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S U M M A R Y

S p r a g u e - D a w le y  im m a tu re  male w h ite  rats w ere  fed a 1 0 %  level (1 .6 %  
n itrogen ) isocaloric defatted whole  dried egg control diet and fo u r  pea bean 
(P h a s e o lu s  v u lg a r is )  test diets w ith o u t  am ino acid supplementation or 
supplemented w ith  either 0 .3 %  D L  methionine, 0 .1 %  D L  tryp to p ha n , or 
both, fo r  28 days. A n a ly s is  of mean differences indicates that methionine 
supplementation was effective in increasing consumpton and w e igh t  gains.

T r y p t o p h a n  supplementation reduced fecal nitrogen excretion, but 
greatly  increased urea nitrogen and total urine nitrogen excretion. T h e  
results indicate that tryp to p ha n  supplementation did not increase nitrogen 
utilization. Excess free am in o acids, not used in metabolism, w e re  p ro p o r ­
tionately excreted as amino nitrogen.

INTRODUCTION
McPherson (1) suggested that one of the first steps needed 

to improve low-quality plant protein foods might be the ad­
dition of prescribed amounts of amino acids, such as methio­
nine and lysine.

Inexpensive plant proteins such as the cereal grains and 
the legumes lack certain amino acids. All the common cereal 
grains are deficient in lysine while the legumes are primarily
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deficient in methionine. Adding proper amounts of lysine to 
cereals and of methionine to plant foods enhances the protein 
efficiency of these two plant foods. Further protein efficiency 
might be attained by adding small amounts of other amino 
acids (2).

Several investigators (3, 4, 5, 6, 7, 8) have shown that 
the lack of methionine was the principal growth-limiting fac­
tor, with the exception of pigeon peas (5), of rats fed low- 
protein legume diets.

Based on amino acid analysis of dried whole egg and pea 
beans (Phaseolus vulgaris) (9) a study was undertaken to 
determine if the addition of DL methionine and DL tryp­
tophan to a pea bean legume protein might be more effective 
in promoting growth and nitrogen utilization of growing male 
rats than DL-tryptophan or DL-methionine alone. Changes 
in weight gains, nitrogen retention and utilization were deter­
mined to clarify the nutritional value of a legume protein 
supplemented with more than one amino acid.

EXPERIMENTAL
Groups of three male rats (Sprague-Dawley strain), each 

weighing 103 to 129 grams, were kept in individual stainless 
steel metabolic cages and fed quantities (10-18 grams) of iso­
caloric, isonitrogenous reference and test diets (table 1) for 
28 days. The quantities of racemic amino acid (0.3% DL-meth- 
ionine and 0.1% DL-tryptophan) supplements were based on 
the findings of Salmon (10), and Sauberlich et al. (11).

Commercially dried whole egg was fat-extracted with  
hexane (boiling point 65° to 75° C) in a Soxhlet apparatus 
for 36 hours. The dried defatted whole egg was used as the 
reference diet based on the report of Sumner e t al. (12).

Pea beans, autoclaved for 30 minutes at 15 pounds pressure 
to decrease toxicity and increase palatibility, were then dried 
at room temperature and ground to a fine flour (13, 8 ).

A  10% level of protein (1.6% nitrogen) was chosen on the 
basis of information reported in the literature (2, 5 ). Since 
most vegetables have a low protein content, incorporating 
more than 10% of plant protein in the diet could make it im­
possible to include enough of the other dietary constituents.



