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The following Sub-Committee hrs been appointed
by the Committee of Civil Rescrrch to consider the
ahove question, (See Puper C.R.(C)5).

Cnptein Welter Blliot, M.O. M.P., .
Porlismentary Under Secretary for He&lth
for Sootlond. (CHAIRMAN).

d Sir Weltor M. I"lotcher, K.B.E., -
Secretary, Medicaul Roscurch Council.

8lr Robert Greig, M.C.
Choirmen of the Boerd of Agriculture
- for qcoﬁiﬂpd. 3
Sir A.D. H&ll B Aol B.
Chiefy Scientifis Adviser aud Directox- e >
Genpral of Inte Ligence Department,
Ministry of Agriculture ond Fisheries.

Mr. Mpurioe Hesdlom, 0.3.,
Assistant Secretary, Treasury.

8ir Thomus B. Middleton, K.B.E.,C.B.,
Cow‘nisaionor ~Development Commission.

Professor TaBe Wood,, «“0.B
Pro of Agriotlture in tho Uraversity
» of Cam :nge. )

A

I 3 Repreann'cztiva ot tho Colonial 021 ce.
A Representativec of-the. ind.u Oﬁfioa. ) S TR
The Pirst Moetdig will b Held et 2 Whitenall \,urdc.ns‘

- ) on'Thm~E;day,' July 9th, P.t 12 Noono B
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‘ot the" Rowedt Inatittte during tﬁo past vhrea
-hi.s showid thit the minerz,l coutent of - u.noultmr.tad,

pr'sture Vo ries in di~¢0l0ﬂt local itiea in Grent 7
Brit in, :na that''the further tho ninor:l mutter in /o
tho »u.,tures differs 1u coount and composition from.
that of cultivated si.8turd, tha less isv its foeding

value, as detarmined by ths nusber of stocl it can s B T

curry,nnd the hatlth .4 broed'iug cipeeity of tho

8toak, (1 mru-mce No. 1:- TJnod rapox't on: inwautif‘

-

‘ v ..uoentg &:perinontul roserroh in nutritiou h&s

produced evidencs t\ t &e’hciunay o’ oortvin

olenonts ta the diste"rér long pordods, lawds to"\"
m. lnncritium, wmch ia ,eoompz‘_nind by dacreused roto of
growth in thi- Joung, daq}'e wod fortility in breeding
fameles, nnd incressed Sageeptibility to disense,
(iiafarance Mo, 2,.PP.21-25 .14 Poforencs 3, pp..’S 125

reprlats uf orticles by Orr.) R,

It is know that thara ai'e wtdo ronges  of pasture i
in different Yarts 4f the "'mpiro w};ora mlnuwtion u g
“the’

provelent aud is reupor, ibla for hcmv} loaaga

stoek, In o nwiber of t.haee «L\;goa the ) xmtriuog

'Ixar.sn_,_:_;bnon correlated with q;:ioionciee of ‘cartiin miuorol

2lonwnts in tha pastura,. In e foW tirnus s Loocd 1;‘g¥i{$.i&gaxt£w'




Feoll, Thus. in tho Trunew\nl - 'e.rpa of mz.lnutrztion 1n oy tle

2

fowrd to be due to o da;ioicncv ot -phosphorus im the ;_mstu:qe, !

is now prevented Ly Inoling bone r‘ér-l which is rich in

pho .phorus: in a i qulct in lustri .11r akype, f‘m.ﬂlnu.nrition

churacterisnd by bons 1oaions and pa.ralyeik hae'been pre\ranted

by applying phosnhato to the soil: end in certain inlend

di.tricts in . voarica high nortelity in Joung pigs cnd lombs

nos bean provented by i’orsding iodine. (Zeferance To,4. PPe. |

4536 - loprint 01’ u.rt.j.old by '.l‘heiler cmd Refo\'euoe 1o.2,
pp.1¢-22), A

In the riiklind Iol: nds, the condition of nelnutrition
his becone 8o tcute during the lest .few years thot 4t boecone o
L TLA%or 07 wr,aney 6 Jisoower cnd rowmove the cLuse.  An
investig:tion has shown that tho rrimery otuso of the mul-
nutrition uppoirs $o bo the dopletion of the soil in celeium and

romedial methods nro being sugsted.” (Roférence Lo,b:- Typed -

ropoTt by Orr to tha Governor of tho Mulklend Islipds cnd
Roferencae 110'6 pp.lﬁ—lg “rq‘port by, bunro,) &

It ie known .phfqt L wﬁuon o t:heae diéﬂqta £
named cbove, thers ul‘g otiér Mstricts mithin the V‘n»ire,v whare

thore is mlnu.trition 1n¢‘§tqok whfeh za wrobu&ly due to‘ o
doe2ictoneios of ons or raora uix‘iér..l “leﬁhtu in the metum.

Thus in Lenya Oolouy .m thn Lufm STOVANG. n 14,&'6 gheep r.nd

041;’:,,10 have beon improved by the lntroauauun of reha o

°f the ,mwdern rupidly .:mmr]_u(, R pe, mrt lit,/ u;a tm,raf _

nro,portlon to tlxo da{,iee o*’ S“Jprovqnont of nhw stcmlrae i




dua *to d&!’ieﬂap&g of minq—als ‘bﬁan any other an‘
v'H’ &he modem ‘type of milk vith its ereat
mﬁi& &8

etion, is put on pastures deficient-in one or more -« * -
of ﬂio essential mineral clements, trere will be elther a
very low nilk yield or a high mortalit v+ - From the results of o

P ’.Fs“‘
pmt»evm;rienco of similar cases, it mirht be predioted that * i

both will ocour. &

In all these cases of mal-nutrition vhich occur when

horblvotgi of the mcdern improved type are put on natural

rasturc, the simg fundumentul ciiwe is operative, Thote s

al.enmﬂ.n_xuhe pasmna.

P <> e

'I’hia‘ormu a limi.tinp flotor t9 the rute of- p#dwth ,ma the

) 4
deTiciency of eme o

olnbor ition of-growth miterinl by the mothel‘; 'zhe nxtivp,‘

-Ap_ rbivora have evolved vith a v ltc o? prowth .Ad:\pted ;o this 5

limitdn, fzxcfor."'" When however, the nodewmn vafe of animal

" with iy reh ively enormous c‘\yaclyy for {'rowth is put on th\g

paaturu., gx\o..th nooasgadd at a4 rite Frgnter than that which thq\

3 A
:mmunt of naoh of t'mr RN nnt;hiql constmgtiva alemente ffrmsent
+in ‘thc pasfure can Qup.gr.: o The resulting mal-‘nutmtwn‘ e
wmh hleh mcldeg_w- of 4j ssana is of the samo naturo ns that

which dovelcpa"f“e perin&ntgl aniiuals put on !@%Tbulunoedvﬂ‘
ST e o ; v R s

,Q .

»A;‘ o ,.i* Ahhouph the fundmnt;l prlnc&g}@ involv,

N be ﬁ.j.hwle, 1t Bhould be stated that. as each u

fcr the solutten of- mm there tb mqulmdy&b’ﬂ') :
A
regeirch workers in wldely difi‘cr\entinbchs‘h o_f selienco, .
nlso of err of pmctiqﬂ experienct
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20th June, 1925,

I Thank ysu for your letter of the 6th i,uﬁtgé“xp;;‘ 5o

Dr.Orr's proposed wisit to ¥Xenya. I have disdused atters

with Dr. Orr and we think that \in the ,gpurg,e,%a oyt e

visit it would be possible tn agagrtain: T NS
¥ A L2

) P G
K/(a) ‘Whether there were ahy signs of me]m;ttfi,tl’on
in the improved breeds of stock. imported tu»fgg
country, or.being bred in. the country fraom
im orted souroes.

(b) Whether tne Bigne of malnutrftion afe in any ..
way of the same nature asg thoge found in otMer .
looalities; 4nd believed to bs due . to i

d deficienciée in the pastures. -

(e} If thought desirable, tosmake ‘arranggments for
the carrying ‘out of practizal feeding tests
with stock, t6 determine whether any. supposed
deficiencies in the pastures could be laproved .
by the direct feeding of the materiale supposed
to be deficient. - 5 & ¢

£ A TE
There ip a Doggxtmena of Agrieulture at Nigrobi
vith Chemical and Patholagioal Laboratories with whose
representatives we have bean in touch, and .{f" t ‘Were
thought that an investigation might give results ol
economioc value, it might be peseible to s.rrang'p for
co-operagtive work with the Agticulturasl Department at
) 6bi, and place at“their disposal all the data and ¢
other information whigh hes béen acoumulated by the
Behod WA

o ttee/
&,



20th June, 1925,

s - Thenk you for your Jetter of ‘:he 6th L;;_s‘é;;ﬁ: Yot
Dr.Orr's proposed visit to Xenya.. I hav discus‘bed,s.g‘mﬁ;{g
with Dr, Orr and we think that \in the €ouree of, = short -
visit it would be possible to agaprtain: ¢ i i

\ = R \

S'(.) -¥hether there were ahy signe of - malnutfition ' -
in the improved breeds of stoek. imported to ';theﬁ'vséi

- country, or.being bred in the country frag T
imiorted souroes. h: Be:

LN

(b) Whether the Bigns of malnutrition are in any
way of the same nature as thoge found in other
localities; -4nd believed to bs due to
’deficienauu;, in the pastures. ,

(e} If thought desirable, to; make arrangemeats for
the carrying ‘Gut of practical foeding tests
with etock, t6 determine whether any. supposed
deficienciee in the pastures could be improved .-

by the direct feeding of the. materials supncsed
to be deficient. . > '

