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The feeding of a synthetic ra tion containing 50% fat r esults
in marked obesity in two of 4 strains of mice studied in this
laborator y, A/Fn and C3H/ F n (Fenton and Dowlin g, '53).
Another str ain, C57BL/Fn, becomes moderately obese, while
the I /Fn str ain remains lean. Th e depo sition of excess fat
is accompanied by an increase in the fat-free component ­
protein, ash and water (Fenton, '56). This observation sug­
gests that the obesity-susceptible str ains may be characteri zed
not only by excessive fat deposition but also by greater r a tes
of protein synthes is or lower rates of protein degradation.
With these possibilit ies in mind we undertook some studies
of the ni trogen metabolism of our 4 str ains of mice. F enton
and Carr ('51) showed diff er ences in growth rates when
rati ons of low protein content were fed. The present study
represents a more detailed analysis of some genetically de­
termined differ ences in protein metabolism. Making use of
a 5510 casein diet we have measured the growth of 4 strains
under conditions of ad libitum feeding and of r estricted food
intake. Furth ermore, we have under taken nitrogen balance
studies in which th e nitrogen in take was rigidly contr olled.

EXPERI MENTAL

W eanling mice of our 4 strains (C57BL/Fn, C3H/Fn, A/ F n
and I /Fn) received diet 287 (table 1) containing 5% casein.

1 Supported by gr an t C-1995 from the N ational Can cer I nst it ute and by a grant
from th e Anna Fuller Fund.
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Food intake and weight gain were measured for a period of
20 days. As the exp erimental situation demanded, this ration
was supplied either ad libitum or in r estricted quantities. In
one restriction experiment a nitrogen-free supplement (298,
table 1) was offere d ad libitum. All the animals were hou sed
individually in scree n-bottom metal cages maintained in an
air-conditioned animal room .

TABLE 1

Percentage composition of diets

DIET
I XGREDIEXT

287
'

2 92
'

Casein 2 5 5
Su crose
Dextrin 85
Starch 85
Salts A 1 5 5
Salts HMW 3
Corn oil 5 5
Hydr ogenated

veget able oil'

2 9 8 311 '

45
70

5
5

5 5

45 20

1 Vitamin supplement and compo sition of Salts A as reported by F enton and
Carr ( '51) .

2 Labco, vitamin -free,
3Hubbell, Mend el and Wak eman ('37 ).
• Crisco.

The protein minima studies follow ed th e principles outlined
by Melnick and Cowgill ( '37). Adult mice of the A/Fn and
I /Fn str ains wer e maintained in individual metabolism cages.
These animals had been reared to age 6 months on a commer­
cial stock ration." The mice were fed a nitrogen-free diet (311,
table 1) ad libitum. Urine collections were made during th e
third and 4th days on this diet. During the following three
days 5 mg of nitrogen wer e injected intraperitoneally daily
in the form of an aqueous solution of enzymatic casein hydro­
-""ate. During a second and third three-day period the amount
of nitrogen was incr eased to 10 and 15 mg per da y resp ectively.

2 P ur ina Laboratory Chow.
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The amount of nitrogen administered as well as the urinary
nitrogen were determined by the micro-Kjeldahl procedure
of Ballentine and Gregg ('47). Since the nitrogen was ad­
ministered intraperitoneally, fecal nitrogen was determined
on a separate small group of mice and the average, 3.5 mgyday,
was used in the calculation of nitrogen balance.

RESULTS

Under conditions of ad libitum feeding the C57BL and I
strains consumed the smallest quantity of food, 43 and 42 gm
respectively during a 20-day period. The A strain consumed

TABLE 2

Protein efficiency of 4 strains of mice

STRAIN NO . OF
AN IMALS

FOOD INTAKE WEANING
287 298 WEIGHT

Diet 287 ad libitum

'VEIGHT PROTEIN
GAIN EFFICIENCY

gm gm gm pm

C57BL 12 43.0 ± 1.0 ' 10.0 1.2 0.54
I 8 42.0 ± 1.8 9.7 0.8 0.35

C3H 8 61.5 ± 1.4 10.5 3.5 1.13
A 12 51.9 ± 1.4 9.8 1.2 0.46

Diet 287 rest rict ed

C3H 9 43.2 ± 0.4 10.2 - 0.7
A 8 42.8 ± 0.4 10.2 - 0.9

Diet 287 restricted; diet 298 ad libitum

C3H 5 43.0 ± 0.1 5.3 10.7 0.6 0.28
A 12 42.2 ± 0.5 4.4 10.2 0.3 0.14

1 Standard error.

over 20% more during this same interval while the C3H
consumed almost 50% more. The efficiency of protein utiliza­
tion for growth (grams weight gained/grams protein con­
sumed) was more than twice as great with C3H mice as .it
was with the next most efficient strain, the C57BL (table 2).

When mice of the C3H and A strains were restricted in food
intake to :he level voluntarily consumed by C57BL mice
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(43 gm/20 days), they actually lost weight. When other mice
of the C3H and A strains were similar ly restricted but were
allowed in addition unlimited quantities of th e nitrogen-free
ration 298, th ey again showed positive weight gains. W e have
omitted data of tho se animals whi ch did not completely con­
sume the 43 gm of diet 287. The sum of diet 287 and diet
298 consumed did not equal th e quantity of diet 287 consumed
under conditions of ad libitum feeding (table 2).

~ 3.0
C) 0

I

~
2.0

«
C)

I- 1.0
:I:
C)-
ILl 0
~

- 1.0 3536 38 40 42 44 46 48 50
FOOD INTAKE - GM

F ig. 1 Regr ession line of weight gain/20 days on volun tary intake of 15 %
protein diet of weanling C57BL mal e mice. Zero weight ga in t heoretically at
fo od intake of 35.3 gm.

In figure 1 ar e plotted the body weight gains of individual
C57BL animals against food intake under conditions of ad
libitum feeding. The calcu lated regression line shows that
weanling mice of this str ain should show no weight change
if consuming 35.3 gm of diet 287/20 days. As a check 15
weanling male mice of th e C57BL strain were fed this amount
of diet 287 over a period of 20 days. The av erage weight gain
observed for the entire gr oup was 0.1 gm. On the other hand,
as was shown in table 2, mice of th e A str ain lost weight even
when fed as much as 43 gm of diet 287. In a further exper iment
mice of the A strain were each fed 36 gm of diet 287 mixed
with 18 grn of dextrin. The resulting mixture supplied approx-
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imately as many calories as this strain consumed volun tarily
under conditions of ad libitum feeding. Average food con­
sumption for the 20-day period was 4-9.5 gm, corresponding to
33.0 gm of diet 287 plus 16.5 gm of dextrin. Despite this low
protein intake the average weight gain for the group was 0.4
gm (table 3).

TABLE 3

W eight gains on low prot ein diets

STR AIN

C57BL

A

A

C57BL

. N O. OF
ANIMAL S

15

8

6

7

FOOD
I N TAK E

Restricted,
35.0 gm
diet 287

Restricted,
42.8 gm
diet 287

33.0 gm
diet 287;
16.5 gm
dextrin

ad lib .
32.4gm
die t 292

W EANIN G
WEIGHT

gm

9.9

10.2

9.2

9.6

WEIG HT
GAIN

gm

0.1

-0.9

0.4

- 0.4

NITROGEN INTAKE - MG/DAY
o 5 10 15 '

~ - 2
Cl

'0 -4
:!:
I - 6
~ - 8z
:5 - 10
;i5 - 12

~ - 14

~ -16
Z - 18

A
I

Fig. 2 Nitrog en balance at several levels of nitrogen intake. Averages f or
9 A strain an d 9 I strain males.



470 P AUL F . FENTON AND JOHN' M. MARSH

'When diet 292 was fed to weanling C57BL males, food intake
amounted to only 32.4 gm, and a weight loss of 0.4 gm was
observed over th e 20-dayperiod. This is precisely the weight
loss predicted from the r egression line in figure 1. Diet 292
is identical with diet 287 except that starch was substituted
for dextrin.

The r esults of the protein minima studies are shown in
figure 2. Th e endogenous urinary nitr ogen excretion of I
strain animals was significantly greater than that of A str ain
mice. At all levels of nitrogen intake the I strain mice showed
more negative nitrogen balances.

DISCUSSION

The large strain differences in food intake under conditions
of ad libitum feeding are in line with observations we have
made with other diets. Under most feedin g conditions th e
voluntary food in take of A and CSH mice has been found to
exceed that of C57BL and I strain animals. It is th e A and
C3H str ain which can most r eadily be made obese by nu tri­
tion al means. The observation that mice of th ese two str ains
lose weigh t when restricted to the quantity of food voluntarily
consumed by C57BL and I st r ain animals indicates that they
not only voluntarily consume more food, but that they also
r equire more food in order to show gains in body weight on
low protein diets. 'With the diets fed in these experiments
the questi on is r ai sed whether th e A an d C3H mice req ui re
more protein in or der to grow or whether the need is for
additional calories. The pos it ive weight gains observed when
the low protein diet was fed in restricted amounts but the
nitrogen-free ration supplied in unlimited quantities indicates
that the need is for calories alone. This is' fur ther suppor ted
by the exper iment in which A str ain mice wer e fed 36 gm of
th e low protein diet mix ed with 18 gm of dextrin. It may
lJG concluded th en that A and C3H mice have a greater need
for calories than do C57BL and I strain animals for the
utiliza tion of low protein diet s.
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The r elation of caloric intake to protein metabolism in one
str ain of mice has been studied by Bosshardt et al. ( '46, '48).
Holding the prot ein intake cons tant, they found that restric­
ti on of the caloric intake decr eased the rate of gr owth, the
efficiency of protein utilizati on and the total energy expendi­
ture. Extra calor ies in the form of pro tein wer e much more
effective in stimula ting gr owth than calor ica lly equivalent
amounts of fat and carbohydrate.

The experiments on nitrogen minima by the method of
Melnick and Cowgill ( '37) showed that A strain animals
excr ete less nitrogen per day than do I strain mi ce. This
is true wh en no ni tr ogen is administer ed and one measur es
only the endogenous urinary nitro gen. It is equally true at
each of the thr ee levels of ni tr ogen administere d in traperit­
oneally. Under the condi tions used in these exper iments the
relation between nitrogen intake and nitro gen balance was
not r ectilinear as might have been expected. W e attribute
this to the fact that the entire daily supply of nit r ogen wa s
administer ed in a sing le dose. Presumably much of the in­
coming supp ly of am ino acids was r apidly deam inated and the
ni trogen excreted. This effect could be expected to be mor e
pronouncec at the higher levels of ni t r ogen administer ed, thus
accounting for the curvilinea r r elationship between nitrogen
intake and nitrogen bala nce. 'I'he curves indicate str ongly that
the A str ain mou se r equires less nitrogen to attain nitrogen
balance th an does th e I strain animal.

The experiments r epo r ted here constitute fur ther evidence
of the existence of distinct metabolic patterns char acte r izing
each of 01:.:· several strains of mice, The A and C3H str ains
possess th e gr eates t ability to depo si t excess ive qua ntities of
fat, the gr ea test n eed for calor ies for the u tilization of low
protein di et s, and, in the case of the A strain, the lowest
endogenous ni tr ogen excre tion. W hether the low nitr ogen
excretion of A strain mice fed nitrogen-free diets indicates
a greate r abi lity t o accumulate ti ssue pr otein s and whether
this abi lity can be r ela ted to excess ive fa t deposition cann ot be
decided as yet . The fa ct is that we have never seen, under
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the conditions of our experiments, accumul ation of excess fat
without the deposition of additional protein.

SUMMARY

Two strains of mice highly susceptible to nu tritionally in­
duced obesity were found to have a higher caloric r equirement
for the utilization of a low protein diet than a strain which
is moderately susceptible and one that is completely re sistant
One obesity-susceptible str ain r equired less nitrogen than the
resistant str ain.
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THE EFFEOTS OF VITAMIN DEFIOIENOY ON SOME
PHYSIOLOGICAL FAOTORS OF IMPORTANCE

IN RESISTANOE TO INFEOTION

III. VITAMIN B12 AND F OLIC ACID DEFICIENCIES

KENNET3: WERTMAN,' RAYMOND J. LYNN, DONALD T. DISQUE,
GE RALD W. K OHR AND MARY ELLEN CARROLL

The Divi sion of Baoterioloqu, Departm ent of Bioloqicai Sciences,
University of Pittsburgh, Pittsburgh, Pennsylvania

(R eceived fo r publication June 25, 1956)

The influence of nutritional deficiencies upon the suscepti­
bility of animals to infectious disease has been studied and
reported by numerous investigators. Animals maintained on
diets deficient in members of the vitamin B complex group
have demonstrated a marked increas e in susceptibility to
certain bacterial and rickettsial infections. An increased re­
sistance to cer tain viruses has been reported in animals main­
tained on vitamin-deficient diets.

Th e mechanism of this altered susceptibility to infection
has not been, adequately investigated. However, the ability
of vitamir..-deficient animals to produce circulating antibodies
of various types has been rather extensively studied. The
work in the se fields has been recently reviewed elsewhere
(Wertman, Smith and O'Leary, '54).

In three recently published papers (Wertman et al., '53,
'54, '55), several observations on the effect of thiamine,
niacin-tryptophan and pyridoxine deficiencies in the white
rat were pre sented. The nonspecific physiological factors
studied, which were believed to be of importance in resistance
to infection, were as follows: (1) complete blood count ;:
(2) complement activity; (3) quantitative and qualitative

1 Present address: Department of Bacteriology, University of Arizona, Tucson,
Arizona.
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cellular migration in inflammation; (4) cap illary permea­
bili ty, as measured by the Menkin dye accumulation tech­
nique ; and (5) cellula r composition of bone marrow. A con­
siderable decr ease of complement activity and a substantial
r eduction in cellular migration to an inflamed area wer e
observed in the white rats maintained on the niacin tryp ­
tophan-deficient diet and the pyridoxine-deficient diet. Al­
though a significant r eduction in cellul ar migration occurred
in deficient animals, no alteration in capillary permeability
could be measured by the dye accumulation technique (Men­
kin, '40).

Although much work has been done with vitamin B12 and
its hematopoieti c activi ty, very little r esearch has been re­
ported concerning its influence on r esistance to disease.
Neith er have studies of this nature been performed on white
r ats maintained on a folic acid-deficient diet. The purpose
of the previous investigations (Wertman et al., '53, '54, '55)
was to study the various nonsp ecific phy siological factors
of r esistance to infection concurrently in animals maintained
on a well-defined diet that was deficient in thiamine, niacin­
tryptophan and pyridoxine. The purpose of this investigation
wa s to perform identical studies with a group of white rats
maintained on a well-defined diet that was deficient in vita­
man B12 as well as a similar group maintained on a well­
defined diet deficient in folic acid.

EXPERIMENTAL

Male, weanling albino rats of th e Sprague-Dawley strain,
approximately 21 da ys old, were employed in the investiga­
tion. All rats were housed individually in wide-mesh, screen
bottom metal cages. The animals for the vitamin B12 experi- .
ments were arrang ed into three groups, i.e., vitamin B:2

deficient, inanition controls and ad libi tum controls. The tle­
ficient group contained 80 animals and the two contr ol groups
each contained 40 animals. All animals were observed and
weighed daily.
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Th e basal diet and vitamin pill were similar to those em­
ployed by INertman et al. ('53, '54, '55) in their previous
studies. The vitamin B 12-deficient diet consisted of th e follow­
ing in percentage: defatted, whole ground yellow corn, 45.76;
soy flour :low fat), 45.75; salt mixture no. 2,2 2.0; corn oil,"
5.00; t-eystine, 0.30 ; choline chloride, 0.10; i-inositol, 0.02;
p-aminobenzoic acid, 0.01; iodinated casein ,' 0.05; 2-methyl­
14-naphthoquinone, 0.001; d-alpha-tocopherol acetate, 0.001;
and sulfasuxidine, 1.00.

All rats in the vitamin B12 experiments were fed a vitamin
pill daily, which contained the following vitamins in micro­
grams (Griffith and Farris, '49) : thiamine, 80; riboflavin,
120; 'pyr idoxine, 100; pantothenic acid, 600, nicotinic acid,
200; folic acid, 10; and biotin, 10.

All animals were stabilized for a period of one week before
being placed on their r spective diets. Thereafter, all animals
rec eived the basal diet plus a vitamin pill daily. The control
animals were injected intraperitoneally every other day with
1 ml of vitamin B12 5 in saline (0.4 J.lg vitamin B12 per ml). Ad
libitum controls and vitamin B 12-deficient animals received
diets ad libitum, while inanition control animals were fed
only enough to maintain their r esp ective weights equal to
the deficient animals with which they were paired. In addi­
tion, each rat received 3000 USP units of vitamin A and 24
USP units of vitamin D per week."

The animals were maintained on their diets until the defi­
cient animals began to plateau or lose weight which was
approximately 6 weeks. Initial and final mean weights for
each of these groups appear in table 1.

The basal diet for the folic acid experiments had the fol­
lowing percentage composition: " vitamin-f ree " casein, 25;
sucrose, 57.76; hydrogenated vegetable oil, 10.00; U.S.P. salt

2 Nutritional Bio chemicals Corp oration, Cleveland, Ohio.
2 Mazola.
4 Proto mine.
5 William H . Rorer, Inc., Philadelphia, P a.
• Two drops of Abbott ' s H ali ver oil per week.
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mixture no. 2,2 4.00 ; corn oil," 2.00 ; sulfasuxadine, 1.00; choline
chloride, 0.20; i-inositol, 0.03 i dl-alpha-tocopherol acetate,
0.01; and 2-methyl-1,4-naphthoquinone, 0.001.

Each animal in the folic acid studies r eceived a vi tamin
pill da ily. The pills prepared for the cont rol animals con­
tained the f ollowing vitamins in micrograms: thiamine, 46;
riboflavin, 60; pyridoxine, '50; calcium pantothenute, 300 ;
nicotinic acid, 150; biotin, 3; and folic acid, 20. L actose was
used as the binder in the preparation of the pills. Folic acid
was omitted from the pills prepared for th e vitamin-dencient
group of animals .

T ABL E 1

Distributi on and initial and final mean weights of rats

GROU P
~UMBER

OF
RATS

VIT AMIN B 12
DEFICIE N CY

Mean bod y weights

NUMBER
OF

RATS

F OL IC ACID
J)EFIC IE NCY

Mean body weights

Init ial F inal Initi a l Fin al

gm gm gm grn

Ad libi tum controls 40 58.2 176.8 10 43.1 203.9
Inanition controls 40 59.4 115.5 14 43.6 126.2
Deficient 80 56.7 112.7 39 43.5 125.5

The addition of sulfasuxidine to a diet has been reported
to have an adverse effect on the bacterial synthesis of biotin
in the rat intestine (Martin, '42; 'Welch, '42) . A biotin de­
ficiency is produced as well as interference with the utilization
of pantothenic acid (Wright and Welch, '~4). It was for
these r easons that a supplement of biotin, 2 llg , and calcium
pantothenate, 150 ug, was added beyond the accepted normal
requirement of the rat.

In addition to the vitamins supplied in the basal diet and
the supplementary pills, each animal rec eived 3000 USP units
of vitamin A and 24 USP units of vitamin D each week.7

The animals wer e maintained on the ba sal diet and vitamin
preparations for a period of 36 days. In the last few day s
of this period, a high death rate became apparent. Initial and

T See f ootnote 6, page 475.
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final mean weights for each group in the folic acid expert­
ments appear in table l.

The day before the rats were to be sacrificed, blood samples
for complete blood counts were obtained from all animals by
tail bleeding. Standard hematological techniques were em­
ployed for these counts. The results are recorded in table 2.
Following the tail bleeding, each rat was injected intraperi-

TABLE 3

Complement activity of vi t amin B u - and folic acid-d eficient and control rats

GROUP

Ad libitum
controls

Inanition
controls

Deficient
animals

SERUM
POOl; II

1
2- 5
6
7-8

1-2
3-4
5-8

1
2-3
4
5-6

7
8-9

10
11-16

VITAMIN B1.2
COMPLEMEN'l' ACTIVITY

E. u. t

0.08 ml of 1: 6 dilution
0.1 2 ml of 1: 6 dilution
0.10 ml of 1: 6 dilution
0.14 ml of 1: 6 dilution

0.12 ml of 1: 6 dilution
0.20 ml of 1: 6 dilution
0.14 ml of 1: 6 dilution

0.16 ml of 1: 6 dilution
0.14 ml of 1: 6 dilution
0.18 ml of 1: 6 dilution
0.14 ml of 1:6 dilution
0.16 ml of 1: 6 dilution
0.14 ml of 1: 6 dilution
0.16 ml of 1: 6 dilution
0.12 ml of 1: 6 dilution

SERUM
POOL

1
2-5

1-3
4

1
2-3
4
5-8
9

FOLIO AOID
COMPLEMENT ACTIVITY

E . U."

0.12 ml of 1: 6 dilution
0.15 ml of 1:6 dilution

0.21 ml of 1: 6 dilution
0.24 ml of 1: 6 dilution

0.24 ml of 1: 6 dilution
0.21 ml of 1: 6 dilution
0.24 ml of 1: 6 dilution
0.21 ml of 1: 6 dilution
0.18 ml of 1:6 dilution

'One exact unit.
a Five rats were used in each pool.

toneally with 10 ml of inflammation-inciting fluid . This fluid
was a mixture of sterile Locke's solution and double strength
nutrient broth in the ratio of 85 to 15 on a volume basis.

Twelve hours after the intraperitoneal injections, the rats
were anesthetized with ether and bled to death by the cardiac
puncture technique. The blood specimens so obtained were
allowed to clot and the sera were collected, pooled, and utilized
for the determination of complement activity as described
by Wertman, Smith and O'Leary ('54). The results of these
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determinations are recorded in table 3 as the volume of di­
luted pooled sera representing one exact unit of complement.

At the same time as the cardiac bleeding, the peritoneal
exudates were collected from the anesthetized animals by
washing be peritoneal cavity with heparinized Lockes solu­
tion (Wertman et a1., '54). The exudates and the washings
were centrifuged to remove cellular elements which were then
resuspended in 2 ml of Locke's solution for total and differ­
ential leucocyte counts. Standard techniques were used for
the total counts. The differential counts were performed on
smear preparations of the cell suspensions which were stained
by Wright s method. Two hundred cells were counted on
each slide using the methods of Menkin ('40) and Maximow
and Bloom ('44) in classification. The results of the total
and differential counts of the exudate cells appear in table 4.

Samples of each cell-free exudate supernatant were pooled
in groups of 5 and concentrated 10-fold by evaporation of
water from dialysis bags as described in a previous paper
(Wertman et a1., '54). In an effort to determine the presence
and activity of "leukotaxine" in the concentrated exudate
supernatant, Menkins ('40) intradermal dye-accumulation
technique was employed. Two-tenths milliliter of pooled ex­
udate concentrate was injected intradermally into shaved
rabbit abdomens and along with control injections of saline,
heparinized Locke's solution and inciting fluid. Ten mil.iliters
of 170 trypan blue were injected into the marginal ear vein
of each rabbit immediately after the intradermal injections
were completed. The sites of the intradermal injections were
observed and measurements of the areas of dye accumulation
made 15 and 30 minutes after the injection.

After the cardiac bleedings and removal of peritoneal ex­
udates, bone marrow specimens were taken from each rat
by cutting through the proximal end of the tibia and removing
a portion of the marrow so exposed. The marrow was mixed
with a drop of normal rabbit serum and smeared across a
slide (Endicott, '45). The resultant films were stained with
Wright's stain and differential counts made. Three hundred
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cells were observed on each slide using a modification of
the method of Endicot t and Ott ( '45) fo r classification. The
results of th ese counts appear in tabl es 5 and 6.

RE SULTS AN D DISCUSSION

The r esults of this investigation indicated that there was
no alterati on of the peripheral erythrocyte count due to
either inanition or vitamin B12 deficiency. However , a vita­
min B12 deficiency produced a leucopenia in the rat. Inanition
likewise r esulted in a leucopenia as compare d with ad libitum
controls, but not as seve re as in the deficient rats. The dif­
ferential counts performed with circulating blood r evealed
no significant qualitative or quanti tati ve difference between
deficient animals and contr ols .

The r esults indica ted that neither folic acid deficiency nor
inanition affected the total number of erythrocytes in the
periphera, blood. The deficiency of folic acid r esulted in a
r eduction of the total number of leucocytes in the peripheral
blood. Inaniti on likewise r esulted in a decrease but to a
lesser degr ee than the folic acid deficiency. A relative decr ease
of polymorphonuclear neutrophiles was observed in the blood
of th e folic acid-deficient animals.

Complement ti t rations were performed on the pooled sera
from 5 rats. Sixteen pools of sera from vitamin B12-deficient
animals were titr ated and these results compared with results
of titrations performed on 8 pools of sera f r om inanition con­
trols and 8 pools of ser a from ad libitum controls. These
titrations indicated tha t vitamin B12 deficiency and inanition
had no significant effect on the activity of rat complement.

The sera of the folic acid-deficient and inanition rats were
found to have a reduction of complement activity. The exact
unit of complement of a 1 : 6 dilution of the ad libitum rat
sera was approximately 0.15 ml and that of the inanition and
deficient rat ser a was 0.21 ml of a 1: 6 dilution.

The leucopenia of the circulating blood of vitamin B12-defi­
cient animals was reflected in the total leucocyte counts of the
peritoneal exudate. Cellular migration to the inflamed area
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was reduced III vitamin B12-deficient animals as compared
to ad libitum controls. Inanition produced a slight decrease
in the cellular migration but not nearly as great as the de­
crease in deficient animals. Differential counts of the peri-

TABLE 5

Cellutar composition of bone marrow in vitamin B12-deficient and control rats

DIET

BONE MARROW CELLS

Total granulocytes, %

Promyelocytes and
myelocytes, %

Metamyelocytes
and segmenters, %

Eosinophiles, %

Nucleated red
blood cells, %

Lymphocytes, %

Monocytes, %

Blast cells, %

Mast cells, %

Plasma cells, %

Unclassified, %

Median
Range

Median
Range

Median
Range

Median
Range

Median
Range

Median
Range

Median
Range

Median
Range

Median
Range

Median
Range

Median
Range

Ad
libitum

35.2
22.6-45.5

9.6
7-13.6

22.3
14.3-27.6

3.3
1.3-4.3

51.3
45-64

8.9
6.3-12.6

1.8
1-3.2

0.9
0-7.3

0.5
0-1.9

0.3
0-1.6

0.2
0-1.3

Inanition

37.3
26.6-49.6

10.5
8-14

23
17-28.3

3.8
1.6-7.3

48.4
41.3-60.3

9.8
8-12.6

2.4
1-4

0.5
0-2.3

0.7
0-1.6

0.2
0-1.9

0.4
0-1.3

Vitamin B 12
deficient

33.5
20.6-45.9

9.2
6-12.6

21.4
13.3-27.3

2.9
1.3-6

52.8
45.3-66

8.3
5.3-12.6

1.6
0.6-3

0.8
0.7

0.4
0-1.9

0.4
0-1.6

0.2
0-1.3

toneal exudate revealed a lymphocytosis with a concomitant
granulocytopenia. The granulocytes are the most active in
phagocytosis (Menkin, '40, '50), so it appears that the re­
sistance of the deficient animals might be reduced in this
instance.
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The total leucocyte counts of the inflammatory exudates
removed from folic acid-deficient groups demonstrated a sig­
nificant reduction over the ad libitum and inanition control
groups. The percentage cellular composition of the folic

TABLE 6

Cellular oomposition of bone marrow in folio acul ad libitum-oontrol,
inanition-oontrol and vitamin-defioient rats

DIE T
BONE MARRO",- CEL L S

Ad libitum Inanition Deficient

Total granuloeytes, % Median 34.3 37.0 21.0
Range 26.7-38 30.3-47 14.3- 26.3

Promyelocytes Median 21.0 21.0 17.5
and myelocytes, % Range 12-25 16-25 11-24

Metamyelocyt es Median 13.0 14.0 1.7
and segm enters, % Range 6-16 11-22 0.7-5.0

Eosinophiles, % Median 1.0 2.0 1.0
Range 0.3-2.3 0.7-3 .0 0-1.7

Nucleated red cells, % Median 58.5 57.0 65.6

Lymphocytes, % M edian 9.2 3.5 2.0
Range 5-15 1-5 0-6

Blast cells, % Median 1.7 1.0 1.5
Range 0-3 0-2.7 0-2.7

Mast cells, % Median 1.0 1.7 1.2
Range 0-3 0.7-4.7 0.3-3

Plasma cells, % Median 0.0 0.0 0.0
Range 0 0-1.0 0-1.0

Monocytes, % Median 0.3 0.7 0.5
Range 0- 3.3 0.3-2.7 0.3-2.3

Unclassified, % Median 0.8 1.5 6.5
Range 0.3-2.3 0.3-3.3 0.7-12

acid-deficient rats demonstrated a reduction of 26'/0 in
the' relative number of polymorphonuclear leucocytes. The
lymphocyte count was comparable in folic acid-deficient and
ad libitum-control rats. However, the inanition-control ex­
udate showed a reduction in lymphocytes when compared to
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the ad libitum-control rat exudate. The mononuclear leuco­
cyte count of peritoneal exudates in folic acid-deficient rats
was 25% greater than in the inanition controls and 30%
greater than in the ad libitum-control animals.

