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llinen.l JMt&.bolia ha.e commanded. the at:kntion ot inveetigatore 

tar many y•ar•, but e•p•oially within the wt d•cad•. In the tu.u.s 

ot plant• and animah th9 valwe of certain minerals have been round 

to be quit• conatant. Thia consistency hu led 1IIUJ to believe tna.t 

tlleir presenc• is not ineiden:tal, but that they an eeaential for nor• 

al gro-.th and dewlopment.. llirterala i n the body ot mammal• function 

1n at lea.at three 'IV&Je • which have been listed by lleni-1 C. Sheman in 

Chemiatry of Food and HU.tritiont 

(1) . A• oenetituent• ot the bonee and terih, giving rigidity 

and rela.tiv• permanence to ateletal i:lsaue•• 

(2). A• ••••nt1al element• or the organic compounds which are 

the chief solid constituents of the sott tieauee (muacl••·• 

blood cell•, etc.) . 

(3). M soluble eialta (•l•ctrolytea) held. ia 80lut.1.on in the 

tluid• ot the boclf• g1Ting these fiuida their cbuact.r­

istic intluenc• upon elaet1city and. irritabilit.y of muecle 

and nerve, aupplying th• mterial tor the acicU.ty or alka• 

linit1 ot the dig_eatiY• Julee• and other secretion•, and 

yet aintainiag the approximate neut.n.Ut.y of the bocl.y'• 

nuid• ae nll a• their osmotic preeaure and solvent powr. 

The function of calcium• phosphorus, sodium, potueium, magneaium, 

eulphur, iron, coppeT, an1 iodine in pre·..-nting certain d.eforlld.ty di•­

•a•e• haa been well demone;tratc •. 

The role or caleium am phosphorus may be coneiderecl together, 

bebg COJ1ri!:tuent• ot the bom • and teeth, and playing a leading part 



in contrac'U.on and relaxation ot the 1tuscl• tia,un. Calcium above the 

normal causes a toxic condition of tonic contraction, comnonly known ae 

teta:a.7. 

Sodi\1111 salts take t-bb chi.et part in ti. mailatenance of normal 

oamotic pr•••un and al•• have a speeitic intluene•.., Contrariibility 

and 1rri'tab1Uty di#appear it sodium salt• a.re &'beentJ but it preunt 

alone they produce r.l&xation or muscle tieaue. 

Pota••ium salt.a occur to a grea,ter .stent in the aott tieauee a 

the eorpueclee el the blood., the protoplaa of the muscle• and other 

ors-.. ancl aleo the highly apee1al1s.M fluid•• The a'b••nc• of po• 

t•••im bring• about a neurosis ot the tia:suee of the abdominal ca•­

it7. A high intake ()f potas•ium tend to incTeaa• aodium elimination. 

I. balance must be •intaine4 betwen caloium on one hand amt sodium 

anti potaaeium cm the other. 

Ao.cording to Graham Luk 'll per out ot the mag,,.••ium of the 

bocly is found in the bone riructure. The nruaclea contain moN mag­

ne•ia than calcium. h a deticient m&gneeiua dl•t experimental 

animal.a begin to show mild eymptOlU of byperirrlta.billty aa early aa 

the first week. The irri:ta.bility become• greater a.a the experiment 

1• continued. There a.re alao changes in the etia hyperenia. Dath 

occura 1n about 34 day• w1 th a. loss bl weight. 

The compowid• containing aulphw the.t bave been atudied to the 

greateat extent are tht amino acitlL. Recently other coapounda con­

\aining aulphur ha'H grown in interest, aueh ae ina11li:n, vitamin .s, 

and -parin. lt aeema that oaly the organic compound.a of sulphur 

are ueed by the bed.7. 



Iodine has been kno-m to b• an element in the thyroid gland 

sinM 1895., Later exparimellie have e-nown that iodine ie u element 

in the compound thyrod.n. llheth&r thyroxin, the u~retion ot the 

thyroid gluul, oJ.rcula.tea at.id functions in the body in ite tr•• •tat• 

or in ~ombination with protein, u in t.hyroglobin, or in bo'th •Y• le 

at111 a subject ot dtacuuien. lt is now gen&r&ll.y agreed that & de• 

fic1ency ot io41ae ie the c·auee or common goit•r. 

The intluace of bromine in the body hu been eoimect.e4 with 

aleep and e«atiq p-o•N• SQJd investigator• r .. 1 that bromine i• 

t.he eecretion ot the pit.uit.aey gland. '!ht ingee-tion ot bromine bringa 

abo"" an increased. ucret.ioll of chlorine. There i.11 always a bal.a.nee 

-.intaine4 by t~ bal«.gen.. It ti.re ie more iodine ingested., some 

ot the 'bromi.JJ.e am c.blorine will be loet; likewise, tluorizie, when 

included in the di•'l, bringa about a loaa ot the other balogena. •. 

In a repo-rt, however, by IC. W .• McCollum at tbs Biochemical Jlee,ting 

in Baltimore, Va.ryland,. Ila.rah. 19'38, bromine .. coneidered not to 

b• needell 1n nonaal meta.boll•• 

Iron and copper are now considered t.ogn,1-r tor hemoglobin tor­

-.u.on a.nd regeneration. There bae been much dieeuaeion of late as 

to whether copptu· ie the apecitie aot1Yator tor iroa in hemoglobin 

regeneration, or whethe..- otbe'r t.raee •lemert\a aleo play part. Tn. 

11eight. of the e't'idenoe eeema to point to the tact that copper u the 

a,-oitiq ae:tint•• 

lfang&neee and oob&lt b&'ff be•n at.wli.t trom thia poird ot new. 

lcOml 1nve•t1gaton teel that copper and iron in. the Pl"••uee of ll'IIUl­

gan••• 1• more ette-ctiTe in th• development or hemoglobin. They a.l•o 
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Peroaie,, a nam• glffft t-0 a. 4etorm11.y of the t1b1al-metatareal 

Joint. in chiokens, i• frequently found. i n a. lat"g• peroetttage of bat-­

tery•t~ chickena~ Thi .ration t-4 1• appat'etly w•ll. allf)plied.. with 

all tnon nutrltiYe requiFemettt• tor growth a.n4 •k•l4ton tot<mtion. 

lxpertetn·ts conducted in 11u17 la'boretor1•• 1114k&te that th• eond:l• 

ti.on can be prevented by iac.lud.ing ... 11 a.mom• ot ttJll.llgane ... 1 ,*,8 

This fact wae nggeeted •• u experiment with the ua• or rice bran 

proTed that thi• _. not due to any kn.own vita.min. It ae agggeated 

by H. a. i.lgua, L.. e. orria,. and G. r. Hevaer that mangane.. or 
a 

other trace elemante wre prevotiT••• fb4J anal.7•i• of the rie- . bran 

•~tract •hoW•d. tha.t manpneea lli&8 present and, thw•tore, might b• 

th-e solution or the p.rol>l•m. 

