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The importance of a sufficient quantity of lime, phosphoric 
acid, and other minerals in the food of man and animals is 
generally recognized. 

The effect of the quantity and of the ratio of lime to phos- 
phoric acid in the feed was studied with rats  because the re- 
sults might have some relation to  the needs of man and do- 
mestic animals for these minerals. 

The ratio of lime t o  phosphoric acid of 1: 1 was found to be 
favorable for rats  when the ration contained 1.0, 1.5, and 3.0 
per cent of each mineral. 

Small deviations of either lime or  phosphoric acid from the  
favorable ratios or  amounts decreased the growth of the rats. 
The ash in the femurs was in some cases affected by these 
changes, but not always. 

The minimum amounts in the ration which produced nor- 
mal growth and good bone development were found t o  be 0.75 
per cent of lime and 1.0 per cent of phosphoric acid. 

Less than the minimum amounts of lime or phosphoric acid 
caused decreased growth, produced less than the normal per- 
centage of bone in the rat, and lowered the percentage of ash 
in the femur. 

The excessive percentage of 6.0 per cent of phosphoric acid 
fed with 1.5 per cent of lime in the ration decreased the 
growth of the rats  considerably, but produced femurs contain- 
ing practically a normal percentage of ash and developed a 
large quantity of bone out of proportion t o  the total weight 
of the body. On the other hand, 6.0 per cent of lime with 
1.5 per cent of phosphoric acid produced normal growth and 
normal bones. 

The ratio of lime t o  phosphoric acid in the femurs had no 
relation to  the amounts of lime and phosphoric acid fed in 
the ration. 
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---E RELATION OF THE LIME AND PHOSPHORIC ACID 
IN THE FEED TO THE GROWTH AND DEVELOP- 

MENT OF BONES OF WHITE RATS* 

By J. K. BLUM 
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; is a recognized fact that minerals are a very important part of 
aLLllnal foocis. Not only the presence and quantit-y of minerals play a 

,, hut also the ratio of one to the other seems to be a factor in the 
vth ancl health of the body. 
f the mineral elements studied, phosphorus and calcium have re- 
ed the greatest amount of attention. Recent investigations show 

the insufficient quantity or an unsuitable ratio of these elements 
Its in retarded growth ancl the development of diseases related to 
skeleton. Osteoporosis, or porous bone, has been tracecl to an in- 
cient quantity of either calcium or phosphorus in the diet. Rick- 
also has been founcl to be caused by an improper ratio of calcium 
~hosphorus. While vitamins are important in  bone development, 

me? cannot correct deficiencies in mineral. 
Poultry, cattle, anel other clomestic animals as well as man have dis- 
ses which are traceable to insufficient quantities or incorrect ratios 
calcium to phosphorus in the cliet. It is becoming necessary to grow 
imals at  a rapid rate in order to clerive a profit from feecling. To 
this every foocl requirement must be suppliecl in proper quantity. 

The ~tuclj: upon which the following discussion is based mas under- 
ten to determine the effect of varying the lime ancl phosphoric-acid 

content of the ration upon the growth ancl the bone cle~relopment of 
white rats. While results froni experiments on rats cannot be applied 
directly to other animals, they can be used as a founclation for more 
extensive stucly. 

3 ration was used which was believecl to contain all the necessary 
factors for growth ancl well-being of white rats, with the exception of , 

lime and phosphoric acicl, n-hich were supplied in various amounts. 
The results of such a study shoulcl show the extent to which lime and 

osphoric acicl affect the health of the animal when all other factors 
supplied in proper quantity. 

HISTORICAL 

1fcCollum (5) cliscoverecl about 1914 that calcium supplied as the 
lactate when added to a cliet made up of parts of the wheat plant in- 

*A Thesis submitted to the Faculty of the Agricultural and Mechanical 
llege of Texas in partial fulfillment of the requirements for the degree 
Master of Science in Science. 
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creased the growth of pigs and rats. This was confirmed later by Me- 
Collum and co-worlcers (13) (14) using a different ration and adding 
calcium carbonate. 

Steenbock and associates (2.39 observed that a ration made up of 
cereals and gelatin mas improved by the addition of one per cent of 
calcium carbonate. This addition produced better growth in rats than 
the ration without the mineral. These results were confirmed by Shohl 
and Karelitz (20). 