Experiments were performed to determine whether or npt
"leukotaxine" activity was present in vitamin B12-defi~ient,

folic acid-deficient and control animals. No alteration in
capillary permeability could be detected by the Menkin dye
accumulation technique. In every instance, the cell-free peri­
toneal exudate from all groups of animals produced the same
type and degree of reaction in the skin of the rabbit after
injection of dye. These results are in complete agreement
with those of the three previous papers in this series (Wert­
man et al., '53, '54, and '55).

No significant difference in the cellular composition of the
bone marrow of the vitamin B12-deficient, inanition-control
and ad libitum-control rats was noted. These results corre­
spond with those obtained by Wang, Scheid and Schweigert
('54) in their experiment using varying levels of vitamin
B12. No marked changes were found in the bone marrow com­
position of the vitamin B12-deficient rats as compared to the
normal rats (table 5).

The bone marrow preparations of the folic acid-deficient
rats exhibited a relative decrease in granulocytes as compared
to the ad libitum and inanition controls. This decrease was
caused primarily by a severe decrease in the percentage of
older forms of the granulocytic elements, such as metamyelo­
cytes and segmenters. There was a significant decrease in
the percentage of lymphocytes in the marrow of the deficient
and inanition-control animals. Nucleated erythrocytes in the
marrow of the deficient rats decreased 7.0% over the ad
libitum controls, and 8.5% over the inanition controls. An
increase in reticulocytes was also noted in the bone marrow
of folic acid-deficient rats. These were placed in the" unclassi­
fied" group (table 6).
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SUMMARY

Male white rats were maintained on a well-defined diet de­
ficient in vitamin B12 and folic acid and various physiological
factors of resistance to infection were studied. Adequate in­
anition- and ad libitum-control animals were included in the
investigation. The following physiological factors were
studied: (1) cellular composition of the peripheral blood; (2)
complement activity; (3) cellular migration in inflammation;
(4) cellular composition of the exudate in inflammation; (5)
"leukotaxine" activity; and (6) cellular composition of bone
marrow.

The following observations were made from these studies:
1. Vitamin B12 deficiency had no effect on the number of

erythrocytes per cubic millimiter in the peripheral blood. A
severe leucocytopenia was observed in deficient animals. In­
anition, however, also caused a decrease in leucocyte counts.
Inanition counts were intermediate between those of deficient
and ad libitum controls. Vitamin B12 deficiency produced no
significant difference in diff erential leucocyte counts. No
significant difference was noted in the number of erythro­
cytes per cubic millimeter of blood in the folic acid-deficient,
inanition- End ad libitum-control groups. Inanition which
accompanied folic acid deficiency resulted in a severe leuco­
penia. The differential cell counts of the blood film prepa­
rations showed a decrease in both percentage and absolute
number of neutrophiles in the folic acid-deficient animals.

2. Vitamin B 12 deficiency and inanition had no apparent
effect on the activity of rat complement. However, comple­
ment activity was reduced in the sera of the folic acid-deficient
rats.

3. Cellular migration to an inflamed area was reduced in
the vitamin B12-deficient animals as compared to the ad libitum
controls. A slight decrease in the cellular migration was
sho~n in the inanition-control rats, but this was not as great
as in deficient rats. A deficiency of folic acid resulted in a
severe reduction of the migration of leucocytes to an inflamed
area.
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4. The vitamin B12 deficiency appeared to have a marked
effect upon the types of leucocytes migrating to the site of
inflammation. Th er e was a marked lymphocytosis and granu­
locytopenia in the exuda tes of the vitamin B12-deficient r ats.
The inflammatory exudates of the fol ic acid-deficient r ats
showe d a re lative decrease in number of polymorphonuclear
leucocyt es and a re la tive increase of mononuclear leucocytes.

5. No alteration in capillary permeability, as measured by
Menkin dye accumulation technique, was noted in either vita­
min B12- or folic acid-deficient rats.

6. No significant change was observed in the cellular com­
position of the bon e marrow of the vitamin B12-deficient or
inanition-control animals as compare d to the ad libi tum­
control rats.

7. The bone marrow preparations from the tibias of th e
inanition and folic acid-deficient rats pr esented a r ela tive
decrease of lymphocytes. A severe decrease in r elative num­
bers of metamyelocytes and segmenters. a slight decrease in
promyelocytes and myelocytes, and an incr ease of r eti cule­
cytes wer e noted in the bone ma rr ow removed from the tibias
of folic acid-deficient rats.
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NUTRITIONAL STUDIES ON RATS ON DIETS
CONTAINING HIGH LEVELS OF P AR­

TIAL ESTER EMULSIFIERS 1

II. REPRODUCTION AND LACTATION

BERNARD L. OSER AN D MONA OSER

Food Research Laboratories, Inc., Long Island City, N ew York

(Received for publication March 9, 1956)

The stresses imposed by reproduction and lactation would
be expected to accentuate such pathological effects as might
result from the addition to the diet of unphysiologic test
~bstances. Breeding studies were therefore included in this
investigation of the effect of chronic feeding of high levels
of partial fatty acid ester emulsifiers. In the introductory
report of the series (Oser and Oser, '56) are described the
general plan of the study, the 6 emulsifiers, the basal and
test diets, and the general procedures employed.

The experiments were started with approximately 800 wean­
ling rats, eaeh dosage group consisting initially of 12 male
and 20 female rats. The fertility and lactation responses of
the parent gen~ation (Fo) as well as those of the descendent
generations, each consisting of approximately 500 rats, are
presented in this report.

PROCEDURE

The r eproduction and -Iactation program was initiated
shortly after the 12th week on the test diets when the rats
were approximately 110 days old and, of course, sexually
mature. The scheme shown in figure 1 was adopted for breed-

1 This investigation was support ed by a g rant from th e Atlas Powder Comp any,
Wilmington, Delaware.
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ing studies through successive generations. Matings were
set up with one male lind two female rats per cage. When
pregnancy was recognized visually, by palpation, or from
weight increments, th e females were transferred to individual
cages . If pregnancy was not established by the third week,
th e male was replac ed. Following three (or occasionally 4)
unproductive trials with females of known f ertility, males
wer e considered sterile and retired. F emales were continued
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F ig . 1 Ohro nologica l scheme of r eproduction and lact at ion. Th e horizontal
lin es represent th e generat ions of rats through th eir successive matings alid th e
dotted vertical lin es indic ate litters; t ermination of a litter or a generation is
shown by th c let t er T ; th e figures indicat e th e number of iweeks elapsed at
each stage, beginning with the first mating in F o,

for a minimum of 6 matings with fe rtile males, even though
some failures may have intervened.

Lactation was permitted for three weeks. Following wean­
ing, death, or destruction of th eir litters, th e females were
allowed a one-week rest period before rersating. In succes­
sive matings, the males were rotated among th e females within
th eir re sp ective test groups.

As indicated in figure 1, matings continued in the F o gen­
eration throughout th e entire two-year period. First litter s
were discarded at weaning. From the second litter s of as
many different mothers as possible, 10 rats of each sex were
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selected whose individual weights ap proximated th e ave rage s
for their r espective litters. These F 1 generation animals were
raised to maturity and mated like the parent generation. The
second litter s of the F 2 generation were carried thr ough th e
same breeding program. Similarly, r epr esentative rats of
the Fll generation were raised to maturity for growth obser­
vations (repor ted elsewhere ) but not ma ted because the en­
ti re study was terminated when the l!' o rats r eached two years
on test.

During the re production phase of th e exper iment body
weigh ts wer e r ecorded biweekly ; females were also weighed
at the t ime of mating and at appropriate intervals to confirm
pregnancy. Pups were weighed at 4, 12 and 21 days of age
at which time they were wean ed. F rom the records of per­
formance of the rats, the following indexes of reproductive
and lactating efficiency were calculated : fer til ity index (F.r .),
the percentage of matings resulting in pr egnancy ; ges tation
index (G.r .), the perpentage of pregnancies result ing in the
birth of live litter s ; viability index (V.I.), the percentage of
r ats born that survived 4 days or longer; and la ctation in­
dex (L.r.), th e percentage of rats alive at 4 days that survived
the 21-day lactation period.

RESULTS

Fertility ana gestation. The data summarized in table 1
show the r esponses of the initial gene ration in terms of the
first 6 matings, i.e. through the period of maximum repro­
ductive e~ciency. The total number of ma tings, 2593, r esulted
in the birth of 1755 litters. Thus the overall F .r. was ap pr oxi­
mately 68%. A to tal of 15,789 r ats were born as a r esult of
these fir st 6 matings, an average of 9.0 pups per lit ter.

The val ues for F .r. indicate th at th e emulsifier groups r e­
spo nded quite the same, on the average, as the control and
P rimex groups, ap proximately 7 out of 10 matings r esulting
in pregna ncy. With the possibl e exception of the Myr j 52
group ther e ap peared to be no diminution in fertility with the
increase of emulsifier level from 10 to 20%. That practically
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all pregnancies, once established, went to term, is indicated
by the G.I. values which ranged from 94 to 100%. Hence it
can be concluded that insofar as may be indicated by these
responses in the first 6 matings of the F o generation, no
eyidence was observed of impairment of the reproductive
function.

TABLE 2

Litter production. throu.qh. entire F; generation

(20 to 21 females per group)

EMULSIFIER

None

Myrj 45

Myrj 52

Span 60

Tween 60

Tween 65

Tween 80

Mixture

Priraox

PER CENT

5
10
20

5
10
20

5
10
20

5
10
20

5
10
20

5
10
20

5
10
20

5
10
20

NUMBER OF NUMBER OF
LITTERS PER FEMALES MEAN NUMBER

FEMALE HAVING OF LITTERS
4 OR MORE (± S.E.)l

(Range ) LITTERS

1-8 15 4.15 ± 0.42

0-7 12 3.67 ± 0.49
0-7 16 4.65 ± 0.41
0-7 11 3.85 ± 0.45

1-8 17 4.95 ± 0.42
1-7 13 4.05 ± 0.39
0-6 10 3.29 ± 0.37

0-7 14 4.60 ± 0.46
1-9 12 4.60 ± 0.45
1-8 12 4.4J ± 0.47

0-7 10 3.43 ± 0.33
1-7 12 4.05 ± 0.36
1-5 8 3.11 ± 0.28

1-8 12 4.05 ± 0.51
0-6 12 3.75 ± 0.40
1-7 13 4.00 ± 0.41

0-7 14 3.85 ± 0.44
0-8 11 3.95 ± 0.48
1-6 6 3.05 ± 0.31

0-7 12 3.75 ± 0.46
0-9 11 3.65 ± 0.49
0-6 11 3.5) ± 0.55

1-6 15 4.3) ± 0.33
0-6 14 4.0) ± 0.36
1-4 z

/
d'

1 S. E. = 1 n en-I)'

z Discontinued at about one year.
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Additional support for this conclusion may be seen in table
2. Here are shown the ranges in total number of litters cast
throughout the two-yea!' period by the females in the F o
generation, not limited, as in table 1, to the first 6 matings.
Some produced as many as 9 litters whereas others, distributed
rather uniformly among the test and control groups alike,
proved to be sterile or nearly so. It may further be seen
in table 2 that at least half of the females in each group (w~h

two exceptions) gave birth to 4 or more litters. However,
there was a tendency toward diminished productivity (in
terms of numbers of litters) in groups receiving certain of
the emulsifiers at the 20% level. The emalsifiers concerned,
in increasing order of this effect, were Tween 60, Tween 80,
and Myrj 52. It is pertinent to note that in these groups a
distinct laxative response was seen. The feces of the affected
rats were of varying degrees of softness, sometimes suffi­
ciently fluid to be characterized as frankly diarrheal. Con­
comitantly, variable degrees of perianal inflammation and
irritation developed.

Since the rats in the F o generation were permitted to mate
as long as they were productive, additional data on reproduc­
tive efficiency were obtained, namely the age at which loss of
fertility occurred. This was estimated on the basis ocr tVI'O
successive mating failures, specifically as of the day when
the second mating was definitely established to be non-pro­
ductive. While the precision of this estimate is far from
exact, the data are nevertheless of interest. Table 3 shows
that the F o females were roughly 450 -+- 50 days old when
their sterility was established. No significant differences
were observed among the control groups ~nd those receiving
either 5 or 10% of emulsifier in their <!iets. While some
tendency for a reduction in duration of fertility was noted
with an increase in the emulsifier level to 20%, this was not
marked, the average duration being in no case less than 376
days.

Viability of the offspring. Returning to table 1, it can he
seen that the size of the litters, which ranged from 7.7 to
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9.8 pups at birth (average 9.0) was substantially r educed at
weaning in all groups. As pointed out by Mirone et al. ('48)
it is neces sary to distinguish losses in lit ter s due to neglect
or to poor viability of th e newborn from tho se due to lactation
failure. Th e former are considered to result from inad equate
prenatal nourishment or lack of maternal inter est wher eas
the latter is due to qualitative or quantitative insufficiency
oi the milk supply. In this report therefore the efficiency of
lactation is expresse d in terms of the ratio of th e number
of young weaned to th e number surviving 4 days af ter birth

TABLE 3

A verage age in days at loss of f ertil ity in F; generation f emales as esti mated
f rom successive mating [ailure«

FAT OR
LEVEL , PER CE N T

E M UL SI FIER 0 5 10 20

Ntne > 402
Myr j 45 > 419 478 396
Myrj 52 > 450 410 410
Sp an 60 > 462 > 474 440
Twe en 60 414 432 376
Tween 65 469 420 398
Tween 80 454 > 492 397
Mixtu~ 469 > 471 440
Primex 412 421

> = more th an .

whereas th e percentage of th e newborn which survive through
4 days (viability index) is r egarded as a r eflection of either
prenatal nu trition, maternal interest, or both.

From th e re la t ive ma gnitude of the V.I. and L.r. values
shown in table I , it is apparent that th e drop in litter size
occurred principally during the few days immediately after
birth. A somewhat greater proportion of infan t deaths was
noted at the 10% level of a few emulsifiers than a t 5% (0£.
Myr] 45, Span 60, Tw een 65) , whereas, at th e 20% level a
significant diminution in survival of newborn was observed
in all emul sifier groups.
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Lactation. At the 5% level of emulsifiers the L.I. values
varied from 85 to 93%; at the 10% level the range was 88
to 96%, and at 20% it was 74 to 100%. Thus lactation effi­
ciency, while quite high at all levels of emulsifiers, was mod­
erately reduced in a few of the 20% groups, notably Myrj 15
and Tween 65. An indication of possible impairment of lac­
tation at this feeding level may be seen in the somewhat
lower weaning weights of the young. That neglect of tile
litters was a more significant factor than lactation failure
per se is evident from the relatively greater drop in the V.I.
values than in those for L.r.. This was manifest to some
extent even at the 10% emulsifier level. h much 'arger pro­
portion of deaths among the newborn occurred shortly after
birth, i.e. up to 4 days of age, than during the remainder
of the 21-day nursing period. It would appear at least likely
that the laxative effect with concomitant posterior ventral
irritation at the high dosage level of some of the surf'actarus
may also have had an adverse influenae on the interest of
the dams in caring for their offspring.

Reproduction and lactation in successive generations. The
effect of the emulsifier diets on reproduction and lactation
were made in rats of three generations descended from the
first or parent generation (Fo) . As previously described,
groups of 10 males and 10 females selected from the second
litters of each generation constituted the progenitors. The
data for the F 1 and F 2 generations are sumraarized in tables
5 and 6, respectively. Since the breeding experiments after
the F o generation were terminated when the second litters
were weaned, the figures shown in these tables represent
not more than two litters from each female, i.e. the product
of 20 matings per group. For comparison, the responses to
the first two matings in the F o generation are shown in table
4; these observations are quite similar to those shown in
table 1 for the first 6 matings in the initial generation, except
for fertility which, as might be expected, tended to diminish
as the rats grew older. In fact, comparison of tables 1 and
4 demonstrates that much of the relevant information on
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r eproduction and lactatio n can be obtained from only th e fir st
two litter s in a generation.

Comparison of the re~roduction data in tables 4, 5, and 6
shows th a t the r esponses in the three success ive generations
were quite similar . The proportion of matings resulting jn
pregn ancy tende d to be lower at th e 20ro emuls ifier level al­
th ough this effect was less noticeable in the case of -Myrj 45
and Span 60 than in the other emul sifier groups. That iJlC
third generation was generally less productive than the fir st
two may be seen in th e lower F.I. values for th e Primex as
well as the emulsifier groups .

Nearly , if not exactly, 100% of pregnaacies w~nt to t erm
in all generations . The tre nd toward high er mortali ty du ring
th e 4 days post partum as th e level of emulsifier incr eased,
wa s not as marked in the F 1 and F 2 as in the F 0 generation.
The proportion of nurslings surviving the lactation period
was reduced in some cases in th e F 2 generation at the 20%
emulsifier level (e.g·. Myrj 45, Span 60, Tween 65).

Compared with the other 20% emulsifier gr oups, the one
receiving Tween 80 evidenced a str iking supe rior ity in r e­
spect to survival of young from birth to weaning age; wher eas
th e Myrj 45, Tween 65 and mixed emulsifier group s appeared
to re spond most poorly.

Reproductive performanc e in general appear ed to be in­
ferior in the third generation rats compared to their pro­
genitor s, in both the emuls ifier and Primex ~erie s.

The reproductive performance of the Fa generation was
not investigated because th e rats in this generation were sacri­
ficed eithe r at weaning or at th e end of th e 12-week growth
period.

The eff ect of incr easing the f at lev el of the basa l di et on
pos t -par tuni survival. In order to determine whether th e
effects observed at th e 20% emulsifier levels, especially in
r elation to fertility and viability , might have been due to
th e low (4.0% ) fat content of the basal, unsupplementecl di et ,
further tests were conducted on the F 2 generation rats after
their second litters wer e weaned. Th ese groups of about 10
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males and 10 females were divided into two subgroups. One
was allowed to continue on the same diet, whereas the other
received an addition of 9% of Primex (the level computed
as isocaloric with 20% Myrj 45), in replacement of an equal
proportion of the wheat and corn component of the basal
diet. These subgroups were then mated as before to pnoduce
two additional litters from each female.

Table 7 shows the number of matings actually set up in
each subgroup and the results of these matings. There was
no consistent relation between the responses of the 20%
emulsifier groups to the third and 4th matings as compared
to the first two (table 6). The F.I. values rose i~ two cases
(Span 60 and Tween 60), fell in three groups (Myrj 45,
Tween 80 and the Mixture), and were practically unchanged
in the other two groups (Myrj 52 and Tween 65). The V.I.
values dropped in three instances (¥yrj 52, Span 60 and
Tween 80) and showed little or no change in the remaining
groups. However improvement in lactation was observed in
all groups with the exception of the Tween 65 group which
fell off somewhat and the Tween 80 group which, quite sur­
prisingly in view of its previously high L.I. values, showed
complete failure.

As regards the influence of the addition of dietary mt on
the reproductive responses, it is apparent from the F.I. values
in table 7 that little if any increase on the proportion of suc­
cessful matings was observed. Post partum survival was
improved in 4 of the emulsifier groups (Myrj 45, Span 60,
Tween 60, and Tween 80) as a result of the addition of fat,
while the remainder showed little change. No striking effects
on the L.I. values were observed from the addition of fat to
the 20ro emulsifier diets with the exception of the Myrj 52
and Tween 65 groups where decreases were noted.

In considering these somewhat erratic responses to fat
supplementation in the third and 4th matings it is necessary
to take into account the fact that the subgroups were of smaller
size than the original groups. In any event it can be stated
that the most common finding appeared to be improved via-
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bility of the newborn wnen the fat level of the 20% emulsifier
diets was increased by the addition o! 9% of vegetable fat.

DISCUSSION

By comparison of the corresponding values in tables 4, 5
and 6, it can be seen that no adverse or cumulative effect on
mating iastinct, fertility or gestation occurred in any of the
gTQUPS of rats receiving the same test or control rations
through three successive generations. A reduction in the
F.I. occurred in certain groups of the F 2 generation, but
since they included the groups receiving 5 and 10% of Pri­
mex, and se'yeral l~w as well as high level emulsifier groups,
this effect can not be ascribed to the emulsifiers per se. As
a matter of fact fertility in the 20% Tween 65 and Mixture
groups was slightly better in the third than in the preceding
generations. Hence, so far as the emulsifiers are concerned,
no particular significance is attached to the changes in the
F.I. in the F 2 generation.

A frequent observation was a diminution in viability of
the newborn at the highest level of emulsifier in the diet.
This was noted not only in all three generations on the Myrj
45 and Tween 65 diets and to a less pronounced degree on
Tween 60 and Mixture diets, but also in at least one generation
on all the diets, including the basal and Primex groups. As
mentioned above in relation to the F o generation, it is possible
that the added stress of perianal irritation in certain of the
higher level emulsifier groups contributed to post partum
mortality of the young.

The effect of some of the 20% emulsifier diets on fertility
(Myrj 52 and 'I'wedn 60) and on viability of the young, ap­
peared to be attributable in part at least to the fact that the
basal diet was relatively low in fat since these responses
were improved by the addition of neutral vegetable fat to
the diets.

That the young which survived 4 days or more were ade­
quately nour-ished is shown by the figures for L.I. which are,
in general, higher than those for the V.I. A few exceptions
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were noted, however. For example, the r elatively low LiL
values for the basal ctmtrol group in the F 1 generation, for
the 10% Primex group in the F 2 generation, and for the 5
and 20% (but not the 10%) Myrj 45 groups in the F 2 genera­
tion. These scattere d observations were not limited to the
emulsifier groups nor were they graded to dosagr; leveL
They may therefore be regarded as falling within the range
of normal biological variation.

SUM MARY AND CONCLUSIONS

Breeding studies wer e undertaken in successive gene ra­
tions of rats on diets containing partial estef emul sifiers
(Myrj 45 and 52, Span 60, and Tween 60, 65 and 80) to de­
termine whether their chronic ingestion at lev els up to 20%
might induce cumulative or subtle effects manifested only
under the conditions of physiological st ress thus imposed.
The re sponses wer e assessed, int er alia, in terms of indexes
representing the proportions of matings r esulting in preg­
nancy (fe r tility ), pregnancies r esulting in liv e litter s (gesta­
tion), young remaining alive at 4 da ys (vi ability), nurslings
weaned in relation to th e number alive at 4 days and th eir
weights at weaning (lactation).

On the av erage, 7 out of 10 matings were successful in
both control and emulsifier groups, r egardless of the level
of dietary supplementation. Practically all pregnant rats
cast live litters. 'I'he r eproduction and lact~tion responses in
all emulsifier group s at the 5% level were no different. from
those of the controls. Probably because of maternal neglect,
survival of newborn litter s was somewhat diminished in
several of th e emulsifier groups at the 10% level (Myrj 45,
Span 60, and Tween 65) and in all of them at 20% . At the
highest level some impairment in lactation efficiency was
evidenced in most groups by the lower weaning weights;
and in th e Myrj 45, Tween 65, and mixed emulsifier groups
also by greater mortality of the nurslings.

Similar r esponses with r espect to survival and lactation
were noted in th e two succeeding genera tions . Despite th e
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fact that the general level of reproductive performance (in
the Primex as well as emulsifier series) was somewhat lower
in th e third generation, the effects nsticeable particularly at
the 20% dos ag e levels of emulsifiers were not markedly more
severe in the thir d than in the initi al generation.

Increasing the fat level in the basal diet from its original
concentration of 4% by adding 90/0 of Primex, had little if
any, effect on the proportion of successful matings in the 20%
erhulsifier gr oups . However , better survival of the young
was observed in the Myrj 45, Span 60, Tween 60, and Tween
80 groups following the addition of fat. This suggests that
the presence of more nearly normal levels of dietary fat
would diminish such adverse effects as might be induced by
the excessively high concentration of "undiluted" emulsifier
in these experimental diets.
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MEASUREMENT OF THE NET UTILIZATION OF
HEAT-PROCESSED PROTEINS BY MEANS

OF THE PEPSIN DIGEST-RESIDUE
(PDR) AMINO ACID INDEX 1.2

A. LEONARD SHEFFNER, RIC HARD ADACHI AND HARRY SPECTOR

Nutritior, Branch; Quart ermast er Food and Containm' I nstitute for the
A rmed Forces, Chicago, Illinois

(Rec eived for publication July 9, 1956)

It has long been recognized that the nutritional value of
a protein is dependent primarily upon its constituent amino
acids. Nonetheless, only since the publication in recent years
of reliable and r elatively simple methods for amino acid
analysis has it been feasible to develop in vitro procedures
for the measurement of protein quality (Mitchell and Block,
'46; Kiihnau, '49; Oser , '51 ; and Mitchell, '54). These pro­
cedures, based upon chemical analysis of proteins for their
essential amino acids, yielded figures which were well cor­
r elated with bi.ological values." Ho wever, for certain proteins
the calculated values did not agree with the results of animal
assay. In aditio», an obvious fault with these methods lay in
the fact that the biological value of many proteins was con­
siderably changed by heat processing in the absence of dis-

1 This paper reports r esear ch und ertaken by the Quartermaster Fo od and Con­
tainer Institute for the Armed F orces and has been assi gned number 6440 in th e
series of papers approved f or publi cation. Th e views or conclusions contained
in this report are those of the authors. They are not t o be construed as neces­
sarily reflecting the views or indorsement of th e Department of Defense.

• .A.preliminary report of this work was presented before the American Society
of Biological Chemist s a;; Atlantic City, N ew J ersey, April 16-20, 1956 (Sheffner,
Ad achi and Sp ector, '56 ).

• Th e term biological val ue is used in this paper in accord ance with the f ormula
introduced by Mitchell ('24) after Thomas.
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cernible destruction of amino acids. Consequently, several
procedures wer e developed to take in to account the enzymatic
availability of component amino acids (Dunn and Rockland,
'47; Anderso n and Williams, '51; H orn et al., '52 ; and H alevy
and Grossowicz, '53). The re sults obtained with these methods
generally did not cor relate well with the biological value of
proteins as determined by rat assay. The values renorted by
Horn et al. ( '52) wer e in good ag reement with the relative
protein efficiency of heat processed cotton seed meals; how­
ever, no evidence was presented concerning the general ap­
plicability of the method.

A procedure for the i1~ vitro estimation of the net utiliza­
tion of prote ins was reported by Sheffner et al. ('55, '56).
This method referred to as the P epsin Digest-Residue (PDR )
index was derived by integration of the patte rn of amino acids
released by in vitro pepsin digestion with th e amino acid pat­
tern of the remainder of the protein. Th e new index gave
excellent correlation with the net utilization value of the
proteins studied. The pr esent study demonstrates that the
PDR index also measures changes in net protein utilization
which occur during heat processing and st orage.

METHODS AND MATERIALS

Acid and alkaline hydrolysates and enzyme digests were
prepared as previously descr ibed (Sheffner et al., '56), ex­
cept that pancreatin (USP ) was used where trypsin was
formerly indicated ; also, alkaline hydrolysis for tryptophan
and tyrosine was extended to 8 hours at 120°C. with 5 N
NaOH. Nitrogen was measured by a macro-Kjeldahl pro­
cedure in which mercur ic oxide was used as the . digestion
catalyst. Indiv idu al amino acid analyses were performed by
the microbiological procedures of Sheffner et al. ('48) as
subsequently modified ('56) .

The test protein materials used in this study were: vitamin­
free cas ein," low-temperature solvent-extr acted soybean meal

• Labco brand, Th e Borden Company.
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and raw soybean meal ." The raw soybean meal wa s finely
groun d with solid CO2 in a Wiley min before use. F or heat
t reatment, the finely divided casei.. and soybean samples
were spre ad in a P etri dish to a depth of 0.5 inch and heated
in a thermostaticall y contr olled electric oven or in an auto­
clave. Steaming of samples was done in the autoclave at
atmospher ic pressur e. Cas ein and soy samples which were
hes.t treated in th e autoclave were subsequently dried under
vaouum for 24 hours at room temperatur e and then finely
ground with a mortar and pestle. The preparation s were then
thoroughly blended in a kit chen mixer. "

The beef -'qed in the study was from boneless cuts from the
low end of the loin in L . S. Good beef . Steaks were cut one­
half inch in thickness and trimmed of fat to thr ee-eighths inch.
Pan-fried beef was obtained by frying the steaks without
added fat at 375°F . fo. a total of two and one-half minutes,
the steaks being turned every one-half minute. Before anal­
YSIS, the meat samples were finely ground in an electr ic meat
gr inder and mixed thoroughly . Beef used in the canned
ground meat and spaghetti was of utility, cutter, or canner
grade, trimmed and boned and car rying not mor e than 10%
of trimmabl e fat. The spaghetti was a semolina farina-egg al­
bumin blend containing not less th an 12.2% (N X 5.7) of
protein. The ratio of meat to spaghetti in the pr oduct was 5
to one. The meat and spaghetti wer e pre-cooked, the meat
being braised with out burning. Heat pr ocessing was done
at 240°F. for 14f> minutes.