.Although t1- uact tamrU.on of thia ele•nt 01' other trac• 

i• nee4ec:l in bon• tarmation in the epeciel ..... 

It. is alao known tbi\t. sng-aneee 1, found 1n the bones of Jlll!dlffllLl•, 
and poaeibly it• need. will be pJ"Ovecl. . It ia now post.ulatecl that it 1e 

1n some -, coimect." w1 th bone d.•'Mlopm,nt... Kost recemt r.porte in,. 

d.ica'te that addition• of tra.cee ot manganese to low rati.ona produc• 

u much 1111 lS per c•nt inareaee in the length ot leg bon•. The beet 

l · H. 8. Wilgu•• Ir•, L. o .• lforri1, d G. r. Reuur. Scit19, li• 
252~ 1936. 

a V. G. Beller and 1l. Penqui.te. Poulta Sc!fpc•, .!!• JfJ ... 244, 193,. 

• ll. J). Gallup and L. C. liorrie. low. !isl• .9!1!1•, l.ll, mtt•xxrru. 
lt'aT. 
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chemical M&lyau faila to show that manganese he.a increased 1n the 

ehemieal etructur• or bone, "b~ ahcnn, that it i• accumula:t ed in the 

bon•• when ted in la:rge amount s a.nd. 111 some •Y eatalizea bone me­

iaboliom.• 

Thi re.ct t hat ite det'1c1ency ha.a not been noted my be ca.used 

by th diffttrenc• in the a.natomiee.l structlU'• of the skeleton• which 

may be due to a small need or possibly to the tact t hat the :ration 

t-4 ie not unbalanced in eertain mini re.la aa the perosi1•produeing 

ration. 

E: .. E. 0-rent am I.. • McCollum round that rats f•d. on a mangan-

es.-detioient diet tailed i n 58 t.o S9 ca.see to suckle their young, 

and that when th••• female• we.re given foster young from t he stock 

litters, in 8 casea out of 10, they tailed to suckle th.am. They 

e.le-o found that the atoct female• did not ahow interest in and. <lid 

not suckle the young ot the manganee.-tre• mother•, that '1 out ot 

100 or the manganea.-tr•• young wer• reared by etoek•feater mother•, 

and that tnaee were Wld:erebed and of inferior appearanc •• 6 

Male rate ehowe¢ no a.bnonallty other than teeticular degen• 

eratlon "1th complet, •t•rllit7 reeulti,c... The addition of small 

aaounte ot mangan••• 1n the tora of chlorid a kttp-t th• 1111110:a in sex• 

ual. potency. 

llangane•e 1• 1n a an• w.y oonnec-ted or concerned with the pro• 

duction ot a bOJ'lllil¥ by t~ interior lob• of the hy-pophyai•. Tht. 

• Jtepo.-ted. at the Bloch miea.l V.eting in BaUimore, lfaeylancl, 
March, 1938. 

• I. m. Orent and B. • lfcOollum. :i..2!£• J.iol. Sll!!l•, .!!• 6Sl, 1931.. 



hormone is eseential £or' the functioning of tbJ testee and for the 

proper developmeat and tuctioning of the DINffllarJ tiaeue. 

Amy L. thm1e,le ud Gla.tlys J. Everson• baT• also stated that 

ro.tiona oontaiming le-a.a than minimum amounts re•ult11, ponibly, in 

a failure ot tranmary gl.atul d••mpment in the parl:ur:ie.nt teal._ 

But apart f'r<Xl'l the faet that diets lacking in mangane•• re•ult 1n 

· , testicular atrophy,, the specit.1c role that 11181lgan a playa in the 

wll being of the Qrgani.sm a:a ••ll as the re,lat1ve amount• ne-•ded 

are unknoa. 

The pUJl'poee et the inTestigation reported: in the body of tld.a 

the:sie i• to study th& function of related trace el••nt1 upon the 

gro~h,. reproduction, and g•J1•ral well bei11g of ma.nimal•. The re-

aulta of the incidence ot peroaa 1n ehiek&ne haa b•en studied. 

The 'b&eic peroa-a :ration as ••ll ae the supplbent. uae4 ia indi• 

cattl4 in Table 1. flhe et.rec-ti of the,u rations on the eldctena can 

be judged by the per ce.nt o-r blrda a.tfect4Hi a• presented in the 

table. 

1'~ observation ·Of the•• de.ta will indi.eat-e th t a. large per 

c•:nt ot the lt>irde on the basal diet are atreo.te4. that the addition 

ot a trace ot aanganee• reduces the incidence of th& llalformation, 

th&t cobalt and iron do not f'unetion in a. aimilar me.rmer, and that 

the water extract ot rice bran proved to be tho best preventive. 

The difficulty ia re4uc•d who bone meal ia removed from the riiet. 

• h.y L. Daniela &11d Glad.ye J. ETere,on. .i.!s:• at. !.!:!..£•, i• 191-
203, 1935. 



Constituents of Ration 

T•llow com 
Wh•at middling• 
Alte.lte. 

®t•rmilk 
Ood. 11 ver o 11 
HaCl 
lea.t I crape 
Dehydrated. meat 
Bone meal 

nOOa 
0001. 
Fe lactate 
Caseitt 
Water extract of riee bran 

fable lio. l 

THE BASIC Pli:ROSIS RATION PLUS THE 6UPPLEr.&E:NT8 
AND 'l'BEIR EFFECT OM CHIOUNS 

(lxpreseed. in Per Oent) 

a ~~~-~ 

I . . . . Ratigu . . -
a I 1II I III t XV l Y a VI a Vl'.I a VIII 
t 

,v.o 66.0 66.0 66.0 ,1.0 67 .• o 6'1.0 6'1 .0 
s.o s.o s.o 6.0 -s.o f>eO ,.o s.o 
s.o a.o 3.0 .a-.o a.o a.o a.o a.o 

15.0 1s.o 1s.o 15.0 15.0 15+0 15.0 15,0 
.25 .as .a, . • u . 2s .25 .as .25. 
.vs .75 .,s ' • '15 .,s .'15 .,s .,s 

s.o 5.0 5.0 s.o $.O s.o s.o 
s.o 

s.o s.o s.o s.o 
.01 .01 

.02 
• 25 

s.o s.o 5.0 
Ad. Li'b. Ad. 1.ib. 

Water extra.ct or rice bran ashed Ad.. Lil,. 

Per cent or birds arrected 100.0 4.0 54.0 64.5 ,s.o 10.0 14.0 53.9 

... 