McCollum and Simmonds (13) found that rats fed a ration con- 
taining a high percentage of calcium (3  per cent, calcium carbonate) 
and a low percentage of phosphorus developed signs of rickets and died 
early. They implied that the ratio hetween calcium and phospht 
had more to do with the prodl~ction of riclrets and other similar 
eases than the actual quantities of the mineral. 

Steenbock (23) concluded that a ration which contained 1.08 per cenr; 
of calcium and .254 per cent of phosphorus produced rickets in rats. 

McCollum and co-workers (14) produced rickets on rats with a ra. 

ITUS 

dis- , 

made up of purified food substaneee containing 1.202 per cent of 
cium with .217 per cent of phosphorus. This was confirmed by furl 
experimentation (13). They found that a disproportion between 
ciuln and phosphorus with a limited amount of cod liver oil resultec 
rickets while an insufficient quantity of calcium and phosphorus 1 
duced osteoporosis. 

Simmonds (19) claimed that the rats require about .64 gram of 
cium per hundred grams of ration. 

Nelson, Irwin, and Peet (16,) state that 0.5669 gram of calcium 
0.4556 gram of phosphorus in  a calcium-to-phosphorus ratio of 
per hundred grams of ration were sufficient for rats both as to qua 
and ratio of calcium to phosphorus. 

According to the work of Holmes and Pigott (18), a ratio of 
ciunl to phosphorus of 1.8 to 1.74 produces the best growth in chicks. 
These same ratios also produced tibiae which containeci greater percent- 
ages of ash than other ratios. One per cent of cod liver oil was fed 
to the chicks. * 

Josef Schneider (17) states that if a normal person receives calcium 
and phosphorus in  the ratio of 1 :.444, no vitamin D is necessary. 

According to Grieves (4)  0.41 gram of phosphorus per 100 grams of 
ration is optional for rats. He found that good growth, well-being, 
and normal osseous tissues were induced in rats with 0.64 gram of cal- 
cium and 0.41 gram of phosphorus to 100 grams of rations when 
vitamin D was added in the form of butter fa t  or cod liver oil. 

The work of Steenbock (23) and associates shows that a ratio of 
Ca: P within a range of 1: . Y r i  to 1: .50 produced the more favorable 
quantity of ash in the femurs of rats. 

ICarelitz and Shohl ( l o )  discovered that rickets could be cured in 
rats in some cases by correcting the ratio of calcium to phosphorus 
to 1 : .95. 

cal- 
thnr 
J 1 1 L 1  

cal- 
1 in 
?ro- 

cal- 

and 
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oritz and Icrenz (1%) state that if the diet of rabbits contains cal- 
and phosphorus in the proper ratio, no vitamin D was needed to 

?nt rickets. 
lerrnan and Steebeling (18) concluded that either vitamin D, cal- 
, or phosphorus may prore to be the lirniting factor in the devel- 
?nt of bone in rats. 
)out the year 1923 Touverud (25) found that rats which were fed 

a low calciunl diet developed bones wllich contained smaller percent- 
tages of ash than normal rats. 

McCann and Barnett (11) observed that the total ash of rachitic 
bones is lower than in normal bones, while the ratio of calcium to phos- 
phorus in the ash is not changed. 

The work of Steenbock and associates (23) (24), Dutcher and asso- 
ciates (2), (3), McCann and Barnett ( I I ) ,  Il\lcCollnm and Adams (12), 
Shohl and co-workers (20) (2 l ) ,  Hess and others (7),  IIolmes and 

;ott (8), all go to show that either a disproportion of calcium to 
lsphorus in the diet or a lack of sufficient vitamin D results in pro- 
:ing a hone containing less ash than normal. Hotve~~er, there is lit- 
variation in the ratio of calcium to phosphorus in the ash of the 

le from that of normal, which is approximately 1 : 3 0 .  