RE SULTS AND DISCUSSIO N

The effect of he:tt t reatment upon the P DR index and net
utilization of casein is p resented in table 1. H eating casein in
the electr ic oven at 350°F . resulted in a progressive decr ease
in PDR index values from 68, initially, to 23 after 5 hours.
The net utilization values of the oven-heated caseins as de-

5 Nutrisoy 7B and r aw soybean meal were obtained from Th e Archer-Daniels­
Midlan d Company, th rough th e courtesy of Dr. J. W. H ayward.

• H obart K itchen Aid.
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termined by the Mitchell ( '24) method of nitrogen balance
in rats were similarly lbwered. The PDR index of casein was
not appreciably change. when the cas ein was autoclaved at
250°F. for 30 minutes or for 20 hours. Net utilization values
were not obtained for these samples ; however , Chick et al.
( '35) reported little, if any, change in the biological value
or digestibility of casein heated at 250°F. for as long as 72
hours.

The effect of processing and storage upon beef and a btref
with spaghetti mixture is presented in table 2. For fresh
raw beef, a PDR index value of 76 was obtained. This checks
closely with the net utilization values obtained by Mitchell

TABL E 1

Th e effect of heat treatment upon the PDR ind ex and net utilization of casein

TREAT~{ENT

None
Oven, 350 °F., 40 min.
Oven, 350° F ., 1 h r.
Oven, 350°F., 5 hrs,
Au toclave, 250°F., 30 min.
Autoclave, 250°F., 20 hrs.

PDR r~=

68
60
39
23
71
66

NET
UTILIZATION

82

44
24

and co-workers ('49) and Mayfield and H edrick ( '49). P an­
fried beef was not significantly different from the control. In
this respect, both Mitchell et al. and Mayfield and Hedrick
have reported that roasting does not r educe the net utilization
of beef protein. In the case of the mixed beef and spaghetti,
ther e was a decr ease in the PDR index from 72 to 611 following
processing and a further decr ease to 60 after storag e for 6
months at 118°F. These changes in PDR index reflected the
drop in net utilization as measured by rat assay.

Th e PDR index and net utilization value of raw and heated
soybean meals are presented in table 3. The PDR index of
soybean meal steamed for 30 minutes was the same as the net
utilization value. Soybean meal autoclaved for 8 hours showed
an equivalent decr ease in both the PDR index and the net
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utilization value. The PDR index of low-temperature solvent­
extracted soybean meal also "vas very close to the net utiliza­
tion value. However, contrary to thli PDR index results, the
rat assays indicated that the ra\tr soybean meal had a net
protein utilization value which was significantly below that
of-the steamed soybe an meal. Since, in the calculat ion of th e

TAB LE 2

~1fe~t of processing and storag e upon th e PDR index and net
u.tiliwtion of beef products

P RODU CT TRE~TMENT
PD R NET

I N DEX UTIL:ZATION

Beef None 'raw) 76 74,' 76 2

Beef Roasted, 5 hr s., 300° F . 74'

Beef Roast ed, open pan , 325°F .
to intern al temp. of 176°F. 77 •

Beef P an fried, ~ min" 375°F . 77

Beef wit h
spaghet ti Precooked 72 77

Beef with Precooked, pr ocessed,
spaghetti 240°F., 140 min. 66 66

Beef with Processed, 240° F ., 140 min.,
spaghet ti stored 6 mos., 118°F. 60 58

' Mitc hell, Hamilton and Beadles ('49 ) .
2 Mayfield and Hedrick ( '49) .

TABLE 3

The " ff,?ct of heat tr eatment upon th e PDR index and net protein
utilization of soybean 1neal

TREATMENT

Raw
Steamed, 212°F ., 30 min,
Autoclaved, 25C OF., 8 hours
L ow temp. solvent extracted
Low temp. solvent ext rac ted,

steamed, 212°F., 30 min .
L ow temp. solvent extracted,

au toclaved, 250° F., 8 hours

PDR
I N DEX

70
69
44
65

70

42

NET
UTILIZATION

58
69
47
63
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PDR index, only th e pepsin digest and total ami no acid re­
sults are used, the question arose as to whether a correction
for trypsin digestion should be introduced into the PDR index
to account for the effects of anti-tryptic factor s in raw soy­
bean meal.

In an attempt to answer this question, th e soybean samples
wer e treated with pepsin as usual, then adjus ted to pH 8.2
and incubated with pancreatin for 24 hours at 37 0 0 . The

TABLE 4

Eff ect of optimal heating upon the enzymatic release of amino acids
fr om soybean meal

COMPLETE
PEPSIN

P EP S I N P I ,U S

AM I N O ACID HYDROLYSIS PANCREATIN

R aw St eamed 1 Raw St eamed R aw St eamed

mg/gm mg/gm per cent liberat ion per cent liberat ion

Cystine 12.8 12.4 2.3 1.6 4.7 21.0
Lysine 59.1 59.5 2.0 1.7 20.6 68.9
Histidine 29.2 30.8 2.4 2.0 17.1 3i ·8
Valine 57.8 56.5 16.3 15.4 36.7 56.8
Methionine 13.2 13.5 15.9 14.1 36.4 51.1
I soleucine 54.0 54.5 47.6 47.5 68.2 89.9
L eucine 77.3 78.0 57.6 60.3 77.8 96.4
Tyr osine 31.0 30.9 13.9 13.9 66.8 81.6
Tr yptophan 16.8 17.0 22.6 22.4 43.4 51.2
P henylalanine 57.0 59.7 17.7 16.8 44.9 50.2
Threonine 37.9 39.0 53.8 48.7 74.9 84.1

1 Steamed at atmospheric press ur e (2 12°F .) .

total amino acid composition of the protems and the per­
centage liberation of amino acid s from the raw and steamed
soybean meals by the pepsin and the pepsin plus pancr eatin
treatments are presented in table 4. Whereas there is no
change in the quantity of amino acids in the completely hydro­
lyzed protein nor in the amount of amino acids released by
pepsin, ther e is a considerable increase in the amount of
amino acids released from the steamed soybe an meal by the
pepsin plus pancrea tin treatment. The results also show that
this increased liberation following pancr eatin treatment
va ri es with the individual amino acids, and in this r espect.



INDBX Of HEATED fROTEINS 513

they are in agreement with the work of Melnick, Oser and
Weiss ('46). Thus, while the increase in geometric mean for
the 11 amino acids was only 42.3;1'0, ihe increase for cystine
was 347% and for lysine 234%. However, contrary to the
results obtained by Melnick et al. with pancreatin alone, the
increased liberation of methionine from the steamed soybean
meal was found to be no greater than that of the mean
Increase.

'the non-uniform suppression of the pancreatic release of
amine acids by anti-tryptic factors has been suggested as a
major cause of the lower biological value of raw soybean meal
(Melnick et al., '46). If this were true, supplementation of
optimally heated soy meal with the amino acids limiting in

TABLE 5

Effect of optimal heating and amino acid supplementation upon the bioloqica!
val'l6l': of raw soybean meal

:!'IJPPLEMENTATION

None
None

Methionine and lysine
Methionine and lysine

TREATMENT

None
Steamed, 30 min.

None
Steamed, 30 min.

BICLOGICAL
VALUE

68
75
79
86

the trypsin digest, namely lysine and cystine (or methionine),
should not result in a biological value greater than that of
the supplemented raw meal. Consequently, in the present
study, raw jsoybean meal was supplemented to correct for
the deficiency of these amino acids both at the tryptic stage
of digestien and in the total protein. Another sample of the
raw soy meal was 8jmilarly supplemented after optimal heat
treatment. The biological values of these jrreparaticns as
determined by rat assay are presented in table 5. The results
show that an equivalent increase in biological value due to
heating occurred whether or not the raw soybean meal was
supplemented with lysine and methionine. Since lysine and
methionine (or cystine) were the amino acids most affected
by the anti-tryptic factors, the data suggest that although the
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anti-tryptic factors of raw soybean meal introduce differences
in the rate of release ef individual amino acids, these differ­
ences do not significantly influence the biological value of the
raw protein. On the basis of the results reported here, a cor­
rection for tryptic digestion would not be expected to improve
the accuracy of the PDR index for predicting the net utiliza­
tion value of raw soybean meal.

Overestimation by the PDR index of the net utilization
value of raw soybean meal is probably best explained as bemg
due to the presence in the meal of a toxic factor or f-actors.
Such toxic factors have been experimentally demonstrated
and shown to be sensitive to heat. (Liener et al. '49; Liener,
'53; Desikachar and De, '47; Klose et al., '48; Borchers et al.,
'48; Westfall et al., '48). Consequently, the PDR index should
also be an accurate indicator of the net protein utilization in
soybean preparations in which the toxic factor has been de­
stroyed by heat treatment.

The particular advantage of the nitrogen balance method
for measuring biological value (Thomas, '09; Mitchell, '24)
over other biological assay methods is that it determines
directly the storage of protein in growth rather than assum­
ing that this storage is proportional to body weight gains.
The procedure also distinguishes between loss of nitrpgen in
the digestive process, i.e., undigested plus secretory protein,
and losses due to the remaining metabolic processes of the
animal body. However, for purposes of appraising the value
of a food as a source of dietary protein, a single figure fbr
the net protein utilization has distinct advantages (Mitchell,
'44). For most food proteins the distinction between biological
value and net utilization is academic since their coefficients of
digestibility are very high. However, i~ the case of heat­
processed foods in which protein digestibilities are signifi­
cantly reduced it is important for practical nutritional con­
siderations to measure the net utilization rather than the
biological value. The PDR index which measures the net
utilization of proteins directly is a useful procedure for es­
timation of the nutritional quality of both natural and pro­
cessed proteins.
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SUMMARY

The pepsin digest-residue (P DR ) amino acid index was
found to r eflect the effects of heat I~:ocessing upon the net
protein utilization of proteins and mixed protein foods .

Data are al so presented which indicate that the discrepancy
between the P DR index and the net utilization value of raw
soybean meal is due to the presence in raw soybeans of sub­
stagoes which exert effects app arently unrelated to the en­
zymatic r elease of amino acids. The P DR ind ex can be used
to predict the net utilization of soybean meals accurately if
these "toxic" factors are inactivated.
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Many studies have been mad e of the effects of age and of
diet on the cholesterol content of the blood, but conflicting
results have been re ported. Messinger et al. ('50) and K eys
et al. ( '50) found it necessary to use very high or very low
amounts of cholest erol intake to raise or lower the cholesterol
level in the blood of human subjects. Mayer et al. ('54) r e­
ported that, in young men subjects, a diet low in fat and
cholesterol lowered the plasma choles teroL Ad dition of cho­
lesterol to the diet caused no change , but an increase in per­
centage of calor ies from fat, either animal or vegetable, caused
a r ise in plasma cholesteroL Hildreth et aL ( '51) and Ander­
son and K eys ('54) also found a r ise in serum cholesterol
when fat was added to the diet . Gillum et al. ('55 ), in their
study of a large number of elderly men and women, r eported
a posi tive correlation between serum cholester ol and fat in­
take ana 1rBtwee n serum cholesterol and cholester ol ir..take,
both significant at th e 5% leveL Wilkinson et al. ('50), how­
ever , studying 83 nersons of all ages from families with
familial hypercholester emia, found no relationship between

1 Supported in part by funds from a Region al Project , Relationship of Nut rient
I n take to Nutritional Statu s in Human Sub ject s; a cooperative st udy involving
Agricultural Experiment Stations in the Northeastern Region.

' Credit is due Dr. Geoffrey Beall, P rof essor of Statistics, and Dr. Mary L.
Greenwood, Associate P rofessor of Foods an d Nutrition, Univ ersity of Con­
necti cut , f or verificat ion of th e statist ical tr eatment of th e data.

517



518 GEORGIANNA R. WALKER A~ OTHERS

fat, carbohydrate, protein or cholesterol intake and the serum
cholesterol level.

In the studies relat'ng age and serum cholesterol most
workers agree that in women, at least, the serum cholesterol
level rises with age. Sperry and Webb ('50), who studied
the serum cholesterol levels of 14 men and 8 women in 1934­
'36 and again in 1949, reported that in 6 of the men and in
6 of the women increases of 15 to 30% were found in the
second survey. In the work of Gram and Leverton ('49) ' find
of Garcia et al. ('55), with women on a self-selected diet, a
significant rise in serum cholesterol with age was shown
Hobson et al. ('53) reported that the mean serum cholesterol
levels of their subjects (elderly men and women living at
home) were significantly higher than those of control groups
of younger people.

Work with animals has suggested a relationship betweer
cholesterol and ascorbic acid in the body metabolism. Booker
et al. ('51) found an increase in serum cholesterol in Doth
rats and dogs after administration of ascorbic acid, and Con­
suelo Mendoza ('52) demonstrated that injection of rabbits
with ascorbic acid also resulted in a rise in serum cholesterol.
Gillum et al. ('55), in their study of older women, reported
a slight positive relationship between serum eholestevol and
serum ascorbic acid.

In the present study a comparison was mane of the serum
cholesterol levels of women of two different age groups offered
the same institution diet. The effect of supplementation of
the diet with various levels of ascorbic acid on the serum cho­
lesterol in the two groups was also studied.

PROCEDURE

The subjects for this study were 29 women in a state train­
ing school for the handicapped 3; all were in good physical
health. They were divided into two groups according to' age.
In the younger group of 15 subjects the average age was 31
years, with a range of 28 to 34. In the older group of 14
subjects the average age was 64 years, with a range of 56 to 77.



SER U M CHOLESTEROL L EVELS OF WOMEN 519

During the 4 months of the study the subjects ate together
and all were served the usual institution die t . Oalculations
showed that, with the exception of iron, their diet on the av­
erage contained at least 100% or'the daily allowances for
nutrients r ecommended by the National Research Oouncil
( '53) . It contained over 96% of th e iron allowance. As these
women were also serving as subjects in an ascorbic acid study,
the high-vitamin 0 foods, such as citrus fruits, tomatoes, pine­
apple, and raw cabbage, were omitted from their diet. When
these foods appeared on the institution menu, other fruits and
vegetables were always served to the subjects. Th e ascorbic
acid intake was calculated and found to average 32 -+- 1 mg
per day. Af:er 7 weeks on the restricted diet, ascorbic acid
supplements were given to each subject daily starting with
15 mg per day. The supp lement was increased to levels of
25, 40, 50, and 75 mg per day, each for a two week period. As
these supplements were in addition to the 32 mg r eceived in
the food each day, the total intake of ascorbic acid at each
level was 47, 57, 72, 82, and 107 mg per day.

The food intake of each subject was recorded on 16 scat­
t er ed days during the study, as well as during the 24 hour
per iod preceding the collection of blood samples for choles­
terol dn.terminations. F ood consumption was recorded in
te rms of the number of servings or fraction of serving of
each food . Servings were weighed at intervals to determine
size of portions . The fat, protein, carbohydrate, calories,
minerals , and vitamins (except for vi tamin 0 ) were calcu-

• Mansfield State Training School and Ho spital, Mansfield Depot, Connecticut.
Thanks are extended to the medical and dietary staffs of th e school as follows :
To Dr. Gail F . Moxon, M.D., and Dr. Harriet Bi xby, M.D., resident doctors, f or
the phy sical examina t ions ; to Dr. Joseph E. Nowrey, M.D., resident doctor, and
his assistants f or taking the venous blood samples; to Dr. Luke Grotano, D.D.S.,
resident denti st , fo r the dental examinations; to Mrs. P auline Duckett, chief
dietitian and to the diet ary staff of t he women 's dining room, fo r cooperation
in the collection of dietary dat a and fo od samples; to the 29 mentally retarded
women who served so cheerfully and cooperatively as subjects ; and to Dr. Ne il A.
Dayton, M.D., Superintendent of th e Training School, fo r making th e institution
available f or the study and fo r his continued interest and encouragement in re­
search work.
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lated for the diets, using the U.S.D.A. Agricultur e H andbook
No. 8 (Watt and Merrill, '50) . The cholesterol content of the
diets was calculated f'rern the tables of Okey ('45) and from
data provided by Gillum ('55) .4 Analysis of food samples
collected in the dining r oom from time to time throughout the
exper imental period yielded information for calculating the
vitamin 0 content of the diets. The method used in these de­
terminations was the 2,4-dinitrophen:ylhydr azine metho d of
Roe and Kuether ('43) , using norit oxidation.

Venous blood samples for serum cholesterol determinations
were taken after 7 weeks on the 32-mg level of ascorbic acid
intake, and following the 25-, 50-, and 75-mg supplement levels.
The first three samples were taken at intervals of one month.
The 4th sample was taken two weeks after th e third. The
samples were always taken at 10 : 00 A.M ., three hours after
breakfast. A modification of the method of Kibrick, Rob erts
and Skupp ('51) 5 was use d to determine the total serum cho.
lestero l in duplicate 150-mm3 samples of serum. The samples
were r ead in a Ooleman Jr. spectr ophotometer. Serum as­
corbic acid was dete rmined according to the method outlined
in the Northeast Regional Publication on Techniques ('51) .

H eight and skeletal build were r ecorded during a physical
examination of the women made at the beginning of tIN study.
Each subject was weighed every month. The .per centage de­
viation from th e desirable weight was calculated for each
subject by means of the Metropolitan Life Insurance Tables
(Metropolitan Life Insurance Co., '42).

RESULTS

The women in the older group had a high er serum choles­
terol level than the younger women thruughout the study.
The mean serum cholesterol level fo r the older women was

• Choleste rol values f or f oods provided by Dr . H elen L . Gillum were from data
compil ed by the California Agricultural Experiment Station for use in the West ­
ern Regional Research P roj ect W4.

• Dr. Mary M. Clayton of th e Maine Agricultur al E xperim ent Station assi st ed
in the modification 0: this method.
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230 -+- 9 mg per 100 ml of serum and for the younge r women,
172 -+- 8 mg. The correlation between age of subjects and
serum cholesterol level was positive: 'I' = 0.625, which is sig­
nificant at the 1% level. The regression equation of serum
choles ter ol (Y) on age (X ) was Y = 1.55 X + 127.06. The
serum cholesterol levels of the older subjects in the present
study were lower than those observed by Gillum et al. ( '55)
and by Hobson et al. ('53) in older women living at home.
However, they were comparable to the av er age value (237 mg
per 100 ml) found by K ountz et al. ('45) in women living in
institutions.

Two of th e younge r women in th e present study had con­
sis tently higher serum choles te rol levels (over 230 mg per
100 ml) than the others in their group . One of th ese pr oved
to have a low basal metabolic rate. This condition has been
associated with high serum cholesterol levels (Turner and
S teiner, '39; "Wisniewski, '55 ). The othe r woman was mongo­
loid. High choles te r ol levels have been reported in young
mongoloids under 25 years of age (Benda and Mann, '55 ;
Simon et al., '54 ).

During th e r ise in the serum ascorbic acid level of the
younger women with increased intake of vitamin 0, no sig­
nificant change occurred in their serum cholester ol level. In
th e older group, as th e serum ascorbic acid level was rising
with increased intake of the vitamin, the serum cholesterol
rose from an average of 219 -+- 9 mg per 100 ml on the lowest
level of vitamin °in take to 238 -+- 10 mg per 100 ml on the
highest level. A t tes t indicated th at this r ise was significant
(P lies between 0.01 and 0.001). H owever , the correlation
betw een serum cholesterol and serum ascorbic acid was only
0.212, which is not significant for this number of subjects .

Oalculations from the food records for the 16 days showed
thai; the two gr oups consumed on the average very nearly the
same amounts of all nu trients (table 1). F at and cholester ol
intake values were studied par ticula r ly because high intake of
these two substances has been implicated in high serum cho-
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lesterol values. The average fat intake of the older group
was 75 -+- 3 gm per day and for the younger group was 76
-+- 3 gm per day. This consisted of about 55 gm of animal fat
from butter, milk, meat, bacon and eggs. The remainder was
vegetable fat including salad oils, peanut butter and hydro­
genated fats used in frying and in making pies, cakes and
biscuits. The average cholesterol intake of the older group
was 472 -+- 17 mg per day and of the younger group, 447 -+-

TABLE 1

Average daily nutrient ·intakes of 15 women wit h an average age of 81 years and
of 14 women wit h an average age of 64 years, lit'ing in an institution

NUTRIE N T

Calories
Protein, gm
Fat, gm
Car bohyd rate, gm
Calcium, mg
Iron, mg
Vitamin A, I.U.
Thi amine, mg
Riboflavin, mg
Niacin , mg
Ascorbic acid , mg
Cholest erol, mg

1 Stand ard er ror.

YOUNGER GROUP
Mean ± S.E .'

2018 ± 78
72 ± 3
76 ± 3

253 ± 9
1002 ± 82
11.6 ± 0.4 .

7972 ± 728
1.22 ± 0.05
1.91 ± 0.13
13.7 ± 0.5

32 ± 1
447 ± 36

OLD ER GROUP
Mean ± S.E .'

2003 ± 44
72 ± 2
75 ± 2

251 ± 4
997 ± 7 &

11.7 ± 0.2
7054 ± 467
1.22 ± 0.02
1.83 ± 0.10
13.3 ± 0.2

32 ± 1
472 ± 17

36 mg per day. Correlations between serum cholesterol and
fat intake, and serum cholesterol and cholesterol intake were
not significant.

The younger women were found to be, on the average, 7%
overweight and the older women, 20% overweight. No sig­
nificant correlation appeared between percentage deviation
from desirable weight and serum cholesterol. The younger
women lost, on the average, O.Slb during the study. The great­
est loss was SIb and the greatest gain was 6 lb. The older
women had an average weight change of zero, with a range
from - 7 lb to -;- 7 lb.
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DISCUSSION

Results of this study indicate that the higher serum cho­
lesterol levels found in older womeh were related to age
rather than to die t. Cholester ol is thought to be a precursor
of steroid hormones (Long, '47) . Gillum et al. ('55) suggest
that a decr ease in the production of these hormones in old age
might account for the higher level of cholesterol found in the
blood serum of older women. This difference in use of cho­
lest erol by older and younger women might also explain the
difference in rise in serum cholesterol level in the two gr oups
in r esponse to increased intake of ascorbic acid. The younger
women may use any extra cholesterol, produced by the body
when ascorbic acid intake is increased, in hormone synthesis
or in some other way, while the older women do not dispose
of it by this method.

SUMMARY

The serum cholesterol and the dietary intakes of two age
groups of women living in an institution were studied. The
average ag e of the 15 women in the younger group was 31
years (range 28 to 34) and of the 14 women in the older group,
64 years (rar.ge 56 to 77) .

Their 'diet was r estricted in ascorbic acid to an average daily
intake of 32 mg, but was adequate in all other nutrients.
Samples for serum cholesterol analysis were taken at the end
of the period of restricted diet and following supplementation
of the diet with 25, 50, and 75 mg of ascorbic acid.

The mean serum choleste rol level for the older women was
230 -I- 9 mg per 100 ml of serum and for th e younger, 172 -I­

8 mg. The cor re lation between age of subjects and serum eho­
lesterollevel was positive and significant at the 1% level. Cal­
culations from the 16-day food r ecords showed that the two
groups consumed very nearly th e same amounts of all nu­
trients. R esults of this study indicate that the higher serum

. cholesterol level s found in older women wer e related to age
rather than to diet.
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A slight rise in serum cholesterol with rise in serum as­
corbic acid was noticed in the older group, but not in the
younger group.

The correlation between serum cholesterol and percentage
deviation from desirable weight was not significant.
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The germicidal and fungicidal properties of ethylene oxide
,ETO) have long been recognized (Cotton and Roark, '28),
and use of this volatile agent in the fumigation of various
food products has found considerable favor (Anon, '54). The
rapid diffusion of the gas and the detectability of only minute
residues in products after fumigation promote its use. The
first literature reference to nutritional damage of foods when
fumigated with ETO was a publication by Hawk and Mickelsen
( '55) reporting severe growth depression of weanling albino
rats when their diet , either stock or purified, had been ex­
posed to tte gas. Analysis for thiamine revealed almost
complete destruct-on of this vitamin in the fumigated diets,
but when neither thiamine nor complete vitamin supplemen­
tation materially improved animal growth, the above workers
were led to suspect the destruction of other essential nu­
trients.

In our laboratory the feeding of stock and purified diets
fumigated by a slightly differ ent method yielded results simi­
lar to those of the above workers. In subsequent exper iments,

1 This study was part of a di sser t ation in partial fulfillment of requirements f or
the M.S degree. A preliminary report of the se studies was pr esent ed at th e 20th
Annual Meeting of th e American Inst itute of Nutrition, Fed. Proc., 15: Part 1,
pa ge 386, 1956.
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it was found that feeding a purified diet in which only the
protein (casein) had been fumigated resulted in a similar
severe growth inhibition. The present paper describes some
of the preliminary experiments and those which led to the
finding that the histidine and methionine of casein are af­
fected by ETO fumigation.

EXPERIMENTAL

The albino rats employed in these studies were 21- to ~4­

day-old weanlings from our stock colony. The colony origi­
nated from the Holtzman strain. The rats were caged indi­
vidually in wire-bottom cages and were supplied with fresh
diet and water daily. The animals were weighed weekly or
at the end of the experiment. The young rats were random­
ized among the experimental groups according to litter, sex
and weight.

The stock diet used had the following percentage composi­
tion: ground wheat, 56.5; casein," 12.0; meat scrap, 10.0;
skim milk powder, 8.0; hydrogenated vegetable oil," 5.0; mo­
lasses, 5.0; alfalfa meal, 2.0; vitamin A and D concentrate 4

(5,000 and 625 USP units of vitamins A and D2 resp ectively
per gram) , 1.0; and salt, 0.5. Purified diet 3 contained the
following (in per cent) : sucrose, 73.0; casein, 18.0; B vitamins
in sucrose, 5.0; and minerals (Salmon, '47), 4.0. Purified diet
4 was similar except that the casein was reduced to 9%, ths
sucrose increased to 72%, and 10% of hydrogenated vegetable
oil was included. The B-vitamin supplement WR-C) made up
to provide the following per kilogram of diet: 2 gm choline­
01; 200 mg inositol; 50 mg niacin; 20 mg calcium pantothenate;
10 mg riboflavin; 5 mg pyridoxine-HOI; 'and 5 mg thiamine­
HOI. The purified diets were further supplemented per kilo­
gram with 50 mg alpha-tocopherol, 5 mg beta-carotene, and

> The casein was Vitamin-Free Test Casein , General Bi ochemicals, I nc., Chagrin
F all s, Ohio.

• Crisco.
• Quadrex.
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0.125 mg calciferol. Purified diet 2 was the same as diet 3
without thiamine-HOI.

A modification of a published soil ~migation method (Alli­
son, '51) was used to expose diets or dietary cons tituents to
ETO. The material to be fumigated wa s put into a paper
bag and placed in to a vacuum desiccator. The desiccator
was evacuated to a pressure of about three inch es of mercury,
an<l ETO,5 from a cylinder of the compressed gas, was ad­
mltted until the pressure in the desicator r eturned to am­
bient. During the course of fumigation, as the pressure fell,
as a re sul t of r eaction or sorption of ETO by the treated
material, at!ditional gas wa s admitted to maintain near ly
atmospher ic pressure. The duration of fumigation var ied
between exp eriments. Fumigation was terminated by draw­
ing off the gas in the desiccator and flushing sever al times
with air, filter ed through cotton. Subsequent heating of the
fumigated material in a forced-draft oven for 6 hours at
80°0 . was practiced jniti ally but was discontinued when it
failed to improve the biological value of the diets so t reated.
This fumigation procedure probably exposed diets to higher
concentrations of ETO than those used commercially. It was
felt, however, that the more drastic conditions would speed
the identification of the nutritional damage.

RESULTS AND DISCUSSION

F eeding b e steck diet fumigated for 4.5 hours, as described,
to 7 weanling rats resulted in rapid weight loss av eraging
14.3 gm ill 18 days with a standard devi ation of -I- 3.0 gm.
By the 6th day on thi s diet the rats began to exhibit a stiffness
of gait and severe nervous symptoms quite typical of the neu­
ritis associated with a thiamine deficiency. By the 18th day, all
7 rats had been observed in a convulsive state at least once,
in some cas es follow ed by a coma lasting 5 to 10 minutes.
Subcutaneous injections of 0.3 mg of thiamine-HOI were ob­
served to improve the condition of the rats temporarily. By

• The Matheson Co., Ine., E ast Rutherford, N. J ., purity 99.15%.



