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INTRODUCTION 

Knowledge of' the function of' tho thyroid hor?!lono hn.e been dorived 

chiefly by observing the effect of an excessive amount or n deficiency 

of thia horr.ono o it occurs epontaneouoly in diseus~ or is induced by 

thyro1 ectony or the adninistr tion of' thyroi extra.eta. Tho f'aot 

th t t oid extracts have bean expe1sivo ho.a roeulte in 1 . ite 

praetical pplication of the kno ·rle go 0£ t ezy-roi function i g?'outh 

studios. It is no 1 poe::;iblo, hm·1over, to produco thyroa.otiv i o i natod 

proteins 1hioh reoem.blo t e thyroid hormone in biol .,.io 1 activit;y. 

The direct iodination of' tyrosine- containing proteins un -0r carefully 

controlled conditions of temperature d pH hao produced synthetic 

1 

materials having an apparent thyroxine content of; percent and a biological 

activity many tiooa that of' dried t hyroid gland . Control of thyroid 

statue y the or 1 ad nietration of these thyroproteins po ts t1e 

study of poeaible benefioi 1 effoota of nild hyperthyroid! upon rapidity 

of grouth and related oconooic factors in animal production. 

The Oklah0?:10. ricul t ural Experiment Station in 1948 undertook a atu y 

to determine the effect of' teyroprotoin on tho ra.te of growt and 

f ttoning of owine. Th purpo e of t 'e present. i nvestigation, a po.rt 

of this pro ect, ·as to determine the effect o~ the added teyroprotein 

on t e physical proper t ies a.n oompoaition of boy fo.t o.n al o its 

effect on vit in A atornge in t he liver o.n t h calcif'icntion of' bone. 

S oe t ·o basal ration ucro to be uood, one lo,1 and the ot her high in fat, 

the pro ect offered an opportun ty also to obtain infonJation onto 

f'foct of dietary fat upon body fat cha.racteriotics . 



Rr.'VI I·/ OF ITERATURE 

Econonica.1 meat production depends upon rapid gro ·1th and fattening 

of meat ani ls. Sinco tho t.hyroi hormone in lnt:imntely relo.ted to 

these procesoos va1·ious been used in n att pt to alter 

the amount or circulati~..g ormono inn n er of specie. er is 

som:e evidence thnt a mild h,ypert iyroid condition y be cone uoive to 

r apid grorth. Reine e nnd MeMillen (1) roportad t t Ber shire pi ga 

receiving froin 0.005 to 0 . 0075 porcont t1yroprctoin in their grain 

r ation gaine li,Jhtly mor-c t an controls durh1g an eight-week period . 

In further experiments by Boe on e± ..J.. ( 2) purebr d Du.roe pigs uoro 

fed 0.0044 n O. 0~ porccnt 1o; -~~e casein in their ration for 

84 days. T10 io in.o.te c sein fc at the 0.0044 percent level had no 

effect on growth butte pig rocei inr; 0.0088 percent gnine 26 pounda 

more d required 10 percent lesa feed per pound gain than controls. 

Similar results t1ere re ortad by Reineke ot. !l• (;) in 1948: Yor rnhire 

and Ouroc Joreeys receiving 0.006 percent iod_nat ca.a in i n their 

grain rations gaine 15.1 and l .} ~ounde norc t n their oon~rols in 

a 122 do.y feeding trial. I n all ee.ees tho eoonCJ!llY of' g ins 1ae slightly 

improved. 

In eiruilo.r s t udies uith pi.go negative r sults have been r oportod 

by Branda in Enn;land (4). Startin.::; with igh doeagos of 1.5 gr a nily 

d lowerlng t e dosage, this investigator could not dcoonetrate any 

significant inf'luonc of thyroprotein on the rate of growth. Vander Noot 

~ ~· (5 reported smilar negative results -11th p e fe thyroprotein 

at lovele of' 0 .075, 0 ~15, and 0 . 225 gl'f.l1ll per 100 pounds body ueig t. . 