TABLE 1
C O M P O S I T I O N  O F  E X P E R I M E N T A L  D I E T S

D I E T A R Y  C O N S T I T U E N T S

D I E T S

Eg g

g %
P ea B e a n s  

g %

P ea B e a n s +  
M e t h lo n in e

g %

P e a  B e a n s +  
T r y p t o p h a n

g %

P e a  B e a n s +
M e t h l o n l n e +

T r y p t o p h a n  

g %
D e fa t te d  d r ied  w h o le  e g g 1 14.8
P e a  b e a n 2 40.4 40.4 40.4 40.4
C orn  o il 5.0 5.0 5.0 5.0 5.0
V ita m in  mix® 2.2 2.2 2.2 2.2 2.2
W e sso n  s a lt  m ix tu r e 4 4.0 4.0 4.0 4 .0 4.0
C e r e lo se 8 72.0 48.4 48.1 48.3 48.0
A lp h a c e l 2.0
D L  m e th io n in e 3 0.3 0.3
D L  tr y p to p h a n 3 0.1 0.1
T o ta l p r o te in 6 10.4 10.5 10.5 10.5 10.0
P e r  c e n t  n itr o g e n 1.66 1.68 1.68 1.68 1.60
C a lo r ie s /g 7 (d ir e c t ca lo r im e tr y ) 3 .80 3.84 3.83 3.85 3 .88

1 F a t  e x tr a c te d  in  th e  la b o r a to r y  b y  h e x a n e . H e n n in g se n , In c . S p r in g fie ld , M isso u r i, U .S .A .
2 M ic h e lite  p e a  b e a n  (P h a s e o l u s  v u l g a r i s ) .
3 V ita m in  D ie t  F o r t if ic a t io n  M ix tu r e  in  D e x tr o s e  a n d  s y n th e t ic  a m in o  a c id s  p u r c h a se d  fr o m  N u tr it io n a l B io c h e m ic a ls

C orp ., C le v e la n d , O h io , U .S .A .
4 W e sso n  S a lt  m ix tu r e  W  is  fo r m u la te d  p e r  W e sso n  m o d ific a t io n  o f  O sb o rn e  a n d  M e n d e ls  s a lt  m ix tu r e  (S c i e n c e ,  75: 339, 

1 9 3 2 ).
5 C e r e lo se  C orn  P r o d u c ts  R e f in in g  C o., A rg o , I ll in o is , U .S .A .
6 N  X 6 .25 —  a n a ly z e d  in  la b o r a to r y .
7 C a lo r ie s /g  —  a n a liz e d  in  la b o r a to r y .



Portions of the defatted dried whole egg and pea bean 
flour were analyzed for amino acid content by Dr. Wayne 
Ryan1, University of Nebraska College of Medicine (Table 9) 
after the experimental work was completed.

A ll laboratory rats were weighed individually at a specified 
time each week. Food was weighed daily and each rat was of-, 
fered a total of 401 grams of food during the experimental 
period. A ll uneaten food from each rat was collected and 
weighed daily to determine the amount of food actually con­
sumed.

Seven-day composites of pooled feces from each rat were 
dried in a vacuum oven at 10 pounds pressure to a constant 
weight and then ground, re-weighed and stored in individual 
bottles. Urine was collected daily in flasks containing approx­
imately 5 ml of 10% sulfuric acid, as described by Rose et al. 
(14). Seven-day composites of pooled urine samples for each 
rat were stored in a refrigerator until analyzed.

Total nitrogen was determined for the protein foods, ex­
perimental diets, urine and feces by the micro-Kjeldahl pro­
cedure (15). Urine samples (1 cc) were adjusted to pH 7.6 
with 0.2 N NaOH and analyzed for total urea (16). For the 
amino nitrogen determination (17) 25-cc urine samples ad­
justed to pH 7.6 with 1 N NaOH were analyzed.

Caloric content of diet samples was estimated by direct 
combustion in the Parr oxygen calorimeter.

RESULTS AND DISCUSSION
Results were analyzed by a series of analyses of variance, 

all of which showed highly significant treatment effects. De­
signed studies of these treatment effects were made by t  tests 
of differences between treatment means and are reported in

l  Dr. R yan (personal com m unication) describes h is  m ethod  as follows: "The 
sam ples were weighed an d  dried  to  co n stan t w eight a t  100° to  d eterm ine per cent 
m oisture. A weighed sam ple was placed In a  glass am poule an d  m ade 6 N w ith  hydro­
chloric acid. The am poules were sealed, placed In a  dry lce-alcohol b a th  an d  a ttached  
to  a  h igh  vacuum  pum p. At 50 m icrons, th e  am poules were sealed an d  placed In a 
co n stan t tem pera tu re  h ea tin g  block a t  100° C for 24 hours. A fter lyophilizatlon  to  
rem ove th e  hydrochloric acid, th e  residue was dissolved In  pH 2.2, 0.2 N sodium 
c itra te  b u ffer an d  chrom atographed on  a  Splnco 120B am ino  acid analyzer (acceler­
a ted  system  w ith  m icro-cuvette). The try p to p h an  co n ten t was d eterm ined  on  a  sep­
a ra te  sam ple by th e  Spies an d  C ham bers m ethod. Cystine an d  m eth ion ine were de­
te rm in ed  by th e  m ethod  of Moore, u sing  perform lc acid  oxidation  to  m ethion ine 
sulfone an d  cystelc acid ."