530 WINDMUELLEB., ACKERMAN AND ENGEL

this time the rats were moribund and were sacrificed for
autopsy. Aside from a severe depletion of depot fat, no
specific lesions could 'he .detected, even upon microscopic
examination of the major tissues. Control animals fed the
same diet without prior fumigation performed normally over
the experimental period.

When the stock diet, fumigated for 6 hours, was fed to 6
older rats (160 to 240 gm), they lost an average of 10.6 -t-,7.3
gm the first week and then gained slowly (av., 21.3 -t- 9.3
gm) the three following weeks. No indication of neural dam­
age was observed in these older rats. On autopsy, after 25
days on the fumigated diet, the contents of the large intestine

TABLE 1

Th iamine stimulation of th e growth of weanling rats fed a thiamine-deficient
basal diet (di et 2) before and after fumigation with ETO

AV. WT . GAIN OVER DAY S
DIET

Basal + thiamine-HOI
Fumigated basal + thiamine-HOI
Basal
Fumigated basal'

'Fumigated 14 hours.

NO. OF
RATS

4
4
3
3

1-7

gm

15.0 ± 1.4
-6.5 ± 2.6

12.3 ± 1.6
-8.0 ± 1.0

8-32

gm

81.7 ± 19.3
17.3 ± 5.6

-27.3 ± 8.8
- 26.7 ± 5.0

and cecum was found to be more fluid, richer in mucous, and
lighter in color than similar contents from control rats.

The growth inhibition resulting from feeding a fumigated
thiamine-deficient diet (diet 2) supplemented with non-treated
thiamine is apparent from the data in table 1. Only about
one-third of the growth depression resulting from fumigating
this diet was reversed by bi-weekly subcutaneous injections
of 0.4 mg of thiamine-H'Ol per 100 gm of food intake. Feed­
ing the thiamine-deficient diet without supplementation re­
sulted in a 59% greater loss in body weight after 32 days
when the diet had been previously fumigated with ETO.

Table 2 presents the results of feeding a purified diet in
which only the protein (casein) had been fumigated. The
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casein sample had been used previously in a gas-sorption
study, and therefore had been fumigated longer than samples
used in later experiments. 'When, after nearly 5 weeks on the
fumigated casein diet, rats were returned to the untreated
diet, they began to gain weight immediately.

When fumigated and non-fumigated casein were subjected
to the reduced sulphur test (Koch and Hanke, '48), the
mar-kedly greater PbS precipitate observed with the non­
fumigated sample suggested the involvement of sulphur amino
acids. Consequently, sulphur amino acids were added to diet

, 3, containing 18% casein fumigated for 24 hours, in an effort
to improve its quality. Neither 0.5% of DL-methionine nor

TABLE 2

Growth inhibition in weanling rats resulting from the ETO-fumigation of the

protein component (casein) of th e pwrified. diet (diet 3)

(4 rat s per trea tment)

AV. WT . GAI N OVER DAYS
DIE1:ARY

Non-fumigated casein
Fumigated casein 1

1 Fumighted 168 hours.

1-33

gm

109.5 ± 25.6
-17.3 ± 1.5

34-54

gm

36.8 ± 12.8
65.3 ± 19.2

0.2% of L-cysteine-HCl improved growth on this diet. Triple
extraction of the casein with 95% ethanol after fumigation
and before incorporation into the diet also failed to improve
the biological value of the protein. None of the 24 rats on
the diets containing the fumigated casein were able to grow
during the 4-week experiment while 6 control rats consuming
the diet containing' non-fumigated casein gained an average
of 98.0 -+- 11.9 gm over this interval.

Exploratory experiments indicated that the biological value
of fumigated casein was markedly improved when non-fumi­
gated casein, or a mixture of the 10 essential amino acids,
was added to the diet. On the strength of this finding, studies
were undertaken to find which of the essential amino acids
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could improve growth when used as a supplement in a fumi­
gated case in diet. The results of the first exper iment are
shown in table 3. Phase1. (1 to 14 days ) indicates the growth
obtained when the proportion of fumigated casein to un­
treated casein in the diet is progressively incr eased. All diets
in this phase contained a total of 9% of case in, bu t growth was
inhibited progressively as the proportion of fumigated casein
was increased.

TABLE 3

St imulatory effect of some amino acids on the growth of weanling rats f ed a
purified basal diet (diet 4) containing grad ed levels of casein fumigated

for 24 hours . (4 rats per treatment )

GROUP

1
2
3
4
5
6
7

CAS E IN I N AVERAGE WT. GAIN OVER DAYS
DI ET

F'u mi - Un - 1-14 1 5-21 ' 22-28 2
gated treated

0/0 0/0 gm m gm

0.0 9.0 19.5 ± 5.3 10.3 ± 2.6 9.0 ± 2.1
1.5 7.5 14.2 ± 1.5 18.3 ± 1.3 12.8 ± 3.6
3.0 6.0 9.0 ± 1.8 20.8 ± 4.1 13.8 ± 2.9
4.5 4.5 6.2 ± 3.3 14.3 ± 5.3 22.5 ± 4.4
6.0 3.0 1.8 ± 1.5 1.2 ± 1.0 3.8 ± 1.1
7.5 1.5 - 2.2 ± 1.5 -3.8 ± 1.5 1.0 ± 0.0
9.0 0.0 - 3.8 ± 1.7 - 5.3 ± 0.5 2.3 ± 0.5

29-34 a

gm

19.8 ± 8.3
17.5 ± 5.2
14.8 ± 1.7

1 Diet supplemented with methio nin e, cystine and threonine.
2 Diet f urther supplemented as fo llows : group 4, histidine an d arg inin e ; group

5, isoleucine and lysine ; group 6, leucine an d tryptophan; and group 7, valine an d
ph enylalanine.

a Diet supplemented with methi onin e, cystine, threonine, nistidine and arginine.

During the third week (15 to 21 days) all the ' diets con­
taining fumigated casein were supplemented with the three
indicated amino acids at the level at which these amino acids
would be expe cted (Block and Bolling, '45) in the fumigated
casein component of the diet had it not been fumigated. Sup­
plementation in subsequent phases of this exper iment and
similar experiments was controlled likewise. Thus the diet
with 9% of ETO-fumigated cas ein re ceived three times the
supplementation of the 3% treated casein diet.
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Methionine, cystine and :threonine greatly enhanced the
growth of r ats on the lowest two levels of ETO-fumigated
cas ein, improved the growth of two of the 4 rats on the 4.5%
fumigated cas ein, but had no stimulatory value for diets in
which more than one-half of the cas ein had been fumigated.
Further supplementation with arginine and histidine (days
22 to 28) improved growth while the r emaining amino acid
pairs failed to improve their respective diets. These diets
were improved, however, by substituting the non-effective
pairs of amino acids with the arginine-histidine pair (days
29 to 34).

TABLE 4

Stimu latory effect of amino aeid supplements on th e growth of weanling rats f ed
a purified basal diet (diet 4) containing 9% ETO -fumigated casein 1

(:; rat s per tr eatment}

AMINO ACID S UP PLEME NT S I N %
AV . WT . GAI N ,

L-cystine nt-m ath ion in e DL-threoni ne L-ar gi n in e L·h i s t idi n e
14 DAYS

grn

0.032 0.315 0.:l51 0.423 0.279

+ + + + + 2f..3 ± 5.7

+ + + + 28.0 ± 8.7

+ + + 27.0 ± 4.6

+ -L + + - S.O±l.OI

+ + + + 24.3 ± 2.5

+ + + - 3.3 ± 7.8

1 Fumigated 24 hours.

From the data in tabl e 4 it becomes apparent that methi­
onine and histidine wer e the two amino acids r esponsible
for the previously observed growth stimulation. It was only
when histidine or th e methionine-cys tine pair wer e omitted
from the amino acid supplement that no growth r esulted. The
omission of cystine alone did not alter growth, however ;
ther efore, methionine and histidine were assumed to be the
two stimula tory compounds.

The extent of the growth stimulation from histidine and
methionine supplementation of the 9% ETO-fumigated case in
diets is seen in table 5. Neither amino acid alone sufficed to
suppor t growth. 'When includ ed together at the indicated
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levels, the growth observed was fully comparable with that
on an untreated casein diet . It would appear that if any
other essential amino acid is affected when case in is fumi­
gated as described it must be one which is not growth limiting
under the conditions of this exper iment .

TABLE 5

Ability of histidine ar,d methionine to stimulate growth of weanling rats fed a
purifieti diet (di et 4) containing 9% ETO-fumigated casein 1

(6 rats per treatment)

SUPPLE ME N T TO DIET
AV . ' VT. GAI N ,

PROTE I N SOU RCE
L-h istid ine DL·methionine 21 DAY S

% % gm

Unfumigated case in 0.279 0.315 48.8 ± 6.4
Fumigated cas ein 0.279 0.315 39.8 ± 5.6
Unfumigated casein 30.5 ± 4.5
F umigated cas ein 2.6 ± 1.5
Fumigated case in 0.279 2.2 ± 1.6
F umigated cas ein 0.315 -1.4±1.7

1 Fumigat ed 24 hours.

TAB LE 6

Growth inh ibition of weanling rat s fed a purifi ed basal diet (d iet 4) contain~ng

9% casein variab ly f1tmigated wi th ETO (3 rat s per tr eatm ent)

DURA T ION OF ET O F UM IGATION
OF CA SFH:s'

o min.
15 min .
30 min.
1 hr.
4 hr.

24 hr.

AV . \ VT. GAIN ,
21 DAYS

gm

27.7 ± 7.3
25.0 ± 5.3
19.7 ± 7.0
19.7 ± 7.6

6.3 ± 2.2
- 8.7 ± 1.6

The effect of the duration of the ETO fumigation of casein
upon its biological value is seen in table 6. Growth depression
was severe after 4 hours of fumigation, bu t maximum protein
damage was not achieved until fumigation had proceeded for
much longer periods, possibly 24 hours, or more.

Microbiological assay for histidine and methionine in 24­
hour ETO-fumigated and non-fumigated casein samples indi-
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cated 71% destruction of th e former amino acid and 56%
destruction of the latter; i.e., only 297'0. and 447'0 r espectively
of th e amino acids wer e available to th e bacterium, Lacto­
bacillus mes enieroides. The possibility exists, of course, that
factors other than amino acid availability were operative in
these assays, e.g., a toxic factor in the fumigated casein may
have been limiting microbial growth. The close cor r elation of
the microbiological as say with the results from th e rat ex­
periments makes the hypothesis of unavailability the more
likely one, however.

The ETO effect on th e histidine an d methionine of casein
is particularly interesting in that these amino acids in the
purified dry powdered for m 6 show no tend ency to r eact with
the gas . Reactivity has been tested by three methods; namely,
th eir ability to sorb or absorb th e fumigant, their mobility
on paper chromatograms following fumigation, and their nu­
tritive value following fumigation. Of 16 amino acids, histi­
dine and methionine included, only cysteine-H OI showed any
ap preciable ETO uptake when exposed to th e gas in a War­
burg tissue r espirometer (Umbreit et al., '49) . Cyst eine-HOI
reacted readily with ETO to yield, in 24 to 36 hours, a brown,
viscous, water-soluble liquid which wa s toxic to weanling rats
upon subcutaneous injection (LD50 = 13 mg fumigated cys­
teine-H Cl per 50 gm body weight ) . The mobili ty on pap er
chromatograms (water-saturated phenol solvent used) of
histidine or methionine was not alter ed after fumigation of
the amino acids. After a 24-hour fumigation, a histidine and
methionine supplement had not lost its ability to r everse the
growth inhlbition produced by a 9% ETO-fumigated-casein
purified diet.

The apparent chemical changes in casein upon ETO fumi­
gation are accompanied by physical changes, the most con­
spicuous of which is an increase in mass. This increase, de­
t ermined from the measured dilution of ni trogen, was pro­
gr essive during the course of fumigation and totalled 10.5%
after 24 hours ' expo sure to the fumigant.

• Amino acids from N utritio nal Biochemicals, I nc., Cleveland, Ohio .
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The effect of ETO on proteins other than casein remains
to be determined. Ther e is no indication to date that the
lability of protein histidine and methionine is a general phe­
nomenon. It is inter esting to speculate, however , tha t ETO­
protein (enzyme) reacti ons are involved in the lethal action
of the fumigant on microorganisms.

Some reactions of ETO with protein have been described
earlier (F'raenkel-Conrat, '44). ETO was found to react with
most of the available reactive groups, namely, carboxyl, amino,
sulphydryl and phenol groups. The r eactions were studied
only in aqueous solution, however, and thei r application to
the conditions descr ibed in this pap er remains to be investi­
gated.

SUMMARY

Weanling rats fail ed to grow when fed a puri fied diet con­
taining 9 or 18% of casein as the only protein source when
this casein had been previously fumigated with ethylene oxide.
A histidine and methionine supplement was active in r ever sing
this inhibition. Only 29% of the histidine and 44% of the
methionine of casein appeared to be available to the bacter ium,
L actobacillus mesenieroides afte r 24 hours of fumigation of
the in tact protein with ethylene oxide.
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I NTRODUCTION

The toxicity of trace amounts of molybdenum for cattle
and sheep has' been described by many workers (Ferguson
et al. , '38, '40, '43; Dica and Bull, '45 ; Britton and Goss, '46 ;
Cunningham, '46 ; Comar et al. , '48). Marston ( '52) has re­
viewed the literature with particular refere nce to lar ge ani­
mals. The liter ature on the toxicity of molybdenum for
experimental animals has been r eviewed by Fairhall et al.
( '45). In subsequent studies with laboratory rats the tox ic
effects of molybdenum have been repor ted by Neilands et al.
('48), Oomar et al. ('49), Gray and Ellis ('50), Gray and
Daniel ('54), J eter and Davis ( '54) and Van Reen ( '54).
In general these worker s found that the molybdenum-induced
growth inhibition could be alleviated to a considerable ex­
tent by tl;e addition of copper salts to the diet. Neilands et
al. ('48) reported, however, that whole liv er powder had a
mitigating effect up on this conditi on that could not be at­
tr ibuted to its copper content; while Gr ay and Daniel ('54)
found that methionine supplementation to a methionine-ad e­
quate r ation relieved the condition.

1 P reliminary r esult s wer e presented at the 20th annual meeting of th e Americ an
I nstitut e of Nutrition, Atlantic City, New J er sey. F ed. P roc. P ar t 1 no. 1 pp .
1564 (1956) .

2 Supported in par t by a grant from the Nutrition F oundati on Inc., New York,
N . Y .
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Dick ( '52) r eported that a factor present in two differ ent
types of forage was involved in the copp er-molybdenum im­
balance in sheep, and in subsequent studies ('53a) identifi ed
this factor as inorganic sulfate. Results of the additions of
inorganic sulfate to high-molybdenum rations for sheep have
been further investigated by Dick ('53b, '54) who r eported
that the addition of sulf ate to the high copper-molybdenum­
containing ration incre ased the storage of copp er in the liver.
Furthermore, at a constant level of molybdenum supplemen­
tation liv er copp er lev els increased as the level of sulfate
increased. Simila r r esults wer e observed when the blood cop­
per concentration was considered. Observations of th e fleece
character of these sheep by Dick ('54) led him to conclude
that the se sheep were copp er deficient while blood and liver
copper levels were elev ated.

The present report summarizes studies that illu strate th e
beneficial effects of dietary sulfate in molybdenum-fed rats.
Data are also presented on the effect of varying sulfate and
molybdenum levels in the diet on copper and molybdenum
concentration in blood and liver.

EXPERIMEN TAL

Equal numbers of male and female 21-day-old albino rats
(35 to 50 gm) were used in th ese studies . The rats in experi­
ment I (Holtzman strain) wer e from the stock colony of this
laboratory while those in experiment II were obtained com- '
mercially." All rats of the same sex were allotted at random
to their r espective treatments. The ba sal ration used in all
experiments had the following percentage composition: su­
cro se 80.25, crude casein 12.0, cottonseed oil 5.0, low-sulfate
salts 2.55, L-cystine 0.2.

Vitamins were added as follows (milligrams per kilogram
of ration) : choline chloride, 1,000; ino sitol, 100; calcium n,an­
othenate, 20; niacin, 10; menadione, 10; thiamine ' HOI, 5 ;
riboflavin, 3 ; pyroxidine . HOI, 3; folic acid, 0.2; biotin, 0.1

3 H olt zman Compa ny, Madison, Wi sconsin.
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and vitamin B12, 0.01. Vitamins A, D and E were supplied
by two drops/rat/week of 50% percomorph liver oil 4 in cotton­
seed oil (containing 0.5 gm of a-tocopherol acetate/ I fl ml).
The composition of the salts used in grams per kilogram of
ration follows: Caa(P04)2, 12.5; NaCI, 6.5; KCI, 5.5; MgO,
0.7; Fe20a, 0.15; :M:n02, 0.10; KI, 0.03; ZnCOa, 0.02; CuS04 • 5
H 20, 0'.013. All salts were C. P. or A. R. The only sulfate
salt used was copper sulfate.

The basal ration averaged 4 p.p.m. in copper and less than
0.2 p.p.m. in molybdenum. The highest level of sulfate added
increased the copp er concentration of the ration by less than
0.2p.p.m.

The first experiment was designed to inv estigate the effect
of molybdenum when the sulfate was held constant at 2,200
p.p.m, in the diet. The design of this experiment is sum­
marized in table 2. The second exper iment was planned to
study the effect of varying the sulfate when the molybdenum
was held constant at 100 p.p.m. in the diet. The experimental
design is giv en in table 3.

All rats were sacrificed after 6 weeks. At this time as
much blood as possible was withdrawn by heart puncture.
Blood hemo globin concentration in each rat was determined
by the acid hematin method. Because of the small volume,
the blood from all rats in each lot was pooled. The molyb­
denum (Evans et al., '50) and copp er (A.O.A.C., '50) con­
centration of the whole blood was determined. Analyses for
liver copper and molybdenum were made. The values were
expressed as micrograms per gram of dry fat-free liver.
Calculations of copp er and molybdenum concentration on a
liver-nitrogen basis, were also made but are not included
since they did not vary from the results found on the dry
fat-free liver basis.

RESFLTS AND DISCUSSION

Five separate trials were conducted to establish the effects
of sulfate and molybdenum supplementation. The results are

• Abbott Laboratori es, North Chicago, Illinois.
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TABLE 1

Th e alleviat ion of molybdej um-induced rat growth inhibition with inorganic
sulf ate (22 r,q,ts per treatm ent, 5 replicates)

DIJI:T

Basal
Basal + SO.'
Basal + Mo a
Basal + SO. + Mo

' 2,000 p.p.m, SO. as 1 :1 N a,SO, and KaSO•.

a l 00 p.p.m. Mo as Na,MoO••

• , I L(x) 2 .
V n-l

AV. 6 WE EK
BODY WEIGHT GAI N

gm
109 ± 18 3

112 ± 23
60 ± 15

102 ± 27

TAB LE 2

Dietary moly bdenum lenel. and the effect of inorganic sulf aie upon rat growth and
blood and liver levels of molybdenum and copper

(Experiment I , 4 rat s/ t reatment )

W H OLE B LOOD LI VER (DRY, FAT-FREE )

LOT AN D TR EATM E NT
AV. 6 WEEK

GAIN Copper Molybdenum Copper Molybdenum
CODe. con e. cone. cone.

gm fLg / ml " glm l "g / gm " g/ gm

1. Basal 78 ± 22 0.6 Trace 10.0 ± 1 1.6 ± 0.5

2. Basal + 75
p.p.m, Mo ' 47 ± 11 4.0 13.4 16.5 ± 4 29.8 ± 1.7

3. Basal + 300
p.p.m, Mo 17 ± 8 6.5 13.4 38.0 ± 15 51.6 ± 12

4. Basal + 2,200
p.p.m. SO,2 76 ± 17 0.5 Trace 8.0 ± 1.4 1~ ± 0.2

5. Basal + 75
p .p.m. Mo +
2,200 p.p.m.
SO, 84 ± 22 2.5 5.7 12.3 ± 1 9.2 ± 1.6

6. Basal + 300
p.p.m. Mo +
2,200 p.p.m,
SO, 53 ± 12 3.0 9.3 16.0 ± 1.6 19.0 ± 5.5

' As HaMoO,.
aAs equimolar mixtu re of Na,SO, and K2SO,.
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summarized in table 1. The data were analyzed statistically
using the " t " -test and the an alysis of. var iance (Snedecor,
'46). Molybdenum significantly suppressed growth only when
the diet was low in sulfate. Sulfate supplement in the absence
of molybdenum was without effect .

E xperi'J1Lent 1. The allevia ting effect of dietary inorganic
sulfate upon the molybdenum-induced growth inhibition can
be seen in table 2. Molybdenum alone exerted a growth in­
hibinon at both the 75 and 300 p.p.m. level. At the 75 p.p.m.
level, i ,200 p .p .m, of sulfate, as the sodium and potassium
salts, were abl e to r ever se this growth inhibition. The gr owth
of rats fed 300 p.p.m, of molybdenum plus 2,200 p.p .m. of
sulfate wa s approzimately equal to th at of r ats receiving
75 p.p.m. of molybdenum without added sulfate.

The addition of molybdenum alone to th e basal diet in­
cr eased the blood and liver molybdenum and copper levels
{table 2). The addition of 2,200 p.p.m. of sulfate r educed
these elevated levels of molybdenum and copper. The addition
of sulfate alone did not appear to alter either the growth
or th e concentr ation of copper or molybdenum in the liver
and blood. In these expe r iments it appeare d th at inorganic
sulfate functioned only when added molybdenum wa s fed.
Inasmuch as sulfate supplementation increased dietary so­
dium and potassium it could be argued that the effect could
be due to these minerals. Dick ('53a), however, noted that
non- sulfate salts of sodium and potassium were without effect
in the ruminant. Furthermore, the amount of sodium and
potassium supplied by the sulfate supplements used in these
studies wtfs small compared with that provided by the salt
mixture in the basal diet.

Hemoglobin levels appeared to be depressed in lot s 2, 3
and 6. The values in these lots ranged from 8 to 10 gm/lOO
ml while in all other lots the hemoglobin levels r anged from
10 to 12 gm/lOO ml.

An enlargement of the femoro-tibial joint and a thickening
of the epiphysis of the femur and tibia were observed at the
time of sacrifice in lots 2, 3 and 6. Histological examination
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of the femurs of these rats indicated a chondro-dystrophy of
the epiphysial cartilages. The femurs of the rats in the other
lots were normal whea examined grossly and histologically.
The percentage of femur ash was determined on the oppo site

TABL E 3

Th e eff ect ot dietary inorganic sulfate level upon the molybd enum-in«uced rat
growth inhibit ion and upon blood and liver levels of molybdenum-and copper

(Experiment II, 4 rats/treatment)

W H OLE BLO OD LIVER (D RY, ' AT -F RE E )

L OT AN D TREAT MENT
AV . 6 WEEK

GAI N Copper Mol ybden u m Copper Molybd enum
cone. cone. cone. cone .

•um /lU/ ml /lu /ml /lU/um /lu/ um

Basal 98 ± 10 0.6 Trace 10.0 ± 2 2.6 ± 1.4

B asal + 100
p.p .m. Mo' 47 ± 6 5.7 16.6 40.6 ± 15 48.3 ± 12

Basal + 400
p.p .m. SO. 2 102 ± 14 0.45 Trace 10.6 ± 1 2.4 ± 1.!

Basal + 400
p.p.m, SO. +
100 p.p.m. Mo 66 ± 18 4.9 10.6 28.6 ± 5 20.4 ± 6

Basal + 800
p.p.m. SO. 80 ± 11 0.4 Trace 10.8 ± 2 2.3 ± 0.8

Basal + 800
p.p.m. SO. +
100 p.p .m, Mo 83 ± 26 3.8 9.9 2::!.2 ± 4 17.9 ± 4

B asal + 2,200
p.p .m, SO. 95 ± 25 0.5 Trace 10.6 ± 0.8 1.8 ± 0.6

Basal + 2,200
p .p.m. SO. +
100 p.p.m. Mo 100 ± 17 4.7 10.0 27.2 ± 2.5 19.0 ± 3

Basal + 3,300
p.p.m. SO. 95 ± 7 0.5 Trace 11.6 ± 2 1.6 ± 0.4

B asal + 3,300
p.p.m. SO,+
100 p.p.m. Mo 96 ± 28 3.8 7.6 23.8 ± 5 14.9 ± 3

'As Na.MoO,.
2 As equimolar mixture of Na,SO. and K,SO•.
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femur and found to av er age 61% (d ry, fat-free basis) in lots
2, 3 and 6 and over 65% in th e femugs of all other lots.

E xperiment II. On the basis of the re sults of experiment
I, 100 p.p .m. of molybdenum (as NazMo04 ) were used as a
supplement to the basal ration. The results obtained in
exper iment I were confirmed. In addition, it appeared that
a sulfate level between 800 and 2,200 p.p.m. was required to
alleviate a consid erable degree of the molybd enum-induced
grawth inhibition (table 3). There appeared to be no bene­
ficial dect upon growth by increasing the sulfate content of
th e molybdenum-containing ration to 3,300 p.p.m. A similar
pattern was noted when the analytical data were con­
sidered. Four hurslred parts per million of added sulfate
appeared sufficient to reduce the elevated blood and liver
molybdenum and copper levels observed when molybdenum
was fed. The absolute values appeared to vary between ex­
periments but the r esults appeared qualitatively similar .

In experiment II no r edu ction in hemoglobin was noted nor
was any bone abnormality observed. Recent work by th e
authors indicates that as the copper level in the ration de­
creased th e incidence and seve r ity of anemia and th e bone
abnormality increased. Small differences in copper levels in
the ration and in ini tial copper stores of the rat could explain
the above variations.

SUMMARY

Under the conditions of these experiments dietary inorganic
sulfate h~d an allevia ting effect on th e molybd enum-induced
rat gr owth inhibition. The inclusion of molybdenum in the
diet caused an incr ease in the liv er and blood levels of molyb­
denum and copper. 'I'his incr ease was r educed when inorganic
sulfa te was added to th e molybdenum- containing ration.

In th ese exper iments the gr owth inhibition cause d by 75
p.p.m. of rr:.olybdenum could be over come by the addition of
2,200 p.p.m. of inorganic sulfate . Sulf ate was partially ef­
fective in diets containing as much as 300 p.p.m. of molyb-
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denum. 'When 100 p.p.m. of molybdenum 'Was added to the
diet it appeared tha t ~ level of sulfate between 800 and 2,200
p.p.m. exerted it s maximum growth-protective effect .
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ADDENDUM

Since th is manuscript was submitted, R. Van Re en and M.
A. Williams have published results indicating th at sulfur
compounds alleviated the toxicity of molybdenum for the rat.
Archives of Biochem. Biophysics, 63 : 1 (1956).
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Since the demonstration of man's need for the 8 essential
amino acids (Rose, '47), attention has been focused on the
determination of the quantitative requirements for these
nutrients. Lysine is of r!articular interest since it occurs in
relaticely low concentrations in vegetables and cereals which
supply a major portion of the protein in many diets. Rose
et aL ('55) have reported that the minimal intakes of t-lysine
which permitted nitrogen balance in 6 young adult men on a
synthetic ration ranged from 0.4 to 0.8 gm per day. The
present paper presents nitrogen balance data of women main­
tained on a semi-synthetic diet furnishing various levels of
lysine.

EXPERIMENTAL

Experimental pltzn. A diet of natural foods (Jones, '56)
was feef for 10 to 16 days, and daily nitrogen balances were
determined during two or three periods of 4 days each in

1 Published with the apprbval of the Director of the Wisconsin Agricultural
Experiment Station. Supported in part by a U. S. Department of Agriculture eon­
tract, sponsored by the Human Nutrition Research Branch, Agricultural Research
Service. Presented in part before the 19th Meeting of the American Institute of
Nutrition, San Francisco, April, 1955 (Fed. Proc., 14 : 438, 1955). Part of the
data ilt this paper are taken from a thesis submitted, by Evelyn M. J'ones in
partial fulfillment of the requirements for the degree of Doctor of Philosophy
with a major in Human Nutrition.

2 Present address: Departme~t of Foods and Nutrition, College of Home Eco­
nomics, Michigan State University, East Lansing.
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order to demonstrate that all subjects were capable of main­
taining nitrogen eqailibrium on an adequate diet and to
establish a level of nttrogen intake for use throughout the
experiment. In a transition period (three to 4 days) the
items of food in the normal diet were gradually replaced by
those of the semi-synthetic diet which was then fed throughout ,
the remainder of th e exper iment. For the fir st 12 te 16 days
on the semi-syn thetic diet, lysine was supplied at the level
found in 20 gm of egg protein by a so-called "comp~te"

amino acid mixture. In ser ies I and II, af ter it had been
established that all subjects wer e in nitrogen balance on this
regimen, the need for lysine was demonstrated by their in­
ability to attain ni trogen equilibrium l!uring 10 to 11 days
when all of the lysine in the sup plements wa s replaced by
isonitrogenou s amounts of glycine. Six differ ent levels of
lysine were fed successively in series I, and 4 in series H.
The subjects in series II participated in a methionine study
for a 30-day interval between the time th e complete amino acid
supplements wer e fed and the initial feeding of the lysine­
deficient supplements .