These conflicting results y poosi ly bo accounted for by dif'for~ncoa 

in exper ental conditi ons . 

I n all triule in ·11ich incr ased gro1,-lth .rnt0 1~osul tod, t 1yrop.roto n 

hne been given at an early ago and as a vory o 11 porcenta,,e of t.10 

ration. orcepti lo atmulo.tio oi' r;r cut id not occ'Ul' until 6 ueoks 

to 2 nonthe of' tr-ea.tmont an no· sti ulc.tion to gro r::.h 110.s noted in pigs 

place on iodinn.to easel for a. short time urj.11.; the f'atte ng perio • 

I nfluence .2! tgrroprotein ~ fat r etaboli • Th.ore is eo~o evidence 

that t o increnaed gr0\·1t 1 rate o.ccoclntcd rith thyrcprotein adninistration 

io ac coop iod by an inereo.so in t1e porccnta: e of ody fat. Por r y 

~.!:.!-( 6) reported tmt t yroprotoi11 f ed to pigs at levolo of 0 . 0088 

an 0 .01;',2 porcont procuc e.n i noreaso porcontago of body :f'a.t. Huhrer 

and co- orl-:ors (7) havo sho m that hypothyroidism in uood by t 1iour cil 

f eeding to grow ng pigo rcaultc in, perc t lass body fat . 

Fata an storolo are apparently norm lly a sorbc by h;y'per thyroid 

subuects . T ere i evidence thnt the horoone plays aome rolo, probably 

indir ectly, in t 1e metabolism of t. o£Jc subo'to.ncee. Both f r oo and 

estorificd cholcatorol an _ipi phoe horus o.ro el evate in hypotnyro.diom 

and depr -eeeed, though loea regularly, in wpert .yr-0i i aIJ.. att.y ncida 

appear leas eatur. tod in hyp01· thyroidim:1 than i n nol'l:'l 1 anir.10.lo (8) . 

In contrast, roporte have been ade showin~ that tbyroidcctor.ay ad li ttlo 

or variable -effect on the lipid o taboliSIJ of ~onl::cye nd dogs (9) . 

Romington ( 0) further disput~a tho theory that there io any specific 

funotion oft o thyroid glo.nd in t10 etaholism of~ t . 

Re9orto or t c r el tion oft yr oprotein feo ing to pJYoicul 
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chal'a.ctcr1stics of.' t e fo.t pro uce ar monger. reported 

that in et ::iac and ddnoy f a , iodine ntt1:1;er, Reic_:crt foia eel nunber, 

and refract nctor nu·.1bor incro sec n ct :i0nificntion nun or ecre ood. 

'i'his ie in aecor u:i th tho rcpo.rt oi' Du.ncan ( Kt0!10l"Ot1 _£!: fil • ( 12) 

hn es 011n t1ot f e ing cit er iodinate enso·n or · ourncil o poul· r y 

did not have llilY app1·eciabl offcct 011 t 1e stabil:1. ty of t:1e f'o.t e· trcctc 

from the olaug'1tcred bir a. 

Influe' ,c .£f th:;rroprctoin .£!! vi tru in uete.bolisr..1. S:i.nc 1920 cono_dcr ble 

11 t.era ture mo accu:1.ul t.o on t 1a i,1torrelatio11 o-: t 17roid function o.,1d 

vit in motaboliom. Hyporth,yroil ism has 

requir ~1ents for cart in vi t.a:"lina ( 15) . 

oen oho;m · o incro,.., e t 10 

u er m", rwnann ( 1~ 1 ob -ainod 

n .reduction or vitcmin I. n<l carotene i n the liver o:? uinea pigs uhcn 

t 1 oxine wao a · inieterfld. 

ad.'r?linic ro.tion of' liid.tod a ,o .mta or caro~m"o led to otoro..zo of v t '"J.in A 

