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In recent years the ash constituents of foods have come to 
hold an increasingly prominent place in considerations of food 
values. It is now generally recognized not only that.the food 
as a whole should supply adequate amounts of each of the chem- 
ical’elements which is essential to the body structure, but also 
that these elements should stand in normal quantitative relations 
to each other. 

Conspicuous among the quantitative relations is that between 
the acid-forming and the base-forming elements of the food. It 
has long been known that certain foods contain a surplus of base- 
forming over acid-forming elements as evidenced by the fact 
that on burning they yield a strongly alkaline ash, whereas other 
foods lose acid-forming elements in ashing and yet yield a neutral 
ash showing that acid-forming elements must have predominated 
in the food. 

It was, however, not possible to make any useful quantitative 
comparisons on the basis of the data which had been obtained by 
the usual methods and recorded in the accepted tables of ash 
analyses, because these data represented only the compcsition 
of the material which remained after ignition, regardless of the 
fact that in many cases a large part of the acid-forming elements 
exist in the food as constituents of the organic matter and pass 
off during the ignition. This is particularly true of sulphur, 
which, so far as known, exists in foods chiefly as a constituent of 
protein and often is expelled almost entirely during the burning, 

323 

This is an Open Access article under the CC BY license.

http://creativecommons.org/licenses/by/4.0/


324 Acid- and Base-forming Elements in Foods 

so that the sulphates found in the analysis of the ash represent 
only a very minor part of the sulphur which was present in the 
food. Hence any attempt to calculate the relation of acid-form- 
ing to base-forming elements from the tables of ash analyses 
which have been available in the past would give erroneous re- 
sults except in those cases in which the base-forming elements so 
far predominate as to prevent loss of acid-forming elements dur- 
ing ashing; and comparisons of different types of food with each 
other would be misleading. 

Another source of error lies in the fact that the usually ac- 
cepted tables of ash analyses are largely derived from the work of 
agricultural chemists whose primary object was to determine the 
constituents removed from the soil by the crop and who, there- 
fore, analyzed the article of food as sold instead of simply the 
edible portion. 

An investigation of the actual quantitative relations of acid- 
forming and base-forming elements in the edible matter of foods 
was begun in this laboratory over five years ago and a few of the 
results first obtained were published in the summer of 1907.’ 

We are now able to present data for a larger number of foods. 
Of some of these we have made complete ash analyses; in other 
cases we have accepted previously published results for such con- 
stituents as seemed to have been accurately determined and sup- - 
plemented these with such determinations as were necessary. 
While it is obviously more systematic to balance the acids and 
bases by comparisons of data obtained upon the same sample, the 
compiled data sometimes have the advantage of representing 
the average of several samples. Hence in Table 1 we give in 
some cases the results calculated from data partly compiled even 
though we may have determined the complete data upon a single 
specimen of the same food. Footnote references attached to the 
names of the articles of food show the nature of the data in each 
case. In most of our own work the material selected for analy- 
sis consisted of composite samples each representing a mixture 
of several specimens of the particular food. 

METHODS OF ANALYSIS:-For the determination of calcium and magne- 
sium the sample was burned in a platinum dish (usually in a muffle), the ash 
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dissolved in hot, very dilute hydrochloric acid, the solution filtered if not 
clear, treated with oxalic acid, heated to boiling, a few drops of methyl 
orange added as indicator, and then ammonia very gradually until the indi- 
cator changed color. This neutralization usually required about one-half 
hour. Finally an excess of ammonium oxalate was added and the solution 
allowed to stand for four hours, then filtered, washed with one per cent solu- 
tion of ammonmm oxalate, dried, ignzted to constant weight and weighed 
as calcium oxide, with care to avoid absorption of carbon dioxide or moisture. 

The filtrate from the calcium oxalate was evaporated to dryness in plati- 
num and ignited carefully to expel ammonium salts without spattering; 
the residue dissolved in hot water with the addition of a little hydrochloric 
acid, the solution filtered if necessary, cooled, and the magnesium precipi- 
tated by adding acid sodium phosphate solution and then ammonia gradu- 
ally unt.il distinctly alkaline. Half an hour later an excess of ammonia was 
added as usual and after allowing to stand in the cold usually for about 12 
hours the ammonium magnesium phosphate was filtered, washed with dilute 
ammonia, ignited to magnesium pyrophosphate and weighed. 

