
extraction of solids or the extraction of 
nitrogen. A grinding process which 
gives a high degree of rupture of cells 
appears to be important in obtaining 
good yields. Maintaining a low tem- 
perature is especially important in 
obtaining efficient extraction of the 
nitrogenous constituents. 

Grinding methods which do not give 
a high degree of rupture of cells while 
maintaining a low temperature, such 
as the large-scale laboratory process 
studied here, apparently cannot be 
expected to give a good yield of ex- 
tractable material. The studies re- 
ported here on methods of expressing 
the juice from the ground mass are too 
limited to allow for concise conclusions, 
but it appears that the small samples and 
the manner of the squeezing were both 
compatible to good yields. 

The processing of freshly harvested 
alfalfa for a good yield of material, high 
in protein, would appear possible 
through the use of grinding, pressing, 
and heat treatment similar to what is 
described here. A residue having some 
apparent value as a roughage feed is also 
obtained. However, a third fraction 
in liquid form, which contains much of 
the nutritive value of the alfalfa, results 
from the processing. IYhile the heat- 
precipitated material might be easily 
dried and the residue might be stored and 
fed as silage, a concentration of the 
liquid fraction would be costly and 

difficult. Severtheless, when processing 
grasses for their protein is considered, 
the methods discussed here appear more 
suitable than alkali extraction methods 
or methods not involving the addition of 
water. Feeding studies on the various 
fractions are essential, however, to a 
more thorough evaluation of the 
methods. 

Because the data obtained from ex- 
tracting the alfalfa could be closely 
duplicated with similar or different 
samples, little attention was given to 
factors such as moisture content of the 
alfalfa, during the work. Samples which 
contained between 63 and 72% of 
moisture showed no relationship between 
moisture content and extractability of 
solids or nitrogen when the collections 
were made between late ‘4ugust and the 
middle of October. Further, no changes 
attributable to advancement of the 
season were evident during the same 
period. Data recorded with a samplr 
collected in June (Table 111) showed 
some divergence from those obtained 
with samples collected in September 
(Table I )  in that a lower percentage of 
extractable solids was obtained with the 
sample collected at  the earlier time. S o  
differences of nitrogen extractability 
were apparent between the samples 
collected in June and September, how- 
ever. Thus, it seems evident that 
variables such as the season of harvest 
and the stage of maturity should receive 

ALFALFA CONCENTRATES IN N U T R I T I O N  

Protein Quality of an Alfalfa Concentrate 

HE CSE OF FRESH HERBAGE as a raw T material for the preparation of 
protein concentrates has received atten- 
tion in recent years (72). Some investi- 
gators have processed plants such as 
alfalfa and Italian ryegrass to obtain 
the juice, a liquid suspension contain- 
ing soluble protein, nonprotein matter 
and chloroplasts. The juice upon treat- 
ment with steam yielded a heat-precipi- 
table material of high nitrogen and low 
fiber content. This material was suit- 
able for use in high energy diets in either 
wet or dry form (3, 9$ 73) .  

Feeding studies with the heat-precipi- 
table material have indicated that it is 
a fair to moderately good source of pro- 
tein in practical diets. IVork with 
chicks showed that diets containing the 

1 Present address, Department of Dairy 
Science, University of Illinois, Urbana, Ill. 
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material in dry form supported rather 
good growth although the rate of growth 
was somewhat inferior to that obtained 
with a diet supplemented with casein 
(3).  The diets containing the alfalfa 
preparations were improved by choles- 
terol supplementation and those con- 
taining either alfalfa or other herbage 
preparations were improved by lysine 
supplementation. Experiments using a 
wet preparation from alfalfa for chicks 
suggested that the material was equal to 
or slightly inferior to fish meal ( 9 ) .  In 
work using a dried concentrate from 
alfalfa for laying hens. egg production 
was similar for diets that contained either 
an alfalfa concentrate or fish meal ( 9 ) .  