In ser ies III, th e "complete" amino acid mixture was fed
as before, bu t ther eafter lysine and methionine wer e fed at
level s which had appeared to be adequate in series I and II
and in cer tain other studies by Reynolds ( '56); the daily
amino acid supplements sup plied 300 mg of lysine, 250 mg
of methionine and 480 mg of cystin e for tw~ periods of 4 dJty~

each. Other variations in procedure have been recorded else­
wher e (Jones, '56).
S'i~bjects. The subjects were women students or staff mem­

bers 19 to 43 years of age who maintained their usual academic
pursuits throughout the exp eriment ( ta~le 1). All were in
normal health as determined by physical examinations at th e
Department of Student H ealth, Univer sity of Wisconsin . In
series I and II, the subjects wer e housed in an apartment
under the direction of a graduate dietitian, wher eas in series
III, they lived in dormitories or private homes, but ate all
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of their meals in tle metabolism unit of the . School of Home
Economics.

Diets. A normal diet (Jones, '56' consisting of bread,
butter, cheese, meat, milk, fruits and vegetables was fed prior
to the start of the experimental period. This diet supplied
abo-at 10 gm of nitrogen and 4 gm of lysine per day (analysis)

TABLE 1

Vital statistics of the subjects

AGE AT START WEIGHT
SUBJECT

OF STUDY HEIGHT
Initial 1 Final'

years months kg kg em
Series I

5 43 1 67.4 67.2 166
6 36 5 54.6 55.8 157
7 34 S 54.4 54.7 168
8 31 2 59.5 58.8 168
9 31 6 49.5 49.7 156

Series II

10 3 36 11 58.2 59.7 157
11 31 2 65.9 66.7 164
12 30 10 62.2 61.8 171

Series III

15 25 11 65.9 65.4 157
16 21 6 60.8 60.2 175
17 18 7 70.2 70.5 172
18 18 7 60.0 60.3 168
19 21 10 67.9 68.0 164

20 21 5 60.0 59.8 164

1 Mean for the normal diet.
2 Mean ~or the final experimental period.
3 Same as subject 6.

and about 2,000 calories (calculated from data in Agriculture
Handbook No.8 by Watt and Merrill, '50).

The semi-synthetic diet consisted of a few low-protein foods
plus butter oil, cornstarch, sucrose and vegetable oil," as well
as amino acids, diammonium citrate, purified hemicellulose 4

and mineral and vitamin supplements. The semi-synthetic

• Wesson Oil.
• Mucilose Flakes, Winthrop-Stearns, Inc.
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TABLE 2

Semi-synth etic dij t exclusive of the ni t rogen sup plemen ts

I TEM " E IGHT ITEM

•gm

Ap plesauce, canned,
sweete ned

Butter oil
Carrots, raw
Gra pe j uice, canne d
J elly
Lemon juice, canned
Orange juice, frozen,

reconstituted
P eaches, canne d, freest one
Pe ach syrup, canned
Pudding : 1

Butter oil
Corns tarch
Salt
Sucrose
Water

200
43
25

100
40
75

100
100

50
1 recipe

13
8
1

30
90

Sank a '
Sucrose
Toma toes , canned
Waf'ers : 3

Butter oil
Cornstarch
Hemicellulose ' (Mucilose

flakes)
Salt
Sucrose
Wesson nil
Water
Baking powder - Min eral

mixture •

WEIGHT

gm

180
foo

1 recipe
10
50

3
4

20
7

57

9.4

1 Basic recipe was obtained from L everton ('53). Vanilla or peppermint pudding
was pr epared by adding one or t wo drops of th e ext rac t . Lim e or lemon pudding
was made by substi tuting 15 gm of th e fresh juice (s trained) for 15 gm of the
water. Twenty grams of sucrose was replaced by brown sugar in th e butterscotch
pudding.

, Sa nka was served at breakfast and dinner . Quantities were based on individual
pref erence, but were constant for an y given individual.

3 Basic recipe was obtained f rom L everton ('53) .
• Mucilose Flakes, Winthrop-Stearns, Inc,
• The mixture contained 1.8 gm of mineral supplement and 7.6 gm of th e baking

powder. Th e composition of th e bakin g powder and of th e mineral supplements
were given by Leverton et al . ( '56 ).

diet used in series II and III is presented in ~ble 2. In
series I the diet contained an additional 100 gm of grape juice,
25 gm of lettuce and 100 gm of potato, or an additional 50 gm
of potato. In ser ies I th e basal portion o'! the semi-syn thetic
diet supplied from 0.6 to 1.0 gm of nitrogen and from 0.10
to 0.25 gm lysine per day depending upon th e food s which were
included." In ser ies II and III the basal portion of the diet

• The results of the an alysis of potatoes were variable; one variety yielded 4.7 mg
of nitrogen and 1.41 n:g of lysin e, whereas a second contained 2.7 mg of nitrogen
and 0.86 mg of lysine per gram of potato.
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contained about 0i5 gm of nitrogen and 0.1 gm of lysine pe r
day.

The mineral supplement 6 of Levertsn et al. ( '56) was used.
One-half (1.8 gm ) was incorporated into the wafers (table
2); the remainder was added to 75 ml of lemon juice an d
equa l portions served at each meal. The daily vitamin sup­
pleme nt 7 was given by capsule at breakfast. It supplied
180 mg choline dihydrogen citr a te, 3 mg thiamine hydr ochlo­
ride, 3 mg r iboflavin, 4.5 mg calcium pantothenate, 3 mg pyri­
doxine hydr ochlori de, 9 mg niacinamide, 0.6 mg folic acid,
0.15 mg biotin, 0.001 mg vitamin B 12, 4,500 U.S.P. Units vi­
tamin A (syathetic) and 4.5 mg dl-alpha-tocopherol acetate.

The caloric intakes of the individual subjects were adjusted
to meet their particular energy requir ements by the addition
of appropriate amounts of butter oil, candy (p lain fondant),
pudding, sucr ose or a ~lain carbonated bever age, or by the
omission of par t of the pudding or wafer s. For one subject in
ser ies I , be potato '~s r educed by 50 gm per day. The
subje cts maintained th eir initia l weights throughout the en­
tire experiment.

A mino acid sup plements. Most of the nitrogen of th e semi­
synthe tic die t wa s supplied as mixtures of amino acids and
diammonium cit r ate (table 3'). The 8 esse ntial amino acids
plus arginine, c.ystine, hi stidine and tyrosine were fed at the
levels at which th ey occur in 20 gm of egg protein. The
nitrogen content ~f th ese supplements was raised to 10 gm
per day by the addition of glycine and diammonium ci trate
in isonitrogenous amounts . W ith the exception of DL-isoleu­
cine the natural isomer s of all amino acid s wer e used ; in
addition DL-valine wa s used as a source of L-valine in the
final periods of ser ies III, in order to determine th e effect of
this substitu tion on ni trogen balance. Sufficient racemic mix­
ture-was used to supply an equivalent amount of L-va line and

e Nutritional Biochemicals, I nc.
r Correspond ed to Li trison of H offmann-LaR oche, Inc., except that DL-methionine

was omi tted.
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the total nitrogen content was maintained constant by a suit­
able reduction of the filycine.

A mixture of all the amino acids except cystine and tyrosine
was ball-milled over night and sieved. Any material which
did not readily pass through the sieve was ground in a mortar

TABLE 3

Individual daily allotments of the amino acids and diammoni'llm citrate

AMINO ACID

Solution supplement:

L-Arginine hydrochloride
L-Histidine hydrochloride

DL-Isoleucine
L-Leucine
L-Lysine hydrochloride 1

L-Methionine
L-Phenylalanine
L-Threonine
L-Tryptophan
L-Valine

Glycine

SUBTOTAL

Diammonium citrate

Dry powder supplement:

L-Cystine
L-Tyrosine

SUBTOTAL

TOTAL

AMOUNT

gm

1.549
a·519
3.200
1.840
1.800
0.820
1.260
0.930
0.300
1.460

21.473

35.201

32.357

0.480
0.900

1.380

NITROGeN

gm

0.412
0.114
0.342
0.197
0.276
0.077
0.107
0.115
0.0~1

0.175
4.009

5.865

4.009

0.056
0.070

0.126

Ul.OOO

1 Since this compound was only 95% pure, 1.895 gm was used.

and the entire batch was returned to the ball mill for addi­
tional mixing. One-fourth of the day's quota of the mixture
was fed at breakfast, and three-eighths each at luncheon and
dinner. The precise amounts were weighed for each subject
for each meal. Sixty grams of sugar were added to each
portion and sufficient hot distilled water was used to put all
of the amino acids in solution. A diammonium citrate solution
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of appropriate ooncentr ation was pipetted into each amino
acid serving so that each meal supplied one-third of the diam­
monium citrate ni trogen. The solutibns were chilled before
serving.

Becau se of the low solubilities of cystine and tyrosine, th e
daily allotment of th ese amino acids (ball-milled and sieved )
was werghed for each subjec t, thor oughly blended with 100 gm
of applesauce, and approximately one-third was consumed at
eash meal.

Wh9'1l a specific amino acid was under study, it was omitted
from the amino acid mixture and th e desired level added as
an adjustmeat solution so that one-third of the day 's total was
given at each meal. In all cases the ni trogen intake was kept
cons tant by appropriate changes in glycine. Supplementary
glycine was added as an adjustment solution with one-third
of th e day 's to tal a t each meal.

S amples and analytical determination. The individual
food s were sampled daily and composites were prepared for
each period with the food s in the proportions fed to th e sub­
jects. These aliquots were kept frozen until analyzed. Ni­
trogen and lysine contents were determined in the homogenized
compo sites. Beef from the normal diet and butter oil, candy,
carbonated beverage, coffee, lemon juice, pudding, Sanka,
sucr ose, tea and wafers from the semi-syntheti c diet were not
includ ed in the composites, but r epresentative samples were
analyzed for nitrogen with th e exception of the butter oil,
candy and sucrose.

Daily urine samples were collected under toluene and were
kept r efrigerated. The pH of th e 24 hour urine sample was
brought to between r, and 6 (hydrion paper ) with hydrochloric
acid. The acidifiedarrine was diluted to a convenient volume,
usually 21, and samples were preserved with toluene and held
under r efrigeration unti l an alyzed.

Fecal samples were collected in waxed cartons and im­
mediately frozen. The feces from an entire balance period, as
established by carmine marker s, were placed in jars and
hydrochloric acid (one volume diluted to 5 volumes) was
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adde d to cover. Afte r the gases had been e:thaus ted from the
samples by holding th .. jars in a hot-water bath for about 12
hours, th ey wer e autoclaved for three hours at 15 pounds
of pressure, cooled, weighed, and sampled for analysis .

The ni trogen contents of the amino acid mixtures and ad­
justment solutions and of th e food, urine and fecal samples
were determined by a bori c acid modification of the Hjeldahl
method (S cales and H ar ri son, '20). The lysine contents of
the foods and amino acid supplements were determined by
micr obiological assay (Jones, '56). Creatinine determinations
were made on the daily urine samp les with either the P eters
('42 ) or the K lett-Summerson adap ta tions of ths Folin ('14)
method. The constancy of the cr eatinine concentration was
considered an indicati on of th e completeness of collection of
the daily urines.

RE SUL TS AND DISCU!!lSIO N

In agreement with the observations of others (Rose, (!Joon
and Lambert, '54 ; Pratt et al., '55) , a larger calor ic intake
was required to maintain the weights of the subjects on the
semi-synthetic regim en, wherein most of the nitrogen was
supplied by amino acids and diammonium citrate, than on the
normal diet of natural foods. On the normal diet the mean
daily caloric intakes of the individual subjects ranged from
1540 to 2115 with a mean of 1974 ; where as, on the semi­
synthetic r egimen, they vari ed from 1761 to 2585 with a mean
of 2286. The low values wer e for a relatively small subject.
Expressed as calor ies per kilogr am of body weight, the mean
values for the subjects on the normal diet ranged from 28.3
to 36.0 with a mean of 32.8. The comp acable figures for the
semi-synthe tic diet wer e 32.7 to 43.0 with a mean of 37.6 Cal.
per kilogram.

Detailed metabolism data for a r epr esentative subject ar e
summar ized in table 4 which demonstrates the exp er imental
plan ,and shows the fluctu ati ons associa ted with this type of
study. For this subject the mean daily nitrogen ba lances of
the periods which supplied 0.10, 0.18,· 0.22, 0.25 and 0.64 mg



LYSINE ltND N BALANCE IN WOMEN 557

of lysine per day wer e - 0.81, - 0.42, - 0.21, - 0.28, and
+ 0.25 gm, respectively. The mean liaily nitrogen balance
during the final period on the complete amino acid supplements
(1.60 gm lysine per day) wa s + 1.07. Th e nitrogen balances
of another rewesentativ e subject (no . 8) at different levels of
lysine intake in the sequence fed, are shown in figure 1.

The mean daily nitrogen balances during the final 4 days
on a given lysine intake for all subjects are presented in table

TABLE 4

Metabolism data f or subject 6

M E AN MEAN DAILY M E AN
DAIIJY DAILY NITROGEN

PERIOD 1 DffiT L ·LYSIN E
CALORIES N I TRO, ELIMINATION

DAILY
P E RKO N I T RO GE N

I N TAKE GEN BALAN CE
I NTAKE U rina ry Feca l

d ays gm gm gm gm gm

1 (4 ) N ormal 34.4 10.15 7.79 1.26 + 1.10
2 (4) Normal 35.6 9.96 7.76 1.26 + 0.94
3 (i) Normal 36.8 9.76 8.02 1.26 + 0.48
4 (4 ) Tran sition
5 (4) Semi -syntheti c 1.60 41.6 10.82 9.46 0.76 + 0.60
6 (4) Semi -syn thet ic 1.60 41.8 10.97 9.66 0.76 + 0.55
7 (4 ) Semi-syn th eti c 1.60 42.4 10.92 9.20 0.76 + 0.97
8 (4) Semi-synthetic 1.60 43.5 10.98 9.16 0.76 + 1.07
9 (5) Semi-syn thet ie 0.25 43.6 10.98 10.54 0.72 - 0.28

10 (6 ) Semi-syntheti c 0.18 43.6 11.00 10.64 0.77 -0.42
11 (6) Semi-syn thet ic 0.64 43.4 10.96 9.93 0.77 + 0.25
12 (7) Semi- syn thet ic 0.22 43.1 10.90 10.33 0.77 - 0.21
13 (5 ) Semi-syn th eti c 0.10 43.2 10.95 10.99 0.77 - 0.81

1 Samples from periQ6ls 1 to 3, 5 to 8, and 10 to 13 were run as totals for th ese
respective group s of periods.

5. Th e lysine intake varied slightly from period to period and
from subject to subject. These variations have been r ecorded
elsewhere (Jones, '56). The averages of the mean daily
nitrogen balances for all of the subjects were - 0.62, - 0.84,
- 0.36, - 0.46 gm for lysine intakes of 0.10, 0.18, 0.22 and
0.25 gm per day. 'When 9 of th e subjects were studied on a
daily lysine intake of 0.40 gm, th e average of the mean daily
nitrogen balances was 0.00. On this level of lys ine intake,
subject 15 exhibited a strongly negative nitrogen balance
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+1

NORMAL DIET
z

LYS INE INTAKE IN GRAMSz 0
w I l- IC>
0 (f)

a: z 1.60
I- <l:
Z a:

I- 1.60 O.~O

LL 0
0

-I

F ig. 1 Th e nitrogen balances of a repr esentative sub ject (no 8) at differ ent
levels of lysine intake, in sequ ence used.

T ABLE 5

S ummary of nit rogen balances at diff erent levels of lysine intake

~IEA~ DAI LY N I TR OGEN BAIJAN CE ON I NDICATED DAI L Y I~TAKE Oli' L YS INE, OM
SUBJ EOT

0 .10 0 .18 0 .2 2 0 .2 5 0.40 0 .50 0 .6 4 ! .60

flmN flmN fl m N flmN flm N flrnN flmN flm ?

S eries I

5 - 1.42 -0.35 - 1.16 + 0.08 + 0.49
6 - 0.54 - 0.41 - 0.08 -0.40 + 0.29 + 1.07
7 -0.78 - 0.36 -0.11 0.00 + 0.09
8 -0.62 - 0.75 - 0.53 - 0.38 - 0.40 - 0.12
9 -0.75 - 0.83 - 0.46 + 0.05 ' + 0.45

S eries II

10 a - 0.23 - 0.04 + 0.03 + 0.56
11 - 0.71 - 0.24 - 0.04 + O .~

12 - 0.88 - 0.87 -0.05 + 0.01

S eries III

15 - 0.79 ' + 0.07' + 0.34
16 - 0.26 a 0.00 a + 0.43
17 + 0.54 ' + 1.27
18 + 0.59 3 + 0.71
19 - 0.19 a + 0.14
20 + 0.16 3 + 0.27

Mean - 0.62 -0.84 - 0.36 - 0.46 0.00 + 0.04 0.00 + 0.45

, Studied at a lysin e level 0.56 gm per day.
' Same as subj ect 6.
3 Th e dail y methionine intake was 0.29 gm.
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(-0.79gm) and subject 16 had a negative nitrogen balance
of - 0.26 gm per day. When the lysine 'allotment of these two
subjects was increased to 0.50 gm daily, both of then, at­
tained nitrogen equilibrium. The averages of the mean caily
nitrogen balances of the 5 subjects on lysine intakes of 0.64
(one subject was studied at 0.56 gm intake) and 1.60 gm were
0.00 and + 0.45 gm of nitrogen respectively.

Although there was considerable individual variation, it
appears that a daily lysine intake of 0.40 to 0.50 gm would
be adequate for most women under circumstances similar to
those described in the present experiment. These values are
of the same Iftagnitude as the minimum daily lysine require­
ments of young men (namely 0.4, 0.4, 0.6, 0.7, 0.7 and 0.8 gm)
as reported by Rose et.al. ('55). This suggests that there is
little or no sex difference in the lysine requirement of adult
bumans, No correlation could be established between the
11sine requirement of an individual and the height, weight,
body surface area, ag~ or creatinine excretion. Morecver,
since these values obtained on a semi-synthetic diet are
comparable to those established by Rose et al. ( '55) on a highly
purified regimen, it is likely that the results of such reference
experiments are applicable to the usual normal diet.

The exact lysine requirement of these subjects is dependent
in part upon tho concept of nitrogen balance which is applied
to these data. Rose has repeatedly stated that the nitrogen
balance must be s:M.ghtly positive. Leverton et al. ('56) have
defined-nitrogen equilibrium as that state in which the nitrogen
output (urinary plus fecal) is within 95 to 105% of the total
nitrogen intake. Acccrding to the Rose criterion our su1::ject
8 was not in balance even on the highest level of lysine intake,
1.60 gm per day. H owever , the nitrogen loss of this su1::ject
was not very great, and she had been in balance on the same
regimen for the two previous periods of 4 days each.

That the average American diet probably contains adequate
lysine is evident from available data. The normal diet in the
present study supplied' about 4 gm of lysine per day. Self-
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selecte d diets of women furnished 1.7 to s.dgm of lysine daily
(F utrell et al., '52; Reyn olds, F utre ll and Baumann, '53 ).
Moreover Block and Bolling ( '51) have calculated that the
"average " Am erican diet supplies 5.2 gm of lysine per day ,
and that even th e diet of the lowest income urban group yields
4.0 gm of lysine.

DL-Valine . W ith all oth er factor s constant for a give n
subject th e use of th e racemic mixture as the source of
L-valine in ser ies III (table 6) had little effect on the nitrogen
balances of these subj ects . The ave rages of the -"lean daily

TABLE 6

Mean daily nitr ogen ba lances on 1.46 gm of L-valine and on 2.92 gm of DL-valine
in the ami no acid snpplements

MEAN DAILY NITR OGEN BA LANCE 1
SUBJ ECT

15
17
18
19
20

Mean

1.46 g m I,-Valine

um
+ 0.07
+ 0.54
+ 0.59
- 0.19

+ 0.16
+ 0.23

2. 92 gm DL-Vali ne

um

+ 0.16
-0.29

+ 0.06
-0.26

+ 0.31
0.00

1 All subjects received 0.29 gm of met hionine and about 0.5 gm ot-cystine pe r
(lay. Subject 15 rec eived 0.50 gm of ly sine per day, while th e remaining sub j ects
received 0040 gm p er day.

nitr ogen balances for all subjects wer e T 0.23 gm (- cr.19
to + 0.54) on the L-valine and 0.00 gm (+ 0.29 to + 0.31)
on the DL-valine.

SUMMARY

Th e effects of various levels of lysine intake on nitrogen
balance were studied in 14 women maintained on a semi­
synthetic diet in which about 95% of the total nitrogen was
fu rnished by pure amino acids and diammonium citrate. From
data obtained in this experiment, it appears that 0.40 to 0.50
gm lysine per day is adequate for th e establishment of nitrogen
balance in women under these conditions.
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EFFECTS OF RUBIDIUM: IN PURIFIED DIETS
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Only some 14 mineral elements are r ecognized as dietary
essentials for animals, but nutritionists are interested in in­
vestigations of th e possible nutritional and physiological ef­
fects of other mineral elements . One element which has re­
ceived only limited atteraion is rubidium.

Mitchell, 'Wilson and Stanton ('21) subs tituted rubidium
for potassium in the diets of white rats and found that they
died in 10 to 17 day s. H eppel and Schmidt ('38) studied the
potassium metabolism of rats during pregancy, lactation and
growth. They r eported that the addition of 0.28% of rubidium
to a ration centaining 0.58% of potassium had no influence
on growth and that the animals were still in good condition
after receiving tJle diet for 72 to 86 days. 'Then the ration
contained 0.01% of potassium and 0.28% of rubidium, growth
was 50 to 60% of tlormal until a few days before death ; all
but two animals died within 27 days.

Follis ('4~) found that rats fed a potassium-deficient diet
grew better when rubidium chloride wa s added, but that they
survived only a shor t time. Rats r eceiving both potas sium

1 This study was sup port ed in part by funds contri but ed by Th e Hut ri t ion
Foundation.

• Contribution no. 543 of th e Depar tm ent of Chemistry.
• Portion of a di ssertation presented by the senior author in parti al f ulfillm ent

of t he requirement s f or the degree Doct or of Philosophy in Biochemistry at
K an sas State College .

• P res ent address, L ab orat ory D ivision, K ansas State Boarc1 of H eal th, Topeka,
K ansas.
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and rubidium did not gain so well as tho se r eceiving rubidium
alone, indicating that when potassium was present rubidium
acted as a poison. He observed nervous conditions in rubid­
ium-fed rats. Certain histological changes were found in
rats r eceiving potassium-deficient diets and also in those r e­
ceiving diet s containing both rubidium and potassium, but
not in tho se r eceiving rubidium alone.

The biological effects of rubidium assume an added interest
sinc e radioactive rubidium now is used as a tracer for
potassium (Love, Romney and Burch, '54 ; Threefoot, Ray
and Burch, '55; Burch, Threefoot and Ray, '55). Love and
Burch ( '53) , who used RbB6 as a tracer in an i nfiJitro study of
er ythr ocyte electr olyte metabolism, poin'ed out that absolute
reliance on the metabolic similarity of rubidium and po­
tassium was not justified.

In view of the limited information on th e effects of ingestejl
rubidium and of the somewhat conflicting findings on rubid­
ium when used with or in place of potassium, this study of
feeding diff erent levels of rubidium in various combinations
with potassium and sodium in a purified diet was undertaken.

EXPERIMENTAL

E xp eriment 1. The first exper iment was on the effects of
feeding diff erent levels of rubidium in the purified diet with­
and without sodium. The 13 exp erimental groups used in this
study consisted of random selections of two male and two
female weanling rats, 21 to 27 days of age, weighing between
33 and 63 gm. The rats were individually housed in cages
constructed with open-mesh floors which allowed droppings
to pass through. The animal room was kept at a temperature
of 75 to 80°C.

The synthetic basal diet used was patterned after those of
Sporn et al. ('47) and Meyer et al. ('50). Alterations were
made in the proportions of the alkali metals as shown in
table 1.5 This basal diet proved to be r easonably adequate

• Analysis of the ba sal diet revealed it was not so free of sodium as expected,
It contained 0.006% of sodium, mostly from the cas ein used.
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for rats when 0.2(1% sodium was added: good growth and
reproduction were obtained; more than half the young from
the fir st mating survived and were w~ned.

Experimental diets wi th 6 differcn t levels of rubidium were
prepared by adding calcula ted amounts of r ubidium cnloride
to HIe basal diet, as shown in table 2. For each of the 6 food
mixtures another was made identical in composition, except
that it contained 0.20% of sodium as the chloride. A control

TABLE 1

Composition of basal ratio n used in experiment I

BA SAL DIET
PARTS ~nNERAL

0/0 VITAMI NS ~lG/KG
BYWT. MIXTUR E BA SAL

Sucrose 73.0 K 2HP O.· 3H2O 21.45 Thiamin e 3.0
Casein, alcohol C: HPO. 34.45 Riboflavin 3.0

extracted 18.0 CaCO, 22.55 Niacin 20.0
@orn oil (Mazcla) 5.0 MgiO.·7H,O 17.90 Pyridoxine 2.0
~neral mixture 4.0 F e Cit rate 3.17 Ca pantoth enate 20.0
Vit am' ns MnSO. ·H2O 0.27 Fo lic acid 0.25

Zn/llO. 0.05 Biotin 0.1
CuSO. ·5 H 2O 0.05 Inositol 100.0
KI 0.11 Choline Cl 1000.0

100.00
p-Amin o benzoic

acid 250.0
A.P .F . cone.' 1000.0
2-meth yl naphtbo-

quinone 0.3

, Animal protein fact or concentrate.

group of rats was f ed a complete laboratory chow." One of
the 13 experimental groups of rats wa s assigned at random
to each 0: the 13 di ets. Both food and di stilled water were
given ad libitum. W eekly doses of oil-soluble vitamins, as fish
oil, and synthetic a-tocophe rol, were administere d to r.ll rats.

Analyses of di ets for sodium and potassium were made
using the Beckman D.D. spectr ograph with flame, and for
rubidium using the large Littrow quartz spectr ograph (Glen­
dening, Parrish and Schrenk, '55) .

• Purina Laboratory Chow, n alst on Purina Co., St. Louis, Missouri.
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Average weights of r ats fed the various diets and survival
times are shown in table 2. Group A (controls), fed .abor a­
tory chow, gained faster than an y group fed puriflec diets.
However, at 80 days on the exper iment, the rats of group E
(0.20% of sodium and 0.01% of rubidium) had attained over
96% of the weight of tho se of group A (control). Th8 addi­
tion of mbidium in amounts of 0.2%, 0.3%, and 0.4% had a
deleterious effect on both growth and survival time, as shown
in ~Me 2. This was true whether or not sodium was added
to the diet, When receiving the foregoing levels of ruoidium
in the diet, groups receiving 0.2% of sodium grew better than,
but did not Eijlrvive so long as, tho se not r eceiving sodium,
A t rubidium levels ef 0.3 and 0.4% the mean survival times
were more than doubled when sodium was not added to the
diet. All 4 r ats r eceiving 0.4% of rubidium and 0.2% of sodium
died in 12 to 14 days.

Rubidium toxicity was indicated fir st by failure b gain
weight normally. Then as feeding th e diets containing toxic
amounts of rubidium continued, the skin, especially around
the neck and ankles, sometimes changed to a blue or purple
tinge. The nose and mouth became sore . Whiskers became
matted with food or body secr etions and the hair was rough
and stood out. The rats as sumed a humped-up appearance.
Sores developed on the tails. The animals were sensitive to
noise and touclr ; they ofte n bit and squealed when handled.
The excitment of handling caused many animals to have con­
vulsions, often leading to death. In general these observa­
tions are similar to tho se reported by Follis ( '43), Mitchell,
Wilson and Stanton ('21) and Heppel and Schmidt ( '38).

Rats in exper iment 1 that survived were allowed to mate
and re produce. The two females given a diet containing
0.1% of r ubidium gave birth to young but th e young failed
to survive. Generally with 0.1% of rubidium in the diet of
parents, the progeny did not survive to weaning age.

