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By J. H. KELLERMANN, Section of Biochemistry, Onderstepoort.

Breayexrary sulphur, when absorbed by the animal organism, is
eventually excreted in the urine primarily, if mnot entirely, as
sulphates. [Denis and Reed (1927), and Kellermann (1935)]:
Evidently then, through the oxidation of sulphur, a large amount
of acid 1s formed in the system. Ior instance, results (unpublished)
obtained at this Institute show that 50 per cent., and even more, of
elementary sulphur, when incorporated in the rations at a three per
cent. level, can be absorbed. On this basis the sulphur in every
100 g. of food can give rise to about 936 c.c. of 0-1 N. acid which,
together with the acid- and base-forming elements in the rest of the
flood will naturally determine the ultimate acid-base balance of the
diet.

Fro~ the results of various investigators [Goss and Schmidt
(1929), = tchell and Miller (1931), and Lamb and Evvard (1932] it
appears tnat the growth and reproduction of rats and pigs are not
materially affected by diets with strongly acid-forming potentialities.
Furthermore, Steenbock, Nelson and Hart (1914) observed that calves
can tolerate large amounts of acid (220-500 c.c. N.HC1) without any
il effects.  Similar results were obtained with dairy cows.

On the other hand, Addis, Mackay and Mackay (1926-27) found
that by adding 2 grams of CaCl, to every 98 grams of control diet
““the acid diet rats at first grew almost but not quite as quickly as
the controls but from about the 120th day of age they ceased to gain
and thereafter tended slowly to lose in weight. The food graph
reveals th2 paradoxical circumstance that not only is this not to be
explaine by the insufficient food supply but that on the contrary
the inhipition of growth and failure of maintenance occurs in spite
of a food intake which considerably exceeds that of the controls.”
Similarly, Comes (1934), (192f8) ohserved that the administration
of not only acid but also alki ne diets caused a retardation in the
growth of rats. Takahashi (1936) found that the feeding of sulphur
to rats, pigeons, rabbits, guinea-pigs and frogs, for 2 to 3 months,
produced severe acidosis and typical calciuin metastases.

If, then, a diet is already potentially acid, which is  kely and
no doub* often the case in the nutrition of pigs, dogs and human
beings, = e incorporation of elementary sulphur may so enhance the
potentiar acidity of the ration that it may prove detrimental to the
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grow th and well-being of the individual. Therefore, in order to test
" assumption expenments were conducted in which the toxicity
ot elementary sulphur in velation to the potential acidity and
alkalinity of the ration was studied.
EXPERIMENTAL.

Young white raty were used in these experiments. The experi-
mental 1)1()(‘9(11116 was the same as previously described (Ixellermann
1938, 2) with the only difference that the food was given in a moist
instead of a dry form. In some groups, as shown in Table I1L, the
food was moistened with fresh orange juice and in others with dis-
tilled water. Orange juice was selected on account of its alkalinizing
properiies as shown by Saywell and Lane (1933), Schuck (1934) and
Clouse (1935). Furthermore, it was considered of interest to ascer-
tain whether plant ]m(‘ea, w1th orange juice as representative, possess
any specific properties in modlf\'nw the effects of sulphur as judged
by the growth and other performances of the animals. In each case
2°c.c. of fluid was added to every gram of food and mixed thoroughly.
Enough orange juice to last for a Tow days was squeezed out, strained
and l\ept in a retrigerator. The dry maiter of each batch so prepared
was determined immediately and a vecord kept of the iuterval each
batch was fed. The total amount of orange juice (drv) consumed
added to that of the corresponding ration eaten constituted the total
food intake for the experimental period.

Inasmuch as the results in the literature are not incontrovertible
with respect to the effects of acid- and base-forming diets on growth
and structure, it was necessary 1o feed such diets with and without the
addition of sulphur in order to be able to distinguish betwecen the
effects of sulphur and those of the hasal diets as such. The compo-
sition of the basal rations is given in Table I.

Tasre 1.
Composition of Rations in Percentage by Weight.