There is - a Department of Agrieulture atfmobl
with Chénical and Patho ogical Laboratories with whose
representativee we have beep in touch, and . if'it‘were
thought that an investigation might aive results’
economic value, it might

Marodi, and place at“their dig .

other infotmation wh hes béen aécumulated by the
TR B y 8

| “he Hon. W.G.4. Ormeby @ase: :

to z-x:i;f t'eé‘/ F




\,wn«v-» o £1540t, Wood and Orr. ;

1f Uganda and Tanganyika are pastoral countx‘1eg

v anould be vipited, provided there are any imprn 4
~x 13 these areas.‘( -j¢£’ R o S uquQI:g -~

Refore deciding whether anyone should be sent
out. it is suggested tnat ¥r, Harrison, Director of the
Acrdtoultaral Department at NAarobi should be consulted,
2. if ne tninks thnst tne investigation is likely to .
yield resulte of value, it would be useful if he comldy
\ved ‘to co-nrerate and take charge of any work whigh

be done tnere Informaticn about work already don%
tnis country could be sent to him, and perhaps he

‘4 ve gex-d t, send buck any infermation beex'ng on' %
sunject,= ‘cr ne thinke might ne“of-walue!' '/ Thig _ .
1 ohmt 4 . svicional olan to be nade out before O
viaiting tne rouatry, and 8> get the maximum amount pf. 5
wor- done durti-. ‘ne short visit.,

e

w1:” regard /to publications, while t

ot nas oeen roferred to in several publications;
J 2f wnhizh are enclosed, the ipformatien
on toe subject which ras been accumu]ated during’ the

aet taree yesrs nas not yet, been published, although
it ia-beins writte, ur for vublicgt on and & series of
pap-re Wil ue d--earing in October, lovenmber &nd
Decemper. : s T

5
ine -wel “preparatory work" ie the experienee
5~n. s° ~k-vreedere Wno nave now had a number of

af the 1
ye.rs of ranc.i1g ‘. wricph time,so far as I gan gather
“From diseoiee n wita repre<entative men they have
a~z.unilated "cliinical? data whi-h it would be most
valu» ‘e t5 survey »u the spot.
4,,;:}41..2 e

) aCA




,Tieket from Southampton to-Gape Town -
Bail - Cap# Town to Durban,
Durban t6 Mombasa.
Mombasga to London. .
including rail Mombasa to R
Neirobi and return. £174.12.7.

Bubsistence 42 daye @ 25/- per dey. 52.10.0.
Total cost. 2227, 2.7.

b 4 wrney continued Yo Uganda and Tanganyikas an
ad onal =80. would he involved, S

These are Bimplyvnnb'liatenoe figu.rej efld therefore the
inolueion of a Bcim#ific Secretery would mesn an

equal addition - total 2454,56.8.




The Influsnce of Nutrition on the Incidence of Diseass.
By J. B. Ory, Rowett Research Institute, Aberdeen.

In the history of Medicine, there has always been a
tendency to assume that disease i due to the presence
of ‘some noxious substapte in the body. The dis-
covery, as 8 result of the brilliant researches of Pasteur,
of the iation of certain inf diseases with
the presenee- of specific wficro organisms  afforded
what, sppeared to be a complete jnstification for this
sssumption. Hence the efforts of modern medicine
have been concentrated almost exclusively on deter
mining “gceusal _relationships between pathological
phenomeéns dnd toxing, producel by bacteria, or
evolved throygh disordered metaboliem, - or intro-
duced with the food, end in finding means of gre
 venting ' thein oo?‘uﬂ’ ‘or h\omnteracting  ther
L/ v influsneg ,.1. u

“ The methods’ of preventive medioine are based on
s g sonception uf the eticlogy of disease, and they
have bern sttended with « remarkable degree of
suneesa. [t 08 now beginsing o be recognised, how-
ever, thut .ue absence of subgtances essentisl to
Wria as unportant as the presepce of substances
that actively mverfde with health.” Deficiency of
certain subptances whick are essential to the physio
logicabwell being of tuatody result in the development
of .padhological phenciens winch, m some cases,
may he 80 severe that of themselves they constitute
recognised diseasck sl i other eases, though pot
profucing such markad stigmata, reduce the power
of “the: anunal u  réssi invason by pathogen
cganIsms

The modern” eupgicp r therefore to atudy the
antecedent deviatge fron the normal phymologal
eoudition, ax wil: a5 dhe later and grosser inanifesta
tions, on whieth Bytherto, attenting has been oo
exclusivery | sieqtraved  The normal  condition,
i which b j& perfect performance of all the
phywmological. e, s passiple ouly m a state of

Se ¥




- x NOETRRY
perfect putrition, and that depends” #pon the food
and certain environmental factors, s sunshine
and exercise, which affect the metabolic processes.
Dietetics has, therefore, becoms an lmp(mm branch
of preventive medicine

¢ profound influence of the food supply in
ymumumng that proper and co-ordinated functioning
of all the organs of the body which constitutes health,
is wpparent. when one considers the cnndmonl upon
which the of h
Though-the functions of different tissues mdﬁhmt
ot the warp total of their activities is relatively
vonstant. It follows that the supply of the materisls
required to maintdin the total activities must be of
a very defigite character. Henoe the composition
of the body fluids, from which the tissues draw their
supplies. must be maintsined of coustant composition
But, in the metabolic processes which take place
within the Living cell, there is & continusl breaking
down of compounds with the production of substances
of uo further use in the economy, and coocurrently
with this destruction, thers is the bulding up of
cowpounds from materials which must be supplied
o the cell from without.
- Provimon s made within the body for the prompt
elimmation frog the blood of waste psoducts.  Bat
the supply of pew wat i dependent upen the diet.
Thnngtpl ms of the essential constituents
of 1 food,i0 any dey's intake may be different from
what s 0 maintsin the proper composition
of the bk the regulating mechaniams of the body
arv able © make the pecessary adjustments, pmhdsd
the devistson of the bulance in any cne direction is
0ot too Jong maintained.  The excesses of ong day,
in many oi the easential constituents at least, may be
stored aud be svagable to make good the deficiencies
of auother Whea, however over s prolonged
period the dwt in of such a nature that there is ap
sbaolute deficiency in the simount of vue or more of
the constisuents sbsorbed from the gut, or such an
axcess of certaip constituents that the assimilation of
other tonatipuents 1s mterfered with, then the proper
paymologxcal balance uw the blood cannot be main

taingd, the “fumetions. of the it ‘naand»"
s, o 1 Sk e s
resalid a disordered functioning of the cells which is
th'hlinmsu basis of all disease.

pu.chm.l importance of aupplm  the food
s sufficiency of energy-yielding constituents and of
proteins has dvuys been recognised, bat it has been
too readily assamed that a diet which satisfies these
requirements 'ﬂl;l provide ﬂ::‘o&er essential dietary

in the
to maintain the physiological balance of the oo;y
stituents of the body. There is a h.tYe accumulation
of modlrn data to prove that Aben lute or relative
defy of food cause of
disease in buman beings. It m ol interest to note
that the sccurrence of somp of ;hg.dnhmmu and
the | have been
recognised ‘more fully in the pest in vetefinary
medicine than:in human medicine. Indeed some
uf the recent work done in consection with human
merely’ results obtained by earlier
worken from experiments and obeervatione mede on
farm animals.
A few examples may be given of hich ari

8a the direct result of dietary g dm.' Undnf—m

nutrition duvmmuon Eghz W

,under the mper i -
are 8o wd}\nom; need not be m
here.  The ‘will be chosen from what have

:ecogue‘knwlw ebc\ancydnnm,u Muunad
¥

mmumofthesedaﬁdemyduemnﬂth
symptoms can be attributed

dietary defects. In otlid' mt{o ?‘-ﬂum
x:nplnnm&hou but

cause ohhahluﬁn nnl-

induced by a défective digt: * Mg
as the W éause of Disease.

The two minerals which required z greatest
amounts by the 'body are &n and phosphorus,
and, owing to the need for these as constructive
material in growth, the animals most lisble to suffer
from dehmy are growing animals, or those pro-




Aducing food for growing nimals e.g., MW «
The danger of & deficiency of calcimp-in the ratibn
of growing pigs and cattle was goted ax ésrly ag the
ruddle of last oentury, and the therapeutio value of khe
addition of lime salts 3o the food of ¢alves and young
pigs urged by Hutym and Marek™ ~ “Retently
McCollum and his co-workers? have shown that in
voung anunals fed on cereal grains, there is lable
1o be 8 deficiency of calciom, with resultant limitation
of the rate of growth. In experiments with pigs at the
Lowert Institute we have noted that on certain diets of
commonly used feeding stuffa which are poor in
Cwbeiurn, thers develops spasmophilia, and frequently
gustrointestingl  disorders, The animal becomet
lethargie and the coat gets rough and staring

Ellot Orr and ¢ richton® have shown that ealeium
defieteney tiny e the cause of rickets in pigs.  Hess,
Vnger and Pappenhener have shown that deficiency
o phosphorus ey sl fead to nckets  With
regard to this disease, it seci that the deposition of
calern phosphiste i bone depends upon the presence
of ahonn and phosphorus w the blood in the proper
amonnts md proportions. Although there are
{ac tore such as the ultre viciet rays, which indirectly
waelst i1 wmincainmg the balauce, the fundamental

requisite  that vhe diet sbould taw calcium and
Phoephers o o proper pro 4‘W and should
Fao of such s usture otherwise Uovhese can be
sbarbed thooagh the wall of the gut, i the proper
PrOprLups

