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SIGNIFICANCE OF MINERAL METABOLISM 

I. PRELIMINARY REPORT ON THE CALCIUM AND PHOSPHORUS� 
CONTENT OF SOME PORTO RICAN FOOD MATERIALS� 

DJ D, H , C OOK, Ph. D, and 'I'RI.liiI'J'A HI\' ERA, n, A.� 
From th e School of 'I'rupiea ] ?ofl'llid nc of the Un iversity of Porto Hi.'lI under� 

th e ausp lccs of Colum bia Univers i ty .� 

'I'he signifiea nco of calcium and phosphorus in animal nutrition 
has hcen evident s ince the knowledge of th e comp osit ion or the 
skeletal Frame work of 1lI11IllIlHds was recogn ized , As our knowledge 
of plant UII(1 an imal li ft' ha 's increased, 1Il01'C and more elements, 
lot1)(,1' than ('a1'11011, hvdrozen, oxygelJ. n itrogen aud sulphur have 
heen added to the list as being t' sscll t~al to lil \ ' and normal develop­
ment, ~(}dilllll, pot assium, iron. magnesium and iodine have long 
been known as w' ep SSal'~' eonst itueuts of hloorl , bon e lind sp ecialized 
orguus hut we -can 1I0t sa,\' thai t.he fif't cen 01' sixt een clements 110\1" 

n -eognized as occurt-ing in 1111' bod~ ' cOlll plet e th e list, 1101' do we 
know as yet. all t he \\"a,\'S ill ,,' h~('h thesr- eleme n t s uiav f'unvt ion , 

Th e whol« problem 01' min eral metaboli sm is a verv complicated 
one , W e are lcnrning new f'aets coneeruing the action of known 
element s and nrc finding that p erhaps traces of new elemen ts may 
play important. roles ill disease. '[',his is witn essed h,Y th e discoverv 

lust year that I' 0JlI}(~I' mny hp asso ciated in some \I'll," with t he fOI'lIIa­

tion of hemoglobin and th us mav haw 11 hC'll l'ing upon th e t reu t ment 
of certain types or anemia, 

:i\Tinel'al ele men t s plav a very definit e 1'01t' in muscle tone, rhytluuie 
contraction and nervous il'l' itah ili ty, A side Irom th ose important 
and those of osmotic ]H'PSSlll'C, memhra n« potent ia l, ete., it is known' 
that the act ivity of enzymes 'i'n u it ro, and verv Jll'ohahl,\' al so 'in nino, 
depend on the presen ce of eertn in salts , The acid -base mechan ism, 
that delicate halau ce whereby the hl(;od 011)(1 hod." Iluids m'(' main ­
billed during h ealth a t a definite degree of alkalinity 01' acidity, 
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depends in part on mineral salts. 'Ve have long known that the 
iron of the hemoglobin molecule functions in some way as an oxygen 
carrier and"evidence is accumulating that other metals may assist in 
oxidation-rednction processes in the 'body. These latter are perhaps 
among the most important or all classes of hod ily processes, for 
after "all the animal body obtains its energy through the oxidation 
of food, and it Illay well be that the failure of our food to supply 
some known or unknown clement may mean the dill'erellce between 
health and disease. 

Cer tain observations in the course of nutrition studies here in 
Porto Rico led us to formulate a definite plan of investigut iou of the 
question of mineral metabolism. Some of the phenomena noted, for 
example, the frequency of carious teeth, pointed to nutrit ional dis­
turbanee during growth. Others, such as the " dirt..Nlt illg hahit ' 
among dairy cattle, wet-c considered to he evidence of a lack of l ~al­

cium or phosphorus, 01' both, in the grasses of POL'lo Hir-o. It is well 
known that dairy cattle are often in negative calcium bala nee : that 
is, they are excreting through the milk, urine, and f eCI's a greater 
quantity of calcium and phosphorus than they arc receiving in the 
food. Yet the quantity of these elements in tJJ(J milk may not vary 
to any great extent, the necessary amounts to make up deficiencies 
in the diet being withdrawn from the relatively largl~ store in the 
bones. This is also tru« in I lie human species. In the process of 
growth a great demand is placed on Hie calcium and phosphorus 
supply to furnish material for new bone formation. 'I'he- mother 
during pregnancy needs an extra supply, and in lactation the drain 
on her own bony structure may he very great, leading to a deficiency 
if the diet is inadequate as respects these mineral elements. 