METHODS AND PROCEDURE 

Zats about twenty-three days old and of a weight of thirty-seven to 
ty grams were placed in separate cages and given a ration made up 
the following: 20 parts of casein, 10 parts of dried yeast, 67.5 parts 

--  starch, 1 part of sodium chloride, ancl 1.5 parts of a salt mixture 
made up of the following: 68 parts of pota~sium snlphate, 444 parts of 
potassium chloride, 96 parts of magnesium carbonate, 62 parts of 
sodium carbonate, 37 parts of potassium carbonate, 252 parts of citric 
acid, 24 parts of iron citrate, 0.32 part of manganese sulphate, 1.0 part 
of sodium fluoride, 0.08 part of potassium iodide, 0.08 part of potas- 
sium alum. The percentage of lime (CaO)  in this ration was found 

analysis to be 0.250 (Ca = 0.178 per cent) and of phosphoric acid 
(P,O,) 0.670 (P = 0.292 per cent). Different levels of lime and phos- 
phoric acid were obtained in the rations by substituting in place of 
starch, calcium carbonate or disoclinm phosphate. 

Each rat was given plenty of distilled water and three or four drops 
of cod liver oil (vitamin-tested) per clay. Records were kept of the 
amount of food consumed and the weight gained each week. At the 
end of eight weeks the rats were killed with chloroform and the femurs 
dissected out. 

The procedure used for determination of the ash in the femurs was 
based upon that of Dutcher and Honeywell ( 2 )  (9 ) .  The femurs were 
cleaned free of flesh and connecting tissues and then weighed. After . 
being dried at a temperature of 70-90" C to constant weight they were 
weighed again. The samples vere then extracted for twenty-four hours 



with ninety-five per cent alcohol and then twenty-four hours with ether, 
after which they were driecl and weighed. The ash was prepared from 
this driecl fat-free hone by combustioil in an electric furnace, and 
weighed. The ash was dissolved in 10 cc. of dilute h~drochloric acid 
( 1  : 1 )  and the volume made up in 100 cc. An aliquot was talien ancl 
the phosphoric acid (P20,) determined 1)y precipitation with ammoninm 
molybdate and titration of the precipitate with potassium h~rclroxicle 
and nitric acid. 

The lime was determined in another aliquot of the solution by pre- 
cipitating i t  with amnionium oxalate in the presence of acetic acid. 
The precipitate after being h ~ ~ r n e d  n-as Ileatecl mitli ammonium sulfate 
and the calcium was weigllecl as calciuni sulfate, and calculated to cal- 
cium oxide. 

The Terms Lime and Phosphorus 

I n  making the calculations and ratios the calcium has been expressed 
as lime (CaO) and the phosphorus as phosphoric acid (P,O,). \IThile 
this is not the custom in animal phrsiologyv, the terms lime ancl phos- 
phoric acid are ordinarily used in agriculture, instead of calcium and 
phosphorus. The anal~sie of fertilizer is always, by legal requirement, 
expressed in terms of ~)liosphoric acicl. It M-as thought that the results 
might Ise hetter interpretecl in relation to feeding experiments, where 
i t  is enstornary to use agricultural an a 1. vses. 

REQUIREMENTS FOR NORMAL GROWTH I 
The gain in ~veigllt of each incliviclual rat is presented in Table 1, 

along with the percentages of lime and phosphoric acid in the ration. 
This table shows some variations in the ~veiglzts of the rats on the same 
ration. There are several factors that affect the health and growth of 
rats, such as the inherent vitality and ability of the animal to grow, 
and this may account for the variation. 

I n  Table 2 there is found the weights of femurs and other data on 
the bones along with the lime ancl phosphoric acicl in the rations fecl. 
The percentages of the feniur and of the femur ash in the rat are given. 
It is thought that these figures might have some relation to the d u e  
of the rations. 

I n  Table 3 some of detailed results in Tables 1 ancl 2 are averaged 
and arranged in four groups. aceorcling to the weights of the rats. The 
group containing the largest rats is given first. 

The greatest gromrtli of 171 grams was made on a ration containing 
6.0 per cent of lime ancl 1.5 per cent of phosphoric acid with a ratio 
of 1 : .25. Practically the same growth (17'0 grams) was made b;v the 
rats on the ration containing 1.0 per cent of phosphoric acicl with a 
ratio of 1: 1, and those on the ration which contained .'is per cent of 
lime and 1.0 per cent of phosphoric acicl. The rats on the other three 
rations in  this group seemed to hare ilormal growth (160-161 grams). 
The average weight of the rats in this group mas 165 grams and the 
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ones, ' 

and 
nhilo 

average percentage of ash in the femurs was 55.85. The bones seemed 
to be normal in content of ash ancl in percentage of ash in the femur 
though the ash in the femur from the rat recei~ring 1.0 per cent each 
of lime and phosphoric acid \17as above normal (60.W per cent;). 