Though the gross wamirstations < disease due w0
the lack of such essentinl food constituents are more
cofmmon 1 growing auiuals, they are not unknown
oadult saemals. 00 leng-continned diet deficient
1he bones mway be depleted of ealerum

nocaleic
phosphate 1o ariain the concentration of calelum
i the blood which s necessary for tne functioning
of the soft tissues,  McCrudden® in a recent review of
the wubpect of osteomalaca attributes this disease to
wlewmn ashowrey which, of coume. was the view
put forwasd by earher workers An interesting
review of the cardly hterat o as o geven by Hutyes
ard Marck

S

Sone 6f the essential food c
requited in smaller amounts, age
the attention of physiologista X
Crichton® have shown that young pigs are liable ta
suffer from primary anemis due to the laek’ of s
sufficiency of iron n the food. The amount of-iron.
required by the growing animal has riot been datey-
nuned by direct experiment, but estimations have
been made  According to  these  estimates the
amounts present i many foodstuffs commonly used
for piga are not sufficient to meet the requircments
for growth in this species.  Both the clinical symp
toms and the pathological findings 1o the Pxpenm’cuml
piga fed on these iron-poor foodstuffs, are those of &
primary aum, wnd the disease, which nppears to be
ot unoomman, can be prevented by the addition uf
iorganie iron to the food

Swuith and Dems” have found that a disease which
anses 8 high mortalits o new born pigs, and s
sasociated with hairlessness ut birth and with occasional
malformmtions. can be prevented by the addition
of small &mounts of potassium 1odide to the food of
the sow  They attribute the disease to lack of 1odine
i the pastures i districts where the disease 18 common.
The balance of the different muinerals i the ration

has anamportant influence on nutntion. An excess
of potassium may deplete the body of sodium
\ccording Lo Zunz®, Schwartzwald hay, the con
sumption of which leads to  disense in cattle associated
with skeletal changes. has w Na K ratio of 1178
while normal bay has a tatio of about 1§ Recent
work at the Rowett Institute by Dr Richards has
stown that the Na K rutio has an snfluence oo the
sssimilation and retention of caleiuin and phosphorus
during growgh.  Absolute or relutive defewney of
sodium prevents the full wtilsation of the caleim
uud phosphorus in the ation

Ingle® working with horses. has <o that oxeons
of phosphorus interferes with the wsimilation o
calcium, Eveu a full grown horse mav show patho
logical changes w the bones when the diet has u marked
excess of phosphorus compared with calewm  This
disease noted by Lugle s ovidently the same as  Bran




the attention of physiologista = wan  and -
Crichton® have shown that youhy pigs are lisble ta
suffer from primary anemis due to the lack of &
sufficiency of iron in the ’ood The amount of iros.
required by the growing animal has not been deter-
nuned by direct expeniment, but estimations have
been made  According o these estimates the
amounts present in many foodstuffs commonly used
for pigs are not sufficient to meet the requirements
for growth 1 this species.  Both the clinical symp
toms and the pathological findings  the expenimental
piga fed ou these iron-poor foodstuffs are those of u
primary anamis. sud the disease, which appears to be
not ancommon, can be prevented by the adidstion of
inorganic iron to the food

Smith and Dema? have {ound that a disease whit
canses 8 hgh mortalits 0 new born pigs wnd =
associated with harrlessness ut birth wnd with o casional
malformstions. can te prewermted by the wlditi
of smal) wmounts of potassiun odide 4o the food of
the sow  Thev attribute the disease 1o lack of odine
1 the pastures i distre te where the disease s oo

ILe balanee of the differear mineruls 1 the ratio
bus au mportant sofluence on nureteg At vxiens
of potassium may deplete the bodv  of  wudiun
\eeording o Zuntz®, Schwartzwald bav o othe oo
sumption of which leads to w disease 10 atth assomt
with ckeletal changes. Las o Nao K oruru of | (0=
while normal bay hus o tatio of sbour | 1 Koo
work 8t the Rowett Institute by Dr K burds has
stown that the Na o K rutio hae an iflucnce o the
ssymilation and retention of cariu and phespbor..
during growsh.  \bsolute ur relat o peneng
sodwm prevents the full otlsation ¢ o whoiuan
aud phosphorus 1 ihe ration

Lngle® working with borses bae <tow it oy e
of phosphorus interferes with U waiatior
culcium — Even s full grown horse may <bow pathe
logica changes ui the bones when the et Las o 1ark e
excess of phosphorus compared with caloun Thie
discase noted by Ligie i evidently the

as  Hrar




Rackets, & disease liable to ocour in horses fed chiefly

on bran, which has a ratio of P40, : Ca'of sbout 10: 1,

compared with & ratio iv good pasture of about1z1.
It has always been known: thet the weight an

the nutrition of
researches have shown that this influence is much
greater than had been supposed. Korenchevaly®
working with rate, has found that the offspring of rats
fed on & low caleium diet are more susceptible to
rckets thao those from rats fed on & hugh calcium
diet According to Zuntz'', if the calcium deficiency
exusts long enough before conception, the whole
jevelopment of the young is seriously interfered
ity Urbeanu'® has nade the interesting observe-
Cent it i fowls a caletum intake which is hmited,
hut o0 1 such anextent ws to produce disease,
sta or in the first generation, may
ceslt 0 <tenhity o the third  generation.  Me-
Collui * 1 m recent review article on factors that
'  with growth, states that with deficiency of
first geverstion of animals may look
fuirly wornsl bur wall age early, their fertility will
be low ane! miant mortabity bigh, and the few young
whie b grow s will =xhibat deforouties.”

Phese exainpies arc sufficient to show the unportance
e nauerst content of “he ration dor the preserva-

rren o healtt

Duriig Wi last few vears a grest deal has been
aritien whout the nfluence of  vitamnes ™ on the
oo of growth and the mamtenance of health.  There

tuffs w number of compounds which can
Le lassed we protems, fats, carbohydrate or
Lotal salts The wfluence of many of them on
vtaboliy. has not been thoreughly investigated
Pterr wre also undoubtedly unknown substances
whi b v have sn ipflaence on metabolism. These
Cwors whioh do not fall wathin the known common
wetrive constituents of food, have been much
avuidid of lowe, and unfortunstely have received the
wwme ot vitamines,  though we de not know whether
ey are amines or what relation they have with life.
I+ mecis probable however, as has been suggested

7

" eltewhere by the writer, that owing to otr ignarance

Pl;che ‘minsfml requirements of animals, and

fluenge of deficiencies or of i
minerals in producing di , mush of the beneficial
effect which has been sceredited o vitamines is really
due Aningrals present in the supposed vitamin-

ences.  Until our information is sufficient
to onableje to'draw up a basal experimental ration
i‘kﬂmt with regard to the known constituents
obd, it will be impossible to determine the extent
to which diseage may be due to the lack of these
unknggn copstituents.

Tt is geperally belicved that the lack of these
wuknawn substances is the cause of certain specific
scurvy, beri-beri, xerophthalmia.
y and many other disesges hwve been
attribated by eome writers to lack of these substances.
In any case, the diet of farm animals consists chiefly
of foodstulfs which are rich in these unknown sub-
stances, and it is unlikely that under practical con-
ditions digeases due to lack of them would arise.
The whole’ subject. of these unknown substances 1s,
however, of very great academic interest and warmnts
the attention of the glinician as they may ultimately
ussume some practical importance in veterinary
medicine. ’

of the
Pt

divi

Dretary inancmes as Predisposung couses of
Infectious Disease.

Owing to the complication of symptoms by the
activity of the invading organisms, the influence of
dietary defects in predisposing te infectious disease
18 not 8o easy to {race as the direct uncomplicated
results of these defects, such as have been referred to
sbove. The predisposing influence to infectious
disease is, however, probably of greater importance
in clinical medicine. than the more obvious direct
effects of malnutrition.

The way in which predisposition to infectious disease
arises i8 not quite clear. Ip certain cases there
appears to be & depression of the vitality of the skin
or mucous membranes which facilitates the entrance
for bactena when. the  power of resistance of the




animal 18 reduced through malnatrition wh";:g gut
swarms with wicro-organisms, many of are
patkogenic \f they sucoeed in nbu;;)mg entrance
to the blowd stream  Gestro-intestind dmxbmnm
are usually the earhest, and are e_imong:t the co:;:»
monest symptoms produced by dietary err;)n.im.!n
the post mortem examination of experimental snimals
which have been fed on a diet designedly deficient
wswenuial constituent, lesions of the walk of

e b oas local coagestion osdemiatous swelling,

e gt sue "
e ont A alist tnvarably found.  Further,
S knera hat the permeability of the wall to cartain

Iy o certain buctena, is affected by

{ certap inurganic salts i the
intesunal coutents [t s slso kuown that the ebh
and flow of fuid Letween the lumen of bhe gut und
the blowd 15 dependest upon the relative coucentra-
tons of elecirolytes mo these tWo svstems. Thase
onditons sre contmlled by the et Hence u
qtinued improperly  balanced ration, or a

toxins, and possit
the concenfration

‘.‘w’.‘.‘ﬁ\m lauge 10 the composition of the mw!mAl)
rentonts following an sbrapt change in lmm.),;
may well precipatate conditionn which facilinate the
fmasags of toxins or bactera uto the hlood strean

L,wh i rases W lere there s oo gemomstrable lemon
but where prosunabiy there hasx been w YH»luuh-v‘
ahity o the mcens ba mvasion ohay talie
frlae e Hovaing!t has em med the e um]y
tuber o hacill can vede vivsen e glands
¢ | any demsongtrahte lesion e the wall of the gut
well known that, mudor certatn combitons some
wls develop bseases whor the cuusal ageat s
fron, the st waale ther annusls

withe

theopr aarheaning tha ifeeuan, da ot develop the

A Ihe nature ot H dict o 1hese cases 1S

m prrolatiny e predispening and the most qoport
ant woase

Ther o el anonnt o6 4ot ey perimental

e s the view et mproper feeding

of

prrschispaes b certai ulectons discasen
b e neeteen work i This ongection s of specisl
Tereat MeCaenson working with monkeys found
vhat aty of the spuouwls on s het of polished ree

Fpar,

which is déficient in several
while control animals fed on & i
remained free from the disense, thougl‘chder similar
environmental conditions and exposed to the same
nossibility of infection.