Tables 2 through 8. Table 2 shows that pea bean and pea bean 
plus tryptophan diets are eesentially the same in terms of 
weight gain. Thus the addition of tryptophan was of no value. 
The other three diets, whole defatted egg, pea bean plus 
methionine, and pea bean with both methionine and trypto­
phan, resulted in considerably greater weight gains. Adding

TABLE 2
C O M P A R I S O N  O F  D I F F E R E N C E S  IN  M E A N  W E E K L Y  W E I G H T  G A I N S  

O F  T H R E E  R A T S  P E R  G R A M  O F  N I T R O G E N  R E T A I N E D

D I E T

grams/
week

P B M T P B T P B M P B

22.7 7.8 21.2 8.3
Egg 22.5 .2 14.7*** 1.3 14.2***
PB1 8.3 14.4*** .5 12.9***
PBM2 21.2 1.5 13.4***
PBT3 7.8 14.9*»*

*** Significant a t .001 lev e l of probability, others not sign ifican tly  d if­
ferent.

1 P ea  Beans
2 P ea  B eans +  M ethionine
3 P ea B eans +  Tryptophan

TABLE 3
C O M P A R I S O N  O F  D I F F E R E N C E S  IN  M E A N  W E E K L Y  G A I N 8  (g ra m s )  

P E R  G R A M  O F  F O O D  C O N S U M E D  B Y  T H R E E  R A T S

D I E T

gram s/

week
P B M T P B T P B M P B

.26 .10 .29 . 1 1

Egg .31 .05 .21** . 0 2 .20**
PB .11 .15** .01 .18**
PBM .29 CO© .19**
PBT .10 .16**

** S ign ifican t at the .0 1  lev e l.



both tryptophan and methionine to pea bean did not result 
in weight gains greater than pea bean with methionine. Once 
again indicating that tryptophan was of no value. The rats 
consumed more than 99 per cent of the food provided for 
three diets: whole defatted egg, pea bean with methionine, 
and pea bean with both methionine and tryptophan. They 
consumed 91.2 per cent of pea bean with tryptophan and only 
76 per cent of unsupplemented pea bean diet. Differences in 
nitrogen retention among the pea bean diets were significant 
in themselves, but not in terms of retention per gram of food 
consumed. However, all were lower than the egg diet. Since 
consumption of food accounted for differences in nitrogen 
retention among supplemented pea bean diets, it is of interest 
to consider the effect of consumption on weight gains. Table 3 
shows this relationship and indicates that additions of tryp­
tophan did not increase utilization of pea bean diets as did 
methionine. Table 4 shows differences in nitrogen intake 
which was of course due to differences in consumption.

Excretion of fecal nitrogen is shown in Table 5 in terms 
of food consumed. There was less fecal nitrogen excretion 
with egg diet than with any pea bean diet. The higher level 
of unabsorbed nitrogen from a legume protein diet was re­
ported by other investigators (3, 18). Addition of tryptophan 
lowered fecal nitrogen excretion within the pea bean diets. 
Supplementing pea bean diets with tryptophan increased the

TABLE 4
C O M P A R I S O N  O F  D I F F E R E N C E S  IN  M E A N  W E E K L Y  N I T R O G E N  

I N T A K E  ( in  m il l ig ra m s )  IN T H R E E  R A T S

D I E T mg  N

P B  M T P B T P B M P B

1600 1533 1677 1274

Egg 1660 60** 127*** 17 386
PB 1274 326*** 259*** 403***
PBM 1677 7 7 #* 144***

PBT 1533 67**
*** S ign ificant at .001 lev e l of probability.