An J ... ray atu4y of th• bone• Qf these chick-eu, Platea l and -a. 
•hows that the malaAy does not reaemble rictete in that there ie not 

a lack of calcltica.tien, but that t.be shaft ot the bone ii bent, and. 

in any chiekene the dista.l em of tla tibia ia sieehaped; thie bae 

permitted a allpptng or the tendons frOJa tba hoell arlicular. Thia 

condition ha& cauaed the maltormation to be knowm a.• elipp9d tendon• , 

th& result of which b an enlarged. articular often tilled with eerUIII. 

The bones ahown in Plat.e l are normal in •hap•, while Plate a illua­

trate• a typical a\ructure in. a 1)6rosi8 bir4; Plate 3 ie a picture 

ot & chicken eo attectecl. 

J:t ha• been stated that manganese and riee bru extract aid 

in bone formation and in the pr•••ntion of the ma.lfcrmation f'oumi in 

peroau. The eftect that thue eupplementa might have oR the ardm&l• 

&tfect-ed with riek.eta ha• not been investigated.. Al.though :ricketa 

ia a bone malformt1on ot another type , an att't.llJ)t has been mad& in 

thie ill• atigation to d•i•nnln• the eff'ac't ot manganeae and rice bran 

extraot and aleo cobalt on ri~ket,. 

5 



Plate 1 

8ti&gram or the tibia 
ot a norma._l chicken. 

6 



Plat 2 

Skiagram ot tho tibia 
ot a chicken with peroou. 



8 

,. 

Plate a 

A chicken affected: with peroeia . 



In order to detenni:n• whether or not a similar condition 

would reeult in mammal•, the baeic peroau ration and the aupple• 

aent.e u indicated in fable 2 wer• t-4. 

The ra.t was uaed. e.a the experimental am.mal, because it haa 

l)ecome th• U81.t&l laboratory animal, because it ie ea.•ily grown, 

9 

and becaue ita lite cycle ia rapid .. The rats were ta.ken from the 

a'tock Utter, at 4 weeks or age and placed. on the dittennt ration•. 

Thay were oba-&rYecl and th•ir weigh\e recorded .... tly. Their a:'f.-age 

weekly gain in wig" and their total gains in wight are given ln 

T·able 31 4, and $. Skia.grame were made at the end of A 3-week period. 

Thee• can be •e•n on Plate 4. 

The Steenboct ricket•producing ration and the added sup.plement.• 

&-1 inclioated in Ta.bu 6 were t•d• The average rate ot growth •• re­

cord.eel "ekly. The results are found in Table• t, 81 and t. Sida• 

grame were m.de at the end ot three weeka atter the re.ts •re placed 

on the diet.. Th•e• c.an be aeen on Plate s. 

In man.y inataneea th& rats were obeer-red through five series 

ot t1"ials. The &Yerag• wight• ot the• rate appear in the tabl••• 

Two of these aeries were carried through reprOd\lCtion. 



Conatituente ot Ration 

Yellow com 
Tiheat middling• 
Alfalfa 
Butt•rmil.k 
Cod liver oil 
Na.el 
))ehydrated meat 
Ca.1ei.n 
Bone meal 
C&COa 
HaaPO• 
Mn CO a 
OoCla 
Rice bran 
lxtn.ct of rice bran. 

Table No •. 2 

THE BASIC PEROSIS RATION PLUS THE SUPPLEMENTS 
WED IN B E1)I NG RAT$ 

(Jb.preHed in Per Cet) 

I ft&:U.QAI__ _ -._ _______ - - - - - - ----- ----- --

I I I IX ' lIX • IV • V - • v.r-, VII I - VIII I IX 

67.0 67.0 6'1110 '12.0 6'1.0 6?.0 67.0 s,.o ,1 •. 0 
5.0 s.o s.o s.o s.o s.o s.o 0 ~ . .,o 
3.0 a.o a.o a.o a.o 3 •. 0 3.0 a.o s .. o 

lf>.0 15 .. 0 1.s.o 1s.o 15.0 15.0 1s.o 15.0 1s.o 
• 25 .25 .25 .25 .2$ .a, .as .25 .25 
.75 .75 .75 .,, .,, • '15 .'15 ;,75 .,, 

s.o s.o 5.0 s.o 
s.o s.o s.o 5.-0 5 .. 0 

s.o 
5.,0 

5.G 
.oo, 

.01 
15.0 

Acl. Lib .. 

... 
0 



Table lo. i 

'l'D llil'RCT OJ' MA.t«lANl61: SALTS WHEN ADl)El) 
TO 'tHE J3.AS1C ?EROSIS RATION ON GROWTH IN RATS 

(Expresaed. in Grame) 

I I I 

tinitia.l• • I G:aa»@ fet W,eet . ,Total 
Re.tion 1We1p.i .1 1 t 2 1 3 i 4 • , • 6 l "I • 8 :Ga.ine 

' . 
Mtlg -
Buie ration 48.5 14.S ,.o 21.4 a)..t 20.e 16.8 14.0 e.o 125.4 
Baaic ration plus . 25~ llil008 45.o 21.0 10.5 sa.o 2).0 2.a 2&.s 2a.o z,.s lSS.-6 
Baaio ration plus .05:,C: JlnC08 35.·5 . u.o 14.0 11.0 1,s.o 19.5 ,,.s 
Buio ntion plue .00'7~ 16:lCOa s,.o s1.s ao.o 36,.$ 42.5 26 .. 0 0 1,., '1.5 1,1., 
E!alt• --:- .. 

Baaic ration 44t2 1.2.2 14.V r,.o 19.3 11.• 1'1.4 14.0 is.a 121.a 
la.sic ration pl_u11 • 25% MnC08 44.5 , 18.$ a.a is.a 11.0 l .2.3 18.5 10.0 lS,O . 11s.a 
Basic ration plua .05%.VnC08 43.5 12.1 u •. o 16.0 14.5 1'1.$ s.o as.s 
Baaic ration plue .001~ ,&i008 65,.0 22.0 18.0 1s.o 20.0 9.0 6.0 0 ,.o 9?.0 

,::: 



T-able No. 4 

THE lU'FS:O'f OJ' COBALT SALTS WHEN ADOID TO THB: 
BASIC PEROSIS RATI ON ON ORO~H IN RATS 

(Bxpr,eeed in Gram,) 

I f I 

&Initial, . _ . P,aiaa ftr We1k aTotal. 
Ration •W•igbt. • l , 2 1 S , 4 a f'> a 6 1 7 1 8 16ain1 

• 
Batie rat ion 
Buie ration plue .o&% CoCla 
Be.tic ration plue .01% OoCla 

11.BAt• 

Ba•ic ration 
Buie ration plua .05%. CoGls 
Buie ration plu1 .01~ OoCla 

48.$ 
se.5 
62.5 

44.2 
65.0 
e.o 

• 
14.S 9.,0 ,.s e.s 
a., s.o 

12.2 1,., 
5.Q 3.5 -,.o o~ 

n., 21.t 20.s is.a 14.0 s.o ,.a 6.7 12w0 13.5 10.0 9.5 
41.0 40.0 a,.5 6. 0 9.0 15.0 