The influence of an imperfect, dietary in i ing
the susceptibility to the invasion of pathogenic
organisms entering by the respiratory traot has been
well shown by the numerous dietary experiments
carrted out in recent years. Theobald Smith'®
wted that gmnes pigs, when on & ration of cereal
prains, hav and carrots during the winter months.
sutfered a high mortahity brom pneumonia  He was
w some doubt as to the selative importance of the
seasonal venatipn and the diet. In some recent ex-
periments with guines pigs at the Bowett Institute,
Dr Leitch has found that in s series of rations od
with regard to their nutritive value, where infection
with bacillus hronchisepticus ocourred, the incidence
of the Uigense was closely carrelated with the nutritive
value of the ration,  Those on a food of high nutritive
value, although exposed to the same infection, did
not develop any symptows of the disease, uor was
the bacillus recovered frons the trachea-al past-morten
exanunation

i,
Most  workens who have oonducted  extensive

f :

feeding experuments -with laboratory animials have -~

noted the greatly 1 ptibility top is

and other respiratory” diseases in animads on an Il

balauced ration . )

A vennbetion betwedideficient nutrition and tuber
culosis has deng been recognised, In Germany at
the end of the wase the death rate from this disease
kad deubled. A predsposition o tuberculoms hag
beau noted in experimental snimale recaving dieta
which. though sufficent as regards enargy* supply
and protein, are defiolent in one or more esaential
nutrients.

Direct infection of the skin or oxposed mucous
wembranes resulting in generalised wfectign or marke
local  lesions ocours very 1 y e ental
simals og deficient diets, uﬂyw cotirol mw
under smilar gonditions dqﬁelqé ud &igh “of lesion

i




anmal 18 reduced through uulnmrmonl *gg gut
swarms with @icro-organisms, many of are
patkogenic if they sucoeed in obtaiving engranioe
to the blood stream Gestro-intestingl d 5 cos
are usually the earhest, and are amorfgst the om;;
monest symptoms produced by dietary err;)n.. ;
the post-mortem eXamination of experimental s?lqmF
which have been fed on s diet designedly de mcnt'
in sonu eseenusl constituent, lesions of the wall of
e gut, such ag local congestion e niatous ~:raHlng
R aticn are altnost invarably found.  Further,
1« ks that 1he pereabibity of the wall to cmn.m
soxing, and possibly to certain buctena, 18 n“my:d by
concanteation of certap norganic salts in the
Lrestiusl coutents  Mos also kuown that the ebt
and flow of flud Letween the lumen of the gut and
the blood 1 dependeus upon the relative coucentra-
mons of eleciroiytes m these tWo svstems. These
onditions  wre controlled by the diet Hence a
g - tined improperly balanced ration, or a

wedilen liige 0 the compositien of the ingestinal
pententa following ano abrupt change e 'mwhn'u
way well preeipitate comditivne whigh facilitate the
masage ol togios ur bacteru it the hinod strean
s where thege s o gewomstrable lemon
but whoere mably there has been w rr«vi‘:r:l‘
rality of + s ruenibrune uvesion oay take
plar Rovang!® has sinplassed. the face that
:«mw W bacill can e the pesentenc glands
itheit oy demongtrable lesion o the wall of the gut

11 1= well known that, nuder certatn ¢ wbitons some
sraake develop bsvases whore the cnusal agent i
vt frop. the mtestun @hle other annuals,
e narhearng 1 ha, itfaptaon, do oot deyelop the
st I'he nature ©f T dict 0 these cases 1§

fet protably the predispostng. and the most qoport

sl moase
Thete i= (W o U anionnt o6 Lt expagimental
Vilenien 1o mapport the View that ampropes feeding
« o el twiectious discases  Seme of

e o tern work an this connection. s of specisl
st MeCaenson working with monkeyn found
hat 1net ¢ b aminuls on & diet of potished rece

which is deficient in several reapects, develop dysentery,
while control animals fed on s well balanced ration
remained free from the disease, though under similar
environmental conditions and exposed to the same
possibility of infection.
The influence of an unperfect dietary in increasing
the susceptibility to the invasion of pathogenic
orgamsms entering by the respiratory traot has been
well shown by the uumerous dietary experiments
curried out in o recent years.  Theobald Smith!s
aoted that guinea pigs, when on a ration of cereal
grains, hay sod carrots during the winter months
suffered & high mortality brow pneumonis  He was
w come loubt as to the welative importance of the
seasoual vanatipn and the diet.  In some recent ex-
perineats with guines pigs at the Bowett Institute,
Dr Leitch has found that in u series of rutions graded
with regard to their nutritive value, where infection
with bacillus hrovchisepticus veourred, the tncidence
of the isease was closely correlated with the nutritive
value of the ration.  Those on a fuod of bigh nutcitive
value, although exposed o the same infection, did
not develop any symptoms of the disease, uor was
the bacillus recovered froms the trachea at post-morten,
CXAMIMALION i

Most - workers  who  have oconducted  extensise
leeding expe it -with lsboratory antmals have
nested the gr increased suscepribility to pnenmonis
and other respiratory diseases i animads onoan il
balunced ration '

A cenngotion bet weagdeficient nutntion and tuber
culosis bag leng been recognuwed.  In Germany at
the vnd of the war the death rate from this disease
had deubled. A predisposition W taberculoss has
beeu noted m expenmental antmale recwving diets
which though sufficrent us regurds enorgy supply
and protein are deficrent w one or
vutriems

Direct nfection of the skin or éxpossd mucous
wembranes pesulting in generalised wfection or marked
looal lesions occurs very readily in pxpenmental
suinsls on deficient diets, thipugh cottrol aniwals
pder similas gonditions develop o sign of lesipn

more essential




which isdeficient in several respects, develop dysen tery.
while control snimals fed on s well balanced ration
remained free from the disease, though under similar
environmental conditions and exposed to the same
possibility of infection.

The influence of an rfect. dietary in i g
the susceptibility to the invasion of pathogenic
i fing by the respi y traot has been
well shown by the numerous dietary experiments
carried out o recent years Theobald Smith's
noted that guinea pigs, when on & ration of cereal
grains, hay sand carrots during the winter montha
suffered a high mortaity brom pneumonia  He was
w some doubt as to the velative importance of the
seasonal vanatipn and the diet. In some recent ex-
periments with guines pigs at the Rowett Institute,
Dr Leitch has found that n s series of rutions graded
with regard to their nutritive value, where infection
with bacillus hronchisepticus oceurred, the incidence
of the disease was closely corrdated with the nutritive
valueof the ration.  Those on s food of high nutcitive
value, although exposed to the swme infection, di
not develop any symptoms of the disease, nor was
the bacillus recovered frows the traehes at past-morten,
CXBIILELION ;

Most  workers who  have conducted  extensive
feeding experuvents ~with laboretory animals have
surtedd the greatly increased susceptibility to pnenmonis
and other respiratory’ diseascs 1n animads on an il
balauced ration

A osunéesion bet weal deficient nutrition and tuber
culosis bag deng been recognused I'n Germany st
the rod of the was the desth rate fromn this disease
had deubled, ‘A predsposition w taberculons has
beau noted M expenmental animals recoving dicts
which thoagh sufficwent as regards encrgy suppiy
and protein are defiienl moone of more essential
nutrieny

Direct infection of the skin or éxpossd mucous
mernbranes resultng in generalised 1 fection or marked
local lesions oocurs very readily in expenmental
sninals o deficient diets, though ocontrol snimals
Upder mmitas conditions debelop wo sign of lesion
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of these lesions, such as xerophthalmis, may be

Some
orrelated with spectfic deficiencies.

This accumulation of direct experimental evideace
of the nature of thet referred to bers is sufficient
to warrant the view that defective nutzition, s &

predisposing_ cause of many infectious diseases, is a8
important clinically as the presence of the specific
pathogenic orgamsm which 1 the recmmaed‘dawr
mining cause  This view 1 1 accordance with the
conclusion reached by McCarnson'® sa a result of his
investigation that * perfect food sffords protection
aguinat the ravages of bacterial and other pathogenic
as adequately ae does segregation or

Lo nisstion

ORISR

Probability of [retury Defuiencies cousing [hseases
i Domestw A nunals

In wedert conditions there are severn) factors
which inereuse the probability of diseasrs occurring
throngh dietury deficiencies.  Two of these which
wre of spectl lmportance may be considered here
During the last half century, types of anials have
been bred whose young have w very rapid rate of
growth and whose females have an enormous capacity
fur producing the constructive matarials required
for growth A helf grown pig- may put on nearly
2be of hving tissué per day nie COWS Can Begrete
1 ther milk ax much as 10 or 1bs. of solid materal
per dav  Hens can lay up to 2K cggs per anmam,
Thie grow th muterial used by the young, or produeed
Ly the mothers, 1w of very definite composition, and
it dess the it 18 well bulanced there 1 lisbie to be a
defieeney of some constituents and s excess of
here, even though the towsl cneogy value of the
Lt ot Uhe amnount of protein present may be sufficient
with the evoluton of these anmals

Coneurrently
with w e d for an almost perfectly balanced tstion,
Lberr hme beeu an increasiug use of concentrates,

Comutiug chefly of commereisl by produets, of
-1l grains of nich tropieal seeds and uuts. be
proportions of the various easential {ood constituenta
1 these 18 very different from that found 1o mixed
preture whach 1 the nutursl food of herbivors and

which, # isvestigationdhave ahown. oontains al the
i A

; pproximately the prop
required Yor these animals, Consequently the diet
daring indoor intensive feeding is liable to be badly
balanced, containing an excess of ertain essentials
and a marked deficiency of others. “This lack of
balance is specially marked with regard to the in-
organic constituents (Orr)!?