** S ign ificant at .01 lev e l of probability.
* S ignificant at .05  lev e l of probability.



TABLE 5
C O M P A R I S O N  O F  M E A N  W E E K L Y  M I L L I G R A M S  O F  F E C A L  

N I T R O G E N  P E R  G R A M  O F  F O O D  C O N S U M E D  F O R  

T H R E E  W H I T E  R A T S

D I E T mg N

P B M T P B T P B M P B

3.587 3.305 3.842 3.869

Egg
PB
PBM
PBT
PBM T

1.285
3.869
3.842
3.305
3.587

2.302***
.282
.537**
.282

2.557***
.564***
.255

2 .0 2 0 ***
.027

2.584***

** S ignificant at th e .01 lev el. 
*** Significant at th e .001 level.

TABLE 6
C O M P A R I S O N  O F  D I F F E R E N C E S  IN  M E A N  W E E K L Y  E X C R E T I O N

O F  N I T R O G E N  ( in m il l ig ra m s ) IN  U R I N E B Y  T H R E E R A T S

P B M T P B T P B M P B

D I E T mg  N

93 158 106 86

Egg 101 8 57** 5 15
P B 8 6 7 72** 20
PBM 106 13 52**
P B T 158 65**

** S ign ifican t a t the .01 lev el.

amount of nitrogen excreted in the urine (Table 6). The m illi­
grams of urine nitrogen per gram of food consumed is 1.73 for 
pea bean with added tryptophan. This is significantly higher 
than the other pea bean diets that ranged from .93, 1.06, to 
1.13 or whole defatted egg 1.01. Urea nitrogen was signifi­
cantly higher with tryptophan added than for all other diets 
(Table 7). This relationship is not changed in considering



TABLE 7
C O M P A R I S O N  O F  D I F F E R E N C E S  IN  M E A N  W E E K L Y  E X C R E T I O N  

O F  U R E A  N I T R O G E N  ( In  m il l ig r a m s )  IN U R I N E  O F  T H R E E  R A T S

D I E T

mg N 

urea 
N

P B M T P B T P B M P B

19 26 17 16

Egg 15 4 H * . 2 1
PB 16 3 10** 1
PBM 17 2 9**
PBT 26 7*

** S ign ificant at .01 level. 
* S ign ificant at .05 lev el.

food consumption. The higher urea with the tryptophan diets 
does not account for all of the higher urine nitrogen. These 
results indicate that addition of methionine results in better 
utilization of pea bean diet. The addition of tryptophan to pea 
bean diet results in some decrease in fecal nitrogen but the 
main effect is depressed nitrogen utilization with the excess 
being released in the urine.

TABLE 8
C O M P A R I S O N  O F  D I F F E R E N C E S  IN  M E A N  W E E K L Y  E X C R E T I O N  

O F  A M I N O  N I T R O G E N  (p e r  m il l ig r a m )  F O R  T H R E E  R A T S

D I E T

mg N 

a m in o N

P B M T P B T P B M P B

27 15 17 7

Egg 12 15*** 3 5* 5*
PB 7 2 0 *** g* 1 0 **
PBM 17 1 0 ** 2
PBT 15 1 2 ***
* S ign ificant at .05 level. 

** S ign ificant at .01 level. 
*** S ign ificant at .001 level.



TABLE 9
C O M P A R I S O N  O F  A M I N O  A C I D S  IN  E D I B L E  

P O R T I O N  O F  T H E  F O O D S  A N D  R E Q U I R E M E N T S  F O R  R A T  G R O W T H

Essential A m in o  A cid s  
for Rat G r o w t h  1

P ro p o rt io n s 1 
required for 
Rat G r o w t h

Dried
W h o le  E g g 2 
A v e r a g e  
g per g 
total N itrogen

Pea B e a n 2 (Phaseolus  vulgaris)  
A ve ra ge  
g per g 
total Nitrogen

Dried
W h o le  Egg 3 
Defatted 
m g/ 1 0 0 .m g  
d r y  w t .

Pea B e a n 3(Ph aseolu s  vu lg aris)  
mg/100, m g 
d r y  w t .