1'1.0 lt.a ll.4 l'T.4 14.0 lS.2 
10.0 7.5 •• s s.s 2.0 5.5 
33.0 as.o 11.0 a.o -3.o 10.0 

125.4 
76.9 

140.0 

121.a 
38.5 
96..-0 

::: 



Table lo. 5 

TS E:FRCT or VARIOUS SUPP~NTS WHEN ADDED 
TO 'l'HE BASIC PEROSIS RATION ON ORQWTH, IN TKE RAT 

(hpresse4 1n Gnme) 

• • 
Ration 

• J:ni tia.l I G11n I f..ei: !11, , 
•Weight I l a 2 a I t 4 a I • 6 a 7 a . 8 . - -- . . - ----- - --Ila.lea ·-· - ·· -- - · ~ · · · - · 

Batie r-ation 41.5 14.& 9.0 21., 21., 20.8 15.8 14.0 a.o 
Baaic ration plus a.co, '13.0 ,.o 12., 5.S 1,.0 15.0 15.0 u.o .s 
Baa.le ration plus Waa'O• ,o.o 21.0 so.o ».o n.o a.o -1.0 20.0 10.0 
Ba.a1c rt.tion minua 
bone •al 6$.0 21.0 u..o 30.0 27.0 '1.5 •. .,.5 1,. 5 0 
B&eio ration plue C&t•in ,a .. o n.o ao.o too , f. 40.0 ss.e -10.0 20.0 10.0 
Basic ration plus rio• 'bran 66. 5 aa.5 26.0 , -2.0 24.0 9.0 17.S 8.$ l&.s 
Buie rat.ion plus ric• bran 
erlraot 68.0 19.G 24.0 29.0 aa.o 11.0 12.s ,.o 1'7.5 

• a Total 
·•G•in• 
I 

125+4 
83.5 

150.0 

llt.i 
1e2.o 
16'.0 

1,0.0 
l --- ---~. ~-- -- --· -- --~·---·-- ·- -~-· ~- --- -- ·.-- . -- -- -~ 

,,. II J I ti J 1 J t 

:S..•ic rdion «..2 12.2 14.'1 1,.0 19.J 11.4 1, •• 14.0 is.a 121.a 
B&a1c ration plue Ca.001 61,S "·· 1,.s 10.0 12.s ,.0 10.0. a.o 0 ,,.s 
le.eie ration plutt Naef04 s,.s 21.s 1,.0 16.0 16.0 ,., aa.s ,.1 aa.o* 189.0 
Batie ration minua 
b<>ne meal se.o 15.0 19.0 1,.0 21.0 9.0 10.0 12,5 -10.0 93.5 
Baaio ra.tJ.on plue oaeein 56,0 20.0 12.e 1'1.0 20.5 15,0 13.5 30.0 a.o 1a,.o 

1ic ration plus rice bran 60.0 20.o 15.0 1s..o 20.0 -3.0 ao.o -,.o 5.0 85,0 
laaic ration plue rice bran 
e.traet 63.0 22.0 22.5 11.0 22.5 '1,0 10.0 ... , .. o s.o 99,0 

*fteproduetion t 



(1) (2) (3) 

~ 
(6) (4) (5) 

{7) (8) (9) 

Pl te 4 
Skiagr-us of the tibia of rate on the basic perosie ration and 
supplem&nte. (l) Basic ration, (2) basic ration plue CaCOa, 
(3) basic ration plus la.8Po,, (4) b sic ration without bone meal, 
(S) baeic r tion plus casein, (6) baaie ration plus MnC08., (7) 
baeic ration p.lua CoCla, (8) basic ration plus rice bran, and. 
( 9) baeie ration plus water extract ot rice bran. 

14 
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Table Ro. 6 

THE STEifflBOOl(•RAOHI'l'lO PRODOOINO RATION 
AND THE SUPPLEMJffl'fi USED IM FEEDING RATS 

(lxpree•ed. in Per Cent) 

1 . .. . a,.;1,t ., , 1 , 
Con11ti.tue11te ot Ration a l a 11 • llI t IV t Y 1 • VI · 1 VI!l • lX 

• 
Yellow corn '16.0 1e.o ?6.0 '11.0 76.0 76.0 '76.0 61.0 ,,.o 
Wheat gluten 20.0 20.0 20.0 20.0 20.0 ~.o 20.0 a>.c ~.e 
Ce.CO a s.o a.o s.o s.o 3.0 3. 0 a.o s.o s.o 
NaCl. 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 _l..O 
VnCOe .5 • 2'5 .0$ .oov 
CoCla .1 
Oo4 Uver oil .1 
tice bran 15.0 
Rie• bran extract Ad. Lib. 

t: 



'f'able No. 'I 

'l'HS EFFECT OF MANlANESE SALTS t HNN ADDED TO THI: 
STil!INBOOK•RAOHITIO RA'l'ION ON GROWH !N RATS 

(Expressed in Grams) 

' . . 
• Ini tia 1, n 011n, P~[ Dttk . . I Total 

Ration tWe1ght t l i 2 • 3 ., .4 , 5 a 6 , Cains 
I I 

Wt• , .. . . 
Baaic ra:Uon 45. '1 9.,0 4.t 14.l 5.$ 6.l 10.1 49.7 
Baeic ration pltlO • 5,t Mn 46.0 8.t 6.5 &.s 8.i 5,S 10.0 45.5 
Basic ration plus .25% Mn 42.5 s.s 4.5 6,8 4.5 .4.5 14.$ 34.) 
Batie ration plus .05% Mn 45,0 ,.s ,.o ,.o 8.5 '7.5 1.0 42.5 
Buie ration plue .oo,;:. Mn ,u.o 4. ·6 '6.0 e.o S,3 1., 9.0 32,$ 
k•io ration plu1 cod 
liver oil 46.6 6,6 ,.o u.s G, 0 2.0 14,6 46.S 

,,.1., 
B&aio rat i on 46., s.o s.o 9.8 4.9 l.4 5.6 39.9 
B&aic ration plt.18 ,5% lln 42.S a.o 3,4 5,9 8.1 -s.o 10.5 so., 
Baeic raiion plu ,25% Mn 49.0 11.0 10,0 11.0 , .. s s.o 9.0 :;a. s 
Ba.tic ration plue • est, Mn 53,0 6.,5 e.o ,.o s.a s.o 0 sa.o 
h.aio ration plU9 • 00'1% Mn 42.0 s.o a.o 12.0 3,0 1.0 10.0 4S.O 
kaic n,tion plus cod 
liver oil 42.5 , • 5 a.o 12.0 s.o 2.0 9.0 38.S 