The work reported here involved rat 
feeding experiments with an alfalfa con- 
centrate. an alfalfa meal, and some 
supplements as dietary nitrogen sources. 
Cholesterol, a compound known to 
counteract largely the growth inhibitory 

F O O D  C H E M I S T R Y  

additional attention in alfalfa extraction 
work. 
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property of alfalfa meal ( 7 7 ) .  \vas also 
used as a supplement. 

Experimental 

‘The alfalfa concentrate was prepared 
by processing several varieties of fresh 
alfalfa a t  the prebloom and early bloom 
stages. Following the preparation of 
the dry concentrate by a large scale 
process as described in a previous report 
( 6 ) ,  the material was stored in glass 
bottles a t  room temperature prior to 
feeding, the storage intervals being about 
2 months for Experiment 1 and 18 
months for Experiments 2 and 3. The 
material, ground through a 1-mm. sieve 
with the LViley mill, was analyzed ( 7 )  
and found to contain about 50YG protein 
(S x 6.25) and 1% crude fiber. 

The protein sources used in the diets 
had the following nitrogen contents as 
determined by the Kjeldahl method ( 7 )  : 



Rat experiments on the evaluation of a protein concentrate prepared from freshly 
harvested alfalfa are reported. Growth, feed efficiency, and protein efficiency 
measurements were made with diets containing the concentrate and/or other protein or 
amino acids as the nitrogen source. The protein of the concentrate was of low quality as 
shown by the responses obtained by supplementing with other nitrogen sources such as 
methionine plus lysine, fish meal, soybean protein, or soybean protein plus methionine. 
Of the two amino acids observed to be deficient, methionine was more limiting than lysine. 
The addition of cholesterol to diets containing the concentrate resulted in small improve- 
ments in growth and feed utilization, especially when another protein source was not 
present in the diet, The use of alfalfa meal as a nitrogen source in somewhat similar diets 
gave comparable responses except that a lysine deficiency was not demonstrated. 

alfalfa concentrate: 8.45%, (Experiment 
l ) ,  7.80% (Experiments 2 and 3 ) ;  
alfalfa meal, 3.275%; soybean protein, 
13.557,; fish meal? 9.84%; gluten, 
13.437,; casein, 14.01:<;. The alfalfa 
meal was a batch of field-cured alfalfa 
which was ground in the Wiley mill 
using a 1-mm. sieve. 

Diets which contained the different 
protein sources were fed to young rats, 
and growth and feed utilization were 
measured in several experiments. Ex- 
periment 1 involved a comparison of a 
diet containing the alfalfa concentrate 
with similar diets containing casein, 
soybean protein (Dracketr Co.), and 
gluten as single nitrogen sources. Ex- 
periment 2 involved the effect of supple- 
menting a diet containing the alfalfa 
concentrate with other nitrogen sources 
such as the amino acids, methionine and 
lysine, and the protein sources, soybean 
protein or fish meal. An alfalfa meal 
was also used in Experiment 2 .  Exper- 
iment 3 involved the effect of cholesterol 
supplementation of the alfalfa concen- 
trate or meal diets. Cornparisons were 
generally mad? at  equivalent nitrogen 
levels-Le., 1.6 and 3.2yc of nitrogen in 
the diets. 

'The experiments \vere of 18 or 21 days 
duration. Young albino rats of the 
Sprague-Dawley strain were used. Male 
animals were used in Experiment 1 and 
females in Experiments 2 and 3. Initial 
average \\.eights per animal were 62, 53, 
and 47 grams in Experiments 1, 2, and 
3, respectively. Five animals constituted 
a group in each experiment. The ani- 
mals were housed in individual wire 
mesh cages and tvere given food and 
water ad libitum. 

Individual weights \\'ere obtained 
Ireekly. Feed intake was measured on a 
daily and individual basis in Experiment 
1 and on a periodic and subgroup basis in 
Experiments 2 and 3. Feed and protein 
efficiencies were calculated from the total 
gain and feed consumption of an entire 
group. As used here, feed efficiency 
represents the grams of gain in body 
weight per gram of diet consumed, and 
protein efficiency represents the grams 
of gain per gram of dietar)- nitrogen 
consumed. 