A reproduction study was made on another gr oup of rats
r eceiving the basal diet with 0.02% each of sodium and rubid­
ium added. Although gt owth was subnormal, three of 5 males
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and all 6 females liv ed more than 300 days All mother s killed
their fir st litters but 11 of 30 young of the second litter s sur­
vived. Five second generation females had young resulting
from the first mating, but only one litter was raised. In a
second mating, three of 4 females gave birth to young, but
only one litter was raised. Two femal es had a third li.tt er ,
but no young were rai sed. One 4th generation litter was born
to a female in this dietary group .

Experiment 2. A second experiment was conducted using
a basal diet lower in content of alkali metals. In thi.. study,
diets contained diff erent levels of sodium, potassium and ru­
bidium, both alone and in combination. In eXW3r iment 1, no
variation was made in potassium content.

The basal diet was the same as shown in table 1, with the
following modifications. Vitamin-free case in was substituted
for alcohol-extracted case in, since th e former was found
to contain less sodium and potassium. Potassium salts were
not used in th e mineral mix. NH4I was substituted fo t KI.
Calcium and pho sphorus were supplied by 48.90% of
Ca(H2P 04)2·H20 , and 31.76ro of CaC0 3 in the mineral mix­
ture. Diets and tissues were analyzed for sodium, potassium
and rubidium as in exper iment 1.

In experiment 2 the groups of rats are designated by sym­
bols indicating th e kinds!and amounts of alkali metals added
to the basal diet (table 3) . A single symbol indicates a con­
tent of 0.25% of that element and a double symbol twice that,
amount (c.g. Rb, 0.25% rubidium ; NaK, ~.25 % sodium and
0.25% potassium ; KK, 0.50% potassium) . B.O. designates
basal diet only and L.C., laboratory chow (confrol group).
Equimolar quantities of the alkali metals wer e not used sinc e
an amount of rubidium equimolar to des.irable exper imental
levels of potassium and sodium could be tolerated but a few
days.

In exper iment 2 weanling rats from th e stock colony, 24
to 28 days of age, were randomized into 12 gr oups, each con­
sis ting of 4 males and 4 females. The rats were placed in
individual cages, kept in air conditioned space, and given
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daily care. They were fed ad libitum, as iI) experiment 1, and
a record of food coasumption was kept. Live rats were
weighed every 4 days, and those that died were weighed soon
after death.

Average weights of each group of rats at certain periods
and survival times are in table 3. Rats receiving basal diet
only (B.O.) failed to grow, those receiving sodium ~Na and
NaNa) grew little; those receiving rubidium (Rb and RbRb)
grew at early stages comparable to those receiving potassium
(K and KK). The sodium-rubidium (NaRb) and potassium­
rubidium (KRb) diets produced comparable early growth.
Rats receiving the sodium-potassium combination (NaK)
grew better than those of any other group, except for the
controls (L.C.), which averaged a little heavier.

Rats eating a diet practically devoid of sodium, potassium
and rubidium (B.O.) survived a mean of 53 days. Adding
rubidium (Rb and RbRb) decreased mean survival time ijJ
23 days and 13 days, respectively. Adding sodium (Na and
NaN a) alone, decreased survival time to 37 and 33 days,
respectively. Adding potassium (K and KK), however, in­
creased survival time to 99 days or more. Survival time on
the sodium-rubidium (NaRb) diet and the rubidium (Rb) diet
was approximately the same. Rats receiving the potassium­
rubidium combination (KRb) survived longer than those re­
ceiving rubidium (Rb) alone but died earlier than those re­
ceiving potassium (K) alone.

When an animal died, it was dissected and gross examina­
tion made of internal organs. Symptoms of rubidium toxicity
observed before death of the rats were the same as described
in experiment 1. Post mortem findings were not conclusive
as to the cause of death. Animals receiuing no alkali metal
except sodium were bloated before death, and post mortem
examination revealed abnormal quantities of a free, watery
fluid in the abdominal and thoracic cavities.

After death of each animal the following organs were re­
moved, weighed and preserved for analysis: lungs, heart,
liver, kidney, brain. In addition, samples of bone and muscle
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were taken. Rats tl~t did not succumb during the experiment
were sacrificed at 300 days and the awrementioned tissues
removed for analyses .

Analyses were made on either the" whole organ or a re pr e­
sentative sample which, of course, included re sidual -)lood.
However, hearts were split and blood clots rinsed out. So­
dium, potassium and rubidium contents of the composite
samples from the 8 animals in each group are shown in table
4. It. ~ould be remembered that early deaths and longevity
probably aff ected depletion or retention of certain elements .

As would be exp ected, an incr ease of an element in the
diet generally r esulted in an increase of that element in the
ti ssues. Traces of rulfidium were found in organs of rats fed
th e control diet (LO). The presence of potassium in the diet
markedly r educ ed the sodium content of ti ssues. In general,
rubidium had a similar but less marked effect on scdium
content. Rul.idium in the diet gre atly increased rubidium con­
tent of the ti ssues and r educed potassium content somewhat,
except in th e brain. Rubidium did not appear to accumulate
to a marked degree in any particular or gan or ti ssue studied,
but seemed to be di sseminated throughout the body, as wer e
sodium and potassium. On a dry matter basis, however, bone
contained a smaller concentration of rubidium than did the
soft ti ssues examined.

Rubidium, sodium and potassium contents of tissues (table
4-) were calculated on a molar bas is . When rubidium and
sodium were fed simult aneously in the diet at equal concen­
trations (0.25%) th e molar concentrations of rubidium i:.1 th e
tissues were higher than those of sodium. The same thing
occurred when rubidium and potassium were fed. When the
diet contained rubidium it was found that there often wa s a
small reduction in the total molar concentration of sodium
plus potassium in th e tissues of th e rats, but total molar con­
centra.tion of the alkali metals wa s incr eased markedly, :nost
of the increase being due to rubidium. Sodium in the diet
'incr eased molar concentration of alkali metals somewhat in
most tissues.
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The concentration of rubidium was greater in the blood
cells than in the plasma. Average rubidjum content of the cell
fraction of 1 ml of heart blood from two rats fed 0.1% of
rubidium for 300 days in exper iment 1 was 0.54 mg, whi le
that of the ?lasma fraction was 0.028 mg . The blood cells of
two 1:'ats under the same conditions except that the diet con­
tained O~l% of rubidium, were found to contain 0.c43 mg
rubidium and rubidium wa s not detected in the plasma
f'r aesion.

B alance study. An investigation of rubidium metabolism
was made thr ough a balance s tudy. Six experimental groups,
each compose. of two normal ma le albino rats 25 to 35 days
old, wer e used. The purified die t wa s simila r to that of ex­
periment 2, and alkali metals were added to various di ets
as indicated in table 5. Diet s are designated as in expe r iment
2 These diets were fed f-d libi tum. Distilled water was sup­
plied and the consumption measured. Animals were caged
individually. Rats and food were weighed da ily, and urine
and feces were collected separ ate ly for analysis durir.g the
experimental per iod of 14 days. Table 5 shows weights gained,
f eed eaten, water consumed, waste products collect ec, and
balance data on sodium, potassium, and rubidium during the
14-day t r ia] .

The addition of one of the three alka li elements to the ba sal
di et r esulted in accumulation of the that element in tl,e ti s­
sues , Sites of retention of sodium, potassium and rubidium
in the body and paths of elimination were similar.

DISCUSSION

The effects of dietary rubidium and the interrelatior.ships
with sodium and potassium have been studied more completely
than heretofore : more than 170 r ats were observed, so::ne of
them fo r more than 300 days.

Soybeans contain the highest concentrations of rubidium
(0.02 70) of any feeds or foods stud ied (Glendening, Parrish
and Schrenk, '55). Data of the present studies indicate that
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T ABL E 5

W eight ga ins and balance dat a on Tats during a 14-day trial I

CO N 'I'EN'l'S I N UI ET 3
WT.G AI N FRED ' VAT ER FECES UR I N EDI ET .2

N a K Rh 1 4 DAYS EATEN I NTAKE (Dry w t .) (Est.) '

'70 0/0 0/0 grn gm ml grn ml

La .36 .76 .004 88 195 331 65.2 68
EO .001 .003 .000 1 81 331 4.07 13C
RL .001 .Oa1 .34 13 97 232 '\.81 64
NaRb .23 .013 .25 33 119 145 5.16 IS
KRb .001 .24 .36 21 121 271 5.82 42
NaK Rb .25 .25 .27 44 127 197 5.43 35

QUA N T ITY EXCRETED EXCRETED TOTAL TOTALDIET MI N E RAL
I N URI N E IN FE CRS EXCRETW' RETAI NE:JIN GESTED

mg mg mg mg mg

So dium

La 700 370 70 440 260
BO 0.5 * :; * 0.00 0.5
Rb 0.5 * * 0.00 0.5
NaRb 273 90 5 95 178
KRb 1.3 * 0.00 1.3
NaK Rb 318 115 4 119 198

Potassium

LC 1479 117 186 303 1176
BO 2.6 a 2 2 .6
Rb 9.3 15 2 17 (-7.7)
NaRb 15.4 14 4 1~ (- 2.6)
KRb 290 37 8 45 245
NaKRb 313 39 9 48 265

R ubidium

LC 7.8 * 0.00 7.8
BO 0.0 * * 0.00 0.0
Rb 228 13 3 16 212
NaRb 296 14 5 19 277
KR b 314 68 8 76 238
NaKRb 343 63 5 68 275

1 All da ta are averages f rom 2 rats.
a Diets designa t ed in sa me man ner as in exp eriment 2.
3 Conte nts by analys is of di et s.
4 Some volume lost by evap orat ion .

' Not detect ed in analysis .
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0.02% of rubidium in presence of other nutrients in feeds is
not toxic to rats.

No reports have been found in the literature on whether
small amounts of rubidium are a dietary essential or a stim­
ulatory agent for animals. Although in one experiment of
the present study the best growth was obtained when the
purified diet contained 0.01%rubidium the increase was with­
out significance. As judged by data of this study, rubidium
does not appear to have any dietary value for rats under nor­
mal conditions. If, however, trace quantities should be found
advantageous, it poses no practical problem as many foods
contain traces of rubidium (Glendening, Parrish and Schrenk,
'55).

These studies supplY information on the metabol;c sim­
ilarity of rubidium and potassium, and the propriety of using
~b86 as a tracer for potassium. Previous work on this prob­
l~m (Love and Burch, '53; Love, Rommey and Burch, '54;
Threefoot, Ray and Burch, '55) was on short-time studies of
uptake of injected rubidium, whereas the present report is
on the feeding of rubidium for various lengths of time. In­
gested rubidium was distributed rather generally throughout
the animal body, as was potassium. However, on a dry matter
basis, boue contained less rubidium than the soft tissies ex­
amined. Under conditions different from these studies (short
time uptake of injected Rb 86) Freedberg, Pinto and Zipser
('52) reported that the tissues differed in rubidium content,
In the present study, rubidium, like potassium, was found in
a higher concentration in blood cells of rats than in serum.
This is consistent with findings of Bertrand and Bertrand
('51) and F'reedbergt Pinto and Zipser ('52) on human blood.

When added alone to purified diets, rubidium or potassium
produced better early growth of rats than did sodium. Rats
receiving a rubidium-sodium combination grew better than
those receiving sodium alone; however, they did no . grow
nearly so well as those receiving a potassium-sodiun com­
bination. This indicates that rubidium possibly substitutes
for potassium to some extent, but has effects on growth and
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longevity th at pr ecludes full metabolic inter changeability.
H eppel an d Schmidt ( '38) expressed the same idea.

When a to tal of less th an 400 mg of alkali metals was fed
to rats during a 14-day balan ce study, rubidiu m resembled
potassium more than sodium in th at the major part was r e­
tabled in the body. Ingested rubidium was similar to sodium
and potassium in th at th e main path of elimination wa s by
the kidneys rather than by the digestive tract. This is in
accord with findings of Mendel and Closs on ('06) and I!"ried­
berg, Pinto and Zip ser ( '52) .

Purified diet s that contained as little as 0.170 of rubidium
in presence of 0.25% of potassium were tox ic, .'1 S judged by
growth and r eproduct ive per formance. Toxicity increased
as th e rubidium content of th e diets wa s incr eased, and 0.20%
of rubidium mark edly decreased survival t ime. Toxicity also
was increased by th e ad diti on of sodium to th e diets, although
growth up to a shor t time before death was improved by so­
dium. Diet s containing 0.25% of rubidium were more 'toxic
in the absence of potassium than th ose that also contained
0.25ro of po tassium.

The mor e toxic effects of di etary rubidium in the absence
of potas sium, or presence of only small am oun ts, is in agree­
ment with the findings of Mit chell et aL ('21) and H oppel
and Schmidt ('38) . The present observations that rats lived
longer on a diet containing both potassium ana rubidium than
on one containing rubidium alone is not in agreement with the
r eport by F ollis ('43). However, it is ditticult to compare
present r esults with tho se of other workers cit ed becau se of
th e diff er ences in expe r imental cond it ions .

H eppel and Schmidt ('38) an alyzed oarcasses of rats fed
two levels of rubidium and potassium and reported that in
both groups there were diff erences in molar concent rations
of rubidium and of potassium but that th e sum of th ese two
elements was about the same in both groups. One might ex­
pect a similar finding in this study if the sums of molar con­
t ents of rubidium plus potassium in the tissues were calcu­
lated. All ti ssues from rat s eating diets containing rubidium



RUBIDIUM IN DI ETS FED RATS 577

had incr ea sed total molar contents of alka li metals. Rubidium
did not replace more than a small part of the sodium and
potassium, and apparently was r etained in add it ion b these
two norma. tissue constituents. When sodium and potassium
or sodium andrubidium wer e fe d, each at 0.25% of the di et ,
the ;intake of rubidium on a molar basis wa s only one-fourth
that of sodium and one-half that of potassium, but mola r con­
centrations of rubidium in the tissues were higher than those
of ~t!ler of the other two elements. This in dicates bat ru­
bidiumas prefer entially taken up and retained by the t issues.

SUMMARY

Using more than norats, a study was mad e of the physio­
logical effects of di fferent dietary levels of rubid ium ale ne and
in combination with various amounts of sodium and potass ium.

Under cond itio ns of this study t r ace quantities of rubid ium
did not appear to be a dietary essential or a stimulatory agent
fo r rats.

Purified di ets containing 0.02% of rubidium or less were
not toxic to rats, but di ets containing 0.1% of rubid.um or
more were toxic. Toxicity, as measured by decr eased growth,
general condition, rep roductive performance and survival
time, increased with incr easing concentrations of rubidium in
the di et. ~o rats r eceiving 0.2% of rubidium or mor e in the
di et r eproduced ; som e of those r eceiving 0.1% of rubidium
gave birth to young, but the young did not survive wl.en fed
the same diet.

Other evidences of toxicity when diet s contained 0.1% or
more of ru~idium wer e poor hair coat, sore noses, sometimes
r ed deposits on whisker s, sens itivity, extreme nerveusness
leading to convulsions in advanced stages, and finally death.

Small concentrations of rubidium were found in tis sues of
r ats f ed a commercial chow. When di ets contained added r u­
bidiurn, the concentration of this element incr eas ed in the
tissu es and po tassium gene rally was r educed, except in the
brain. Ruoidium was not concent r ated in any par ticular t issue
or organ studied, except that bone contained less than the soft
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ti ssues. There were small reductions of fife molar concentra­
tions of the sum of s'ildium plus potassium in the ti ssues of
rats eating diet s conta ining rubidium, but th e sum of molar
concentrations of alkali IOns wa s increased markedly. Ru­
bidium r eplaced only a small am ount of the sodium and po­
tassium of ti ssues and apparently was ret ained in addrtion
to them.

The inclusion of sod ium in diets containing rubidium ir.­
creased ea rly growth of rats but decreased survival ttme.
The presence of potassium in diets containing rubidium caus ed
better growth of rats and longer survival than rubidium alone.
Rubidium appeared to substitute only par tially .w>r potassium.

In blood, rubidium was found in mu ch higher concentra­
tions in the cells than in th e serum fraction. The kidney was
th e main path for elimination of rubidium.
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The ur'.nary excretion of various nutrients or their meta­
bolic products is related to the quantities consumed, and
urinary excretion measurements may be the methods 0: choice
isi attempting to evaluate nutritional status. However, the
difficulties of obtaining accurately timed samples or achieving
other standard conditions in the field are well known. The
advantages of using randomly collected samples, particularly
small samples, are obvious provided methods are available
for their e~aluation. Since creatinine excretion is known to
be relatively constant and more or less proportional to muscle
mass, this appears to be the most suitable parameter for
evaluating such samples (Adamson et a1., '45; Lowry, '52).
UTine volume appears to be a less suitable baseline: but it
has bean reported that riboflavin excretion was more closely
related to urine volume than to the time during which col­
lections WEre made (Feder, Lewis and Alden, '44).

Clearly, the value of urine analysis in the assessment of
the nutritional status of an individual or a population c.epends
upon how accurately the sample obtained estimates be true
level of excretion. As far as we are aware, there has been

1 Supporter" in part by grants-in-aid from the National Institute of Mental
Health (No. M-611C), Public Health Service, Bethesda, Maryland; Merck and
Company, RLlnvay, New J'ersey ; National Biscuit Company, New YOH, N. Y .,
and Goneral Mills, Inc., Mim~eapolis, Minnesota.
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no attempt to det ermine the accuracy of single urine samples
as estimates of the true excretion rate. The advantages or
disadvantages of th e three parameters - time, creatinine,
and urine volum e - to wlrich the excre tion may be compared
are not known in quantitative terms. "Ve have attempted to
make such estimates in th e present paper with r egard to
riboflavin excretion. Urine was collected every two or 4
hours from a series of subjects and the variation in riboflavin
excre tion per hour, per milligram of creatinine, and per fnjlli­
liter of urine ha s been compared.

Regardless of the method of expre ssing th e re sults, it may
be assumed that the longer the collection pericd, the more
accurately th e sample will estimate the t'ue average rate of
excre tion. From th e data obtained, it was also possible to
estimate the improvement in accuracy obtainable by increas­
ing the time of urine collection.

E XPERIMENTAT

Data were obtained in two separate exp eriments. In th e
fir st, the subjects were 4 mentally-subnormal men betw een
the ages of 20 and 43 years. Two had mongoli sm and the
other two wer e mentally subnormal following brqin damage.
We have been unable to show a significant diff erence in th e
excre tion of riboflavin in mongoloids as comIJared to other
types of mentally deficient patients. Th e subjects in this
study consumed their usual diets in th e sj.me institutional
dining room and re cords were kept of the kind and ~veight

of food consumed. E stimates of th e riboflavin inJ;ake were
made using standar d food tables. The diets contained con­
sider able amounts of milk and were accol~ingly high in ribo ­
flavin. The usual intakes were from 2.5 to ~.5 mg of riboflavin
per day and on the two days during which urine collections
were made th e mean intakes were between 3.2 and 3.4.mg
per day. Meal hours wer e uniform with breakfast at 7 A.M.,

lunch at 12: 30, and supper at 5 P.M. The three meals pro­
vided approximately 25, 45, and 30% ef the total riboflavin
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intake, r espectively Urine samples were collected every two
hours, day and night, for two days.

Since the subjects in th e first experfment were consuming
a high r iboflavin diet under rather unvaryin g conditions, it
seemed possible that th eir excretion might be more variable
from sample to sample than when a low riboflavin diet was
ea ten. Accordingly, data were obtained on three presumably
normal adults, two men and a woman, who during th e course
of t lll3 exp eriment continued their r egular activities but elimi­
nated nearly all high riboflavin foods from th eir diets. No
milk, chees e, eggs or gree n vegetables and only small amounts
of meat wer a saten during a 7-day period. Twenty -four-hour
collections were made du ring th e first three days. Dur ing
the last 4 days the urine was collected every 4 hours day and
night. The total riboflavin intake calculated from the dietary
records va r ied from 0.3 to 0.8 mg per day and th e ave rage
intake was 0.5 mg per person per day.

Th e urine volume of each collection was measured in the
small est conveniently graduated cylinder. Riboflavin analyses
wer e don e microbiologically using L. casei and the media of
Snell and Strong ('39). Creatinine determinations were mad e
using a slight modification of the method of Clark and Thomp­
son ('49).

The correlation and par tial correlation coefficients re lating
riboflavin excre tion, creatinine excre tion and urine volume
~vere calculated for each subject. Significant correlations
exist between riboPiavin and creatinine excr etion as well as
between riboflavin excretion and urine volume, but in most
inst ances the association was not close and th ese calculations
are not pr esented. T~e standar d deviation of the r iboflavin
excre tion for two-hour samples r egardless of how expr essed
was seen to be large, such that two standard deviations wer e
greater than the mean excretion. This would imply that
excretions 0: zero were not uncommon wher eas these wer e
never found. Hence, in comparing th e r elative constancy of
riboflavin excre tion per hour, per unit creatinine and per
unit volum e, logarithms were used to calculate the standard
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deviations. Other r easons for the use ~f logarithms were
found in the observation th at the distribution of the data
tended to be skewed toward high values , and that the coeffi­
cient of variation for different subjects was of similar ma g­
nitude although the mean excretion rate varied. The values
for the points, two standard deviations of either side of the
geometr ic mean, were obtained and the antilogarlthms of
these values expressed as percentage of th e mean value. Ap­
proximately 95ro of the valu es are exp ected to fall wsthin
-+- 2 standa rd deviations of the mean value.

Logarithms were not used for calculation of the standard
deviations of th e cre atinine output.

W e also desired to compare the relattve variation in two ­
hour collections as compared to 4-hour collections and longer
periods. For this purpose the r iboflavin and creatinine ex­
cretions and urine volumes for each pair of two-hour periods
wer e added together to give 4-hour periods, etc., and the
excretion per milligram of creat inine and per milliliter of
urine recalculated. Logarithms of th e values wer e used for
the st atis tical calcula tions as described above, and the resul ts
expre ssed in the same way. It is r ealized that these are not
independent estimates but the findings are of _practical in­
ter est.

Finally, in the subjects who consumed the low-riboflavin
diet, th e urinary excret ion of riboflavi n gradually declined
during the collection per iod. In order to obtain a better esti­
mate of th e va riation due to unknown causes, th e deviations
from th e mean which could be accounted for by lin ear r egres­
sion (due to the gradual decline in excretion ) wer e subtr acted.
It is realized th at th e regression may ne t be lin ear but mor e
extensive manipulation of th e limited data available is prob­
ably not justifi ed. Also, th e expression of th e variation about
the line of r egression as percentage of the mean excretion
may be criticized. These factors may expla in the somewhat
greater va ria tion seen in th e data from the subjects con­
suming low riboflavin diets than in th e subjects in the fir st
experiment.
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RE SlTLTS AND DISCUSSION

Creatinine excr etion. Since ereatinjne is one of the base­
lines used for estimating the rate of ri boflavin excretion, the
cons tancy of creatinine excretion it self is of inter est. The
standard devia-tions of the two-hour collection periods were
large. In the 4 subjects in experiment I , the coefficient of
variation (s tandard deviation expressed as percentage of
the mean value) was 22.8% in the most constant subj ect and
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Fig. 1 The effect of the length of the collection perio d on constancy of ere ­
atiIl i'ne excre t ion.

52% in theemost var iable. The average value was 40.3%.
Thus, it may be exr-ected that single two-hour collections
will fall within + 800/0 of the average two-hour excr etion .

As the sample size incr eases, the accuracy of the estimate
also increases. 'Whereas data were available on only 4 sub­
jects for two-hour periods, data fr om 7 subjects were used
to calculate the 4-, 8-, and 24-hour excret ion. As seen in
figure 1, gre at improvement is achieved by increasing the
collection period over two hours, but the improvement ob-
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tained by leng thening th e collection abov e 12 hours is r ela­
tively small. Since the standard error of a mean is 't:~v , where
N is the number of samples, the number of samples of any
particular size r equired to give the degree of accuracy de­
sired may be estimated from figure 1.2

Textbooks widely quote the original observations of Shaffer
('08-'09) to the effect that the excretion of creatinine from
hour to hour is as constant as it is from day to day. A calcu­
lation using the values obtained by Shaffer upo n S"Ul:ljject
M.S. where the urines were collected in periods of two to
two and one-half hours show a coefficient of variation of
only 5.69"0. Th e data from subject P.A.S. a re similar with a
coefficient of variation of about 6%. ~e original data of
Folin ( '05) taken from table XI, p. 116 of Hunter ( '28) show
a coefficient of variati on 0:1 the 24-hour samples of about
4%. Thus, Shaffer's conclusion appears entirely justified.
On the other hand, va rious authors have fail ed to find such
constant rates of excre tion (Albanese and Wange r in, '44;
Clark et al. , '51; Addis et al., '51). The data from table 214,
p. 708 and table 327, p. 1034 of Macy 's publication ('46) ob­
tained with the children .Iimmy and Frank give coefficients
of variation of th e 24-hour samples of 8.2 and 17.9% re spec­
tively of th e mean daily excretions. A part of th e increased
variability observed by us. by Macy and oth ers might be
partially explained by meat consumption which may influence
creatinine excretion somewhat (Karambelkar et al., '52) or
by less than complete urine collections. The latter presumably
show up when rather low values are follow ed by high values
or the reverse. As Shaffer ( '08- '09) says "It is by no means
an easy matter without some practice 'eo empty the bladder

2 It would be expec t ed th at th e standard deviation of the 4-, 8- and 24-hour
sam ples could be obt ained by dividing th e standard deviation of th e two-hour
samples by \/2, v4; an d V 12, respectively, since 2, 4, and 12 two -hour collec­
tio ns are combined to obtain these samples . Such calculations essentially dUlllicate
the va lues of figu re 1. Since th e nu mber of subjects was only 4 fo r the two-hour
samples and 7 fo r the 4-hou r samples, and the total number of observations at
each per iod was not large, the expe rimentally determin ed values were used to
construct the figure .
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completely, especially at frequent intervals ... " It appears
that our estimate of a coefficient of v~riation of about 10%
in 24-hour collections (fig. 1) is in line with recent exper ience.
Approximately 6510 of the individual 24-hour collections
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should fall within this range and 95% will be expected to
fall within -+- 20% of the mean daily excretion.

Shorter collections are subject to greater error as indi­
cated in figure 1. "Wh ether this is due to incomplete collections
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or not is immater ial for the present purposes since the sam­
ples were obtained forom unpracticed per sons and greater
accuracy would not be expected in the field. Thus, a measure
of the creatinine excretion does not appear to provide a
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riboflavin excretion exp ressed on an hourly basis.

particularly accurate estimate of the time during whidh the
urine was collected. Whether it is a suitable parameter for
estimating the nutritional status, however, depends upon
whether or not other ba selines provide more accurate esti-
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mates of the daily .excr et ion. If the variation is due largely
to incomplete collections, this should n0t be particularly im­
portant sinc e the excretion of the nutrient in que stion would
probably be simila r ly aff ected.

Riboflavin eacretion. In figures 2, 3, and 4, two st andard
deviations on either side of th e geometric mean are indicated
for each subjec t at two-hour, 4-hour and longer collecti on
periods. The points r epresen ted by + 2 stand ar d deviations
are-expressed as a percentage of the mean value. Th e shaded
area may r epr esent th e r an ge within which samples of diff er ­
ent size may be expected to fa lL It is apparent that this is
an under-estimate of the variation in the data actually pre­
sented. H owever, it is likely that the consumption of mo­
notonous diets may lower the variation in riboflavin excretion
and, since individuals or populations consuming such diets
are of primary inter est in dietary surveys, we do not wish
to prejudice the value of excretion data unduly. In any event,
it should be clea r th at the shaded area has been drawn free
hand and represent s something approaching an average of
the values plotted on either side of the mean. We would not
expect that average r and om samples would be more constant
than indi ca ted by this area. Thus, from figure 2 we assume
that 955"0' of single two-hour samples will be expected to fall
within 35 and 380% of th e true two-hour value of th e subject.
.Similarly, a single 12-hour sample may be expected to fall
within 67 and 176% of th e mean value for 12-hour samples
from a sub~ect.3

• It will be obser ved that the standa rd devia tio n of th e di ffer en t collection
perio ds est imat ed from the ' data in figures 1, 2 an d 3 closely approximate those

expected from th e calculation of -V'N' where s is the standa rd deviation of the

two-hour samples and N is th e num be r of such samples combined in the diff er ent
collection periods. We have p referred, however , in view of the limited dat a and
great varia ti on between sub j ect s, to present the crude dat a obtained. The f act
t hat we have us ed the est ima te in dicated b y the limits of the shaded area in
figure 2 for the calculations in t ab le 2 also explains why the st andard c1evia t ion
of one 12-hour sample is not the same as th e sta ndard error of 6 two-hour samples
(see table 2) and so on, when th eoreticall y th ese should agree.
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It may be seen from these figures that single samples pro­
vide a very poor estimate of the actual rate of excretion
regardless of whether the r esults are expressed In a time,
creatinine, or urine volume basis. When the riboflavin ex-
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Fig. 4 The effe ct of the length of the collection period on the constancy of

riboflavin excre tion per milliliter of urine.

cretion is expressed per hour or pe r milligram of creatinine,
the variation appears to be of the same order of magnitude.
The difference between individuals appears to be much larger
when the riboflavin is related to urine volume. W hereas some
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subjects show a reasonably constant excre tion per milliliter
of urine, others do not.