For the determination of sodium and potassium a portion of the sample 
was burned in platinum at a low temperature (very dull redness) to a white 
ash. This was taken up with hot water and a little hydrochloric acid, fil- 
tered, heated to 95” and treated with a very slight excess of barium chloride 
solution (added drop by drop with constant stirring), allowed to stand on 
water bath for one hour, then without filtering, barium hydroxide solution 
was added in the same manner to alkaline reaction, the solution filtered and 
residue washed free from chlorides. The filtrate was treated with a few drops 
of ammonia and an excess of ammonium carbonate, filtered, the filtrate and 
washings evaporated to dryness, ignited carefully at very dull redness, 
cooled, dissolved in hot water containing a few drops of hydrochloric acid, 
filtered, and again evaporated and ignited as before. This purified residue 
was weighed as sodium and potassium chlor;dcs, then dissolved and the 
potassium determined by the usual platinic chloride method. 

In the determination of phosphorus the organic matter was usually oxi- 
dized by boiling with nitric and sulphuric acids in a Kjeldahl flask. In 
order to avoid error from incomplete destruction of phosphatids or from sub- 
sequent incomplete precipitation of ammonium phospho-molybdate it is 
well to use only 10 cc. of concentrated sulphuric acid; then after the organic 
matter appears to have been largely destroyed add 10 grams of ammonium 
nitrate and heat until the solution in t,he flask is reduced to 10 cc. or less, 
thus ensuring a high temperature which should char any phosphatids which 
may not have been destroyed by the boiling mixture of sulphuric and nitric 
acids; if charring occurs more nitric acid is added and the boiling repeated. 
Finally the acid solution was washed out of the flask, treated with 20 grams 
ammonium nitrate and the phosphoric acid determined by precipitation 
first as ammonium phospho-molybdate and subsequently as magnesium 
ammonium phosphate according to the well-known gravimetric method. In 
some cases phosphorus was also determined after burning the sample with 
sodium carbonate and potassium nitrate, this giving the same results as the 
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method of decomposition with acids when both methods are properly per- 
formed. 

For the determination of chlorine the sample was burned at a low tem- 
perature with a liberal excess of sodium carbonate in a room kept as frke as 
possible from hydrochloric acid or ammonium chloride fumes, and the chlor- 
ide was determined gravimetrically by precipitation as silver chloride. 

The oxidation of organic matter for the determination of sulphur was 
accomplished sometimes by burning in oxygen in a bomb calorimeter as 
first suggested by Berthelot, but usually by heating the substance in a nickel 
crucible with sodium hydroxide and sodium peroxide essentially according 
to the methods of Osborne and of Folin with such variations in manipulation 
as were found best adapted to the behavior of the different types of food. 
Earlier experiments by one of us,2 had shown that the compressed oxygen 
method and the peroxide method are both capable of yielding accurate re- 
sults when properly carried out. After the complete destruction of organic 
matter and oxidation of sulphur to sulphates, the determinati’on of the latter 
was made by precipitation as barium su!phate in the usual manner with 
careful attention to the established precautions. 

Table 1 shows the percentages of calcium, magnesium, sodium, 
potassium, phosphorus, chlorine, and sulphur in the edible por- 
tion of a considerable number and variety of food materials. 

In order to balance the acid-forming against the base-forming 
elements we have calculated the volume of a normal acid or alkali 
solution which would correspond to the amount of each element 
in 100 grams of the food material, phosphoric acid being calcu- 
lated as a dibasic acid. By adding together the results obtained 
for all of the base-forming and for all of the acid-forming elements 
respectively and comparing the totals we find the excess of acid- 
forming or of base-forming elements in terms of cubic centime- 
ters of a normal solution per 100 grams of edible food material. 

Since, however, the different food materials vary so greatly 
in their moisture content and food value it may give a more. 
serviceable impression of the relative acid-forming or base-form- 
ing tendencies of different food materials if the surplus acid or 
base be stated for 100 calorie portions rather than for 100 gram 
portions of the various foods. 