L ysine 5 0.400 0.464 4.3 1.5
L eucine 4 0.550 0.537 6.3 2.2
V aline 3.5 0.464 0.379 4.8 1.4
P h enylalan ine 3.5 0.361 0.345 4.2 1.5
M ethionine 3 0.196 0.063 4.3 0.62
C ystine 0.146 0.062 4.2 0.61
Isoleucine 2.5 0.415 0.355 4.0 1.3
Threonine 2.5 0.311 0.271 3.6 1.2
H istid ine 2 0.150 0.178 1.5 0.5
A rgin ine 1 0.410 0.376 4.0 0.5
Tryptophan 1 0.103 0.058 0.42 0.96
G lycine 0 0.221 0.106 2.6 0.9
A spartic Acid 0 0.438 0.419 8.1 3.3
Serine 0 0.525 0.325 5.5 1.5

P roline 0 0.265 0.269 3.0 1.1
G lutam ic A cid 0 0.773 1.000 10.2 4.0
A lanine 0 0.356 4.3 1.1
T yrosine 0 0.269 0.241 2.7 0.6

* R ose’s R equirem ents (19).
2 H om e Econom ics Report No. 4 (9 ).
3 Dr. W ayne Ryan. U n iversity  of Nebraska, C ollege of M edicine: L incoln, Nebraska.



Diets with amino acids added were all significantly higher 
in total amino nitrogen recovered than the pea bean diet 
(Table 8). The whole egg diet was not greatly different from 
the pea bean diet. While the diets with DL-tryptophan and 
DL-methionine were different from pea bean alone, they were 
not different from each other or the defatted whole dried egg 
diet. The diet containing both DL-methionine and DL-tryp­
tophan was the highest in total amino nitrogen excreted and 
this was significantly higher than all other diets. This would 
indicate that free amino acids in the diet, not used in metab­
olism, are excreted as amino nitrogen, and that increasing free 
amino acid content of diet over amount utilized w ill increase 
the amino nitrogen excreted proportionately. This phenom­
enon of mean differences in metabolic utilization of free 
amino acids is closely related to growth requirements of a 
young rat (Table 9). Actual analysis of the amino acids of 
our test food did not agree with the Home Economics Report 
No. 4 (9) especially for tryptophan (Table 9).

Based on the Home Economics Report No. 4 we added DL- 
tryptophan to our pea bean diet as their analysis shows defi­
ciencies in methionine and tryptophan. After our laboratory 
results were studied, an amino acid analysis was performed 
on our test foods, to clarify any differences which could effect 
the results. Comparisons indicated (Table 9) that a mere ins­
pection of the amino acid pattern of a protein food w ill not 
afford a sound basis for judgment of their nutritive value or 
even for determining which amino acids limit their nutritive 
value. Final judgment always lies with an actual amino acid 
analysis followed by controlled feeding trials.

R E S U M E N

R espuesta biológica d e  ratas alim entadas con d ietas elaboradas a base
de fr ijo les  (Ph aseolus vu lgaris) y  suplem entadas con  am inoácidos
Ratas machos de 103-129 gr. de peso se alim entaron con cantidades 

pesadas de raciones isocalóricas y  con 1 0 %  de proteínas preparadas a base 
de huevo desgrasado o de frijoles (Phaseolus v u lg a r is )  con o sin suple- 
mentación con 0 .3 %  D L - m e t h io n in a  ó 0 . 1 %  D L - t r ip to f a n o .

Se observó que la adición de metionina aum enta grandem ente el c o n ­
sumo y  la retención de N y  el aum ento de peso. D L - t r ip t o f a n o  afectó la 
excreción total de N y  de urea. La  excreción de N am ín ico  era m a y o r  en 
las raciones adicionadas con aminoácidos que con las dietas de huevo o 
frijo les solamente.



Los resultados indican que una suplementación excesiva de una racidn 
de fri jo les con D L - t r ip t o f a n o  resultó en una utilización reducida del n i ­
trógeno y  que un exceso de aminoácidos libres no uti lizados m etabòlica­
mente fuero n excretados pro porcionalm ente en la orina y  detectados como 
am in o -n itró ge n o . U n  exceso de D L - t r ip t o f a n o  apareció en la orina p r i n ­
cipalmente en fo rm a  de urea en contraste con D L -m e t io n in a .
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