.... 
~ 



Table No. 8 

THii: EFFECT OF COBALT SALTS t ·HEN ADDED TO THlll 
STEENBOCK• RAOHI'l'IC R.A'l'ION ON 01\01!.TR IN R.ATB 

(lxpreeeed in Gram•) 

. ' . 
1Initie.ls Ga~p• 'frt..r te9l5 1Tota1 

1tati<u1 ,Weight , · l , 2 a- a , 4 , 5 a 6 ,Guns 

• • • 
M'rt.ue_ -~----·-·- -·-· ···-·· --- ·--·--~ ·-·--

Baeic ration •~s.v ,.o 4.9 14-.l s.s 6.l 10.1 49.V 
heio ration plws .~ CoOla :;o.o 7.0 3.0 s.o s.o 0 2.0 22.0 
Buie ration plue .oi,'. QoCla 41.0 a.o s. 3 9.'7 2 .. 6 10 .. 6 6.6 42 .. S 
Ba•ic ration plus cod liTer 
oil 46.6 6.6 6.0 ll.3 6.0 2.0 14.6 46.5 

Ztiiie,----· .. - · - ' 

h.eic ration 46., a.o a.o 9.8 4.9 S.4 s.e 39.9 
Basic ra.tion pl'l.le .J.%_OoCla 44.0 11.0 , .. o ,., 7.5 2.0 2.0 as.o 
Basie re.ticn plus .01~ CoCla 46.0 10.0 s.o 11.0 3.0 5.,0 s.o 42.0 
Batie ration plue e<i>d liver 
oil 42.5 ,.s a.o ia.e 5.0 2.0 9.0 38.5 

,..., 
""° 



Ta.ble No. 9 

TilE ,mer o, RICE BRAN AND R.IC:i BRAN I.XTMCf 
WHEN ADDED TO STEENBOOIC•RACHITIC RATIO!l ON GB.OV.T!l IN THE RAT 

(ixpreeeed 1n Gram1) 

I I I 

•Initial I Gsa• ter !••Jc ... I &Total 
Ra.ti on a Weight I 1 I I I 3 I 4 I 5 I 6 IGa.ine 

• • 
Ji\ltiL________ ______ --- - -------~------

Bu1c ration .,.,, 9.1 4.9 14,l s.s 6.1 10.1 49.7 
Baaie ration plu1 
rte• 'bran 41.3 12.a 6.3 16.0 U .. 4 1.•.a 7.3 o,.a 
Buie ration plua 
extra.ct ot rice 
bran 43.0 11.2 4.3 15., s., 10.3_ lS.O 60.1 
:&..tic ration plue 
eocl liver o1l 46.6 6.6 6.0 u.a ,.o 2.0 14.6 ... , 
lUIMtl·f " ,. 
Buie ration 46.'I a.o a.o 9.e 4.9 3.4 5.8 39.9 
&aeic rat i on plua 
ri oe bran 4$.0 10.0 10.0 21.0 ,.o s.e 7.0 ,1.0 
Baaic ration plus 
extn.ct of r i oe 
bran lS.O 9.0 s.o s.o s.o 2.0 10.0 a1.o 
Baeic ration plu• 
cod liver oil 42.5 1.s a.o 12.0 s.o 2.0 9.0 aa.s 

ti: 



(1) (2) 

(4) (S) 

Plate 5 
Skiagrams of th& tibia of rats on Ste•nbo-ck-i-lcket 
producing ration a.nd the St.eenbock ration plus the 
auppl•ment•. (1) Basic ration, (2) b eic ration 
plw, U.C08 , (3) basic ration plus CoCla, (4) basic 
ration plu.• cod. liv-er oil-, (5} buic ration plue 
r1ce bran, and (6) basic ration. plus the water 
extract or rice bra.n. 

19 
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It can. be aeen trom the table• that at the end Gt eight week• 

the rat.a ted the baeic""P•roal.e diet bad an average total gain in 

weight of 125.4 grams tor the mle• en.cl 121.2 gran ror the female• .. 

Thia indicate• that the malea are eomewlat slower in growth Uum th• 

ma.lea ted &n a normal-stock rs.tie. The nor'llllll ma.lee ai the end ot 

this periQd bad an average gain of about lSS gr&.flW a.ml the tum.lea 

of about 100 grau . So it can be said that the baaie-peroaia diet 

does not produce quite eo good a growth u the 12.or mal- •tock ration. 

It the grfflh of the rate on the baeic stock•ration is con• 

truted with the growth after the ad41Uon of the difter•nt per 

cents or manganeae carbonate, it can be seen that wh•reaa the 

ba.eic -.lee had an increased growth ot 125. 4 grams. the 1111.l" 

with a . 25 per cent a&Ut1on of ma.nganeae bad Ul incr••ecl growth 

ot l5f>. 6 gr&SIB ., and those with a . 007 per cent addition had en in­

creased growth ot 191. 7 grama. Altho•h t.hie indicate• tbat man­

ganeae incr.asee the growth rat.e of the ma.lee, the greateet in• 

creae• came when the emall&at amount.a nre addedJ thia ehow• tha.t 

manganeee ie a. needed eleme,s , but t lat a trac• is more ef tecti v• 

than a larger am.ow:st. 

It the te•l•• of the baeic ration are contrasted with thoa:e 

on the ba8ic ration plus the mailga.neae e,;q,plemen'\, it can N •een 

that the temalea on the basal diet bad a total gain in weight of 

121. 2 .grama; those with tha . 2S per cent anganeae addition, 118. 2 

grams; and those with the .oo, p•r cem addition, 9?.0 gram11. It 

ee•ma that in the ea•• ol the f eale, mnga.nese dee.a not aid. in 



increaeing the rat• of growth aa it dou in the ca•• of males but 

rather ha.e a retarding ettect .. 

With the addition ot ditterent ~rc•ntag•• ot cobalt t.o the 

baaie 1'8.-\1on, the largest per oeat, which ia .os, gave an inoreaa.S 

growth ot 76,.9 grama tor :male• u e0t1traa-tecl 'With the increa.e-4 

growth or th• buio ration ot Ui.4 grad. am the amaller adcliU.on 

of cobalt, which ia . Ql p•r eat, ga.•,e ao. irloreasecl growth ot 

140. 0 gr.-. Here " tim that cobalt ha.e an effect of either in• 

crea.aing or d.ecreaaing the rate or growth ot the mal••• 

The tema.lee thond a slower growth 1tith th& addition or cobalt 

in both -eoncentra.tione uaed; 121. 2 grams inC'rea•• rer the be.sio, 

38. S gram for the largest per cent., and 96.0 gram.a incr.ue tor the 

amalleat per cent of cobalt f •4• 

Upon the addition of oe.lci W.f1 carbona.t• to the basic ration the 

rate of g:r-owth for malea • decreased, 125.4 grame for baaic and 

$3. 5 grama for thoe• with the ca.leiwn carbonate supplement. Like• 

-.is•, with the tealea t .he rate of grewth ae much amaller, 121. 2 

gr&D18 £or th& baaic ration ae contrasted with 61. 5 grams tor the 

ca.loiwa ca.rbona.te aupplem,.mt. 