Table 2 calculated from the data given in Table 1 shows the 
excess of &id-forming over base-forming elements or vice verscb 
both per 100 grams and per 100 calories of edible food material. 

It will be seen from the above tables that all the meats (in- 

” Sherman: Journ. Amer. Chem. Sot., xxiv, p. 1100. 
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TABLE I. 

Percentages of Calcium, Magnesiunl, Potassium, Sodium, Phosphorus, 
Chlorine and Sulphur in edible portion of Foods. 

Almonds * ................... 
Almondst. .................. 
Applesi. ................... 
Asparagus?. ................ 
Bananast. .................. 
Beans, dried*. .............. 
Beans, dried7 ............... 
Beans, lima, driedt .......... 
Beans, lima, freiht .......... 
Beetst ...................... 
Cabbage*. ................... 
Cabbage?. ........... :. ..... 
Carrotst .................... 
Cauliflowert. ............... 
Celeryt. .................... 
Cherry j uicet ............... 
Chestnutst ................. 
Corn, sweet dried,t ......... 
Crackers* .................. 
Currants, dried?. ........... 
Eeli ........................ 
Eggsi. ..................... 
Egg whitet. ................ 
Egg yolkt. ................. 
Fish, haddockt. ............ 
Fish,pike$ ................. 
Lemons?. ................... 
Lettuce?. .......... .:. ...... 
Meat, beef, lean I* ........... 
Meat, beef, lean II*. ........ 
Meat, beef, leant. ........... 
Meat, beef, leant ............ 
Meat, chicken1 .............. 
Meat, frog#. ................ 
Meat, pork, leanI. .......... 
Meat, rabbit1 ............... 

.I 

0.0111 0.009 0.155 0.158; 0.013’ 0.150 0.196 
0.1431 

0.012, 
0.074 

O.lO&/ 0.335’ 
0.044 0.100 0.157 

0.022’ 
0.0171 0.0311 

0.099 0.137 0.2411 0.223 
0.040 0.029 0.416 0.213 0.0321 0.218 

0.348 0.039, 0.060 0.014 

l Data determined in this laboratory. 
t Data partly compiled, partly determined tn this laboratory. 
t Data published by Katz. 
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TABLE I-Continued. 

Meat, veal1 .................. 
Meat,venison$. .............. 
Milk, cow’s*. ................. 
Milk, cow’st ................. 
Muskmelont. ................ 
Oatmeal* .................... 
Oatmeali. ................... 
Orangest .................... 
Peachest .................... 
Peanutst .................... 
Peas, dried*. ................ 
Peas, driedt. ................ 
PotatoesI* .................. 
Potatoes II*. ................ 
Potatoes? .................... 
Prunes* ..................... 
Prunest ..................... 
Radishest. .................. 
Raisinst. .................... 
Raspberry juicet ............. 
Rice I*. ..................... 
Rice II* ..................... 
Ricet. ....................... 
Turnips* .................... 
Turnipst .................... 
Wheat, entire*. ............... 
Wheat, entiret ............... 
Wheat, flour*. ............... 

- 

4 

T 

---.I I I I I 

-I--- -- ercent. percent. percent. percent. percent. percent. percent. 

0.014 0.030 0.086 0.380 0.220 0.067 0.226 
0.010’ 0.029 0.070 0.336 0.249 0.041 0.211 
0.124 0.011 0.069 0.154 0.092 0.091 0.031 
0.120 0.011 0.051 0.142 0.094 0.120 0.033 
0.017 0.012 0.061 0.235 0.015 0.041 0.014 
0.060 0.143 0.072 0.365! 0.402 0.027 0.215 
0.093 0.127 0.081 0.3ROI 0.380 0.035 0.215 
0.043 0.012 0.007 0.183 0.022 0.0101 0.013 
0.007 0.012 0.015 0.208 0.020 0.010, 0.010 
0.071 0.169 0.052 0.706, 0.392 0.040 0.243 
0.139 0.150 0.072 0.940 0.370 0.0341 0.264 
0.100 0.145 0.118 0.880 0.397 0.046 0.230 
0.006 0.022 0.043 0.403 0.042 0.059 0.042 
0.009 0.027 0.043 0.431 0.047 0.094 0.043 
0.011 0.022 0.019 0.440 0.061 0.030 0.030 
0.038 0.046 0.101 0.845 0.080 0.004 0.032 
0.043 0.048 0.074 0.996 0.109 0.010 0.030 
0.036 0.012 0.082 0.141 0.039 0.050 0.050 
0.057 0.009 0.141 0.830 0.126 0.070 0.060 
0.021 0.018 0.007 0.141 0.013 0.010 0.007 
0.018 0.058 0.109 0.104 0.110 0.133 0.170 
0.022 0.044 0.025 0.070 0.080 0.075 0.118 
0.008 0.027 0.021 0.068 0.089 0.050 0.105 
0.023 0:009 0.067 0.101 0.021 0.018 0.046 
0.064 0.169 0.059 0.332 0.051 0.040 0.070 
0:044 0.170 0.106 0.515 0.469 0.088 0.174 
0.044 0.128 0.051 0.431 0.393 0.080 0.170 
0.026 0.030 0.069 0.146 0.086 0.076 0.206 