_d ce.roten in tl e l •er, bu u:tEm t,h ,:,oxino uas gi von , i .. h carotene 

t o i ·er :failoa · o oi1ou etor go of' cit ler cnrotcnc or vit.a:r.iin A. Grco.voe 

an Scbci.dt ( 15 f'our.d tr t, rats gi vc 1 thj'1.'0X5.no 1erc dopl c tctl of 

vi ta.min A .:::or" rapi ly t 10.n normal 1·atc m:<l t, 1;:,'l·odcctor. zo :ro.ts s 10,-md 

a doer sod r te of o _, lotion. Thio woulc. indicntc "'- iat .:;ho vitarri.n 

requirement of t 10 rnt may bo i. creoscc.: by t 10 o.ili'1i nia:.r tion or th roxino. 

S1nil r resu 7, nave ecn o ta .ed .n exporinentc ui 1 u·ino 16) . 

In contrast , llon ot o.l.(17), Ba :mnn ancl Hooro (18), ogo.ra and 

Drummond (1,), an J oh.noon and e.umrum(20 obocrvc no re uction o:f' 

vitam.:m A in tho liver nnd no incr o oct convoroion of carot.er.o to 

vitamin uhon thyroxine uao ' dr.1ini otcrc ,,. o c 1 voo and rats . Tho so 



conelu.a!ons clearly indic te tha.t t e probloo of vitamin A-thyroid 

interrelatione1ip i in no eense a simple ono . 
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Influence .2f th,roprotein -2!! bono oa.lcif'ication. The effect. of' thyro­

protein upon calcium and phosphorus utilization he.a been obeorved in oa.lciun­

phoephorus balance etudiee. There ia an increased retention of calcium 

i n hypothyroid1em and a."l 1ncroa.eod excretion of this element an phosphoruo 

in hyperthyroidiom. This increased fecal excretion of calciu1u appoara 

to be due to overeating and i ncreaeed periate.leie of the gut for there ic 

no evidenoo f'or any failure of calcificati on in the bones of growing rats 

or of decaleification in the adult (21). Toxic doses of t1yroid oxtraot, 

hooever, do cause a retardation or cessation of grouth at tho epiphy'seo.l 

jvnotion of' the :f'eou.r and ti ia by a.ff'eat.1ng tho cndoohondral bone 

fo~tion (22). Dyrondahl (11) also observed profound offeota upon bono 

formation in swine ai'ter prolonged feeding of iodina.to oaeein. Stif'fneoe 

in the leg ointa was avid nt an X-ro.ys 01.' tho lm,or tibia, hock oint, 

and phalangeal joints of forologe ahoued po:roaity of tho one . 

I:nfluonoe of diotary !!!! .2!! bo y ~ - Altho h fat has lon,-:; been rogardod 

as ·an optional co ponent of the diet and one u ich is i nterchangeable 

with carbohydrate , a nur:'lber of rocc:mt re:port$ have in icatod thnt it 

probably should be clasoed ae an essential foo atuff. Apparent ly the 

value of dietary fat ie not entirely explained by the esoontie.1 fo.tty 

acids it oontaina, but y be related to aone additional factor or :f'o.ctore. 

Distribution of fat in the animal body is found to bo independent 

of the type of i t rhich, ho-10vor, controls the an.ount and in y epeeioa, 

tho character of the fat deposited (2;). The influence o:r body tempornturo 

ie rogarded as a aecondnry factor uhieh may modii'y tho ooopoaition of the 

depot fat but the spoci£1c type oft e latter eoems to depend prina.rily 



on the spocieo (~ ·.). 

