be based on protein of ex- 
cellent quality. planning of dietaries to 
include. simultaneously, two or more 
foods-Lvhich are classified as good or 
fair sources of the amino acids-may 
enable supplementary relationships to 
play an  important role in the mainte- 
nance of good nutrition in the individual. 
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Growth and reproduction studies were carried out with rats to compare the nutritive value 
of an experimental vegetable fat milk product with a conventionally processed and a high- 
temperature, short-time processed evaporated milk. Weanling rats maintained on the 
milk diets with minerals added grew well for 12 weeks. Second and third generations 
were successfully reared on the milk diets. Judged by the criteria of weight gain and 
reproduction performance, the milk product made from nonfat milk solids, vegetable fats, 
and water, and fortified with vitamins, was somewhat better nutritionally than the other 
two milks. The poorest performance was shown by the rats fed the conventional evapo- 
rated milk, which appeared to be inadequate to meet the needs of female rats during 
repeated gestation and lactation. 

ILK is recognized as an  important M component of the diet, and its 
nutritional adequacy in both raw and 
processed forms has been investigated 
in several animal species. R a w  milk 
supplemented with iron, manganese. and 
copper has been demonstrated to be ade- 
quate for normal s;ro\vth and reproduc- 
tion in rats (3. 6 )  and in dogs (2). Re- 
sults reported by Bix.by and coivorkers 
(3) indicate that homogenized milk 
heated for 30 minutes a t  165' F.. dried 
whole milk. and a canned whole milk 
sterilized by a high-temperature, short- 

time process suffered little if any change 
in nutritive value. 

Conflicting findings have been re- 
ported regarding the effects of the usual 
commercial processes of evaporation, 
sterilization. and spray-drying of milk. 
Cook and coworkers (4) found by rat  
growth methods that the nutritive value 
of milk proteins was slightly reduced by 
commercial methods of producing evap- 
orated milk. Schroeder. Iacobellis. and 
Smith (72) used a nitrogen balance study 
in dogs to show that there \yas no de- 
crease in digestibility or biological value 
due to the evaporation process. Sitro- 

gen balance studies in rats. carried out 
by LYhitnah (73): indicated very small 
differences in nutritive value between 
fresh. experimental evaporated. and com- 
mercial evaporated milks. 

Similarly. Hodson (8) found no sig- 
nificant lo\vering of protein nutritive 
value in the sterilization of evaporated 
milk as measured by the rat repletion 
method, but later ( 9 )  reported slight 
differences lvhen rat grolvth methods 
Xvere used. In contrast. loss of some 
protein efficiency was incurred during 
preheating prior to the spray-dr)-ing proc- 
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