* Data determined in this laboratory. 
t Data partly wmplled, partly determined in this laboratory. 
t Data published by Katz. 

eluding fish) examined show decided excess of acid-forming ele- 
ments. The meats of different species or of young and mature 
animals of the same species show very similar results in this 
respect. The acid-forming elements also predominate in eggs 
though to a somewhat less degree than in lean meats. Grain 
products show a much smaller predominance of the acid-forming 
elements than do meats and eggs when compared on the 100 
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TABLE 2. 

Excess of acid-forming or base-forming elements, calculated from Table 1 

Almonds*. ............. 
Almondst .............. 
Apples?. ............... 
Asparagus?. ........... 
Bananast .............. 
Beans, dried*. ......... 
Beans, driedt .... : ..... 
Beans, lima, driedt ..... 
Beetst ................. 
Cabbage*. ............. 
Cabbaget .............. 
Carrotst. .............. 
Cauliflowert ............ 
Celeryt. ............... 
Cherry juicet .......... 
Chestnutst ............ 
Corn, sweet, driedt .... 
Crackers* ............. 
Currants, driedt ....... 
EelI ................... 
Eggs?. ................ 
Egg whitet ............ 
Egg yolkt. ............ 
Fish, haddockI._ 
Fish, pikef ............ 
Lemonst ............... 
Lettuce1 ............... 
Meat, beef, lean, I*. ... 
Meat, beef, lean, II*. .. 
Meat, beef, lean,t ...... 
Meat, beef, lean,1 ...... 
Meat, chicken$. ........ 
Meat, frog1 ............ 
Meat, pork, leanI. ..... 

Per 100 grams 

Acid 

cc. 

5.95 
7.81 

9.89 
11.10 
5.24 

26.69 
16.07 
11.81 

13.91 
10.05 
12.06 
13.67 
17.01 
10.36 
11.87 

cc. 

12.38 
11.76 
3.76 
0.81 
5.56 

23.87 
11.58 
41.65 
10.86 

4.34 
7.10 

10.82 
5.33 
7.78 
4.40 
7.42 

5.97 

5.45 
7.37 

* Data determined in this laboratory. 
t Data partly compiled, partly determined in this laboratory 
t Data pu’ Iished by Katz. - 

** Data insu5oient to permit calculation of acid to calorie basis 

~- 
Per 100 calories 

Acid 1 Base 

I 

cc. cc. 
1.86 
1.76 
5.98 
3.65 
5.62 
6.92 
3.36 

12.08 
23.57 
13.76 
22.51 
23.91 
17.48 
42.17 

3.19 
1.77 
1.95 

** 
7.55 
9.52 
7.08 
** 
** 

12.10 
8.74 

10.44 
11.89 
** 
** 
** 

1.85 

12.32 
38.69 
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TABLE II-Continued. 