The variation in riboflavin excretion is undoubtedly due
to a multitude of causes, some of which may be the ti:ne and
amounts of rIboflavin consumed during the day and the
rates of absorption. If this is true, samples collected during
the night when foods are not eaten should be somewhat less
variable than tho se collect ed during the day. In table 1 are

T AB LE 1

A compariso'l, of the variati on in sam ples collect ed during th e entire 24 hours
with those collect ed fr om 7 P.M. to 7 A.M.

SUBJ ECTS
:\IEAS UR @ME NT ~IEAN

L a Lu LaF Ri

All samples
Mean excretio n, p.g/2 Ins. 50.2 85.8 46.4 44.2 56.7
Mean + 2 a-, % of mean 400 284 300 374 340
Meau - 2 a-, % of mean 25 36 34 27 31
Mean excreti on, p.g/ mg

crea ti nine 0.432 0.619 0.458 0.587 0.524
Mean + 2 a, % of mean 322 260 284 231 274
Mean - 2 a-, % of mean 31 38 37 43 37

Evening samples

Mean excret i Jll , p.g/ 2 hrs , 38.5 74.7 36.9 41.5 47.9

Mean + 2.,-, % of mean 394 180 272 361 302

Mean- 2 a-, % of mean 25 55 37 28 36
Mean excretion, p.g/mg

cre at inin e 0.337 0.521 0.341 0.440 0.410

~ean + 2 a, % of m~n 254 164 226 155 200

:Mean- 2 «. % of mean 39 61 44 64 52

shown th e r esults from the 4 subjects in exper iment I in which
the variation in two-hour samples collected during the entire
day are compared ~ tho se collected only from 7 P.l\! . to 7 A.M.

It will be seen that the range between two standard deviations
is somewhat less for the evening samples. This is particularly
true when the results are r elated to creatinine excretion. The
estimated range for all samples was from 36 to 302% of the
mean, whereas in the evening samples the spread was from
52 to 200% of the mean value.
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DISCUSSION

In view of the great Mvantages of using randomly collected
urine samples in field suuveys, the results we have obtained
are discouraging, but also thought provoking. From these
data it appears that single urine samples provide a very
poor estimate of the actual riboflavin excretion re~arctless

of whether the excretion is related to time of collection, cre­
atinine excretion or urine volume. Some satisfaction may be
taken from the observation that riboflavin excretion per trnit
of creatinine is as constant, or perhaps more constant, than
riboflavin excretion per hour. Thus, it will ordinarily be
more satisfactory to measure creatinine than a'tempt to de­
termine the time during which the urine is collected.

Since the accuracy of single samples improves as the col­
lection periods become longer, emphasis should be placed
upon getting a sample accumulated over the longest poriotl
possible. Also, it would appear that the influence of mems
and variations in riboflavin intake can be at least partially
eliminated by collecting evening samples. The urine sample
upon rising in the morning should be the most satisfactory
since it will ordinarily represent a fairly long collection and
be less variable than those collected during ~he daytime.
Johnson et al. ('45) have previously concluded that the values
from a urine sample before breakfast were more reliable
than those taken during the day.

From the data presented by Brewer et ttl. ('46) and Hor­
witt et al. ('50) it would appear that the urinary ezcretion
of riboflavin changes rather markedly when the intake rises
above about 1.1 mg per day in the adult subject. Below this
level of intake the excretion is approximately 9% of the
intake and rises to about 30% of the in~ke at higher levels
of intake. Thus, in a dietary survey one is apparently inter­
ested in attempting to determine the number of individuals
whose excretion falls below 100 IJg per day. The creatinine
excretion of the average adult (male and female) is approxi­
mately 1.2 gm per day. However, for practical purposes we
may assume that the critical level is about 100 IJg per gram
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of creatinine. 'I'his level of excretion apparently estimates
the degree of "saturation" since clinisal symptoms probably
do not r esult until the excre tion is consider ably lower (Hor­
witt, '54). L owry ('52) has suggested that riboflavin ex­
cr etion above 150 [lg j gm of creatinine be cons idere d indica­
tive of an adequate in take.

Since th e averag e adult excre tes about 50 mg of creatinine
per hour, it may be of more inter est to r elate the variation
in rtgure 2 to creatinine rather than time. Thus, two-hour
collections should r epresent samples containing about 100 mg
of creatinine and 4-hour samples, 200 mg, and so on.

lt is of some interest to det ermine the effect of th e number
of samples on th e accuracy of th e estimated excretion.' As
shown in tabl e 2, if tlte range betwe en two standard devia­
tions on e.ther side of th e mean of two-hour samples is from
~6 to 280 ~1o of the meaa value, th e collection of 10 samples
should supply a mean value that falls within 72 and 138%
of the true mean. Th e improvement in accuracy as the num­
ber of samples is increased is evident, as well as th e r elative
worth of .a rger samples.

From our own r esults it is apparent that the variation
within a population consuming similar diet s will be somewhat
more variable, but to an unknown degree, than samples taken
from a single :i.ndividual. Table 2 probably underestimates
th e number of samples r equired to define th e mean excretion
of a population within specified limits. Nevertheless, it is
apparent that the mean excre tion of a population can be
reasonably well defined with small random samples pro­
vid ed th e number is sufficiently large. The interpretation,
however, as to the number of individuals which may be classi­
fied as in th e "de~ciency " range is difficult. In the New­
foundland Survey (Adamson et al., '45) 39% of th e subjects
from outposts were found to be excreting less than 200 [lgjgm
of creatinine and the average excret ion wa s 380 [lg jgm of
cr eatinine. On th e ba sis of th e variation we have encountere d

• Standard error of a mean = ,";N(see footnote 3, page 589.
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in our two-hour samples we would expeet at least 11% of
the values from a sin~e individual with a mean excretion of
380 !Jg/ gm to be less than 200 !Jg/gm. Since presumably the
data from Newfoundland were skewed similarly to our data,

TA BLE 2

Th e effect of the number of sal1lples 'upon th e accuracu of th e
est imat ed rib oflavin excret ion

LENGTH OF COLT..JUc'r ION PERI OD

N O. OF 2 hr s. 4 hrs. 1. hrs .
SAMPLES

- 2 " + 2 " -2" +2" - 2 " + 2 "

0/0 0/ mean 0/0 0/ mean 0/0 0/ mean

1 36 280 41 2.2 57 175
2 48 208 54 187 67 148
3 55 181 59 169 72 138
4 60 167 65 155 76 132
5 63 158 67 148 78 ~8
6 66 152 70 142 80 126

10 72 ' 138 76 132 84 11~

15 77 130 80 126 87 116
20 79 126 82 122 88 113

100 90 111 92 109 95 106

1 Sample calculation:

Mean excre tion, 100 P,g

Mean + 2 st. dev.= 280 p,g

diff ., 2 st . dev.

1 st. dev.

Standard error for mean of 10 samples,

2.0000 + 2 (0.0706) = 2.1412; antilog = 13~%

2.0000 - 2 (0.0706) = 1.8588; antilog = 72%

log 2.0eOO

log 2.4472

0.4472

0.2236

0.2236
--- - = 0.0706v io

the value of 39% is probably greater than would have been
found had logarithm s of the data been us ed. For comparative
purposes we have estimated (table 3) the percentage of th e
samples collected which should be expected to fall below 100
or 200 !Jg/gm of creatinine at various mean riboflavin out­
puts when diff erent size samples are used. It should be noted
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at the outset tha t the values presented probably under esti­
mate the variation which would be e.ltcounter ed in the field.
The var iation indicated in table 3 is presumably due princi­
pally to variation in excre tion of riboflavin. In a survey sam­
ple the mean excretion obtained will be du e not only to dif'.
ferenees in excre tion but also to actual differ ences in ribo­
flavin ifitakes, The distribution of samples from two indi­
viduals, one with an excre tion rate of 300 [.Jg/ gm of creatinine,
will~ of course, be much different than if both individuals
were e!creting 200 [.Jg/ gm although the aver age output would

TABLE 3

Percentage of samples es!i mated to fall below 100 and 200 flg of riboflavin per
gmm of creatin ine at different mean excretion rat es and with

! i.tf erent size samples

2 -HOUR SAMPLE S 4-HOUR SAMPLES l 2-H OUR SAMPLES
~l'IJAN % LESS THAK % LE SS THAN % L E SS THAN

E XCRE TION
1 0 0 p.g 2 0 0 p.g 100 p.g 200 p.g 100 flg 200 flg

creatin' n e
p.g/gm

100 50 91 50 94 50 99
150 22 81 18 74 7.3 85
200 8.9 50 5.8 50 .6 50
250 3.7 33 1.9 31 21
300 1.7 22 .7 19 8.7
400 .4 8.9 5.8 .6
500 3.7 2.0

be the same. The values in table 3 allow a somewhat better
evaluation of survey data than has been possible in the past.
Clearly, the evaluation of survey data must ultimately be
made by comparison of the number of individuals in the
deficiency zone compared to the numb er which may be ex­
pected to fall in this zone as the result of variation in samples
alone.

The data presented indicate the severe limitation of urin­
ary excr etion rates of riboflavin in th e diagnosis of riboflavin
deficiency either in the individual or in a population. More
thorough statistical examination of the excre tion data ob­
tained in field surveys than ha s yet appeared are obviously
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needed, since average values and the pprcentage below a
given excretion rate d~ not adequately describe the situation.
In future field studies it would be of great advantage to ob­
tain duplicate random samples from each individual. The
proportions of the total variance due to differences in indi­
viduals (presumably dietary differences or differences in
need) and to variation in samples from the same individual
could then be determined.

SUMMARY

The variation in the excretion of riboflavin per hour, per
gram of urinary creatinine, and per milliliter of urine has
been studied in several subjects in which urine samples were
collected every two or 4 hours.

Regardless of the method of expressing the riboflavin ex­
cretion, single urine samples provide a poor estimate of'~

average excretion rate.
The variation in excretion per hom and per gram of cre­

atinine is of the same order of magnitude while the excretion
per milliliter of urine is more variable in most subjects.

The improvement in the estimates of the average excretion
obtained by increasing the collection period or by multiple
sampling has been calculated. Since the accuracy o'f the esti­
mate improves as the length of the collection period is in­
creased, field studies should attempt to collect urine over the
longest convenient period. The variatio... from sample to
sample is somewhat less in samples collected during We night
than during the daytime. Thus, the most valuable sample
should be that obtained upon rising in the morning.

The limitations of urinary excretion data in the assessment
of the nutritional status with regard to riboflavin for indi­
viduals or population groups have been discussed.
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METHIOKINE SUPPLEMENTATION OF 12, 14 AND

16 PEROENT PROTEIN OORN-SOYBE AN
OIL MEAL DIETS UPON NITROGEN

BALANOE OF GROvVING SWINE 1

R. J . MEADE

Department of Animal Husbtuuirs), N ebraska AgTic.ulttLral Exp erim ent Station,
L incoln

(Received for publication October 28, 1955)

F errin ( '46) and Robison ('51) r eported that methionine
supplementation of all-pfant type of diets containing 17.5 and
15.0r~ of crude protein, r espectively, did not improve the
performance of growing' pigs. Almquist et al . ('42) had r e­
ported ea rlier that high soybean oil meal diets were deficient
in methionine for the chick. Dyer et al. ( '49) us ed corn­
expeller soybean oil meal diets and reported a significant
improvement in the rate of gain of growing pigs du e to
methionine supplementation. Bell et al. ( '50) fed gr owing
pigs a 10% crude protein semi-pur ified type of diet in which
soybean oil meal was the source of protein and reported that
methionine supplementation improved the diet. They sug­
gested that the methionine requirement of the pig was be­
tw een 0.07 and 0.27% of the diet.

Shelton et ·al. ( '51~) r eported that growing pigs r equired
0.3% of methionine in the diet when 0.3% of cystine was also
present. These workers had no test levels of methionine be­
tw een 0.1 and 0.3% of the diet. Ourtin et al. ('52) fed grow-

1 P ubli shed with th e approval of the Director as P aper 715, J ournal Seri es,
N ebr aska Agr b .:ltural Experim ent Station. A part of the th esis submit ted by
the au th or to th e graduate college, Universit y of Illinois, Urban a, in partial f ul­
fillment of the requirements f or the Doctor of Philosophy Degree.
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ing pigs a 22% corn-solvent soybean oil meal diet containing
a 0.31% of methionine and reported that strpplemental methio­
nine did not improve ~e diet. They suggested that the method
of processing soybean oil meal might have contributed to
apparent discrepancies in reported responses of pigs to
methionine supplementation of corn-soybean oil meal diets.

The calculated amino acid composition of 12 to 14,,% crude
protein corn-soybean oil meal diets, based on published values
of Baumgarten et al. ('46) and Williams ('55) indicajes that
such diets may be deficient in tryptophan, methionine and ly­
sine if the presently reported requirements of the pig are
accepted. However, Becker et al. ('54) recently reported that
diets containing as low as 0.13, 0.23 and, 0.63%, respectively,
of tryptophan, methionine and lysine were adequate to sup­
port satisfactory rate of gain of 40- to 100-pound pigs.

This investigation was conducted to determine the influence
upon nitrogen metabolism of growi~' pigs of supplementing
typical corn-soybean oil meal diets containing approximately,
12, 14, and 16~1o of crude protein, and adequate in non-protein
dietary factors, with DL-methionine. The nitrogen balance
method was employed as it was considered to provide an ex­
cellent method by which to measure utilization of dietary
protein as affected by methionine supplementation and protein
level.

EXPERIMENTAL PROCEDURES

Growing barrow pigs of Hampshire or EJJ,mpshire X York­
shire breeding and which had been weaned at approximately
8 weeks of age were used in this investigation. Th~live weight
range of the pigs for the duration of the experiment was from
23.4 to 66.5 kg, weights which corresponded to metabolic size
values of 10.11 to 21.78. Prior to each preliminary feeding
period pigs were randomly assigned to each of the 24 diets
used. The test ,diet was then fed throughout the entire pre­
liminary period and the collection period. All pig weights
were reduced to a standard basis of ,V ~:34 in an attempt to
eliminate insofar as possible the influence of difference in
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body weight, W, between different pigs and different periods
(Brody and Procter, '32).

All animals were fed twice daily and the feed intake was
maintained at a constant level closely approximating 4% of
body weight throughout the final 4 days of the preliminary
period and the entire collection period. Nitrogen balance
trials were conducted using 8- to 10-day preliminary feeding
periods followed by 6-day collection periods. Total urine and
fecas collections were made for the 6-day collection periods
using c~indrical'swine metabolism cages patterned after those
designed by Bell ('48).

Typical corn-soybean oil meal diets, the composition of
which is saown in table 1, were used as the basal diets in
this study. Sufficient r-lysine was added to provide a final
level of lysine equivalent to 5% of the crude protein in those
d~t~ containing 11.8% and 13.8% of protein. The 15.8%
protein diet contained at least the desired level of lysine as
a result of the contributjon of lysine from the added soyb ean
oil meal. Brinegar et al. ('50a) indicated that the lysine re ­
quirement 0: the pig was approximately 5.5% of the dietary
protein. The final lysine levels are all well below the reported
requirement of Shelton et al. ('51b) and the suggested re ­
quirement of Williams et al. ('54). Each level of methionine
'feeding was carried out in the presence and absence of 0.04%
of additional nt-tryptophan as the tryptophan content of the
H.8 and 13.8% protein diets was somewhat below a level of
0.132% of tryptophan which appeared to be adequate for
growing pigs in other investigations conducted at this station
(Meade, '55) :

Data from 4 nitrogbn balance trials for each of the 24 ex­
perimental diets ha'se been used in summarizing this study.
When responses to protein level were considered, the data
for all pigs on a given protein level were used, ignoring
aminb acid supplementation. Results are presented showing
the average daily nitrogen metabolism of the pigs used on
the various diets and the daily nitrogen metabolism per unit
of metabolic size ("W ~~73\ ). All conclusions are based on daily
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T ABLE 1

Composition of basal diets

I NGRE DI E NTS A MOUNTS

% % %
Ground yellow corn 86.25 81.00 75.65
Solvent soybean oil meal 10.70 16.00 21.35
Dicalcium phosph ate 1.50 1.50 1.50
Ground lim estone 1.00 1.00 1.00
Iodized salt 0.50 0.5e 0.50
Vitamin -antibi oti c-t ra ce

clement mixtu re ' + + +
P ercen tage of cru de protein 1l.8 13.8 15.8

P ercen tages of amino acids 2

Tryptophan 0.10 0.126 0.153
Methionine 0.22 0.25 0.27
Cystine 3 OJ 7 0.22 0.26

L ysine • 0.58 0.69 0.80
I soleucine 0.53 0.64 ~.74

Hi stidine 'e.30 0.35 Q.4t
L eucine 1.18 1.32 1.46
Phenylalanine ~.58 0.68 0.79
Th reonine 0.45 0.54 0.63
Valine 0.60 0.70 0.81

1 P rovided 2.2 mg of riboflavin, 8.8 mg of ca lcium pantothenat e, 22 mg of niacin,
220 mg of choline chlorid e, lll-'g of vitamin B,,, 4400 LU. of vitamin A, 220 LU.
of vitamin D" 22 mg of pro caine penicillin, 33 mg of iron, 17.6 I¥g of mangan ese,
3.3 mg of zinc, 3.3 mg of copper and 1.1 mg of cobalt per kilogram jf di et.

a Ami no acid assays of basic feed ingredi ents generously supplied by Dr. Ruth
M. L everton an d associates , Human Nutritio n Laborato ry , U'niversity of N ebr aska.

3 Calculate d cyst ine content . (National Research Council, '53.)
, Th e calcul ated total lysine, including added L-lysin e.

nitrogen r etention per unit of metabolic size. Data were
t re ated statis tically using cova riance an alysis a~ set forth by
Snedecor ('46) .

RESULTS AND DISCUSSION

Average ni trogen metabolism data for th e 11.8, 13.8 and
15.8% crude protein diets are shown in table 2. As is evi­
dent f r om these data, it wa s only with the addition of 0.1%
of DL-methionine to th e 11.8% protein diet in the presence of
0.04% of supplemental nt-tryptcphan that th ere was a marked
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influence upon nitrog-en retention. Covariance analysis of the
data within protein ~vel indicated that there was a hig-hly
sig-nificant (P < 0.01) depression in ni trog-en retention of pig-s
on this particular t r eatment.

Almquist ('52) r epor ted that the r ela tive proportion of
amino acids was a mor e important attribute than the level
of protein in the diet of chicks. If this hypothesis is applicable
to swine diets, an imbalance of amino acids may have been
cre ated when the 11.8% protein diet was sup plemented to
provide final levels of at least 0.12 and 0.32% of trtptophan
and methionine, respectively. Lysine may have become limite
ing in this instan ce as it was present at onlf 0.5870 of the
diet. I soleucine, pr esent at 0.53% of the diet, may have been
limiting- if the 0.70% of the diet requirement r eported by
Brineg-ar et al. ('50b) is accepted as the absolute r equirement.
However, this explanation is not ~enable if the isoleucine
requirement is considere d to be a function of dietary p rotein
at levels below the optimum. I soleusine was present at 4.570
of the dietary protein as contras ted to the sug-g-ested r equi r e­
ment of 3.2% of the dietary protein by the above workers.

There was considerable var iability in the grams of nitr og-en
r etained per unit of metabolic size by the pig-s j ed the 15.8%
protein diet with the var ious amino acid sup plementations,
and less variation with the pig-s fed th e 13.870 protein diet .
The differences in g-rams of nitrog-en retained by th e pigs on
either level of protein and because of amine acid supplemen ta­
tion were not statistically sig-nificant. As might have been ex­
pected, hig-hly significant (P < 0.01) differe nces r esulted in
g-rams of nitrogen retained due to diet , 24 experimental diets
being- considered. Likewise, hig-hly sig-nificant diffe rences in
nitrog-en r etention r esulte d from the level of dietary protein .
The mean nitr og-en balance values obtained fo r pigs fed the
11.8 and 13.8% protein diets were sig-nificantly improvad
throug-h applicati on of within protein level er ror r eg-ression
coefficients . The ad justed mean nitrogen balance va lues are
shown in table 2.
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Inspection of th e mean ni trogen metabolism data shown in
table 2, and of the nitrogen metabolism data for the individual
pigs, indicated th at pigs fed th e diets containing the two
higher levels of protein apparently absorb ed mor e ni trogen,
but they also excrete d more nitrogen in the urine. This was
par ticular ly true of the pigs fed th e 15.8% protein diet which
tends to mdicate that this diet contained excess ni trogen which
was not efllc1ently utilized. Th e 13.870 protein diet apparently
contained enough dietary nitrogen for the lighter weight pi gs
and a sa rplus of dietary nitrogen for th e heavier pigs.

Because of th e overlapping of ni trogen re tention values
obtained for fligs fed the 13.8 and 15.870 protein diets the
13.8% protein diet fetl un supplemented, or sup plemented with
0.02570 of »t-methionine, was assumed to have provided satis ­
factory arr.ino acid nutrition of growing swine. Pigs fed the
1~.8t% protein diet would have been expected to r etain mor e
total nitrogen because of th eir greater protein intake. DL­
Methlonine supplementation of the diets at eithe r of th ese
levels of prote in in take, and in the presence or absence of
supplemental DL-tryptophan, did not significantly influence
th e ni t rogen balance of th e pigs. The amino acid content of
th e 13.8% protein diet would have been 0.126, 0.25 to 0.275,
and 0.69% of tryptophan, methionine and lysine, r espectively.
When the r eported amino acid r equirements of swine are ex­
pressed as a percentage of diet , these amino acid values a re
.in good agreement with those suggested to be ad equate as a
r esult of a pr evious study by th e author ('55) and by other
investigator s.

SUMMARY AND CONCLUSIONS

The ni trogen balances of growing pigs fed an 11.8% crude
protein corn-soybean oil meal di et containing 0.10 to 0.12 and
0.58% of tryptophan and lysine, respectively, were not im­
proved by supplementation of th e diet with 0, 0.025, 0.05 and
0.10% of DL-methionine to provide final methionine levels of
0.22, 0.245, 0.27 and 0.32% of the diet. It was suggest ed that
lysine may have been inadequate to the extent th at it limited
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the r esponse of growing pigs to methionine supplementation
in the presence of supplemental tryptophan. This lower pro­
tein diet al so contained less than 0.7% of isoleucine which
could have limited nitrogen r etention if th e requirement for
isoleucine is not a function of protein content of the diet.

Although ni trogen r etention values for pigs fed a 1,5.80/0
crude protein diet supplemented with several levels of DL­
methionine and DL-tryptophan were greater, on 'the average,
than those values obtained for pigs fed a 13.80/0 crude protein
diet supplemented in an id entical manner, th ere we.s some
overlapping of mean nitrogen reten tion values for the various,
treatments on th e two levels of dietary protein, The addi­
tion of 0, 0.025, 0.05 or 0.1% of supplefnental DL-methionine
to a 13.8% protein diet with or without 0.04% of supplemental
DL-tryptophan did not result in significant diff erences in ni tro­
gen balances of gr owing swine .

The levels of 0.126, 0.25 to 0.27 and 0.69% tryptophan,
methionine and lysine, contained in th e 13.8% protein diet , '
when 0 or 0.025% of supplemental DL-methionine was added,
appeared to be ad equate to promote satisfactory nitrogen re­
tention by growing pigs fed the diet at approximately 4.00%
of their body weights.

The 15.8% protein diet used in these investigations ap­
peared to supply dietary nitrogen in excess of th e needs of
growing pigs, particularly heavier weight pIgS, as evidenced
by a marked tendency toward increased loss of nitrogen bJ­
urinary excretion .
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L-tYSI~E SUPPLEMENTATION OF 12, 14 AND

16 P.ERCENT PROTEIN CORN-SOYBEAN
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BALANCE OF GRO,VING S,VINE 1
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Department of A nimal H1f1ibandry, N cbrask a Agricultuml Experim ent S tation,
L incoln

(Received f or pub lica ti on October 28, 1955)

'I'he lysine re quirement of growing swine has been reported
to be 1.0ro of th e diet b~ Shelton et al. ( '51), 1.2% of the diet
or 5.5% of th e dietary protein by Brinegar et al. ( '50a ) and
1.1% of the diet based on carcass assays by Williams et al.
('54). It is well r ecognized that many of the 14 to 16% crude
protein diets used in routine swine producti on contain con­
siderably .less lysine than these r eported r equirements.

Becker et al. ('54a) r epor ted acceptable body weight gain
of 5- to 9-week-old pigs fed a 12% protein diet containing
~.72% of lysine. In a later report, Becker et al. ('54b) r e­
ported that diets containing only 0.63% of lysine were ad e­
quate to pr oduce acceptable weight gain of 40- to 100-pound
pigs. Mead e ('56) has demonstrated satisfactory nitrogen
retention by growing swine fed 15.9% crude protein diets
containing 0.69% oi lysine, and also when a 13.8% crude
protein diet containing 0.69% of lysine was employed. Catron
et al. ('53) reported that corn-soybean oil meal rations con-

1 Published with the approval of the Dir ecto r as P aper 732, J ournal Ser ies,
Nebraska Agricultural E xperiment Station . A part of th e thesis submitted by
th e senior au tho r to the graduate college, Un iversity of Illinois, Urbana, in
partial f'ulfilln.ent of th e requirem ents fo r the Doctor of P hil osophy deg ree.
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taining 14 or 16% of crude protein were not improved for
pigs by lysine supplegientation, If the values for the lysine
content of corn and soybean oil meal r eported by Williams
('55) and the National Research Council ('53) are used for
purposes of calcula tion, th e diets used by Cat ron and co­
workers would have contained an estimated 0.66 and 0.81%
of lysine. Pfander and Tribble ( '55) wer e unable te dem on­
strate a significant increase in growth rate of growing swine
fed 14, 16 and 1870 protein corn-soybean oil meal dists due
to th e addition of 0.170 of t-Iysine. They reported that ly sine
equivalent to 5% of the dietary protein appeare d to be ade­
quate for gr owing swine.

Miner et al. ('55) r eported a depression in rate of gain of
growing pigs fed a corn-cottonseed meal diet when amounts
of nt-lysine in excess of 0.170 of the diet were added. Similar
results were obse rve d at this station (Meade, '54) when g1'oW­
ing pigs were fed a 14% protein corn-soybean oil meal diet
supplemented with 0.15% of t-Iysin e. The lack of consistency
in sugges ted r equirements may indicate that the initially r e­
ported requirements were too high. The reported depression
in performanc e due to higher levels of lysine may indicate
that balance of amino acids is important. Almquist ( '52) has
r eported that the r elative proportion of amino acids is a more
important attribute than level of pro tein in the diet of ehicks .

These studies wer e conducted to det ermine the influence of
lysine supplementation of typical swine ~liets fed at three
levels of protein upon nitrogen utilization by growing swin e.
The nitrogen balan ce method has not been widely used in
studying amino acid nutrition of growjng swine, and it was
felt that differences in nitrogen retention of growing swine
which might r esult from lysine supplementation of the diets
would help to clarify the lysine requirement. If th e addition
of an excess of lysine interfered with nitrogen metabolism by
disrupting th e r elative propor tion of amino acids in the vari­
ous diet s it should have been r eflected in the nitrogen retention
values.
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EXPERIMENTAL PROCEDURES

Typical corn-soybean oil meal diejs containing approxi­
mately 12~ 14 and 16% of protein were employed in this in­
vestigatior., The composition of the diets is shown in table 1.
The corn used in this experiment contained 8.75% of crude

TABLE 1

Composition of basal diets

INGREDIENT AMOUNTS

% % %
Ground yellow corn 87.75 82.35 77.75
Solvent soybean il meal 9.10 14.50 19.10
Dicalcium phosphate 1.50 1.50 1.50
Ground limestone 1.00 1.00 1.00
Iodized salt 0.50 0.50 0.50
Vitamin-antibiotic-trace

element mixture 1 0.15 0.15 0.15

Percentage of crude protein 12.1 14.2 16.0

Percentages of amino acids: 2

Tryptophan 0.11 0.137 0.159
Methionine 3 0.42 0.48 0.56
Lysine 0.48 0.62 0.74
Histidine 0.29 0.34 0.38
Isoleucine 0.52 0.63 0.72
Leucine 1.20 1.33 1.44
Phenylalanine 0.55 0.66 0.75
Threonine 0.44 0.52 0.60
Valine 0.62 0.72 0.81

1 ~upplied 2.2 mg of rWJOfiavin, 8.8 mg of calcium pantothenate, 22 mg of niacin,
11 P-g of vitamin B", 220 mg of choline chloride, 4400 LU. of vitamin A, 220 LU.
of vitamin D" 22 mg of terramycin, 33 mg of iron, 17.6 mg of manganese, 3.3 mg
of zinc, 3.3 mg of copper and 1.1 mg of cobalt per kilogram of diet.