The fat in >.:, o epots is primarily t.rie; lyccri0.o of .o.- ioc!5-no nun er 

and boars a cloec rcl~ticnv ip to t.e ingoote fct . ovorn (25 reporto 

thc.t in eol f'od raussolo wit low · at cont(mt, depote rorilE'..ins unaltered 

1hereas, in eel a f'ed 1crring flee 1, epot.a approx :.at.ed herrir~s; fe.t in 

c w.roctor. .10ng in t '.e cha.r~.ctcr er ftt in t 10 opots occur i n hype-

6 

a.nd hypert,hyro a.ism, but t 1e . o e of action of' thyrmrine in this connect.ion 

i not known .. 

Diet inf ucr.ces tho type oi.' futty acieo do' o itod y the ru · ...... 1 in 

it0 ow . fatty tissue . ~ "" type or i'atty aci· in fa.t in turn has u. oo.rl:ed 

influenne on t e speed uith \·J ich rancidity will cvelop during storo.go. 

There ia a pooa b. li t_r t at ou tnr:cec um., h net to prevent oxidation 

may bo present in ody fat. I would appe reaaor..s.ble that nutritional 

:f'a.ctoro may o.loo eff'ect the e.nt -o idc.nt cont.ont. or tho :ta.tty tior.mo, 

and it oig t be expocted t t chnngoo in tr.e f'atty ci CO;llpoaition and 

variation in anti-oxi ant cm:tcnt nir;ht r eaul'· :.i.n a e correlc:tion botuee 

uscept1bility to oxidation oft e tat an tho iet o~ tho anir.i.al . 

Overman ( 26 o eorve that under scms con i t i o •• o of' diet, fat :f'rt, thin hogs 

resisted rs.nci ity bett"'r t1a..n fat from heavier hogs although -the t n hogs 

had oo:fter i'at . It is suggested that fat deposition in the heaver hcgs y 

hav out tripp d the ace ul at1on of a.nti- oxid nta i n the tissue . Overman 

:f'\u:-ther noted that diets which reduced the a.mount of depot f'a.t increo.aed 

its stability. 

Influence .2f dietary fat.£!! vit in J:: rnetaboliml. t level of the iet 

as ell as epeo1f'io f'atty a.ci composition of t1e d'.eto.ry fe..t haa bee.~ 

observed to ply n important role in tho utilization of varS.ouo vita.nins,. 

particularly vitanin A and thi in. Since •it in A io fat soluble, 
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many imreetiga. tors . have ouggeoted t at dietary :f'a.t nay promote i ts 

absorption and utilization. Stu ie of thia relationohip have b~en con­

flicting in resultc oo that there is little agro ont abo t the role nu.ch 

ft may have in the metabolis- of vitamin A. , 

M~elder and Kelly (27) d onotrat-Od that 1.0 pe1·cent f'at in tho 

r tiono of r ts aided ~b orption of vitamin A sui'ficiently to produce sta­

tistically aigni~icant gains in 1eight over a basal ration containing no 

£at, but not_ over a baao.1 f' tion containing 5.0 percent fat. Russell 

_!:: al. (28) reported -t t ene a oor ed leoa cryotallino c rotene f'rom 

a. lo,...fa.t ration than from a rntion containing 4.0 percent fut. When t e 

lovol of o rotene wa.o inoroe.eed four-fold there trao only a tuo-:f>old i ne:reo.ae 

in carotene retention and the quantity retained '\'1'0.0 conaidora.bly leeo than 

with the control ration. Row-over., hono seen.ad to absorb vita.min A o.s 

effeoiently on low-:f'nt rations as on 1101·mal ratione but apparently did not 

rots.in the vi t in ao \' e 11 on tho lo ·- fa:t ro.tion. boorpti n i1as moa.oured 

by t.ho quantitioe found in the droppings d :retention uas meaeuro by the 

ounte found in the livers. It haa a l so been o 10 m by Green (29) that 

excessive amounta of fat in the d.ot o~ rats do not make exceooive dona.nds 

on vitamin A rcso:cvea eue a.a mi~ht be e_ peoted if vita.>nin A wore directly 

related tote metabolism or fatty acids. Othor inveotigatora reported thb.t 

both carotene and vi ta.min A ar more oompletoly absorbed if the- diet. 

contains a high percentage of fat (~O) . 