Table I. Growth and Feed Utilization Responses Obtained with Alfalfa 
Concentrate and Other Single Protein Sources",b 

Nitrogen Confenf GoinlRat, Feed Protein 
Nifrogen Source in Diets of Diets, % Groms EfficiencyC EfficiencyC 

Alfalfa concentrate 1 . 6  
Gluten 1 . 6  
Casein 1 . 6  

3 
2 
78 

0.09 
0 .03  
0 .29  

5 . 3  
1 . 9  

17 .9  
Soybean protein 1 . 6  51 0 .22  1 4 . 0  
Alfalfa concentrate 3 . 2  48 0.30 9 . 3  
Gluten 3 . 2  23 0 .22  6 . 7  
Casein 3 . 2  146 0 .44  1 3 . 8  
Soybean protein 3 . 2  112 0 .39  1 2 . 1  
a 21-Day experiment. 
ii Diets not supplemented with cholesterol. 
c Values calculated from feed intake measurements taken during the 10 to 21 days of the 

experiment. Feed efficiency values represent grams of gain in body weight per gram of diet 
consumed, and protein efficiency values represent grams of gain per gram of dietary nitrogen 
consumed. 

Table II. Effects of Supplementing Alfalfa Diets with Other Nitrogen 
Sources 

Nitrogen Sources in Diets 
Alfolfo 
profein, 

7.6% N in 
diet per source 

Concentrate 
Concentrate 
Concentrate 

Concentrate 
Concentrate 
Concentrate 
Meal 
Meal 
Meal 

Meal 
Meal 
Meal 

Other profein, 
7.6% N in dief 

per source 

Soybean protein 
Soybean protein 
Fish meal 

Soybean protein 
Soybean protein 
Fish meal 
Gluten 
Casein 
Soybean protein 
Fish meal 
Fish meal and soy- 

bean protein 

Amino AcidsC 

Methionine 
Methionine 

and lysine 

Methionine 

Methionine 
Methionine 

and lysine 

Methionine 

Nitrogen 
Contenf 

of Diefr, % 
1 . 6 0  
1 . 6 5  

1 .77  
3 .20  
3 .24  
3 .20  
1 .60  
1 . 6 5  

1 .77 
3 .20  
3 .24  
3 .20  
1 60 
1 .60  
1 .GO 
1.60 

3 .20  

Goin/ 
Rof, 

Groms 

4 
29 

49 
63 
85 
56 
10 
32 

34 
71 
88 
68 

-1 
66 
41 
24 

82 

Feed 
Efficiencyd 

0.04  
0.18 

0 .30  
0 .34  
0 . 4 6  
0 .31  
0 .10  
0 . 2 1  

0 . 2 5  
0 .39  
0 .49  
0 .36  

0 .34  
0 . 2 5  
0 .16  

0 .43  

. . .  

Protein 
Efficiencyd 

2 . 2  
11 .1  

1 7 . 0  
1 0 . 6  
1 4 . 4  
9 . 7  
6 . 4  

12 .4  

13 .9  
1 2 . 1  
15 .1  
1 1 . 2  

21 .2  
1 5 . 9  
10 .0  

1 3 . 3  

. . .  

Q 18-Day experiment. 
b Alfalfa diets contained 1 yo of cholesterol. 
c Methionine was added at a level of 0,5yc in diets with alfalfa nitrogen as the only 

protein source and at a level of 0.4yc when alfalfa nitrogen and soybean nitrogen were both 
present as protein sources; lysine was added at a level of 0.8%. 

d See footnote, Table I ;  values determined from data of the entire experimental period. 