Meat, rabbit&, ........ 
Meat, veal$. ........... 
Meat, venisont. ., ...... 
Milk cow’s*. 
Milk: cow’st ..................... 
Muskmelont ............ 
Oatmeal*. ............. 
Oatmealt .............. 
Orangest. ............. 
Peachest. ............. 
Peanutst .............. 
Peas, dried*. .......... 
Peas, driedt ........... 
PotatoesI* ............ 
PotatoesII* ........... 
Potatoest .............. 
Prunes*. .............. 
Prunest. .............. 
Radishest. ............ 
Raisinst ............... 
Raspberry juice1 ...... 
Rice I*. .............. 
Rice II* ............... 
Ricet ................. 
Turnips*. ............ 
Turnipsi. ............ 
Wheat, entire*. ....... 
Wheat, entiret ........ 
Wheat, flour*. ......... 

Per 100 grams 

Acid Acid 

11: 80 

13.52 
15.83 

cc. 

** 
2.37 
1.26 
7.47 

12.93 3.23 
10.63 2.66 

5.61 
5.04 

3.9 0.70 
7.07 
3.36 
7.19 
5.5 
7.72 

24.40 
25.55 
2.87 

23.68 
4.91 

8.1 3.35 
7.08 2.05 
8.35 2.42 

2.68 
6.80tt 

9.66 
12.39 
11.61 

3.25 
3.47 
2.70 

Per 100 calories 

I 

*Data determined in this laboratory. 
t Data partly compiled, partly determined in this Iaboratory. 
f Data published by Katz. 
** Data insuffictent to permit calculation of acid to calorie basis. 
tt Possible loss of sulphur compounda In drying previous to snaly8ls. 

3.44 
1.83 

18.82 

1.98 
0.94 
8.63 

9.26 
8.05 
8.43 
9.79 
6.87 
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calorie basis or on t]he basis of dry matter. Milk shows a slight 
predominance of bases. In vegetables and fruits the predomi- 
nance of bases is usually much greater, a 100 calorie portion of 
potato for example furnishing enough bases to almost exactly 
neutralize the excess of acids from a 100 calorie portion of lean 
beef. The few nuts so far examined yield different results, the 
peanuts showing an excess of acid-forming elements while the 
base-forming elements predominate in almonds and chestnuts. 
It will be of interest to study other edible nuts and todetermine 
whether the partial or complete substitution of nuts for meat 
produces a marked effect upon the balance of acid-forming and 
base-forming elements in the diet as a whole. 

METABOLISM EXPERIMENTS. 

In addition to the determination of the balance of acid-forming 
and base-forming elements in a variety of foods our investiga- 
tion was planned to include a study of the extent to which the 
acid arising from oxidation of an “acid-forming” food is neu- 
tralized by ammonia when such a food is metabolized in the hu- 
man body. It was desired to study this point upon a healthy 
man with ordinary articles of food avoiding any extremes of diet 
or any unusual condition which might interfere with the normal 
working of the neutralizing mechanism. 

FIRST EXPERIMENT:-A healthy man (A. 0. G.) twenty-seven 
years old, 5 feet 7 inches (1.70 meters) high, weighing 142 pounds 
(64.5 kilograms) took for ten days (November 27 to December 7, 
1910) a diet which was uniform throughout except that during 
the first four and the last two days it contained 340 grams of 
potato while from the fifth to the eighth day inclusive the potato 
was replaced by amount of rice (80 grams weighed dry) sufficient 
to furnish approximately the same energy value (about 300 cal- 
ories). Since 340 grams of the potatoes here used furnished an 
excess of base-forming over acid-forming elements equivalent 
to 15 cc. of normal base while 80 grams of the rice contained an 
excess of acid-forming elements equivalent to 6.7 cc. of normal 
acid, the change in diet corresponded to the production in the 
body of 21.7 cc. of normal acid per day. Beginning with the 
third day of the experiment the urine was collected in 24 hour 
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samples, carefully preserved to prevent ammoniacal fermenta- 
tion, and the ammonia content of each day’s urine was determined 
by Folin’s method. The total nitrogen of the urine was also 
determined. 

The numerical data of this experiment are briefly summarized 
in Table 3. 

TABLE 3. 

Average data of jirst metabolism experiment. 

/ 
-I Lean beef.. . . . . . 

.I Butter. . . . . . . . . . . . . . . . . . 
Biscuit (dry). . . . . . . / 
Almonds. . . . . . . . . . . 
Salt.. . . . . . . . . ’ 
Sugar. . . . . . . 
Tea...................... 
Potato.. . . 