The three rations with a lime-to-phosphoric-acid ration of 1 :  1 gaye 
goocl growth and a nornlal percentage of femur ash. These rations 
contained 1.0 to 3.0 per cent of each mineral. The ration containing 
0.75 per cent of lime and 1.0 per cent of phosphoric acicl also gave nor- 
mal growth and bones, as did the rations colltaining 3.5 per cent ancl 
6.0 per cent of lime vi th  1.5 per cent of phosphoric acicl ancl ratios of 
1 : 0.33 ancl 1 : 0.25. 

EFFECT OF DEVIATION FROM REQUIREMENTS FOR NORMAL 1 GROWTH ~ 
The weights of the rats in the secoilcl group of Table 3 are belov , 

normal, though the deficiency is small in some cases. The ash in the 
femurs, while a little less than in the first group, coulcl 11e termed nor- 
mal and the same coulcl be saicl regarding the ash conteilt of the femurs. 
This indicates that slightly unfarorahle percentages of lime ancl phos- 
phosoric acicl may not affect the structure or clunntit~ of the bl 
while they may decrease the growth of the animal. 

The rats on the ration ~vllich contained 0.7.5 per cent of lime 
0.7'5 per cent of phosphoric acid (Group 2 )  weighed 144 grams, I 

the rats which received the same anlouilt of lime ancl 1.0 per cer 
phosphoric acid made normal g r o ~ ~ t h  (Group 1). This s h o ~ ~ ~ s  that 
than 1.0 per cent of phosphoric acid or less than 0.75 per cent of 
is below the minimull for goocl growth, since this ratio of 1: 1 J 

proven favorable for good gron-th ancl normal quantity of ash in . 
femurs when larger amo~ults of the minerals are fed. 

Either decreasing the lime from 1.5 to 1.0 per cent in the rat 
when 1.5 per cent of phosphoric acicl was present or increasing it  
2.5 per cent, clecreasecl slightly the gain in weight of the rats. 7. 
final weights of the rats were 135 ancl 146 grams compared with I 
grams of the other rations. 

The graph (Fig. 1 )  brings out the relation l~etmeen the percentage 
of lime ancl phosphoric acicl in the ration and the a~-erage meights at- 
tained by the rats. The average normal ~veights are in circles. Three 
of the normal weights are on rations wit11 the ratio of lime to phos- 
phoric acid of 1 : 1, ancl percentages of 1, 1.3, and 3. One of the nor- 
mal weights is a t  the percentage of 0.7.5 : 1, ancl the two others at  4.5 : 1.5 
and 6 : 1.5. The graphs show very elearl!- that snlall increases or de- 
creases in  either lime or phosphoric acid from the favorable amoui ' 

decrease the weights of the rats. 
In the third group in Table 3 are shown the rats which attainet 

final average weight of 136 to 140 grams. The rats on the ration cc 
taining 1.5 per cent of lime and 2.0 to 3.0 per cent of phosphoric ac 
made practically the same growth (135 ancl 140 grams), while the p 

nas 
the 
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centages of ash in the f emu~s  were the same. The ration containin: 
cl..in per cent of lime and 1.50 per cent of phosphoric acid produced rats 
~ i t h  a final weight of 135 grams ancl with bones which contained 57.7 
per cent of ash, wliile tlic ration which contained on17 0.25 per cent of 
lime and 0.75 per cent of phosphoric acid prod'ucecl rats with a final 
 eight of 136 grams and bones which contained only 51.3 per cent of 

Figure 1.-Relation of weight of rats to percentages of lime and of 
phosphoric acid in the ration. 

ash. It is probable that the low percentage of lime andl pliosplioric 
acid in the ration was the important factor in producing a bone with a 
lon. percentage of ash. It is probable that in  the ration containing 
0.2.3 per cent of lime and 0.75 of phosphoric acid, both lime and phos- 
phoric acicl are below the minimum, while in the ration containing 0.50 
per cent of lime and 1.50 per cent of phosphoric acicl, lime only is be- 
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low the minimum required for good growth and proper bone develuf~- 
ment. 