The diet consisted of the folloiving, in 0.14. Ll'hen alfalfa meal was used as a 
percentages: corn starch plus a protein protein source, the fat content of the diet 
source. 85.56; Crisco. 10 00;  USP \vas increased to 30Yo to compensate 
salt mixture XIV,  4.00; sodium sulfate, for the presence of this high fiber ingredi- 
0.20; choline chloride, 0.10; vitamins, ent in the diet. The adjustment of the 
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Table 111. Changes in Responses Obtained from the Presence of Cholesterol 
in Alfalfa Diets" 

Nitrorren Sources in Diets 
Alfalfa protein, Other protein, Nitrogen Changer in Responserb 

1.6 or 3.2% N in I .6% N in Content Gainlrat ,  Feed Protein 
diet per source diet per souice of Diets, % grams efficiencyC efficiencyc 

Concentrate 
Meal 
Concentrate 

1 . 6  +11 +O .09 + 5 . 5  
1 . 6  +7 + O ,  06 +3.6 
3 .2  +15 +o.  11 +3 .5  

Concentrate Soybean protein 3 2  +11 +O 04 +1.4 
Meal Soybean protein 3 2  + 5  -0 01 -0.3 
Concentrate Soybean protein 4 8  +6 -0.03 -0.6 
a 18-Day experiment. 
* Changes in responses represent the difference in values observed in the presence and 

c See footnote, Table I; values determined from data of the entire experimental period. 
absence of 1 % of cholesterol in the diets. 

dietary fat involved the assumption that 
the available energy from the alfalfa 
concentrate and meal amounted to 4 and 
2 calories per gram, respectively. The 
addition of the higher level of dietary 
fat was made at  the expense of the starch 
ingredient. 

To  the diets containing the alfalfa pro- 
tein sources, which furnished 1.6 or 3.2y0 
of dietary nitrogen, the supplements were 
added, these being DL-methionine at  a 
level of 0.4 or 0.S70 of the diet, L-lysine 
hydrochloride a t  a level of 0.87,, cho- 
lesterol a t  a level of 1 .Oyc. and other pro- 
tein a t  a level to furnish 1.6% of addi- 
tional dietary nitrogen. The supple- 
ments were added to the diets a t  the 
expense of the starch ingredient. The 
diets were compounded on an air-dry 
basis, the moisture levels of the different 
ingedients being about 6Y0 as determined 
by an overnight drying a t  105' C. 

The vitamin mix supplied the follow- 
ing per kilogram of diet for Experiment 
1 : vitamin A, 22,000 I.U.; vitamin D, 
2500 I.U.; a-tocopherol, 0.13 gram; 
ascorbic acid, 1.13 grams; inositol, 0.13 
gram; choline chloride, 1.9 grams; men- 
adione, 0.6 gram; p-aminobenzoic acid, 
0.13 gram; niacin, 0.1 gram; riboflavin, 
0.03 gram; pyridoxine hydrochloride, 
0.03 gram ; thiamine hydrochloride, 
0.03 gram; calcium pantothenate, 0.08 
gram; biotin, 0.05 mg.; folic acid. 
2.3 mg.; vitamin BIZ, 0.13 mg. 

For Experiments 2 and 3 the fat- 
soluble vitamins were fed separately 
from the diet as an oil preparation dis- 
solved in Wesson oil. The preparation. 
as made from high potency fish liver oil 
and pure a-tocopherol acetate. supplied 
about 500 I.U. of vitamin A, 70 I.U. of 
vitamin D, and 0.65 mg. of a-tocophero 
acetate per two drops, which was the 
weekly dose per animal. Other vita- 
mins supplied per kilogram of diet in 
Experiments 2 and 3 were as follows; 
inositol. 1 .O gram; menadione, 0.03 
gram; p-animobenzoic acid, 0.30 gram; 
nicotinic acid, 0.02 gram; riboflavin. 
6.0 mg.; pyridoxine hydrochloride. 
6.0 mg. ; thiamine hydrochloride, 0.6 
mg. ; calcium pantothenate, 0.04 gram; 

biotin, 0.1 mg.; folic acid! 2.0 mg.; 
vitamin B12, 0.02 mg. 