Influence EJ.. dictar,r fat_£!! bone calcification. The inportanc oft e 

discovery that diotar· ~ t off'cc:,.s bono oalcii'i - t1011 is evidenced by the 

numeroua roporte appearil'l,G uring the past sev-0ral yea1•a dealing uith tho 

influence of' f'at on t he me ·abolia!l of calciur.1 _ phoaphorus . It oeer.w 



evident that fats fr of vitamin D may exert either a benofioial o~ ha 

ful effect on ealo1f1eation. Fnt que.ntity ia ha :ful whep dietary 

phosphorus io lo\·t but io beneficial uhon dietary phoep 1oruo ls optimal. 

Furthermore, fnt oee not aid calcification when :f'ed to animals wh oh 

are receiving a ru:tion high in p 10Erphoruo .d low in calcium ( ;51, 32) -

8 

Booth .!!:_ _!l. ( ;5;) demon a tra te t lR t i' t, exe1·te no eneficie.l 

calcifying ef'fect for ~ats rhen ad ed to a diet hie in phosp oruo and low 

in o leium. That fecal excretion of calcium eeeme independent of dietary 

£'at content in young and nid le aged rs.to uas reported by ICane ~ o.l. ( :54) . 

In older animals, however, calcium excretion uas proportional to the f'at 

oontent of' t c iet . Bu.ri!~feldt and Steen ook (35) have extcndc t oae 

observations and have emphasized further that the effect of dioto.r. fat on 

calcif'ication 1e conditioned by the calc um an phoap1oruo of' tho d et . 

In rate fed 0.075 percent p oaphorue in a ration having a calcium- phoophorue 

ratio of j:1 and .increasing amounts of oottonoeed oil, a decrease in 

calcification occurred which was proportio1'l!ll t _o the amount of' oil ingested. 

Increasing the calcit - phoaphorua ratic ~otl 1 : 1 to 6:1 uith a coneta.nt 

intake of phosphorus at 0 . 075 percent of the iet had no influence on the 

decrease in oalci:fication produced by"' the cottonaoed oi 1. \{hon the 

phoap. orue content \JO.a increased from 0.075 ,o 0 . 25 percent the action of 

cottoneee oil was boneficia.l . Jones (~) reported that f'ror;1 5.0 to 

25.0 percent lar in synthetic r~chitogcnic diete had de~inite anti­

rachitogonic pl"opertieo not aaaooiate uith the nonaapon !'inblo fr ction. 
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EI!>r:RD · AI.. 

It we.e the goi-1ere.l plo.n of t 1is oxp-erin.ent to .:feed 101:1 and high love ls 

of- f t, to four groupe of piga , two groups recc v ng a l o·r-fat ration a. 

two gro pa receiving a high- fat rat ion . One of t tllo g1•oupo at each 

r t l e vel i1 to be f'cd 'ijhyroprotcin. In tno :C'ira.., trial, bo0 'url.· in the 

su.rrrmor of' 19 9, 1 ,ms uce o..o the aourco o-f ~ut . In t.1e eeco 1d trial, 

begun in tho ·1 n ,er of 1950, hoof at tros fed . 

Rati ons nd anit a.la . Tho f eeding and slaughter p moo o:J: thi wor uao 

carried out by the .Ani.~ Husband y Dcpnr tr. ent un er the :trection o:f' 

J. C. Hillier. Thirty- two youn& pi .co, mi :.;h i ng from ;50 to 50 poundo , lT r e 

aelecte on t1e basis oft oir size , aox, appear nee, o.nd lit~o?. Cne 

of' four rati ons as aeoigno to each group of' eight pigs . E!lch pi g 11ae 

placed in e.n i ndivi-'ua.l pon and fed a :mixa r ation nd libitmn. Individual 

p i g weights rere taken every f'onrtc-on ays . Fee r ecor s wore a.loo kept 

on a :fourte n o.y basi c . 