The extent to which dietary deficiencies ure really
responsible for diseases which are so prevalent in
domestic animals 18, unfortunately, as yet a matter of
sonjecture.  Most of our defimte information on the
‘orrelation of diet and disease has been obtained from
experiments oo laborstory animals and there is danger
in the direct application of results obtaimed with
experimental aninals on sbnormal diets, and kept
ander abnormal condjtions, to farm animals fed and
kept under practical ¢tonditivns  There 15 availuble,
nowever, certamn tnformation which 1n some cases,
may be of practical value as 8 gde in preventing
disease, &nd in other cases warrants the undertaking
of further investigations under practical conditions

There seems no doubt that in pigs. slow growth,
rickets, wo@mis, spasmophilia and weressed sys-
ceptibility to pulmonary infections may appear a8 the
direot resujp of improper feeding and that thess
diseages [ guimmon ocourrence in practice.

1t has u suggested by the writer elsewhere!?
that the prevalesce of tubercuwloms o cows may be
due 10 part to the fmilure of the ration to support the
enormous milk  yleld  Megs'  hax found  that
sterility and sbortion are more common 1n cases where
the diet s umperfeot than where the diet has been
well- balanced

He suggests that dictary deficiencies 1ay  be
predisposing canses of these diseases.  An vxpesiment
with milk cows, which has been running at the Rowett
fustitute for the past two vears, has given resolts
which seem to conficm this suggestion, sithough it
1 too early to draw definite conclusions

Usstro-intestinal affections and bone lesons are
probably the chief types of disease 1hat affect horses
As has beern ween. gastro intestinal  dwstarbances



and
balsnce is specially marked with regard to the in-
ic constituents (Orr)!7.
be extent to which dietary deficiencies are reslly

responsible for diseases which are so prevalent in
domestic animals is, unfortunately, as yet a master of
conjecture.  Most of our defimte information on the
correlation of diet and disease has been obtained from
experiments on laboratory animals and there 1s danger
i the direct spplication of results obtuined with
experimental Amans on sbnormal diets, and kept
under abnormal condjtions, to farm snnnals fed and
kept under practical ¢onditions  There is available
bowever, certain information which 1n some cases,
may be of practical value as a @ide 10 preventing
disease, &nd in other cases warrants the undertaking
of further nvestigations under practieal conditions

There seems no doubt that in pigs. slow growth,
rickets, anmmus, spasiwophilis and increased #ys-
ceptibility to pulmonsry infections may appear as the
direot result of umproper feeding and that these
diseages are of gumnmon oceurrenee in practice

1t has beew suggested by the writer elsewhere!?
that the prevalence of tuberculoss 1 cows may be
dne 1o part to the failure of the ratiou W support the
enormous milk  yield  Megs'* has found  that
steriity and abortion are more common 1n cases where
whe diet us imperfect than where the Jir has been
well- balanced

He suggests that dietary deficiencies may  be
predisposing causes of these diseases.  Ai «xpesinent
with ik cows, which has been running at the Rowartt
Institute for the past two vears, has given resolte
which seem to copfirm this suggestion, sithough it
15 too early to draw definite conclumons

Uastro-lntestinal affections aud bone lemons are
probably the chuef types of disease that affect borses
As has beer sern pguatro mtestna!  dsturbances



12 »

“an i stfections of th: b«».a are sopgst the most
fraguently mmxm:sg mfaqn diets. Tewn
horses are hable to be kept k?l‘ long ponodn on,mongt-
s diets which are {requently ill-balanced, and
buny lesons are more tommon in stfeet horges thap.
i farm homses, which have uquily- reater vnrletyo{
foeud. including fresh pastwre which, 18 the nitwral nd
diet of the hoese. It woald uppon to be fw
while carrviog out furtherduvestigaiions to detar
whviher. el to what extent, the health and length ol
life f ‘e street harse are determined by the natare

it

o tne wild state (b animal adjusts 108 diet accord

;otooute mstinete wnd there wie cortain migrations

s which seein o be assooted with the

sty for w dange e the composition of the

Gt et inof il pastures liits
e fpee o ohewss of the grazg anional In saveral

Wt te o the cebones (b n fourd that anunaly
Wi b remiied bealthy when allowed w wide range,
Atiered from vanoas diseases of nalnutnton when
whined withi booted  areas Tlese  diseases
wanures, which supply
added 1o the  pastures

dimaopenred when

vertain deficienvies werr
Tt s pemsibde that e some of 1he natural bull pastures
ot this countrv which have 1.& vels treated with
natres creure deficrencies cxcesien of one or

ot senta and thet these deficencies have s

weflie e o wn the inedence of certasn diseases o sheey

Doirirg b past fow veonrs Capain W E- Bllot, M.P

aiid b teara of ro-workers, b been investigating this
Sabpect The reaults s far obeainea seenn te indicate
tuat there 1= probably & ceuncetion hetween wal-
autntion, due Lo the relative Jack of certain essential
fod copsttuents 1 soine arers and the meden
it disease tn these areas The whole aubject, howev
< ne ot extreme diffuulty sed iowall be impossable,

watil there 18 8 Wreat accumulstion of data te drew
v definte conclusions

TONGLUSION
Although we now realise the unportance of praper
feediny i the prevention of disease, our inforiasuon
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ol
with regard to what constitutes rmng and'

the evil results of different delwu 18 stll very meagre.
There is urgent need for research to determine the
requirements for all the constituents of food which
are known to be ial, and the

specific~ defects and the correlated pstholug:cll
phenomena.  In these mveﬂtxgnmms the combined
elforta of the laboratory worker, the clinician and the
practical expert are called for, * There ig every ln;bm—
tion thsk work of this kind would be exc
profitablé, "’!me Tesults ‘already obtained by worl
of this nature iu cobhection with pigs, both in this
country snd in America, fully justifies a much in-
creased effort in connection with all domestic animals
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HF IMPORTANCE OF MINERAL MATTER
IN NUTRITION.

KK, DS O, M.C, M A, M.D., DSe., Rowett Research Institute,
Aberdsen.

nerals o {eeding-stufly which have received most
oo from agricultural investigators are those of known
1 fertilisers.  These have heen studied with the view
ertaining (1) the extent to which the land is deprived
v by the growth and remaval of orops, and (2) the
* to whieh the'land is enriched by the manure wade
ks fed with tho various feeding-stuffs. In aecord-
ih uhis liw view. of thé¢ importance of miperal
1 feeding- s, tables of food values commanly used
rescnt day state ouly e total ash,” oF 1f certain
costituents of the agh are estimated, Yhey are dealt
Jder the eading of “ manunal values
watively Dutle intérest has been shown by agricul
clentinta in this eountry (u problems relsting to nuneral
Aol and the mineral regnirements of farm anitasls
v the stock-feaders puid much attention 1o the wub
+ o rule the only tineral salt theéy consider [eCrRNAT
the food is common salt, wud that is added usually
it ghe idea of providiag @ tonie or stomaehic than
aijy v ing needed Rutritive matenal.
SPac vegleot of this aspect of nutntion has been due chietly
«i that 1 is known that all commonly uged feeding-
/fuin considerable amounts of "ash " or total mineral
nd it hag been assumed that, on any ordinary ration,
wode of the animal for the various essential wineral
- uents would be met.  From the practical point of view,




‘peanite of sufficiend, practieal valua &oiw

IMPURTANCE OF m r :
" ) Jook it the di abori
thdeetdro, i t look as if the difficult and la
P«Amrghmé ‘L--ﬁ??ﬂ:rdwm determine the 'ne«d{ of the var
auimals for the tem or twelve essential winerals, and
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conewed attention to this hepest of mﬂmum;. it»m' begi lm".,,!
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Proteins (albumminoids) may be gegarded as the .l)‘fr).‘«'ll.l,‘if
ot protoplasia or living H'.n\l»-r*“ul p“”ll]n:]lv['(v:u“hu’r‘,'. :
A fata s the sourees of thy ergy und hea besy!
b wtivities o protoplasi. - These three (‘llwﬂln] ‘m‘
: adlways present i tissues, V:;'ud)_m an‘
{ plauts that v s food for animals Their iop :
i anised - They have been termed the
b T»r food. and i pricetice, inoestimatn
tritive value of any substance dt s n;unlly only
= Hwhw!’t!\unh that are considered  They all (-(m«‘v
vietnents carbon, hydrogen, and v'\}g«-li,‘ ,wn}j"'\\‘l
w of the proteins, the additon of “”mk;l'-p o
i { these elements, which form the Llll]\ 5 M
A i named, have been galled ' orgunie
they are only found in bving ore
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e prinetples
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f constitnents

Brecaiis

1 ~ubatances derved from living organisms.

nts

Cdinion o these tour elements, all Tvinge
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Than o frgnoentary account of any of 1.