DIET WITH 
POTdTOEB 

Third and fourth 
&Ye 

- 

228 grams 
142 grams 
130 grams 
60 grams 

6 grams 
50 grams 

3 cups 
340 grams 

2780 

. . . . . . . . . . . . .../ 
Rice......................1 
Estimated calories.. . . . . . . 
Estimated excess acid-’ 

forming elements in 
terms of normal solution/ 
OlJTPuT IN llRINE-*VER*GE 

PEE D*Y 

Nitrogen. . . . . . . . . . . 
Ammonia. . . . . . . . . . . . . . . . . 
Ammonia in terms of nor 

ma1 solution.. . . . . . . . . 

ll.Occ. 

25.1 cc. 
- 

12.4 grams 
0.43 grams 

I- Fifth to eighth 
days 

228 grams 
142 grams 
130 grams 
60 grams 
6 grams 

50 grams 
3 cups 

80 grams 
2773 

32.7 cc. 

10.9 grams 
0.52 grams 

10.3 grams 
0.43 grams 

30.5 cc. 25.3 cc. 

Ninth;m&nth 

228 grams 
142 grams 
130 grams 
60 grams 
6 grams 

50 grams 
3 cups 

340 grams 

2780 

11.0 cc. 

It will be seen that in this experiment a change in diet which 
increased the excess of acid-forming elements in the daily food 
by the equivalent of 21.7 cc. of a normal solution, caused a rise 
in the daily ammonia excretion corresponding to only 5.4 cc. 
normal solution. In other words only one-fourth of the extra 
acid estimated as introduced into metabolism by the change in 
diet was neutralized by ammonia and eliminated as ammonia 
salt. 
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The agreement of results in the first and third periods and the 
regularity of the data for the individual days (not shown in the 
condensed table) of the second period make it evident that the 
relatively small part played by ammonia in the neutralization of 
the acid cannot be attributed to “lag” in the response of the 
ammonia metabolism to the change in diet. The response was 
prompt, bot,h in changing from potato to rice and from rice to 
potato, but it accounts for only the smaller part of the acid in- 
volved. 

SECOND EXPERIMENT:-The subject and general plan were the 
same as in the preceding experiment but the analyses were much 
more detailed. Each of the seven elements concerned in the 
balance of acids and bases was determined in each article of food 
and in the urine from each diet, and each day’s urine was also 
analyzed for neuLra1 or unoxidized sulphur, total nitrogen, and 
total acidity (by the usual method, with phenolphthalein as 
indicator) as well as for ammonia. This experiment covered two 
preliminary and nine experimental days, the latter in three con- 
secutive periods of three days each during which the subject main- 
tained a uniform daily schedule as follows: Arose at 7 a.m. 
reached laboratory at 8.30, prepared breakfast; at 9 a.m. emptied 
bladder, and began experimental day with first meal, after which 
did analytical work in laboratory until 1 p.m., then took second 
meal and worked in laboratory till 6 p.m., then took third meal 
and worked again in laboratory until 9 p.m., retired at 10.30 
p.m. and slept eight and one-half hours. One liter of water was 
taken daily in portions of 200 cc. at 10 a.m., 3, 5, 7 and 9 p.m. 
Somewhat larger amounts of meat, butter and sugar were taken 
than in the preceding experiment. 

The averaged numerical data of this experiment are shown in 
Table 4. 

In this case the change of diet corresponded to an increase of 
the excess of acid-forming elements equivalent to 28.1 cc. nor- 
mal acid when estimated directly from the amounts of elements in 
the foods or to 32.7 cc. normal acid when allowance is made for 
the unoxidized sulphur of the urine from each diet. Of this the 
increased ammonia excretion accounts for 10.7 cc. or about one- 
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TABLE 4. 

Average data of Second metabolism experiment. 
~- __- 

Lean beef ................. 
Butter. ................... 
Biscuit (dry) ............. 
Almonds. ................. 
Salt ...................... 
Sugar .................... 
Tea......: ............... 
Potato ................... 
Rice ...................... 
Estimat.ed calories ........ 
Calcium .................. 
Magnesium. ............... 
Sodium ................... 
Potassium ................ 
Phosphorus ............... 
Chlorine .................. 
Sulphur ................... 
Estimated e xc e s s acid- 

forming elements in 
terms of normal solu- 
tion ................... 