Acid-forming Diet. l Base-forming Diet.
|

“ Vitaminized starch™......... .. .. ... 10 } 10 l 10 ‘ 10
Dextrinized starch...................... 39-5 34-1 33-2 27-8
Caseln . cuie e e 20 20 ‘ 20 20
SUCIOSE .ottt e 12 12 12 12
Butter fat.......cooviii i 12 14-4 14-8 ‘ 17-2
Agar. .o : 2 2 2 2
(/0d liver oil.. ... ... i i ‘ 1 1 1 1
Elementary sulphur..................... — 3 — 3
Acid salbs..ooovviii it 35 3-5 — —
Basic salts.........oo i — — 5 5
Sodium bicarbonate........... ... ... ... — — ‘ 2 2

The ** vitaminized starch ” was prepared as described previously
(Kellermann, 1938, 2) and the composition of the acid and basic salt
mixtures 1s given in Table IT. The acid and base equivalents of the
basal acid- dn(l base-forming diets were 3166 c.c. N/10 aci  and
235-5 c.c. N/10 alkali, lespectlvely, as determined by the method

of Davidson and LeClere (1935).
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The results obtained on the acid and alkaline rations are given
Tables 11 and LV. Table 111 gives the mean values and Table
1V the analysis of variance of the efficiency quoties ;. The data in
the last table show that the efliciency quotient, calculated according
to the method of Palmer and Kennedy (1929),% of the males was
significantly superior to that of the females; the probability I’ being
0L, Stnlarly, the efficiency index on the base-forming rations was
swmﬁcantlv belter than thaf on the acid- forming ounes at probability
P=-0I. Lolheqtlenlh‘ this observation \ubbtdlltldt(—‘s the results of
rarious authors already quoted in the introduction. Furthernisre, the
efficiency quotient on the hasal rations was significantly better than
that on the diets supplemented with elementary sulpbur; the prob-
ability P being -05. The lower food consumption on the sulphur
rations wight have contributed to the inferior utilization of food
mmasmuch as Palmer and Kennedy (1931) found that a restriction of
food intake lowered the index of food utilization.

likewise, even greater effects on the efficiency index were pro-
duced Ly sulphur when added to svnthetic rations of various fat
content (Kellermann, 1938, 2).  However, the addition of sulphur to
a stock ration had no such influence on food wutilization no matter
whether equalised food consumption (Kellermann, 1936) or ad
libitun, recorded food consumption (Kellernann, 1908 1) was prac-
tised and it seems, therefore, that the stock ration was more effective
In counteracting the detrimental effects of sulphur on food utilization
and subsequent growth than the synthetic diets wused under the
experimental conditions,

There was no significant difference belween the diets with and
without orange juice. The same held for all interactions and by
stating, for e\\dmple that there was no significant interaction of the
acid-base balance with sulphur, 1s meant that the difference hetween
acid- and base-forming rations is relatively the same in the presence
or absence of sulphur.

Histopathological examination of the livers showed no unusual
changes no matter whether the acid- and hase-forming diets were
supplemented with elementary sulphur and orange juice or not. The
fatty changes noted varied somewhat in degree and distribution not
only in the various diet groups, but also in individual rats kept on the
same diet. However, these changes did not differ much from those
encountered in the livers of rats fed a normal ration, and 1t can,
therefore, be concluded that, under the experimental conditions, the
feeding of acid- and base-forming diets, with and without the addi-
tion of elementary sulphur, had no ill-effects on the cell structure
of the liver.

SUMMARY.

1. Data are presented on +he relation of the acid-base balance of
the ration to the effects of  mentary sulphur on food utilization
and the well-being of rats.

* The dry matter only, not the digestible dry matter, was used in these
caleulations.
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2. The efficiency quotient on the base-forming rations was signifi-
cantly better than on the acid-forming ones, and the addition of
elementary sulphur to these rations significantly lowered the efficiency
index on both base- and acid-forming diets.

3. The efficiency quotient of the males was superior to that of
the females.

4. No interaction between diets or belween sex and diets
appeared - be significant.

5. No pathological changes could be found in the livers of rats
fed the various acid- and base-forming rations no matter whether
they were supplemented with elementary sulphur or not.
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