With the· addition or 1100.ium phoapha.te to the baaic ration 

ther~ s an increased rate of growth for the ma.las or 125.4 gra.ma 

tor the basic rationa and 150.0 gram.a incres.ae tar the. sodiu.11. phos­

phate, tor r.._les the Mm •s true, 121. 2 gr&ms increase tor the 

basic femal~• an1 139. 0 grams tor the sodium phosphate. 

Whe.n bone meal we.a removed trom the ration both th\l ma.lee and 

temalee had a deerea.•ed rate or growth. In the males the ba•ic ra• 

21 
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tion supported an increase or 125.. 4 grama a.a compared to llt. 5 grams 

-when bone meal was remOTecl. In the f ema.lea the ba,ic ration gan an 

increase ot 121. 2 grams aa compared to -93. 5 grua tor the baaic ra-

tion without the bone meal. 

With the addition or rice bru and the at•r extract ot rice 

bran the mle rate grew with an increased rat•• T~ bual diet gave 

an increase ot 125.4 grame, while the rice bran gave an incr&e..se of 

16"1.0 gre.me and the ter extract or rice bran an increased gain of 

160.0 grMlll. The tema.lea on these ea.me ration• were 121.0 grana 

ror the baeal, 85.0 grams for the rice bfan, and 99.0 grams tor 

the water extract o.r rice bran. 

RJPRO.DUCTlOll 

The baeic peroeie ration u.eed -.e an adequate diet for repro-

duction, tor the rat11 an this ration were o&rri-ed thl"ough t .. o gen-

erationa. Those on the cUeie with the manganese eupplement were 

also able to reproduce. Those on the ration with the addition of 

0.05 per cent of cobalt, however, did not reproduce although they 

were carried through 14 weeks after being placed on the ration. 

The females were th.en placed with sto~k males and the ales with 

stock temuee ot known potency. Neither or them reproduced after 

4 more week•• The animal• on the lower concentration Qf .Ol per 

cent cobalt reprodueed e.t the &rid of 9 weeks after being placed 

on the diet. 

The rata with the aupple1116nts of caeein and eodium phoaphate 

reproduced at 'I weeks a.fter being placed on the diet, and alee, 
/ 

those on th,, rice bnui an.cl rice bran extra.ct. 



f• raw ot gro.wtb ot1 ti. Steenbock diet waa • ttt oGUr••, 

mch elo•e:r tbl.n that on th• •oma1 dietJ the, rate wre not hel4 

over t<r r•produotion a.a 1n the lfU• ot th.oee ted ti. peros-1• 

die.ta. 

The rate . !td tile St••nbock 41.et. ad. the Stenb:oek d.iet plu• 

the e od liY•r oil showed. ,,.ry l1t.t1• attterence 1n gain• ia •tght. 

Vale rat• on t.be baaic Steenboek l"f.iion had an average in• 

crea•·• in •1ght ot 49. 7 gl"alq dur·ing the 6-week period. Tho•• 

on the . 5 per c.m, . a$ pe!" cent1: . OS per cent, fUld .00'1 per cent 

Dlllnp.nee• eupple •• bad an a.urage incr:ea•• ot 45. S grama. 34. J: 

grams, 42. 5 o-a-:1 and 3~5 gNJU, 1.'l•apect.1v•1Y• The f••l• rat• 

on the bae,ic Steenbock ration bad an t.t.Terage in.o-raee in •ight. et 

39. t UUII• Tho-ae on the •n,ganeae aupplement• showed an increase 

in night or ao. 9 gnus OJl . 5 per cent• 53. 5 gr&D!9 on • 25 per cent , 

32. 0 gF•• on a, .o, per cent, and. 45. 0 grmu on a. .,oo, p41r cent • 

Tbe male r .at.e on the ·coba.lt.-aupplemtnt ration• aa e,ontraated. 

with the baeic ra:Uon i 'a regard to a••ag• gaina 1n weight ahowe4 

an increued weight of 49.V gl'U'UI .tor tho baaic , 22.0 g:raJU tor 

the . 1 per cent cobalt chloriu, an4. 42. 8 grams tor the • Ol p•r 

ce-nt cobalt. ~ faalea te4 the cobalt auppl••nt a.a contrasted 

with thoa• ted the baaic at rep.rel to average gaine in weight in-

23 



creased 39.9 gra• tor the baaic, 35.0 g.rama for the .l p~r cent 

cobalt, and 42.0 grams tor the .01 per cent cobalt. 

The adciition of rice bran an-d. the water extract or rice 

bran aided in the rate of growth. The baaic ration tor the ma.le• 

gave an average gain in wight. or 49. 'I gnma. The rate fed. the 

basic ration pl\19 the rice bran bad an ,nerag:e gain in •1.ght ot 

67.8 grams, and theee given the .. ater extract of rice bran 60.l 

grama. The average gain• in weight for the .females on the baeic 

ration, the rice bran addition, and th• :t.er fxtract ot rice 

bran w re lt.9 gr&m1 , 67.0 gram.9, 1.nd a'I.O gram•, reapectively. 

The ekiagra-mt of the tibia ot the rate -conawrd.ng the Steen­

bock ration and the Steenbock ration plus the auppleu:nta ehow 

that the rats on the baeic Steenboct, the mangane .. , th cobalt, 

and the rice bran bad rickets. 1.'hoee consumi~ rationa aupple.­

mented with the water extract ot rice bran and the cod liver oil 

did not. 

DISCUSSION 

J'rom the result• ot rats consullling the basic steenbook ra­

tion as tompe.red to those receivi.Jlg the same ration supplemented 

with mange.n .. e, it appears that the need. of the mal•• ts greater 

tball that of the females •• Judged by t .heir growth and devel.opment .. 

A need tor that element. is a.pparent ly very ema.ll in the re-ale, and 

the amount present within the baeic ration is sufficient. Higher 

percen'tagee or additienal amount• haN a de-trimental ettect, and 

the growth is reta.rded. 