IMPORTANCE. OF MINERAL MATTHR. IN NUTRITION..
§ . Wh o2 " . )
culeinm, and other compo of 5 on salt, &

wponnd of sgdinm and o 9101‘3&!110
austitpents " o the body. . AR s .
I roluires ¢4 be emphoysgtl that these so-called inorganic
nstity of ﬁe»l%%?m‘m eapentia) to life na the organic.
- onstitents. . B trol, directly or in-’
C o ureetly, al) the

iy “afiinulate : Eong :

processés; and, gnently, must,

i present-dp-all Wving mabter. -Thel Nmdatien an
nee in iti gy évident, if wet idar, ag is dome
ragraphs, the functions they perform in thé

©the (u}hwﬁh“
vy, and the disturbances that follow if these funetious are
 deficigney ‘or egeess. of one 6r more

wirfercd with through
I fhem.

T, ,\’n-;nuyjo'r a Proper Minéral Bolance in the Body.

Not only mug every orgunism contain these essential con-
fients, but thiey must be preseut in the body fluids and
uve bissues in definite proportions {o form a physiologically
Jineed sult golutivn.  Two such balanced solutions are gex-
< and blood.  The interesting results of the experiments
Iieques Lodb show how in sea-water the necessary balance
o destroyed by the addition of an excess of one of the
rul elements.  For example, the rhythmieal sWimming
ol a jelly-fish is stopped by the addition of relatively
(lymantities of a potassinm salt or o caleium (lime) salt to
L water
e case of the blood of animals, the need for maintain-
the proper balance is even greater, hecunse fluid s
@ the living organism.  Here, the first condition to be
ld s the maintenanee of the balance of minersls, 80 that
1 kept pructically neutral in reaction. Even a slight
dioneof the balance produces pathological phenomena
wed acidity, for example, as ocoprs in certain disenges,
lfowed by disturbances of the Yespiratory r§echunism
ol the nervous system. .
v though the neutrality be mgintained, excess o1
" of any of the mineral elements affects the vital
Thus, in connection with the baating < of the
i deficiency of potassium preveats the heart muscle
relaxing properly, while an excess makes ity relax sa
tely that it staps beating. No# only mast the concen-
1of potassium be correet, but there must be a correct
i between the potassium and the other minerals.
e other vital activities, to an cqual €xtenty are, either
v or indirectly, regulated by the degree of ‘conecentry-
o the different mineral elements in the tissues and
vl the body. Even slightly  abnormal relationships
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po el pradiets of protem. The ammonf

| pentrlser of the acuds corubining wivh 11
{ tha unoe
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| Cein the Lodg, there are other figer ad justing | “
MJ” tl‘uuh nd tidsues,  These, Lowever, nueed nm\
s here,  Indecd, though hey are kx.uwnv !
c Wie Lo Liemiedl reactions fnvolyed ad
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L]y 1D welion,
1 perfectly. 1de rstood
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and be reabsorie o

dred, and deposi .

cots of the amimal.  As a rule, it is only
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Ca, i
umi('nxg;bn‘m-

e o

which the salts in the food are not

ihe body enable the animal to tide vver pariods of 4y i s
N?alﬂm. 3
tifned

1 with a marked deficiency of one or m erals that
rescrves of these aro exhausted. Under these eonditions,
balanee beeomes 8o much upset that the regulating
vatstiis break down, with  disastrous results for the
“1of the animal :

The Functions of Mirerals in Digestion.

¥

L neowssity of mineral sults for digestion has beén shown’ .

vperitielits carned oat on the dog.  If food be given,
(rom mineral salts, the animal becomes unable to digest
Ater it has law 1 the stomach for some time, it is
tod unchanged. |
! low of digestive huds into the stomach and intéstines
rrolled, in part at least, by the concentration of mineraly
w contents of the gas.  Thus, in the upper part of the
mtestine, increased eidity stimulates the flow of the
co tuid frour the paneress. The digestive processes
o affected by the scidity or alkalinity .of the contents
vt For example, w the stomach the conteats Toquire
vkt sllow pepsin o aet properly. To seeurd this,
~ a secietion of bydrochlorie acid into the tomach
tovals s s one of the chief functions of chlorine
smimat body. The ebb and flow of fuid between the
! b wut and the blood-stream is coutrolled by the

flatoot ol nnneral salts in the intestinal contents dng
nembrane limng tho memm’*tnimgmom

orul 8atts in the ihtestinal contents tends 10 catse a
thud from the bloud into the intestine, which
e eased may owuse diarrheay-Tt 18 upon this action
~alta that the Iyxative effect of palts given as medicine
The l.uari\‘nl\;.ﬂm-b of bran is due to s like canse—
tiw presence of magnesium salts iu the bran. If these
neved, Bran ceages Lo belaxative .

absorption of the prodtiets of digestion ir controlled
concentradiron of salts 1 the intestinal contents. ¥t
vally beeu shown also, thut certain nunerals appear
- an influence ui proventing or allowing the' py o of
teve s whieh wetup disense if they resch the 'hlgod

wirafter the products of digestion have beéen absorbed

fencd o the ussues, the utibsation of them depends

fe anorgane constituents of the blood and tissues.

avi required for the combustion of the organie con-

= v earnod from the lings o the tigsues by hamo-

s an drou compound  The carbon dioxide, a waste
s
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product produced in the ssued, - carriéd %9 the lungs 1o
P %

exeretion by sodinm salts, PUTLE SAE. ”
\ consideration of these all-inpostant, fane ana of mineral.
1ot he digestion and utilisation of food, mal 9;5& ea8y to und. |
stand bow conditions of malnutrition, referdd to later, cur
when anmals are fed over protonged periods on foc
aufls eitner deticient in mineral matier, or with great exce..
ot wome and debeiency of others. 1t s not surprising that .
il fed on food frec from minerals dies soomer than o
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comiplite starvation, and that
eful and comparatively painless, in the for
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(1) How wuch of the different coscntinl tinerals

vurions farm animpls nbed ¥

2 1aw muel do the diMerent fecding stufls sopply
O informatlon with psgard o the st question
Lo unately sognty The s of the subjeet of most 1!
are bhe requirernents growth sod for undk prod
I hotls thode eases, the Munt relwble figares age those o
Cromn culeniations haggd on the compusition of the body
[here 18 very ligtle experimental J

Gl

ammal or of the milk
wvailable

Jetm and pbogpheres: . About. ! u
te consists of these ine pdmbina:i‘oﬁ:'
15¥ ,1.\!1 ‘;f (hhe whole body, wbove 80 per’ cent,
vide of these two mi —calei i
ke bt ” fnmemls cx@ oxide :
4 store pig, lme constitybes wbout 1
e " ¢ g
svight 3 in a bullock, about 2 per %nge Tgin;ug)(fu';lhé
phoric acid are slightly loss. Hence for every 100 Ib
‘ “4‘.‘|lu-w«dm,;m, the pig needs o build into its body
B uuedx;u about the safile amount of phosphogic aeid.
«t needs double these amounts. Inm other words, a pig

< on 1§ 1b. weight per day must absorb from the intes:

cnd retain, quarter of an ounce of lime
2 per da;
o equal amount of phosphorus. A ca?;epnttfn'gaﬁ:
<t w«ﬁlgm :lwdsbothume these amounts, -
axnally, only about 50 per eent of thelime and’j

e (1 the food can be absorbed and mta?ﬁéd 80 ';haghé;f;
»r"“]’“ d (lo\gnmqn doutile th’e amounts needed as’mmnructive
et e growing pig’s daily ratich should therefore

v about half an.ounce of lime, and .the oalf's about -

nes.
i litkle information is available with reference to the

i~ of thejother‘mineral olements required gro
s of TP b, Wwin
W5 The guide_ to thekamwn'r: and ‘pzopoﬂ.lobg

«vd 15 found in phe cownposition gfithe agh of the milk of_

peeies:  Bunge has pointed it th pted 1o th
wementsof the young animal. The \oltlzmz‘tﬁmx

w correspondencgfbetween the composition of the ash of*

nlk ot the mother and of i

g ity mm‘::b‘e ash of the body, in the case

Percentage composition of ash of
q, Tisbbit's milk.

ag, e

1" tash
“hw
Liime -
\ 350 {gn
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1 oxide 62
1w pdiong acd N
wonne IR 2S5 43
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culeinin and -pbogphores: . About: T :
ne consists of theye in-oémbination #s eadeiun