Results 

In Experiment 1 (Table I), growth for 
the different groups varied considerably, 
being affected by both source and level 
of dietary nitrogen. Animals on alfalfa 
concentrate or gluten diets grew sloudy 
as compared to those on soybean protein 
or casein diets. The responses from 
gluten were less than from the concen- 
trate and that from soybean protein less 
than that from casein. The presence of 
the higher level of nitrogen in the diets- 
i.e., 3.2 as compared to 1.6%-improved 
the growth obtained with all of the nitro- 
gen sources. 

Feed and protein efficiency values 
were affected by the nitrogen source and 
level in a manner somewhat comparable 
to the effect on growth (Table I). This 
was especially true with diets containing 
1.6% of dietary nitrogen, in which case 
the soybean protein and casein diets gave 
much greater feed and protein efficiencies 
than did the gluten and concentrate 
diets. When the nitrogen sources were 
used at  the 3.2% nitrogen level, the 
differences observed between the diets 
were less but still evident. The feed 
efficiency values were higher with all 
diets a t  the higher nitrogen level, but the 
protein efficiency values were higher 
only with the gluten and concentrate 
diets. In the case of the soybean protein 
and casein diets. protein efficiency values 
tended to decrease at  the higher level of 
dietary nitrogen. This effect has been 
observed previously lvith high quality 
protein sources ( 7 4 ) .  

Additions consisting of the amino 
acids, methionine and lysine, to the 
alfalfa concentrate diet (Experiment 2, 
Table 11) were beneficial for growth and 
feed utilization. Growth was increased 
25 grams by methionine alone and 45 
grams by a supplement of both methio- 
nine and lysine. Feed and protein effi- 
ciencies were likewise increased by the 
additions of these amino acids, and the 
values for the concentrate diet containing 

both amino acids as added supplements 
were greater than those obtained for the 
diet containing soybean protein as a 
single nitrogen source. 

The use of protein as the nitrogen 
supplement to the alfalfa concentrate 
diet also produced large improvements 
in growth and feed utilization. Of the 
soybean protein or fish meal supple- 
ments, the soybean protein produced 
somewhat greater improvements in 
growth and feed utilization. 'Ihe pres- 
ence of methionine as a supplement to- 
gether with the soybean protein produced 
an effect much greater than that ob- 
tained from the soybean supplement 
alone: thereby suggesting that a methio- 
nine deficiency existed in the soybean 
supplemented diet. 

Animals receiving the allalfa meal diet 
in Experiment 2 grew slightly better 
than those on the concentrate diet, but 
responded to supplements of methio- 
nine and various protein supplements in 
much the same manner as the concentrate 
groups. Only a small response from 
lysine supplementation was observed, 
however! an effect which differed from 
that obtained with the concentrate diet. 

The addition of cholesterol to the 
alfalfa diets (Experiment 3, Table 111) 
improved the growth and feed utiliza- 
tion obtained with the diets containing 
the concentrate or meal in most instances. 
The improvements were generally sinall 
but definite when the diets were ivithout 
a supplemental protein source, in which 
case both the growth and feed utilization 
were improved. When a supplement- 
i.e.. soybean protein--was present in the 
diets, a small growth response ivas still 
evident but the feed efficiency and pro- 
tein efficiency values were not noticeably 
changed. 

Discussion 
The experiments suggest that thc pro- 

tein of the alfalfa concentrate is inade- 
quate for rats when unsupplemented 
and greatly improved by supplementa- 
tion with certain amino acids, namely 
methionine and lysine. 'These amino 
acids have been reported to be de- 
ficient in alfalfa or in an alfalfa con- 
centrate (3,  70, 75). and the present work 
indicated that both are deficient in some 
alfalfa products, with methionine being 
the more limiting. Another amino acid 
deficiency, isoleucine: has been postu- 
lated with herbage protein (.?), but a 
deficiency of this amino acid was not 
found with the alfalfa concentrate or  
meal in the studies a t  this laboratory 
(7).  However, other amino acids may 
be limiting in the alfalfa concentrate, 
since the total growth observed with 
both methionine and lysine supplements 
\vas less than that obtained on a casein 
diet. 