AMOUNTS .OF MINERALS WHICH ARE DISTINCTLY UNFAVORABLE 

In the last group, Table 3, are placed all rats which attained a final 
weight of less than 135 grams. The rats on the ration containing 2.0 
per cent of lime and 1.5 per cent of phosphoric acid, attained a final 
weight of only 99 grams and had bones which contained only 51.7 per 
cent of ash. Thus, the addition of 0.5 per cent of lime to a ration con- 
taining 1.5 per cent each of lime and phosphoric acicl resulted in a qeri- 
ous depression in growth accompanied by a deficiency in the ash of the  
bone. The graph (Fig. 1 )  brings this point out very clearly. Thic 
sudden decrease in weight caused by a slight increase in lime might 
seem to be an error, but i t  occurred with both rats, and is confirmed by 
the low percentage of ash in the bones: 

The ration containing 0.25 per cent of lime and 0.67 per cent of 
phosphoric acid gave rats with a final weight of 83 grams. These rats 
had an ash content of the bones of only 41.0 per cent. These data can 
be compared with the data on the ration containing 0.25 per cent of 
lime and 0.75 per cent of phosphoric acid, which produced rats meigh- 
ing 136 grams with 51.3 per cent femur ash. Both of these rations are 
deficient in  the minerals. 

The ration containing 1.5 per cent of lime and 6.0 per cent of phos- 
phoric acid produced rats of a weight of 78 grams, while the ash per- 
centage in the femurs was 57.9 per cent, which is what could be called 
about normal. The percentage of the ash in the bones did not give any 
indication of the unfavorable ratio between the lime and phosphoric acid 
in the ration as shown by the growth. The lack of proper growth mas 
probably caused by the large quantity of phosphoric acid supplied to 
the ration by the disodium phosphate. 

THE RELATION OF LIME AND PHOSPHORIC ACID TO THE PER- 
CENTAGE OF FEMUR AND OF FEMUR ASH IN RATS 

The average percentages of dried femurs and of femur ash in the 
rats are given in  Table 3 along with the lime and phosphoric acid in 
the ration. 

The ration which had 1.0 per cent each of lime and phosphoric acid 
gave 0.407 per cent of extracted femur and 0.229 of femur ash in the 
rat. With 1.5 per cent each of lime and phosphoric acid in the ration, 
the rats contained 0.441 per cent of femur and 0.238 per cent of femur 
ash. These appear to be above the normal percentages. 

The rats on a ration containing 0.50 per cent of lime and 0.75 per 
cent of phosphoric acid had only 0.348 per cent of femurs and 0.176 
per cent of femur ash. The ration containing 0.25 per cent of lime 
and 0.67 per cent of phosphoric acicl produced rats which had 0.333 
per cent of femurs and 0.116 per cent of femur ash, although the aver- 
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age weight of the rats was only 82.5 grams. These low percentages 
of lime and phosphoric acid in the ration did not produce animals with 
a proper ratio of bone to the total weight of the rat. 

The ration containing 1.5 per cent of lime and 6.00 per cent of phos- 
phoric acid grew rats which had 0.619 per cent of femurs and 0.312 
per cent of femur ash. If about 0.420 per cent of dried femur i n  the 
rat and about 0.230 per cent of femur ash is taken as normal, then the 
rats on this ration had too great a quantity of hone in  proportion to 
the rest of the body. 

All the other percentages of femur and of femur ash are fairly con- 
stant, not varying widely from 0.420 per cent of dried femur and 0.230 

:ent of femur ash. Of course, there are many factors that affect 
~rowth of rats as well as the bone content. 

AT10 OF LIME TO PHOSPHORIC ACID IN THE FEMUR ASH 
Table 4 the percentages of lime and of phosphoric acid in a few 

~les of ash of the femurs are given along a i t h  the ration of lime to 
phoric acid. Although the percentages of lime and of phosphoric 

acid in the bone are not constant, the ratio does not range far from 
1: 1.2, which compares favorably with the results of Holrnes and 
Pigott (8) and McCoIlum and Adams (12). There is some variation, 
but the variation of samples from rates on the same ration is almost as 

is samples from rats on different rations. great i 

Table 4. Relation of lime and phosphoric acid in the ration 
to the ratio of lime to phosphoric acid in femurs. 