Excess of acid-forming 
elements estimated 
after deducting for un- 
oxidized sulphur in 
urine. ................. 
OUTPUT IN TJRINE-*LVER*GE 

PER DbY 

Nitrogen. ............... 
Calcium. ................ 
Magnesjum. .............. 
Sodium ................. . 
Potassium ............... 
Phosphorus .............. 
Chlorine ................. 
Sulphur, total ........... 
Sulphur, as sulphate ...... 
Ammonia ................ 
Ammonia in terms of nor- 

ma1 solution / 
Acidity in terms of nor- 

ma1 solution.. . / 

First, second and 
third days 

270 grams 
150 grams 
130 grams 
60 grams 
4.2 grams 

80 grams 
3 cups 

340 grams 

3011 
0.38 grams 
0.48 grams 
4.79 grams 
3.07 grams 
1.22 grams 
7.55 grams 
1.25 grams 

80 grams 
‘004 

0.37 grams 
0.42 grams 
4.66 grams 
1.66 gratis 
1.12 grams 
7.29 grams 
1.20 grams 

011 
0.38 grams 
0.48 grams 
4.79 grams 
3.07 grams 
1.22 grams 
7.55 grams 
1.25 grams 

21.9 cc. 52.0 cc. 21.9 cc. 

9.4 cc. 42.1 cc. 9.4 cc. 

12.9 grams 
0.20 grams 
0.11 grams 
4.72 grame 
2.32 granv 
0.74 grams 
5.85 grams 
0.94 grams 
0.74 gramr 
0.41 grams 

12.5 grams 
0.22 grams 
0.12 grams 

12.3 grams 
0.22 grams 
0.11 grams 
3.96 grams 
1.32 gramc 
0.75 grame 
5.27 gramr 
0.82 gramr 
0.71 gramr 
0.59 gramt 

0.86 grams 
0.74 grams 

* 

23.8 cc. 34.5 cc. * 

21.4 cc. 34.1 cd. * 

- 

.- 

IET WITH RICE 

ourth. fifth and 
sixth daya 

!70 grams 
150 grams 
130 grams 
60 grams 
4.2 grams 

80 grams 
3 cups 

E 
L 

.- 

: 

I 

3 

leventh, e&htb 
tnd ninth dws 

!70 grams 
I50 grams 
130 
60 grams 
4.2 grams 

80 grams 
3 cups 

340 grams 

l See table 5. 
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third, while the increased acidity of the urine accounts for 12.7 
cc. or about two-fifths.3 

In view of the fact that there has been a tendency to regard 
increased ammonia output as a test and measure of surplus acid 
production in the tissues it is interesting to note that in this ex- 
periment the increased acidity of the urine played a larger part 
in the acid elimination than .did the increased ammonia output. 

It is also worthy of note that the total phosphorus of the urine 
was not increased, indicating that the extra acid produced in 
metabolism did not, under the conditions of this experiment, have 
the effect of robbing the body of phosphates. Neither was there 
any marked change in the output of fixed bases beyond that 
which may readily be attributed to the differing amounts in the 
two diets. 

Some additional points of interest are suggested by an exami- 
nation of the acidity and ammonia of the urine for the individual 
days of this experiment as shown in Table 5. 

It will be seen that on passing from the diet with potato to that 
with rice the output of ammonia and the acidity of the urine rose 
immediately, the first day on the rice diet showing essentially the 
same results as the second and third days; but on changing back 
from rice to potato the urine did not regain the characteristics 
of the potato diet until the second day. This may be accidental 
but if interpreted at face value it would imply that the body re- 
sponded very quickly to the intake of an acid-forming diet but 
did not with equal rapidity return to the more normal metabolism 
when the more normal diet was resumed.4 

3 To determine quantits$ively how the body disposed of the acid not 
accounted for by the increased ammonia and the increased acidity of the 
urine would lead beyond the scope of this investigation. The possibility 
of excretion through the intestine is recognized. Analysis of the feces 
passed on one of the days on each diet showed a difference in balance of 
acid-forming and base-formicg elements which, if accurately representative 
of the entire periods, would account for most of the excess not accounted for 
by the ammonia and acidity of the urine. Loss of the feces of the other days 
through an accident in the laboratory prevented further study of this point. 
It is possible that a quantitative collection and analysis of the perspiration 
might also throw light upon the fate of that fraction of the acid produced in 
metabolism which is not accounted for by the urine. 