24 
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Cobalt o.a.n be ee.id to h&-v• a 'toxic etfeet ilhen added. in con.­

centra:tione or . 05 per cent. far the rat.• of growth or t,he Jllllle• 18 

decreaae<t , but whe add.•d 1n per c•nte of . 01 it Hems to speed. up 

the gr01Jth. Pn-tm thia 1 t 1s •••n that al th.ough cobalt le aa .... n• 

tial ele nt needed tor the growth and. de..-elopmem of the male rat. 

the emtnmt neetd4d ia vwy ••ll• 

The r•tar4ing effect that cebalt • -•• to nave on the f•ale• 

meana ei tber that the amount they need for normal growth e.nd develop­

ment ia eo small that the trace which is found in the ration ia 

s\lf'ticient or that they do not need cobalt tor normal growth and 

developmeat. 

It ••• that when large amount• ot calcium cubo1>.&te are Add­

ed to the bane ration the- rate of growth tor both male and tems.l• 

ie r.tar<lecl. Thia, •Y Wicate that ti. caleJ. WI carbonate adcU.tion 

unbalancaa the ration by be. 'ring an ex-ce·•• ot calcium in the diet . 

With the eocU.\llll"'phoephate addition to the diet the ia.creaae4 

rate of growth tor ho-th male and female sugg••ta that sodium phos• 

phat• brings about. a bett.er balanc• be,w•n calcium and phoapborua 

within 'the ration, rd therefcrt a. better growth is toW1d. 

The renloTal or bone meal trom the \>aaic ration of rat• am: 

of ehickelUJ h&e different ettect•• In the case or chickerit the 

rate of' growt.h increased, lh1le ill tne case of the rat• , both al• 

and te le , the rate is decreaae4. Thia can be interpreted to mean 

that the difference in the anatomical structure o.f the two specie• 

brings about. a different need in the relatlon of the element• found 

in the bone meal. 



:from the effect ot the additi on or rice b?'all ud the water 

extract or rice bran on the rate of growth of' the male rate it 

can readily ~ •••• that both the rice bran snd the extract of 

rice b-ran give ~ increa1u14 growth . Xt hat been stated that 

riee brall and the water e:1:\ra-ct ot rice bran contain tnce ele• 

ments and that these a.re ruponaible tor the ditterencea noted 

wh&n chickellljl are fed the ric. b,ru and the enraot. It ean be 

fUJAwned th&t the 8&111 reault will be Jrod.uc-1 in the ea.ae or rate. 

The temalee red the ba.aic diet plua the ric• bran and the riH 

bran extract, do not ehow eo great an increaee a• did. the tnalea 

on the basic ration. It ie et.1ggeated rroa this that perhap• the 

ta.ctora responsible for the increase 111 the m&l..e• are, not needed 

in a.a high c.oncentraticm• for the :f'e-.lee, e.nd that t.h••• tactore 

are preeeut in large enou_gb q\lllltitiee 'Id.thin tae ba..eie ration 

for nornal growth and d•v•l.opme.l\t.. 

The increaaed. growth ot ma.lee ahna that manganeee carbonate 

i,i the c.cmcentrat10111 ot . (X)7 per cem • cob&lt ehlor1d• in . 01 per 

cent, and the rice bran and rice bran extract •••• to ha.T• a. ben•­
tic:1.al •f'tect. It haa been stated tba.t perhaps the b&netieia.l 

etfect ot the riee bran and rice bran e.xtrari. ie .cJ.ue t~ th-e trace 

element• prea•nt, namely. ma.mge.neee nd. c°'-1t, or to tho"B• other , 

as yet Wllcnow, raetare, which are present and. which ar• euperior 

to the trace ele - nt• whe added al one. The evidence round here 

can be interpreted in thia light • 

It can be aleo said that the ba.aic peroei• ration will sup ... 

pori reprodacrU.on and al.N the manganese a.d.dit!ona. The addition 
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ot cobalt in the ooneE!lltration of .05 per cent seems to be toxic 

to both male and female in that the re.ta are uJaabbi t .o reproduce 

even after being placed 111th etook animal.a of know potencJ• Re­

produ.o-tion can be, attrib\1.ted to the f aet that the added protein, 

casein, liNppliea the needed •Hentiala . 

Ooba.lt chloride am calcium earbenate, however, when added 

t.o the bae1c J"ation will not support reproduction.. 

The X-ray ekiagramt abo11 no sign ot bont maltwn.tion. It 

is en.dent tat rats are not aftaetod with a altar tion ot the 

bone that i• similar to tl'lat. of peroaia in clrl.ekel'UI or that their 

need ot the eaaential tut ore in ite prevention is so amall tta t 

the ba,ic ration f'e4 1a adequate :in that respect. 

'!be effect of the Steenbock diet on the rate ol growth or 

rat• ia retarding, the diet being a detieieat o.ne. With the add!• 

tion of 111u~eneee carbonate and cobalt cblor:id• the rate ot grewth 

ia still tu:rtber r tarded. 

Tbe addition ot the riee bran and 11&ter extract or rice bnm 

increases th• r ate or growib a• the rice bran add• to the nutritive 

ruue of the die'\, and thus there is an 1ncrea.ae in growth. 

1he X-ray pictures ahow that ~ane&e cobalt and rice bran 

do not pr•••• rieketa. The addition ot the wat•r extract ot rice 

\)ran, however , prevent• the occurr•nce et rickets when added to a 

deficient d;le't . Thie is very hard to e-.plain. In the prevention 

ot rickeh three factor-a are known to be neeeaaa.r71 u.mely, cal­

ciua, phosphorus, ant vitamin D. 



Vitamin D is a fa:~ soluble vitamin and cannot be pr.eeent in 

the water •x-traet used. The ration ted is deficient in pho•phorue 

and without Yi.tam.in D. Whi. t the exact nature ot the factor that 

ia pr•••nt 1n the -.ter extra.ct or rice bran 1• cannot be delini te• 

ly etated. At the reeult of exp•riment • with the prewntion ot 

peroei• in chiek•u, ueing the water ertract of ric. bran• the 

inveatiga:tor• believe that the pr.Tention of tlat malf'ormation 

ie due to the preeence ot tra.c-e elemuita., namely, Dl&Jlg&n•••· Th• 

mu1gane••, in the ca•• ot r1cketa, had no eff'•et 10 it cannet be 

ea.id that me.nganee• pres•nt in the •t•r •:x.tract of rice bran ie 

the factor. 

le.tore a defin1 te eonclueion can be rea-ched further in·Hsti• 

gatione will be n&ceeaary. 

l. aata do not develop a mal.torma.tion ot the bone known a• 

peroaie ae ie tound in chicte»e bees.use there may be a difference 

either in the anatomical structure or becau • their needa tor 

thos• factor• preventiag th• diaeaae are so em ll that they are 

present 1n autti.cient quantities in peroeie-prod:ucing rations i'ed. 

2. ile.aga.neee added to the be.sic ration will increase the 

rate ot growth when added in very emall amount•. 

3. Cobalt 1• to.xio when fed in amounts or .os per cent or 

the ration or over, tor the rate are unable to r•p.roduce and the 

nte of growth 1• retarded. 