% i ate.
i ash of the whole body, above 80 Per cent of
vxide of these two minerals—caleium oxide ) and

capphorie acid, .
't % store pig. Hime constitybes about 1 per cent of the
v weight ; in a bullock, about 2 per cent. The amounts
iosphoric acid are slightly less,. Hence for every 100 1b.
* sase iwlive Wweight, the pig needs to build into s body
of lime und about the amount of phosphogic acid.
i needs double thes¢ amounts. In other words, a pig
vz on 1 b, weight pér day must absorb from the intes.
wud retain, quarter of an jounce of lime per day, and
¢ an equal amount of phosgphorus. A calf putting ou
~atw weight needs double these amounts. X
usnally, only about 50 per eent of the lime and phos-
sn of the food can be absorbed and retained, so that the
~tuld-contain dop#e the amounts needed 88 constructive
yoerid. . Bhe growing pig’s daily ratioh_ghould therefore
an abbut half an. ounce of lime, andhu oalf's about
ROLIL N
v Httle information is uvailable with reference to the
s of theyother/mineral elements required by growing
i The be#t guide to-the amounts and proportions
vd is found i phe cownpositinn ofthe agh of the milk of
v Bunge ha pointed gt that this s fAdaptedtéthe
cemeniged the young animal. The Tollowing table, shows
s+ correspondene tween the compusition of the ash of
ik of the mother and of the ash of the body, in the cage
ondly growing-gnimal 1— -
Percvntage somposition of aal of

i “B-""’g& Rabbit's milk.
I tast 1 "
S dw
! una
et in

Tooa omide:
| lesprhiong ad

derine

e
P hi ween frony the m.bﬂpihut milk is défieient in jrom.
\‘»3 for thiy defisigngy, the youny aré born with o
o BtoTe of iron in Hssuce to tide them @ver the
g, TULET B
1‘I“kwiug tablo shows the wpproximato  percentogn
of the ash of the wmilk some species, and also
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young of the:# : 2 g spproximate av8rage requi t8, it sho bﬁ:;‘
i 7 be, .

view that amimals vary in their i ts i
wd of growth. The average o i W] i 15*.-: .
 might be an under-mumm,wmmﬁ& the

g

and protein—i,e., tHeCORSERT
for new tissue Ponua(ﬁl‘_{m “

I 10 Revarimnry pErvens Coxostag oF M. :
Tanck _\nxm\u A Mt ur GROWTH. (4 i v period, wlen owth ™5 TR -
5 ey ale in the later o, WiNd “V‘Er%hml’ and an over
Mo qutionpl table bY Bungy.) 4 ; v i $
T MR B R i idual animals, and Heaode ijso Sary slowing down, )
Wavte | of growth. A " ST
| isinie | A p— of growth. A lurge amount of cxpefimental ‘work js
i weiglit ot termine the actnal amonpss wnd pomposition
. e e e mnerul matter required for the b species at the
| i Totai | Lime, | phorie | Chlorine iy stages of growth, {E ¥ gl Ry ®
‘ e e I days !f’“ tein h 6u0] | send co the Rowett Institute (') a number of shdiuwun
| sl IEETS “k been carried out on young pigs of the Lurge White. B U ‘
| — i ve | i wig | voa | 0o ! anount of lime and phosphoric acid was determined b! ,
it !;\ i bt = i w1 003 | wosessin the foed and in the exersta, The resutta for youny
Vi a7 ah \‘ o7 | 17| ouo ‘ (U - wuighing about 100 Ib., were in accordance with these
Py ) ¥ 1 ast Vs oo wious.  [o these apimals, which were at the stage when
_ il Luly increase in weight was about the average for the
oo + period xl:f gr};wth, about quarter an ounce of lime and
- nore phosphoric acid were wssimil 4
L, otass ceniunn. and selph d fron uted dadl
Pl Jotasniti, maguesiun, sud sulphus, are omitted fron i~ amonnts sssimilated, sbout half an “u"_?.‘v “};u'.lm:l.

ally contatn suthicieut of these  They are thetci
Jrosent connEclion

Lot caliuan and phosphoras
U the tablos and wherever swouuts of

b present in the food. Foul the results of further
enta are avialable, thercfore, it looks as of the com
of the mother s nulk could be taken as a usefnl

are givey as hme (caloun o
these minurals an

s
! smmouly sed tabies showing the coijre

franliug 1o preference to cajoiun, i3 used throug! e auneral pegquirete

b e fatiir o the 1 Lochueal vour juircments of young animas

I is interesting to Lote that the peroentages of |
ded total ash i the vanous ks e related to t!
ol growtl The faster the uinnal grows, the great
Jetnuand for these constructive mterials In practic
Tound that the Tabiliy of wnimals to suffer from dis
madnntrition due to lack of pnerals s greatest o
That grow fastest

Assuming that protein and the different ouberals o
quired by the youny growing anmimial 0 the same proj:
after the sucking period as during at, the amount:
iferent minerals required by them cali be cstinatod
(e composition of the milk  In the o of farni an
cnn be caleulated from the above table, that in the s
e species natned, fur every pound of protein ther
tlong bke an ounce of e and about the same an
phosphoric acid.  According to the Wolff-Lehmaou '
voung pig of 100 [b. weight needs half a pound of prit
dauy, aud a calf of 0O 1b. needs & pound. The former -
therefore have about half an ounce, and the latter a full
per day of cach of these two mineral constituénts |
responids with the estimates given above, based on the
position of the full-grown animal and the rate of grow:

Lhe lm,xuwnu of Dairy Cows.

cotating whinnd quires nunerals for (wo purposes :

cet the need for replucing the winounts lost in the
vk tear D of her own tissues, wod (2) for milk forma
e finst need-—the maintenatce requirement-—has Il:vl
curately determined. Extunates have, )muv\er‘ e

! \,,( <;nlun-nml wmkvh_ According to these, lmulula ed
W 'lp‘:kfll'ﬂhn_ u cow of average weight needs per day
e like an ounee and a hulf of lime and about four
foan ounce of phosphorie dad. The other ganeral
s ure required i smaller amounts, but tly l‘ v\i‘l
rements are Dot even approximately known s
snounts drawu off from the body in the milk car b
ved from l.lln- known average vom’pumlinn of the mulk
noof cows' nilk contams roughly quarter of an ounce
+ third of an ounce of phosphorie acid. and o nu‘le‘x
’“.);:.a'{:g‘tlhxlurmv These are the three munerals most
! oficient in the food  dn view of the fact that not
than half of the nuneral matter w the food is ayually

wid wulwe et fgure |
juent figuree 1 brmckets refer W Biblivgraphy st eud !
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sometbing over an ousee of chiorie Kellner's estimate
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tl‘;ni.‘-lr modern conditions the nstncts of the animals &, . are rick in this coustituent. B A
Jesn pluy. When they aré grazed on natural pastare, .o i, However, whiehnmshow i A v b“%
o . xtoppage of growth and paralysis of the hind legs ;

v grazang, the ringe 1s fixed, so o,
uld naturally Juve taken placc .o i The condjtion ean be cared in a fow days by the
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whbs - tood with very little iron, there is the probability of
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fekete. whicl ocotrs i laldren, was ecognsed It ammals were breathlegs on exertion, and thewe
Conmeddetermaned iarh B vears ke by amvest duinber of sudden deaths. é -mortem examingtion
0 Gty Le D dwize grosing areas of - the bt the hearts were enormously enlarged. The blood
Statod it fors hs been snffered from (amhll\(‘ {. < *tin apd watery. and the hmmoglobin—tTe iron-contain.
pnaze w bt the wddition of some ottier fued to k. * ol the bloud —was in some cases only 15 per cent of

o Oher sows were fed the salge ration with the
oot oxide The ditters from thosa were perfectly

e ot tal deticeney )
L ~edttund, thene o= d LK 1 dieane 0 i b

thrve or fone wonths ld

Vonng aninals abou ;
gk slaring caat, a stilted gait, dose ol I“N“') A Cuer duvestymtions wre being carried out by (hese
steties Juse of fower of the bind lvgs, “uﬂm"“ con - Byen from these preliminaey experiments, hows

Lt s ¢ looks ek if ghortage of ron might be the unrecoguised

Vrseticres Af the wibs aid of the lege eeur
ot lable to the disenn Recon vl madty. eases of maluutnitton ocenrring in pig-feeding.,
weoresting, in this eonnbeetion, to note that cottun-seed
heen found o ]ywhm- in pigs a disease chnructerised
Cudessress, o8 of appetite, aud course hair, and that
lom ol iros to the food provents the disease
- reeent work done in Ameries by Smith and others *)
wetat dodine, though, required only in small amonnts
aF a3 great nuportanes for health as lime op wnmphurunj
Mousatn ond certain other regons an the Unibed States,
M Rome partd of Western Canada, great loss has: been
* thrungh sows giving birth 1o young pigs nof fully
1t These wore either'dead at-birth, or lived ouly
e The mmg‘a_bﬁmm ahnorinalits was ahsenoe of

®

Lran ‘aalest wfe ;
Lol Rowett Tosttute (9 tae shown that thus o

cdoe byt ool pot adentical wath rckets, 1L
et ol badane i the miwezal watter of #hy

an be presented by the vlditann Lo umlg;d of .

b ooteorgante salte wideh nakes the el CONIPosilt
e whole mnon somewhat sinnder (o that of sove
Coreen Lood, n k. and Belt-uead all supply the mmaxl.
Lachitng, and s help 1o provent the disease If
ont, they osuakiy tod in pasture o

are allowed I

il e noiemda lacking i their duot 5
[ wall be gaderstood. of ronrse, that every pi

foge e nOt necesnanly ~uflering from laek of wit

2.