2 Amino acid '1ll,lues for sozbean oil meal furnished by Dr. Ruth M. Leva-ton and
associates, Human Nutrition Laboratory, University of Nebraska.

3 The calculated total mw;hionine, including added methionine.

protein and the soybean oil meal contained 45.770 of protein.
The amino acid content of the various diets is calculated on
the basis of the determined amino acid content of the scybean
oil meal used and amino acid values for the corn reported by
Block and Mitchell ('46).
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L-Lysine monohydrochloride was added to the diets to pro­
vide final lysine levels equivalent to approximately 5 and 6ro
of the dietary protein. L evels of lysine equivalent to exactly
4% of the diet could not be achieved in the cases of the 14.2
and 16.0% crude pr otein diets as lysine in excess of 4ro of
the protein was contr ibuted by the natural feed ingredient s.
The lower levels of lysine r epresent 3.96, 4.37 and ~.64% of
the protein in the 12.1, 14.2 and 16.0ro pr otein diets, respec­
t ively . Each level of lysine feeding was carr ied out witt. diets
containing zer o and 0.04ro of additional nt-tryptopaan be­
cause th e 0.11% tryptophan content of the 12.1ro cr ude pro­
tein diet was considered to be slightly inad equate, at least for
light-weight pigs. DL-Methionine was added to all diets to
supply final levels of methionine equivalent to 3.5% of the
dietary protein.

Th e exper imental animals used in this investigation " ~~

Hampshire X Duroc and purebred Duroc bar r ows which
weighed ap proximately 20 kg at the ~tart of the expe r iment.
Some of the heavier pig's attained weights as great as 58 kg
pr ior to the termination of th e exper iment. Barrows were
randomly ass igned to the expe r imental diets from which the
collections were to be made prior to the start of th e 8 to 10
day pre liminary fee ding period and no conside ration was
given to the pig 's pr evious tre atment

All animals were f ed twice daily at a constant level of feed
intake closely approximating 4% of body weight throughout
the final 4 days of th e preliminary feeding period and the en­
tire collection period. Nit rogen balance trials were conducted
using 6-day collection periods. Three separate total fecal and
urine samples were collected for pigs fed each experimental
diet. Cylindrical metabolism cages pattesned after those de­
signed by Bell ('48) were used for making collections of
excre ta.

All da ta have been summarized to present animal weigh ts
as mean weight, "\V, expressed in kilograms for the time that
the individual pigs were on urine and fecal collections. The
mean weights of the animals have been raised to th e power
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of 0.734 to eliminate in sofar as possible the influence of dif­
f erences in body weight, VV, between different pi gs and differ­
en t periods (Brody and Procter, '32) . The average daily
nitrogen metabolism data per unit of metabolic size (W~:34)

fo f' the pigs used on the various diets are presented in table
2. Govariance analysis as set forth by Snedecor ('46) has
been us ed in the statis tical analysis of the data, and conclusions
are based on daily nitrogen retention per unit of metabolic
SIze

RESULTS AND DISCUSSION

It is apparent hom the average nitrogen metabolism data
shown in table 2 that the 12.1% crude protein diet failed to
yi eld sa tis factory nitrogen r etention values of growing pigs
even when the diet contained lysine equiva lent to 5.94% of
th e cr ude protein, and contained 0.13 and 0.42% of tryptophan
and methionine, respec tively . The differences in nitrogen re­
tention of pigs due to amino acid supplemen tation of the diets
containing 12.1% of cr ude protein approach significance
(P = 0.05) . The adjusted mean nitrogen r et ention values,
shown in table 2, were obtained by application of the within
protein lev el regression coefficient (0.014) , and these values
indicate a defini te t re nd toward decreased nitrogen r etention
values of pigs when the diets contained 0.7270 of lysine (5.94%
of th~ dietary pl otein ) .

Disrupting the relative proportion of amino acids by the
audition of the highest level of lysine and supplemental DL ­

tryptophan, caused an increased excretion of ur inary nitro­
gen which re sulted in the lower nitrogen ret ention values.
Sheffner and B ergejm ('53) have shown that the rate of L ­

amino acid oxidation in rat kidney increa ses with an exce ss
of dietary amino acids . It is r ecognized that the 12.170 pro­
te in diet contained only 0.52% of isol eucin e which wa s below
the 0.7070 of diet r equirement of gr owing pi gs r eported by
Brinegar et al. ('50b) , but which r epresented 4.3% of the
di etary protein and wa s in excess of their suggested re quire­
ment of 3.2 ;~ of dietary protein. The lower nitrogen retention
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values obtained when pigs were fed the 12.1% protein diet
would have been due in part to the lower intake of total
nitrogen.

Covariance analysis of the da ta indicated a highly signifi­
ca rrt difference in grams of ni trogen r etained per metabolic
unit hy pigs when all diets were considered. A highly signifi­
cant differ ence in nitrogen r etention va lues also resulted from
the level of protein in the diets. Such a diff er ence would have
been e:Alpeeted when the wide difference between mean nitrogen
re tention values of pigs fed the 16.0 and 12.1% crude protein
diets is considered. However, it appears doubtful th at a sig­
nificant difference existed between nitrogen retention va lues
of pigs fed the two higher protein diets as there was some
overlapping of mean nitrogen retention values of pigs fed
the different exp erimental diets within each of the se two levels
Of protein.

A significant difference in ni tr ogen ret ention va lues resulted
from amino acid supplementation of the 14.270 protein diet.
This differ ence cannot be explained on the basis of a consistent
improvement, or increase, in nitrogen retention due to in­
cr eased lysine, or supplemental DL-tryptophan. It appears
that it may be th e more direct result of using small numbers
of animals on the several treatments. All pigs fed the 14.2%
pr otein diet containing 0.137 and 0.84% of tryptophan and
lysine, r espectively, showed consistent and high nit rogen r e­
tention va lues, w.lile the usual greater variation was en­
countered with pigs fed the other diet s. Thus, li ttl e attention
has been given th is significant effect when evaluating the
response to -amino acid supplementation of all pigs fed the
14.270 protein diets.

Many of the nitrogen retention values obtained with this
medium protein diet equalled or exceeded va lues obtained
whea the 16.0% protein diet was supplemented in a simila r
manner. It is evident from the data shown in table 2 that
satisfactory nitrogen ret ention va lues wer e r ealized when
growing pigs were fed the 14.270 pr otein diet containing as low



616 R•.J. MEADE AND W. S. TETER

as 0.137, 0.62 and 0.630/0 of tryptophan, ly sine and isoleucine,
r espectively. The 0.48% of methionine con tained in the 14.2%
protein di et is considered to be in excess of th e pigs' needs
since a calculated excess of methionine wa s intentionally added
to the diet.

Nitrogen r et ention values of pigs obtained when the two
higher protein diet s were fed do not indicate that increasing
levels of lysine had a depressing effect upon nitrogen reten­
tion. The relative proportion of lysine to other e~sootial

amino acids did not r emain constant at the two higher levels
of protein. These r esults indicate that amino acid require­
ments may be a function of protein conten t Of th e diet and
that relative proportion of amino acids may be important until
an adequate amount of dietary protein is included in the diet.

SU MMARY AND CONCLUSIONS

A 12.1% crude protein diet was inadequ ate to suppor t satis­
factory nitrogen r et en tion by growing pi gs, due in part to
inadequate total nitrogen intake. This diet should have been
adequate in tryptophan, methionine and lysine, after supple­
mentation. This diet contained less isol eucine than has been
r eported to be r equired by growing pigs.

Nitrogen retention values ranging from 0.96 to 1.23 gm of
nitrogen retained per unit of metabolic size resulted '~len a
14.2% pr otein corn-soybean oil meal diet containing 0.137 to
0.157, 0.62 to 0.84 and 0.63% of tryptophan, lysine and tso­
leucine, respectively, was fed to growing pi gs.

The use of higher levels of lysine in conjundtion with a
12.1% crude protein diet appeared to contribute toward a de­
crea se in nitrogen ret ention of growing pigs, perhaps because
lysine was not in the cor rect proportion to other ess ential
amino acids in the diet. Supplementati on of high er protein
diets with additional lysine when these di ets apparently con­
tained adequate amounts of all other essential amino acids
did not significantly influ ence nitrogen balance of growing
pigs.
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HISTIDINE REQUIREMEN'! OF BABY PIGS
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(R eceived f or publication June 21, 1956)

Consiflerable progress has been mad e in the past 6 years
in establishing the amino acid requirements of growing pigs
(Brinegar et di., '50a.. b; Shelton et al., '51a, b, c; Curtin et al.,
'52; Sewell et al., '50; Beeson et al., '53 ; Jackson et al., '53 ;
E ggert et al., '54; Mertzset al., '54 ; Becker et al., '55a, b ; Firth,
'56). Most of these studies have been done with weanling
pjg~ only .imited data bejng available for younger pigs, which
hase a higher protein requirement.

The qualitative dietasy requirement for hi stidine for the
growth of young pigs was clearly demonstrated by Eggert
et al. ('55) . Loosli ('50) suggested that the growing pig
needed histidin e at a level not exceeding 1.9% of the protein,
on the basis qf a preliminary trial by Brinegar ( '51). By car­
cass an alys is, "Williams et al. ( '54) estimated that the hi stidine
requirement of the growing pig would be 1.7% of the dietary
protein or approximately 0.34% of a diet containing 20%
flrotein. Beeker et al. ('54) calculated a value of 0.58% of the
diet for the hi stidine requirements of the suckling pig on the
basis of the minimum need fOT protein (22% ) of high bio­
logical value, namely dried skim milk. More recently Mertz
et al. ('55) r eported that weanling pigs requi r e a total of
0.2% of L-hist idine in a diet containing 13% crude protein .
The work repor ted in this paper was under taken to determine
the quantitative histidine requirement of th e baby pig.

E XP ERI MENTAL P ROCEDURE

Three experiments were conducted in this ser ies.
E xperiment 1. This experiment was designed to see if a

619
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basal " milk-type" diet similar to that us.ed in the studies of
the leucine requirement of the suckling pig (Eggert et al., '54),
which is capable of suppqr ting normal growth of young pigs,
would be low enough in histidine content to be useful for a
quantitative study of the hi stidine requirement, Supplemen­
tary amounts of the 10 amino acids known to be required for
the growth of the weanling rat were added to one dtet, whil e
the same amino acids minus histidine wer e supplied to the
other diet. One per cent of monosodium glutamate was-sup­
plied in each diet and sufficient diammonium citr ate wets added
to equalize the nit rogen content of each diet at a level equiv­
alent to 20% of th e ai r-dry diet as crude protein (N X 6.25) in­
stead of the 25% level used in the leucine exper iments .

Eight litter-mate Yorkshire pigs "Wer e r emoved from the
sow at two days of age. They were fed a stock diet containing
257'0 of protein (casein) fo r 5 days, at which time they "«re!"e
divided into two groups on the basis of weight and sex, and
shifted gradually over the course of ~ feedings to the two ex­
perimental diets. All pigs were individually fed essentially
ad libitum, and weight gains measured at weekly in tervals for
a 21-day period wer e used as the criteria of judging the ad e­
quacy of the exper imental diet.

Experiment 2. I n order to reduce the at tending difficulties
encountered with a liquid diet, dry diet s were used in experi­
ments 2 and 3.

Eight Berkshire X Yorkshire pigs wer~ removed from the
sow at 10 days of age and placed in a heated hattery llnit. For
the initial 7-day period they were fed a low-fat, dry feed mix­
ture described by Crampton and Ness ('54) witp. some modi­
ficat ions. Then they were divided on the basis of weight into
two repli cates of 4 each, and randomized to treatments and
pens. The treatments were 4 levels of histidine; 0.1, 0.2, 0.3,
and 0.4% of the total diet. The hasal exper imental ration was
compounded to provide 20% protein equivalent, 10% fat and
2% fiber. It consisted of 33.33% dried whey, 4.45% amino acid
mixture, 12.32% diammonium citrate, 13.00% glucose, 25.23%
dextrinized starch, 9.67% corn oil and 2.00% fiber source.
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Vitamins and minerals were included in amounts r ecommended
by th e Na tiona l RJsearch Conncil ( '53) for 25 lb. pigs. The
exper imental rations were fed 18 days ~nd th en lots 1, 2 and 3
were discontinued and lot 4 changed. to 0.3% hi stidine for an
adfiitional week.

Eoperiment ':5'. Sixte en York shire pigs were removed f rom
the soweat 10 to 12 days of age and placed iV- a heated battery
unit similarly to the previous exp eriment. The pigs were fed
a dsy ~iet (Crampton and Ness, '54) . Following the 14-day
t rans itional period on this diet the pi gs wer e divided at ran-

TA BL E 1

Compos*tion of basal diet f or expel'iment 3

I N GREDIE N TS

Dried whey 1

Amino acid mixture '
Diammonium cit rate
Glucose (Cerelosej
Dextrinized st arch 3

Lard
Corn oil •
F iber 5

III6'ertcd molasses
Minerals 6

Vitamins '

AMOUNT

%
20

4.76
12.35
20
24.69

5
5
2
2
4.20

+
1 Supplied by Midwest Dr ied Milk Co., Dundee, Illinois, throu gh th e cour tesy of

R. F. Van P oucke,
2 See t able 2.
3 Prepared by cooking raw starch in a ste am-j acketed ket tl e fo r 10 minu t es f ol-

lowed by dryi~ in an oven and grinding.
, Mazola.
5 Solka-fioc .
6 Th e following in gredients were in cluded in the mine ral mixtur e : K CI, 248 gm ;

l\IgC0 31 180 gm ; F eSO.·7H,O, 7.47 gm; CuSO. ·5H,O, 786 mg ; CoCI, ·6H20, 356
mg ; MnSO,·H20, 5.544 gm ; ZnS O. ·I-T,O, 12.375 gm; iodinat ed salt, 228 gm ; ill­
calcium ph osph ate, 1226 gm .

7 Th e following vitamins were added to each 100 lb. of basal ration: thiamine­
H C1, 50 mg ; rib oflavin , 120 mg ; ni acin, 800 mg ; Ca-pantothenate, 250 mg ;
py ri doxine-HCl, 60 mg ; f olic aci d, 30 mg ; 0.1% vi t amin B12, 700 mg; vit ami n A,
125,000 I.U. ; vitamin D, 9,000 1.U., supplied as vioster ol ; alpha t ocoph er ol acetat e,
300 mg; menad ione, 100 mg ; choline chloride, 30 gm.
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dom into 4 groups of 4, in such a way that each group con­
tained one pig from each lit ter , and placed on th e experimental
diets .

TABLE 2

Amino acid composition and nit rogen conten t of dried whey and ar.lino acm
mixture, used in experiment 3

A~IOUNT SUPP LIED BY
TOTAL AVAI LABL}<J

Amin o acid mix ture k IN O ACID OF
Whey ' BASAL DIET

Form N con tent

% % % % of diet % of Cl"Ude
protein 5

Arg inine 0.06 0.22 L·RCI 0.06 0.24 1.5
Hi stidine 2 0.03 L·RCI 0.03 0.2
Isoleucine 0.16 0.80 DL 0.09 0.56 3.5
Leu cine 0.26 0.54 L 0.06 0.80 5.0
Lysine 0.22 0.73 L·RCI 0.11 0.80 5.0
Methionin e a 0.03 0.39 DL 0.04 0.42 2.6
P henylalanine a 0.07 0.43 DL 0.04 0.50 3.1
Threonine 0.14 0.84 DL 0.10 0.56 3.5
Tryptophan 3 0.03 0.13 DL 0.02 0.16 1.0
Valine 0.13 0.70 DL 0.08 0.48 3.0
Cystine • 0.06 0.06 0.4
Tyrosine • 0.06 0.06 0.4

Total 1.25 4.78 0.60 4.81 29.2

1 P er cent of amino acid X % dig est ibility of whey protein (90%) . Figures for
the amino acid composition of dried whey were obtained from Wt!.liam, ( '55) and
figur e f or the diges tibility of whey protein was obtaine d from Morrison ( '51) .

2 Th e histi dine content of dried whey was determined by column chromatography
(Moore and Stein, ' 51).

3 Methionine, phenylalanine and tryp toph an are utilized in both f or:ns.
• Cystine has a sparing action on methionine and ty rositle on phenylalanine.
s Crude protein = 1().0% of diet .

The basal diet , shown in table 1, contained 16.0ro total crude
protein, 2.77% being supplied by dri~ whey (N X 6.44)/
3.75% by amino acids (N X 6.25) and 9.48% by diammonium
citrate (N X 6.25) . The nitrogen and amino acid contents of
the amino acid mixture are summarized in table 2. The dietary
contents of the individual amino acids were ba sed on venues
which had been determined for baby pigs, where available.

' The N f actor of 6.44 was suggeste d by P erlmargi and L ongsworth ( '48) and is
based on ,a-lactoglobulin, the main constituent of whey pr otein.
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The remaining values were based on the requirements of wean­
ling pigs. These calculations were made on the assumption
that the r equirements of growing swine for all essential amino
acids are direc tly proportional to th e level of protein in the
diet. r-Histidiae was added to th e different diet s at various
levols so as to give 4 exper imental diets of different histidine
content. The added histidine replaced an equivalent amount
of diammcnium citr ate.

Growth r esponse and efficiency of feed utilization were used
as measure s for comparing th e various levels of hi stidine over
a 21-day period.

TABL E 3

Average dat cl'for pigs receiving tw o levels of histidine 1

E xperiment 1

SU P P L F.ME NTAL I.-HISTID IN E ( %)

No ne

Tllt al L-histidine, % of diet'
T ot al i-histi din e, % of protein
Nu mber of pigs
Days on trial
Initi al weight, kg
F in al weight, kg
Daily gain, gm
Daily gain, % M ini t ia l weig ht
Air-dry f eelt/ kg of gain, kg

0.30
1.50
4

21
2.2
6.5

205 ± 53
9.23
1.27

0.75
3.75
4

21
2.2
6.8

216 ± 20
9.69
1.21

1 D~ in this table are cited from E ggert ('M).
' The histidine content was det ermin ed by microbiol ogical analysis of an aci d

hydrolysate of th e protein, using L euconostoc rnesent eroides. (Williams, '55.)
3 Standard deviation.

RESUL TS

The results of tl~ fir st exper iment are shown in table 3.
The daily gains aJ4d efficiency of feed utilization were good
for both diets. The average daily gain was slightly better
for the pi gs receiving the supplemental histidine, but the dif­
fertmce was only slight. These data indicated that the ba sal
diet was not low enough in hi stidine content for an extensive
study of the hi stidine r equirement of the young pig and that
the requirement of the suckling pig for histidine is probably
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not much, if any, higher than 0.3% of such a diet. This would
be equivalent to a requirement of approximately 1.5% of the
dietary protein.

The results of the second exper iment are summarized in
table 4. The 0.3% level of total L-histidine appeared to be
optimum and 0.2% produced gains of essenfia lly the same
magnitude. The 0.1% level was as sociated with a less uniform
response of a lesser magnitude. In terms of both gains and
appetite of th e pigs the 0.4% level was poorest. ~n the

TABLE 4

Average (lata for pigs receiving various levels of hi:>:tidine

Experiment 2

S UP P LE ME ltTAL LE VE L OF DL -H I ST ID INE ( 0/0)

0 .06 0 .26 0.46 0 .66

Tot al L-histidine, % of diet 1 0.10 0.20 0.30 0.40
Total L-histidine, % of protein 0.50 1.0 1.50 2.00
N umber of pigs 2 2 2 2
Days on trial 18 18 18 18
I nitial weight , kg 3.8 3.6 3.5 3.6
F inal weight, kg 4.5 4.4 4.4 3.8
Dail y gain, gm 35 ± 7 2 46 ± 2 51 ± 7 11 ± 24
Dail y gain, % of in it ial weight 0.91 1.28 1.48 0.32

1 See f ootno t e 2, table 3.
2 St andard devia ti on.

pigs in lot 4 were transferred to the 0.3% level for an addi­
tiona15 days, th ey gained rapidly, the average daily gain being
115 gm. The abrupt gain in one pi g from lot 4 in the three
days prior to chang ing the ration cannot be exp lained.

A summary of the data obtained in the third experiment is
presented in tabl e 5. That the ba sal diet is deficient in hi sti­
dine (0.03% of the diet.) is indicated by the slow growth, poor
appetite and low feed utilization. Increasing th e level of his­
tidine in th e diet improved the pigs' appetites and produced
significantly higher daily gains. In terms of growth, appetite
and efficiency of feed utilization the 0.19% level of total L­
histidine appears to be approximately optimum. However, th e
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differences in daily gains between the pi gs receiving the higher
levels of histidine ('0.11, 0.19 and 0.27) in their diets did not
prove to be stat.istica lly significant, as measured by the Duncan
multiple r ange test ('53) .

TABLE 5

dvem ge dat a tor pigs receiving various levels of histid in e

Experiment 3

S UPP L E " E N TA L L E VE L OF L ·HIST ID I NE ( % )

No ne 0 .08 0 .1 6 0 .24

T otal t-his t idine, % of diet 1 0.03 0.11 0.19 0.27
Total t -hi st idine , ~ of prot ein 0.19 0.69 1.19 1.69
Number of pig3 4 4 4 4
Days on t rial 21 21 21 21
Initial weight, kg 4.1 4.1 4.4 4.6
F in al weight, kg 4.4 5.4 6.2 6.1
Dailj, gain, gm 16 ± 8 63 ± 23 2 86 ± 23 2 72 ± 16 2

Dail y gain, % of initial weight 0.39 1.54 2 1.95 2 1.56 2

Darty f eed int ak e, kg 0.18 0.22 0.26 0.24
Daily f eed in take, % of bod y weight 4.39 5.37 5.91 5.22
F eed intake/ kg of gain, kg- 13.66 3.51 3.07 3.53

1 See f ootnote 2, table 2.
2 Statisticall y significant over the basal lot at th e 1% level.

DISCUSSIO N

The data show th at the 0.03% level of L-histidine is inade­
quate to sup por t satisfa ctory growth of baby pigs. The op­
ttimum lev el is not less than approximately 0.2% of t-histidine
in a ration containing 16% of crude protein. This is equivalent
to 1.2% of th e pro tein. If one expresses the data as the
percentages of the dietary protein, as was done in figure 1,
there is a close agreement between the last two exper iments.
There is also moderately good agreement between this value
and th e value of 0.2% of r-histidine for the weanling pig
(Mertz et al. , '55 ) as well as th e value of 0.34ro obtained by th e
indirect method of carcass an alysis as r eported by Williams
et al. ( '54) . The requir ement of baby pigs also approaches
the chick requirement of 0.15% (Almquist, '52) and to a lesser
degree the young rat r equirement of 0.4% (Ro se et al., '49) .
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A comparison of the last two exper iments suggests that the
D form of hi stidine is poorly w,ilized, if at all, when it is fed
in a racemic mixture, since in exper iment 2 the DL form was
fed but the resp onse was proportional to the level of the L

form as judged by the results of experiment 3. Similar nnd­
ings were reported in studies with dogs (Abderhalden and
Buadze, '31), gpmea pigs (Edlbacher et al., '41), rabbits
(Abderhalden, '22), man (Albanese et al., '45) and the mouse
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Fig. 1 Relative growth r esponse of baby pigs f ed differ ent levels of L-histidine.

(Celander and Berg, '53). However, the rat seems to utilize
the unnatural isomer both for growth (Cox and Berg, '34)
and for the maintenance of nitrogen equilibrium (Nas set and
Gatewood, '54).

It is seen that the daily gains in the fir st expe riment wer e
much higher than those in the latter two exper iments. It seems
probable that the liquid nature of the fir st diet was not en­
tirely r esp onsible for the greater ~ains , the dietary com­
ponents of that diet could have been a factor. It contained
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three times as much fa t, had a higher ratio of essential amino
acids to diammonium citrate and contained chlortetracycline.
The question arises then as to the optimum ratio between es­
sential and non-es sential amino acids as well as to the utiliza­
tion of dia mmonium citrate. "Ve have observed that rats on
ess entially the same diet as wa s used in the third exp eriment
grew better if the diammonium citrate was decreased while
the amounts of essential amino acids were kept constant.
'I'heee 's a need for controlled exp eriments investigating the
utilizatson of diammonium citr ate as well as other simple
.non-protein nitrogen substances by the young pig and other
monogastric ~mals.

It has been customary to express the amino acid requirement
in terms of percentage of th e diet or of the crude protein.
Since the quality of protein depends upon its content of es­
~mtial amino acids and their proper balance, it would be more
pnecise to expre ss amino acid requirements as percentage of
the crude protein or nitrogen supplied by the essential amino
acids. By this procedure inter- and intra-species requirements
for amino acids could be put on an equivalent basis regardless
of the nitrogen (or crude protein) content of the diet or the
ratio of essential and non-essential amino acids.

SUMMARY

Three exp eriments involving a total of 32 pigs were con­
ducted to study the hi stidine requirement of baby pigs.

The first experiment showed that a simulated "milk-diet"
used in earlier studies of the leucine requirement of suckling
pigs was not low enough in histidine to be useful in studying
the hi stidine r equirement of th e young pig.

In two exper iments baby pigs wer e fed a semi-purified, dry
diet compounded to provide 10% fat, 2% fiber and two dif­
ferent levels of protein, namely 16% and 20%. The dietary
nitrogen was supplied by dried whey, amino acids and diam­
monium citrate. The data indicate that the optimum level
is approximately 0.2% of L-histidine in a 16% protein ration.
This requirement is equivalent to 1.2% of the dietary protein.
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BORDEN AWARD IN NDTRITION

Nominations are ~olicited far the 1957 Award and a gold
medal made available by the Borden ~ompany Foundation,
Inc. The American Institute of Nutrition will make this award
in recognition of distinctive research by investigators in the
United States and Oanada which has emphasized the nutritive
significancs of the components of milk or of dairy products.
The award will be made primarily for the publication of
specific epapers during the previous calendar year, but the
Jury of Award may recommend that it be given for important
contributions made over a more extended period of time not
necessarily inoiuding the previous calendar year. The award
is usually given to o!J.e person, but if in their judgment cir­
cumstances and justice so dictate, the Jury of Award may
recommend that it be etvided between two or more collabo­
ratoas in a given research. The Jury may also recommend
that the award be omitted in any given year if in its opinion
the work submitted does not warrant the award. Membership
in the American Institute of Nutrition is not a requisite of
eligibility for the award. Employees of the Borden Oompany
are not eligible for this honor.

Nominations may be made by anyone. The following in­
formation must be submitted: Name of the Award for which
candidate is proposed and as convincing a statement as pos­
sible ~ to the basis of the nomination (this may include a
pertinent bibliography but reprints are not required). Five
copies of all documents, including seconding statements, must
be sent to the Ohairman of the Nominating Oommittee before
January 1, 1957, to be considered for the 1957 Award

Chairman, Nominating Committee:

C. G. MACKENZIE

Department of Biochemistry
University of Colorado School of Medicine

4Z00 E . 9th Avenue, Denv er 7, Colorado
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OSBORNE AND MENDEL AWARD

Nominations are invited for ~e Osborne and Mendel Award
of $1000.00 establish~t:l. by the Nutrition Foundation, Inc., for
the recognition of outstanding accomplishments in the general
field of exploratory research in the science of nutrition. It
shall be given to the investigator who, in the opinion of a
Jury of Award, has made the most significant published con­
tribution in the year preceding the annual meeting of the
Institute, or who has published a series of contosapqrary
papers of outstanding significance.

The Award will be presented at the annual meeting of the
American Institute of Nutrition.

The recipient will be chosen by a J-ary of Award of the
American Institute of Nutrition. As a general policy, the
Award will be made to one person. If, in the judgment of the
Jury of Award, an injustice would otherwise be done, it ~ay
be divided among two or more persons. Normally preference
will be given to research workers in the United States and
Canada, but investigators in other countries, especially those
sojourning in the United States or Canada for a period of
time, are not excluded from consideration. Membership in
the Institute of Nutrition is not a requirement for eligibility
and there is no limitation as to age.

Nominations may be made by anyone. The following in- '
formation must be submitted: Name of the Award foAhich
candidate is proposed and as convincing a statement as pos ­
sible as to the basis of the nomination (this may include a
pertinent bibliography but reprints are not required). Five
copies of all documents, including seconding statements, must
be sent to the Chairman of the Nominatmg Committee before
January 1, 1957, to be considered for the 1957 Award.

Chairman, Nominating Committee:

R. V. BOUCHER

Agricultural and Biological Chemistry
Pennsylvania State Universit y
Uni,ersity Park, P ennsylvania
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