4. Thi addition or rice bran and the water extract of .ri-ce 

bra.n increases the rate o.f gi-owth when feel to rata coneuming a 

baaic peroei• or steeabock ration .. 

s. llangan&se and cobalt do hot aid in th·e prevention ot 

rick•••• 

6. 'l'he tor extract of rice bran cont&in.:a eome factor 

or factor• that. a.id in the t}NVt!lltiQn or rickete. 

7. llore work neetle to be done wit.b th• •ter extract or 

ri~ oru to determine the exact conetitu.ent that prevents the 

occurrence ot r-1.ekete. 



BIBLIOGRAPHY 

1. Beard., B. H. , sad llyere, V. c. 1930 Further observation• 
on the e fleet or inorganic elements in nutritional anemia. 
Jour. Biol. Chem. ,. Jlt xxxu. 

2. Beard, H. · H., Ratterty, -o •. , and Myer•, V. c. 1931 The 
prevent i on of anemia by means or inorganic elements • 
.J our . Biol, , Che. , li• lll. 

\ 

3. B-ra4ley, H. c. 1911 Kanganeee or the tiseuee or lowel" 
animl!lls . Jo\.&" . · Biol. Chea.• .I• 231. 

4. Daniele , A. 1,. , and EY.-aon, Gladys J . - 1935 The relation 
of . mangan&se to CCl'lgenite.l debility. Jot.tr . Nutrition 1• 
191. 

5. Everson, Gladye J. , and Daniele, A. L. · 1934 A etudy ot 
manganee• retention in children • .JotJ.F. Nutntion J.1 49'1. 

, . Heller , v. G., and Penquite, R.. 193~ 1actore producing and 
preventing ~roei•. Poultry Science ll• 424. 

T.. Heller, v. G., and P•nq.uite, R. 1937 Fact<rl producing and. 
preYenting pe-ro-aie in ohickena. Poultry Scienc• J!• 243. 

8. Keil , H. L. , and Rel.eon, v. I . 1931 'the role of copper in 
hemoglobin regeneration and in repr4duction. Jour . Biol. 
Chem. • .!J.t 49 • 

30 

9. Kemmer , A. R. , Elvehj&m, C. A.,, and He.rt , ! . B. 1931 Studies 
on the r•lation ot .mu1ganeM to the nutrition ot the mous•• 
Jour . Biol. Cha , .ti• 623. 

10. Khe,rasch, M. s. , Legault, R. a. , Wilder, A. B., and Gerard, 
R. '• 1936 Metal eatalyeie in biolo ic oxidation . Jour. 
Bio.l . Chem,. ,. .lllt 5S'f. 

11. Krause• w. E. 1931 Tho inettectivenesa ot manganese u 
nutritional anemia. JQur. Biol. Chem. , .11• 267. 

12. LeYine, v. E., and Sohm, H. A. 1924 The e!fe.ct ot man.gane•• 
on grctwth. Jour. Biel . Chem., j1t xlYiii. 

13. Myers, V. C. , and Bee.rd, H. H. 1931 Studie• on the nutr1• 
tional anemia ot the rat. n . lnf'lue1tce of iron plus aup­
plem•nts of other inorganic element• upon blood regeneration. 
Jour. Biol. Chem. , U• 89. 



31 

14. Kitchell, Helen s., and Miller, Lil& 1931 Studiee in nutri• 
ticmal anemia. Quantitative Tariatione in iron, copper am 
mangan•ee eupplementa. Jour. Biol. Chem., .U·• 421. 

15. O•borne, T. B., ud Wedel, L .. B. ltl.3 hnganeee aa an 
eeaential tor growth.. .Jour. Biol. Chem., J.ia 311 .. 

16. Ort~n, J. 11. 1936 On the mechanism or the he-.topoietic 
action or cobalt. AJn. J our. Pby iol., .lli• 414. 

17. Orent, E. E., and Meaolluin, E. V. l9Jl Effect• or depri• 
vat.ion of manganeae in the r t. Jour. Biol. Chea., .1&1 
451 .. 

18. Orent, E. E. , and llcColl.wa, E. V. lt3l ff'ect of ma.nga.nese­
tree diet on eetW'&l cycd.e ot the rat. lour. Biol. Chem., .u, 101. 

19. Peterson., w. H. 1 and Skinner, J. t . 1931 llutr1bution ot 
manganeee in foade . .Tour. Nutrition .1• 41'9. 

20. Richard•, w. B. 1930 garutae in relation to n\ltr1tion. 
Biochem. Jour. Ji• 1512. 

21. Rein1u1, Clarence £ 0 and Minot, Annie s. 1920 rAl>aerpti9n 
and ellmina.t10n or manganese ingeste4 as oxidea arld eiUcatea. 
J our. Biol. Ohem., Ji• 133. 

22. Skinner, J. T. , and. Pe-tereon ,. W. H. l9SO The determination 
or uwmganeee in animal material.. Jour. Biol. Chem.• il' 34'1. 

23, Skinner, J.. T., J>ete,raon, w. H.,. and Steenbo,ck, B. 1931 
The manganee• m.•t-.boliem ot the rat. Jour. Biol. Chem., J&s 
65. 

24. Steenboct, B. 1923 A aatief'actory ration for stock rata. 
Science _a, 449. 

25. Sheman, H. O. 193'1 Chemistry ot Food. am Nutrit.ion. 
The Macmillan Compuy. 5th Edition. 

2a. Smith, A. R. 1936 Aim. Rev. Bioebem., l.• 319. 

2'. Skinner, J. T •• Von Doek, E .• , and St-eenbock 1 H. 1932 llangJlll• 
eae s.e a factor in reproduction. Am. Jour. Phyaiel .. , lQlr $91. 

28. Titue, H •• 193$ Perosia a deforming leg weaknese in chick• 
ene. Poul.try Science J.11 1170. 

29. Titue, R. w., Cave. w. a., and Hughe•, J. s. ltis Beneficial 
result• when manganese was added to a milk-iron diet. lour. 
B.iol. Chem., §21 565. 



!GRlCUL1! ' 1, COLLF.61 32 
L ~ ,, 

I 

30. Tit WI, a. w., and Cave, a. . • 1928 a.n~7: J 3J3 factor 
in hemoglobin building. Science bYiil• 410. 

31. Wil gus, H. s., Jr., Norri•, L. c., and lfeue&r , G. r. 1936 
The role or certain inorganic •l•ment • in the ca.use and pre• 
vention of peroeie. Science 841 252. -

. . .. 
. . . . . . . . . 

,. ~ ' ... : . 
• I • • • • 0 ,a,. • 

' ; ' , ~ . ' . .. - .. ( ..... ' . '' . . . . . '' . 
., . . ' .. . .- . 
' . . .. . .. . . . 



Typed Bys Iona lotenwiler 