- - - - - - - - - 

There seems to be no relation between the, ratio of lime to phosphoric 
acid in tHe ration fed and the ratio of lime to phosphoric acid in the 
hones. 
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Ratio of 
lime to 

phosphoric 
acid in 

femur ash 

1 . 2 6  
1 . 2 3  
1 . 2 2  
1 . 1 2  
1 . 2 3  
1 . 1 2  
1 .10  
1 . 2 4  
1 . 2 0  
1 . 2 5  
1 .27  
1 .17  
1 .19  

o of 
D ~ O ~  
tion 

. 5  
1 . 0  
1 . O  
1 . 0  

1:l.O 
1:1.50 
1:1.50 
1:1.50 
1:1.50 
1:3.0 
I . ?  0 

0 
0 

Lime in 
ration 

per cent 

1 . 5 0  
1 . 5 0  
1 .?C . 1 ,> 

.73  
1 . O O  
1 .OO 

. 50  

. 50  

. SO 

.50  

. 23  

. 23  

Phosphoric 
acid in 
femur ash 

per cent 

42.37 
39 .50  
40 .28  
41 .44  
41 .03  
3 9 . 2 6  
37 .98  
45 .00  
4 4 . 5 4  
4 1 . 6 0  
41 .  74 
42 .33  
44 .71  

Phosphoric 
a c ~ d  ~n 

ration 
per cent 

.75  
1 . 5 0  
1 . 5 0  

.75  -- . / a  
1 . 5 0  
1 .59 

. 1 3  

.75  
1 . 5 0  
1 .so . 13 

. 75  

Lime in 
femur ash 

per cent 

53 .37  
49 .78  
49 .30  

a 47 .56  
51 .83  
44 .03  
41 .83  
56.01 
53.51 
52 .27  
53.05 
49 .40  
53 .34  
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SUMMARY 1 
Forty-nine rats in three series mere fed rations containing fourteen 

different ratios of lime to phosphoric acicl. 
The percentages of lime in the rations ranged from 0.25 per cent t o  

6.00 per cent, while the percentages of phosphoric acid ranged from 
0.67 per cent to 6.00 per cent. Ratios of lime to phosphoric acicl varied 
from 1: .25 to 1: 4.0. This is equivalent to a range of calcium-to- 
phosphorus ratio from I : .15 to 1 : 2.44. Cod liver oil was fed to all 
rats. 

R.ations containing 1.0, 1.5, and 3.0 per cent of lime gaye normal 
growth when the ratio to phosphoric acid was 1 : 1. Rations contain- 
ing 4.5 or 6.0 per cent of lime and 1.5 per cent of phosphoric acid, 
also produced rats with a normal weight or ahove, ancl with femur. of 
a normal ash content. The minimum percentages which gare nornial 
growth was found to be 0.75 per cent for lime and 1.0 per cent for 
phosphoric acid. Rations containing 0.25 per cent of lime ancl 0.75 
per cent of phosphoric acid produced rats which had only 51.32 per cent 
of ash in the femur, and rations containing 0.67' per cent of phosphoric 
acid with 0.25 per cent of lime produced rats with only 40.98 per cent 
of ash in the femur. The normal percentage of ash in femurs Tras 
about 58.00 per cent. A ration containing 1.5 per cent each of linie 
and phosphoric acicl gare normal growth, but when the percentage of 
lime n-as raised to 2.0, the growth was decidedly decreased anci the per- 
centage of ash in the bones was less than normal. 

Percentages of lime or of phosphoric acid slightly lower than the 
most favorable percentages, in some cases decreased the growth, ~ ~ h i l e  
the ash content of the femurs in some cases remained practically nor- 
mal. Small increases in either linie or phosphoric acid from the fayor- 
able amounts in soiile cases decreased the growth, especially n~hen tllu 
ration was low in minerals. 

TTThen the amounts of lime or phosphoric acid fecl were belo11- the 
mininluin, the growth was decreased ancl the femur ash was lower thac 
normal. 

A percentage of 6.0 per cent of phosphoric ~ c i d  in a ration with 1.5 
per cent of lime caused a decidecl decrease in growth of the rats, hut 
the percentages of as11 in the femur ~vas practically normal. The per- 
centage of femurs in these rats was above normal. 

No relation was found between the ratio of lime to phosphoric acid 
in the ration ancl the ratio of lime to phosphoric acid in the ash of the 
femur. 
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