The good responses obtained from 
supplementing the alfalfa concentrate or  
meal diets with other protein sources 
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were of interest. These suggested that 
the alfalfa nitrogen may be utilized 
rather well in practical diets. Because 
the addition of methionine to the soy- 
bean supplemented diet gave a response 
above that obtained from the soybean 
protein, the amino acid compositions of 
supplements used with alfalfa protein is 
evidently an important consideration. 

The use of alfalfa meal in some of the 
experiments. although with diets differ- 
ent from those used with the concentrate, 
suggested that the protein quality of the 
meal source was quite similar to that of 
the concentrate. The poor response 
from the meal diet when not supple- 
mented with certain amino acids or pro- 
tein sources and the responses obtained 
in the presence of these supplements 
supported this contention. The re- 
sponse from lysine supplementation with 
the concentrate but not \vith the meal 
diet was of interest. This observation 
suggested that the meal diet was not 
deficient in lysine. Because lysine of 
protein is known to be sensitive to heat 
treatments under certain conditions (4, 
it is possible that the heat treatment in- 
volved with the preparation of the con- 
centrate was responsible for this differ- 
ence between the thvo alfalfa diets. 

The lower degree of growth and feed 
utilization obtained with the meal than 
with the concentrate dirt when methio- 
nine and l>sine Supplements were both 
present is not readily explained. The 
possibilitv that this effect may be related 
to a lower content of protein nitrogen in 
the meal diet than in the concentrate 
diet is presented. This contention is 
supported by data which show that as 
much as 20% of the nitrogen of un- 
processed alfalfa may consist of non- 
protein components (6 ) .  

The beneficial effects obtained frcm 
the addition of cholesterol to the alfalfa 
diets may be attributablr to the presence 
of saponins in the alfalfa concentrate 
and meal. Studies have indicated that 
extracts of alfalfa tend to foam strongly 
( 7 7 )  and to give addition-complexes in 
the presence of cholesterol (76) ;  these 

properties have long been associated with 
the presence of saponins in aqueous 
solution (5) .  Further, the growth-de- 
pressant effect which occurs upon the 
addition of the alfalfa extracts to ade- 
quate diets has been shown to be largely 
counteracted by the presence of choles- 
terol in the diet ( 7  7) .  Since the growth- 
stimulatory effects observed from choles- 
terol in the present experiments were 
small: it is not likely that saponins inter- 
fered in the present protein evaluation 
tests to an important extent. The 
observation that the cholesterol effects 
were greatest with the unsupplemented 
diets is as expected, since a small increase 
in feed intake Trith such low quality 
diets can be reflected as a definite in- 
crease in growth and feed utilization. 

CYith the present experiments sholving 
that the protein concentrate from alfalfa 
was utilized quite well under certain 
conditions by rats. a need remains for 
making tests on the concentrate with 
animals such as poultry and swine. 
These animals are known to be adapted 
to low-fiber diets on which they are 
highly efficient for meat production. 
Tests with these animals should involve 
comparisons of the protein of the con- 
centrate with that of alfalfa meal and 
alfalfa leaf meal. In delineating these 
future tests, it is recognized that the 
nutrient quality of the alfalfa concen- 
trates may be improved and that there 
may be beneficial changes made in the 
protein and other nutrients of alfalfa 
meals. In making the tests it is expected 
that difficulties will be encountered with 
certain of the plant ingredients such as 
growth depressions from saponin (8: 17). 
egg white discoloration from chlorophyll 
(g ) ,  and undesirable responses which 
might be attributable to the high fiber 
content of alfalfa meals (8) .  Ho\vever> a 
successful completion of animal tests 
on the quality of alfalfa concentrates 
and other alfalfa products is needed if 
large-scale production of alfalfa con- 
centrates is to be approached. The use 
of a crop such as alfalfa with its great 
potential for protein production as a 

source of protein concentrate could be 
instrumental in enabling expansions of 
meat production in the future. 
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