1 If the difference in acidity and ammon*a between the urines of Febru- 
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TABLE 5. 

Total nitrogen, ammonia and acidity of urine of each day insecond metabolism 
experiment . 

I I I I 
i DATE j 

i -i- 
Diet with potato. 

Diet with rice.. . . 

Diet with potato. 

February 21 
February 22 
February 23 

[ February 24 

1 February February 25 26 
February 27 
February 28 
March 1 

I / 

.4YIONsA 

gra?ns *m?n* cc. nmmal acid 

12.33 0.39 21.7 
13.06 0.41 17.7 
13.17 0.41 24.7 
13.12 0.58 34.6 
12.03 0.59 36.7 
11.77 0.59 31.0 
11.60 0.49 30.6 
13.36 0.41 21.8 
12.64 0.44 30.5 

ACIDITY 

On the last experimental day (March 1, 1911) the division of 
the food into meals was changed and a part .of the meat was 
eaten at breakfast while all of the potato was eaten at luncheon 
and dinner. This separation of the principal acid-forming from 
the principal base-forming food was accompanied by an increased 
urinary acidity and ammonia output on this day as compared with 
the preceding day or with the first period when the diet was the 
same but the meat was always eaten in the same meal with potato. 
No conclusion should be drawn from the metabolism of a single 
day but it may not be out of place to suggest that the obvious 
interpretation of this result (if confirmed by further investiga- 
tion) would be that in order to obtain the full physiological 
effect of a balancing of acid-forming and base-forming elements, 
the foods which contain a marked excess of acid-forming elements 
should be balanced in each meal by fooda in which base-forming 
elements predominate. 

The authors take pleasure in acknowledging their indebtedness 
to Professor Mandel for the privilege of carrying on a part of the 
work in his laboratory at the University and Bellevue Hospital 
Medical College. 

ary 27 and 28 be considered as due to the elimination of acid brought into 
metabolism by the diet of the preceding days, the relative importance of 
urinary acidity and ammonia output remain unchanged but the total 
amount of acid accounted for by the urine is somewhat increased and the 
estimate of the amount ot.herwise disposed of becomes smaller. 
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SUMMARY. 

The balance of acid-forming and base-forming elements has 
been estimated from sixty-three ash analyses representing forty- 
seven different kinds of food, and expressed as surplus acid or 
base in terms of cubic centimeters of .a normal solution per 100 
grams and 100 calories of edible material. 

The meats (including fish) show decided predominance of acid- 
form+ng elements. The results are very similar for the lean flesh 
of different species or of young and mature animals of the same 
species. 

The acid-forming elements also predominate in eggs though 
to a somewhat less degree than in lean meats. 

When compared on the basis of dry matter or of the 100 calorie 
portion, grain products show a much smaller predominance of 
acid-forming elements than do meats and eggs. 

Milk shows a slight predominance of base-forming elements. 
Vegetables and fruits show a predominance of base-forming 

elements, usually much greater than in milk. 
In two experiments each of several days duration a healthy 

man took first an ordinary mixed diet containing sufficient potato 
to furnish about 300 calories or about one-tenth the total value 
of the diet, then replaced the potato with rice of the same energy 
value, and later replaced the rice by potato. The change from 
potato Lo rice diet involved an alteration of the estimated bal- 
ance of acid-forming to base-forming elements equivalent to the 
introduction of 21.7 cc. of normal acid per day in the first experi- 
ment and 32.7 cc. in the second. 

The ammonia excretion increased in the first case about 21 
per cent and in the second about 44 per cent, but this increase 
was sufficient only to account for one-fourth to one-third of the 
acid involved. 

In the second experiment, the acidity of the urine was also 
determined and the effect of the change of diet noted. The 
acidity of urine increased about 51 per cent and was found to 
account for a greater proportion of the acid than was accounted 
for by the ammonia .elimination. 

In this experiment the increased acidity was not accompanied 
by any increase in the total phosphorus in the urine. 
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