. & N
¥ pei 1§ BUTRITRON
CUFTMINERAL MATVER 1N IO

i
Lair. Afi exsmisation of ihe fuod from uffested wud
alr.

afoeted distriets showed (ha the foodstulls grown i
?Hj-cn-d districts_contained, 01 6} AVCTAge, les_n jodine
?lu»w ZrOWN 10 districts where the a{mu«} dnll nmI
i i v to the food wag tned, ang
The effect of ading joding i
f tive wrams of potassivig o
found that the addition of | y g
];*y day to the ration al cadd 0w, Enr '”l;d hﬁ; 'I‘m‘l;‘
weeks of the gestation perimd, led to the I}I)r; 3 u)n “
' 3 sy had all had imimato:
ors from gows that previousi) : ;
l"f"‘,:.Ax:‘,.‘l'\!ll)i of iodine required for 1w pig m.un.\x
flhat it 18 impossible to say whether :Im_nhm-u:.-l« m
Leticfency of iodine or to abnormahity of the thyroa
'b‘rl o wil fact, however, is that wddition of fodin
weoeanential fact, y
{ qi present the disense
: mx» i e Tenieial et o ferding ashes 1w
! I :“‘ l) o1 il 1 sishes contain nunerals often dein
H‘ i ‘mv; Wl asbics Ty contain ag muek o
o ‘w’ sl ol asdes e el s Boper cent o
cat ol i, aned coal asd o
i ] at oot the pigoand sdso s hiking for e
Sl H- :‘.m’.m. wx associated wathe ate

th Sty jetoale )
. er The g af Terbivore contans i
Wieral it :

Vet o the todibor, aned s Pherefore ek

‘\" Hx;‘,- well tecagtused e el ctfeets o
der ol allowig Tl free pange over pasiune
i W e i hot 1he arnts Bave athberty tosap
, | Al then tood
fatth
' no ool sttt s Bhedy v mdTor drone o
‘ .; ‘ Irth Vet ezt tsed et
- D ot wer tedingg, hay and sons
o rates e vewadin tinl. Thee Dorted
! Clone wornl e stk ot L Badter
: wpliorns Inoaatensi Vewding, however, when
! e bates richan Heste andd fat furm
' ‘Hx vl wheres cotisequent there i rpid o
| Vs i ¢ reman wesk tinoogl defleieney ot |
H M\’.A‘ -‘, whjust the vation iyt additin
et ey e il 07 el by
e vere pobable That calyes \\-ul]u'd‘n ”“"]"l‘.
antfer drot Gk of cutheent mineral matter n

Sl on elops nde with meads derived from the cen
ton el in phosphorus and too poor an i
{outd to be exeellent Lor a0

1, which ha

ea BF
= especinlly rich o dn hrue and iron, to whieh o

weelleney as liaraely i Iliere i~ of l-mhu“ ]
i b clves witl thive seowell s one cows D v

e ad] e rmnerals 3 The amounts il proportt

€ :
BIRQRTANCY OF
£ _ )

s, Tha'Taineral mabt likely to be defioiat in odives
i ing, n-nd;\l{hallnpx recopamends thut oalyw shounld get
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for

" wineral composition ‘of which J:uz\m, Sévoral ex. -
cpments with hand-fed ‘sheep’ have * bee done, “however,
tich stow that the minegal conteqt bf Lhe_qug is of great-
jortance.  Some of these f;my be referred to,

Shecp require considerabls quantities o, It is

ost probably this need for chlorine that' ; likin,
st common salk (sodium chloride). In an experiment c&n-ieg
10 Prance (%), thie beneficial % t g!vgupplyinmn?lbbu band. .
't theop wag shown. Sheep. Which received A0 gunce
|t pey head Qally made gheater. increases i weight, andd
I hewvier and hetmriﬂuwa‘a #than sheep on the Bamne ration
Nout sadt,
11 an nxperiment cartied out by Captain Elligt at aark
Ve winter of 194] 1922, it was found bhat on u ration of
-wedes, ats, distillery, grains and Jinseed cuke with cod.
ol the addition of ‘e lime-rich mifieral salt resulted in
Wi 20 per eent groater guin iu weight than in contro)
receiving no additional mineral matter,
st striking example of the way in which mjnera}
sfeets the health of shesp ocourred in Michigan,
It that State the sheep-rearing industry suffered
lweses by the prevalence of guitre.  With the discovery
At deposits round the Great Lakes, and the use of
“or sheep, the incidence of (he diseuse rapidly de-
I s most probable that the prevention of the
ar duie wo dodine which i in the salts.
Ceults of wn experimeng with breeding ewes carried
Cowinter of 1921-1 at the Rowett Insgitute show
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arly @ third of an vunece) of o soluble lime salt (cal
T per head, per.day, during the whole gestation
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o time sults The lambs in the sall, group were,
At average, about 12 per cent heuvier al birth.
Dl it the exeess of cale tum chloride had igritated
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1870, puts forward 1l
eCR B0 importin
p. ai

B el

Poultry

tayimg-hens for au abundant supply of Huw
ahell has Tong been recogmised Ovster-st
plied to luying-bind

Phe peed of

formation of ey
| womne other source of limne, s Bup
Wl inrelhgent pouliry-keepers.
1t 1s nteresting in (his conneetion to
uel]-Tess egae i3 e b SOLLL CAURL othe
e st s absolntely masential for the
Cloank, beeanse 1t sapphes Ume for bone formation. e
Ve <apply 1 W fond i umnmm». so long a8 the oo
ks b lay she wille if noecot®ry , doplete her own boie
, thoggh indeticieney ol

1y provide tur the shell, y
e vty i b e Bliell being formed i

note that the by
rthan lime deticu

i

hitie
The supply
than usual
Rt the botles at
(ately the ratt of egreprodiction
eael ot whiel the food can supply
When there is insuthicent fime i the foud, fherefoze
produetion s ess Vhau when au wiple wupply p{-
Phus o= acll shown 1y experinents conducted an 100
Ioentitehy Py parttiental Station, VN A (19). Hens weo
nolferent groups Wl Doopecess 1o the ground. I'he

reservolr, whid

wot an mexlmstible
down

st slow
the necessary mal

onersted of e meal, hrah., nddhngs, meat, and ch
- nash, and for gra, maize, wheat and oats,  Two
pegnven cack oyster ahell or fimestona, The eggeps
ol Al averge, 697 per

Two groups Wi
L TOUs receiving no extra minerid o

waneral most likely ta be depve

tion i thes
sreater than it
Phiough hine a8 thie

devalopment ot 7o

H

M Rt e Y o g
AUPORTANCR OF MINBRABFACETTNR: 1N

itry foods, phogphorus,
or mineral8 may be }
M growth, egg-laying, ay

chlorine % g i ¢
: , and, on certain rations
)

hntch;bmzy 0f ‘egge therobsy.

ivd. At.ghe Ohio B ;
< showed ;%b even Whn"oys:y mmm,,,»
e furm ot sprouted onts, wore ‘SuBPH n food:
aunts, the addition of a minersl mixturé unjimited
conitsting “of

¢ purts Hone phosphate t,
0 one of col il
linlk e e
‘r.} 3 x.x" used the value of the ration fr)l s die
.[ sl mln byt more than 40 per cent oF rowtly and
teferenee has been made to y
e e ba B the value i .
ention of certain conditions of malut;trl:tfu;:d;fo _(or e
pigs and

% t bas aldo an influence on poult The resn.
g b s i 2 Ty estlts of
P [

ments at sconsth (Y) seem to indicatg that the addi-
: ‘ W ih (1 0 to
{odine to the food helps to prevent the laying of soft-
[ f

Lol g A Vel Tobable that iodine has some c
g, Jtois very probable that iod has 8
on

iinge influence on the metabolism of lime salts in the bo y
taboli f i alt: the bod
' shell @ ains some iodine. Tl g’ may .nu unt for
.H ‘lu.lll contains Jit di s
i - Over " ”; of minerul , ) or
m\r rily over lune as a source n ul I;J]ly‘
# o
+as vbvious thit attention t mineral content of the
.
= ) | 11
poultry would be repaid by inere i
; ol ased profits to ghe

HE MINE TENT OF PASTURES
© MINERAL O
NTENT OF |

mipurtand feature of the Y

g u L problem of i i
! :qm;‘.i:rl;lﬂ,ls lnvmndm_ud‘x is the vuﬁgﬁg z:r'f’ E:Sequuk‘
‘ ‘m,”muin;,n t;:g{aintlon to some extent 'rewﬂecm:1 g
e ot lhutu' charucter of the soil on whi hm oo
oo burt tha  varies least i the seed. Bat o
o ln;”()j.;];bnnu present may show vv Fintions
D o L :1‘4“-‘;»"-3. the vanation is muchmmmom
e "l:.l x?‘;hvsd two samples of erub ;ﬂ”’:lﬂf?‘;:;“""
i Th(,{th thl‘l.r:f’ :“:m!nlun!uud one in @ Im!x,e‘-
ey, Dangh tl ad Do observable differes o
mummﬂ;}}ﬂ\ru}.uu: the sample from the ﬁf:“m X
viphoros than ,‘her cent moee lune and 22-7 {mlulk
spaoras, r;) e one from the gurden o ereent

R alnutrition in wnimals due
iy o p 1‘un'ex have been recorded aten
b b l‘M o to the low nulk-yield of the
s 188 au abnortuully low co L-‘ :
swaithn Islands, where th "
v hittle lime, cattle huve 3

mineral
Reference hag
cows in Bihar, 4
A ut of 1;)huap!mrm;.y
oil I8 of volesnic origin
kS Sl e s slow rate of growth
¢ wine-rich foods imprm:'l: e e 'Hlmd
rith | s 0 the conditi ' itintaly

& stock-rearing to be 4'undm'w:l‘ vl\‘:l'.lhl [[);(:‘Iillmmmhl

2.

in sufficiedt amounts, and the




356

& RS
GRTANCE OF MINERAT MATTER N BUTRITION. IMTOXTANCE OF MINERAI MATIER IN NUTRITION.
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e Liv e gtoek could e it aped 0 ‘:(u’n co R, T K Pistitute have shown that similar results can in many in-
wiiniew it R B o “-(I e rw’u ded 1 d ‘mumf in the piy at least, be obtained by the addition of
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Dadt .Gbwa is thus afforded. \The mille gields larger
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food of growing animals. s ae Vel ' i
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