The cal cium requirements for the adult hHS been fixed hy cxperi­
ment at 0.45 gm. per day, but Sherman points out that this figure 
"approximates th e m in imum of actual need rather than a normal 
allowaneo ". 1"01" I!rowillg children lie finds that. at least 1 gm, per 
day seems to be necessary for the most efficient utilization, and JH~ 

rccommonds this a's the normal allowance for <:hildren lind adults. 
The phosphorus minimum has heen established in like manner at 
0.88 grn. with the 110rmHI allowance at about 1.:; gill. per day. TIe 
goes on to state that " tJ1e injurious effect of insuffit-ient intake of 
calcium is of course more noticeable with growing than with full 
grown animals". No data arc available as to the effects on the 
adult of a long continued low calcium intake, other than the weaken­
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in~ of- the hones b.'" metabolic demands when the requirement is not 
furnished ill t Ill' food. SOUle uied ieal writers ha\'C attributed various 
diseases, ill addition to rickets, to II lack of calcium or a disturbance 
of calcium metabolism. Hut further research will be required before 
definite evidence of such etiological relationship can he offered. It 
must he remembered that. though tho Rickets Commission ill 1!l27 

found only one case of active rickets among sewn hundred children 
examined in Porto Rico, this does not mean that the diet consumed 

here is adequate 10 prevent the disease. Sherman says : "It JlIlS 

been full." demonstrated, especially in well-controlled laboratory 
experiments on rail', that rickets mar be induced or prevented at will 
in anv' of three wars. the experimental eonditions being' suitably 
chosen in each case : «(/) By changes in the amounts and propor­
tions of calcium and phosphorus supplied through the blood, (b) by 
the defieieney or the abundance of the anti-rachitic vitamin, (c) by 
the deficiency or adequacy of the ultraviolet irradiation received 
(usually ) either as direct sunlight or from II quartz mercury vapor 
lamp". 'rlH'J'E' iN good evidence that diets among the poor .in Porto 
Rico nrc deficient in either mineral salts or vitamins lind it is only 
due to the exposure of the young children to the wealth of healing 
sunlight that prevents the appearance of rickets here. Herter 
believes that many eases of arrested development may be due to 
insufficient assimilation of calcium from the food. There is very 
definite evidence that the feeding of bone meal to cattle raises the 
calcium-phosphorus of. the blood and may increase the quantities 
excreted in the milk. Dairy stock here in Porto Rico have shown 
an increase in the calcium of tlw milk froui 0.11 per eent, when on 
the ordinery grass and grain ration. to 0.14 }1C'r cent after the addi­
tion of bone meal. 

.A J't'Cpnt studv of the food imports revealed the significant fact. . 
that Porto Rico is importing some seventy-five per cent of its 'basa l 
energy requirement. or fifty pel' cent of the energy required to fur­
rish an all equate diet of 2,800 cnlories ' daily per capita. As pointed 
out in this article, a food must not only furnish energy but must 
supply other '~If1I1lI1.'· important nutritional factors, among which are 
mineral elements. particularly calcium and phosphorus. Tn order 
to see if Porto Rico was obtaining an adequate supply of the neees­
sary minerals the calcium and phosphorus content of the imports for 
1926 were calculated, using the ash analysis of common foods pub­
liahed in Sherman's "Chemistry of Food and Nutrition ". 'I'he 
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results are shown in Table r. 'I'he figures under; ' daily int ake" are 

Shermans minimum and normal r equirements. 

TAIJLE 1 

Da ily inta k.. 
Porto Rico' s Vei$r~y 

requ irem ent . 
Populat ion : t ,417,OOO 

Amo unt 
furui . betl by 

irnpnr ts (1!l26) 

Proportion or 
requi reme nt 
fum i.hed by 

im p or ts 

C'alciu m 
0,45-1.0 gm. . . . .. . .. . . .... . . 226-503,(XIO kilos 72,000 kilos 14-32 per cent 

Pbosphoru« 
0 .88-1 .5 grn•. . . . . . . ..... . ... 443-754 ,000 kilos 303,000 kilo« 40-71 per cent 

From this it is seen that th e impor ts inst ead of furnish ing' fifty 
to seventy-five p CI' cent of th e cal ciu m requirement. in line with t he 
energy that they Iuruish , are supplying hut. fourt een to thirty-two 
pl'r 1'f>Ilt. Th is leads to the conclusion tha t un less thi s de ficiency can 
be made up fro m foods p roduced in till' island, a definite ealviu m 
sh ortage exists , It will he noticed th at the import figu res for 
phosphorus a re propo r tionnte ly much h igh er, and it may hI> assu med 
that t here is no seri ous shortage here of th is element. 

1·'01' H sup ply of «ulcium ill loeal lv produ ced food s II"t look first 

10 milk xinee its con tent or enleium is known to Ill' high, hut when 
,W I' eonsult t he sta t ist ics of t he Dep artment of H ealth we n IH} that 
in April or this, vea r ( 1~1~8 ) pu bli shed figlt\'es l'ItOII" t ha t t he ti t ilk 
j -roduet ion of P ort o Rico, is abo ut :l;i gm. pl'l' person per da v. '~ h i s 

is mu ch too small an amoun t t o serve as a sou rce of ca lcium supplj '. 
It mu st Ill' remem bered that only about f ft ~: pel' re nt of th e ('n crg,v 
n-quiremen t-, arc supplied hy Iocal rood s. whereas t lu- salli e roods 
IIlWII supply pig-hty-fiYC pe r «cut of the eale ium. Of the comllllllt.cr 
foods mil k, meat an d eggs arc the r ichest. ill mineral sa lts. parti ­
vula rlv eule iiun , l Inw ever in Porto R ico these foods enter hut. 
!'Iig-htly ill the di('ta]'~' of t he /IUIl'SeS, whose ca lcium l ll'e<l's III list he 
met f'rom the ir sta ph' foods, which are root I'egp tllhles, hananas awl 
j.Iantuins, With the important oxce pt ions of ca r rots lind t u ru ips, 
mot ero ps are gen erally low in enle ium. Banuuas als o eonta in vcrv 
little, liS do es al so pol ished ri ee, wh ich forms such II la rge part of 
t he di et , In deed \\"1' beli eve it is because or the' p redomin un t p llH:l' 

of rice itt t he Porto Ri ean d iet. that the calcium su pply is so low. 
The analysis of Port o Ri co plant Ioods for calciu m 1I1H1 pJIOSI)!I0l'U" 
i;; in complete hilt t ho r esults so far obta ined do not remove 0111· ('a l'!~' 

suspicion's that /I serious «alcium short a jr« ('xis\..., here, 
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TAIlU: II 

Ash ConstItuents of Food in Percentage of the Edible Portion 
--------- - ----- --- - ------_.­

Food� CaJeium ! Plu ~phoru. 
·- - - -1-- - ­

Breadfruit, . . , ' ' , , . 0 .017 
GanduJes (I) , . 0 .041 
White yautia (2) , , . 0 .004 0.36 
Yellow yautfn (3), , , ' .. , ' , 0 .014 0.41 
Banana , , . O.OOlJ 0.031 
Breadfruit , , , . , , , 0 .OS4 0.086 
Kindney beans. , ' ' , , . 0 .132. 0:475 
Cheese , , , . , . , , O.!l31 , O.~3 
Fish , ' ' ' O.022 ,i 0 .23 
Grapefruit. . " , . . . . . . . . . . . . . . . . . . . .. . ' 0 .021 0:U2 

O.OOIl :� O.02R 
0 .01; S~~~L~:-':.: .: . : . :. : : ::: : : : : :: : : :: :: :' : : : : : ::: : : : : : : : : : : : i O.OZI I 
O.O!l30 .12 

Oranges , . O.U45 0 .021 
Rice, white ,., , , ' , . 0.096 

.Turnips. . ' . oU.064.oos I 0 .046 
Meat., ' . 0 .012 0.216 

1'\OTF.: The above analyses lire t...ken from Sherman ':; " C:h"lllistr.v (If Food 
. ami Nntrltiou? ' , except ill tho ":lS<'S of breudfruit, gUII,lul".<, Whit" , :llId yellow 

yaulul, which .Wt'W analyzed ill our lnhornturv. 

From the above table it is seen that of the Porto Hiean foods :-;\1 

fur analyzed th ere are none comparable to milk. hpalls or' cheese 'in 
calcium content, It is doubtful if fnrther stud II~S will ln-ing to 1ight 
aIl~' native fr u it or vegetable sufflciently riel: in ('lIll,jUIll to meet tl il~ 

existing deficieucy. 

(1) Cajun Cajnn , a tropieal . beun, 
(2) X nnthosomu enrneu, a potato-like \'I'glltll.J,h,. 

(3) XunthU:iliUlIl s:r~ittlleftJliulll, :I potut o-Iike \·l'gt't:lhk. 