The a:nin ls were olaughtcrcd at an vcrn.ge wig t of a.bo 1t 225 pounds . 

S p les of body fat , one lobe of' tho li vcr, and ono inc. crooa-scction 

of a leg ,ona fron enc 1 oi' •· 10 animals wero r v=O're and ::ept. :t':to~ten un i 

analyses ·were conr lot€d . 



Compo ition of rations . 

Table 1. Oompocition o::' rations fod to pieo in trial I ( 9h9 
and trial II (1950) 

Feed 

De;crmcd corn - ------- percent -­
Soybean oil meal - -~- percent --
ish meal - ------ ---- percent -­

Alfalfa leaf ocal ---- porcent -­
Yoast ~-------~--~- poroent ..... 
Salt -----~-- ------~ perc-0nt - ­
Bone meal - ------ - - pcroent --
at --------~-------- percent - -

Del storol - grams per cwt. food --

Rati on oecr ipti on and nurnberl 
Lo ·1 :fat H eh f'a.t 

I 112 1II t v2 

· 67 .oo 
'18 .00 

5 . 00 
7 . 00 
1.00 
1.00 
1.00 

6.00 

67.00 
18.00 
5 . 00 
7 . 00 
1. 00 
1.00 
1. 00 

6 . 00 

55. 00 
20 .00 
5.00 
7 .00 
1.00 
1.00 
1.00 

10. 00 
6 . 00 

55.00 
20.00 
5 . 00 
1 .00 
1.00 
1 . 00 
1.00 

10. 00 
6.oo 

l.nie ration num or are 1 ontioal uith the a.u,iu.=l group numboro . 

2Eaoh of t ~e animals in group II (ration II) an group IV (1·a.tion IV) 
rocoived 6 grru::ta o~ thyroprotein per 100 poundo of food . 

10 

f~ethoda of ru. lysis . Before y analyaea wore made reprcscntati ve portions 

of all tho fat ee.nplea wore r n cred . Rel'ldoring was accO!!l!)lieh.ed by 

placin~ an.all be~era of the frozen fat i n an ovon at 100 oO for throe 

o a. T melted fat uae thon filtered through Wha. ... a.n Mo. ?> filter 

paper into broun g la.as bottloa . The rendered sampl es were kept 1n eold 

stor ge until uaod . 

As a neanc of indicating the relative degree of unaaturo.tion of the 

difi'orent i'a.t r.m.mplo iodine numbers uere clete inod by t Ho.nus m tho 

a s deccribod in the Official and Tent.o.tive Methoda of Analysis of ~he 

. !'loc111tion of C'rf'icia.l A]icultural Chcuisto (;8) . The iodine numbor 

deter ination ia bnood on t e fact that one 1:10le of' iodine adds 

qunn~ita.tivoly to each double bond of a.n unsaturated fatty cid. A :ugh 
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iodine n her nd cate.:s a large nutJ.ber of double bonds in tle fnt . 

'l'he meltil"lg po nto o ... f' ..... to o.ro of'ton uood in con, uz.ction \;it t e 

iodine nunbor to characteri e fnt. Ao a rulo the elting pointa of fato 

decreaoe ao the unoc:.t at.ion o. ,d iodi:no nu:::cboro incrcaao. ?{olt::nr, poi:1to 

ere detornined on !'our arunploe of fo.t fron oac:i group of ni.1 la. The 

cethod ·uao 1as a sl·ght o ifioat1on of tho official A.O •• o alco ol­

vater m t 10 (37). A m cho.nicnl s't,irror ue.s uoc it t. e untc1~ bath ·n 

place of the rocomnende air . ote . 

Thiooy. .ogen numbers ;ere ot.eM:'ined on all the oaoplon in trial I 

( 1949) and o, £'our oru.i.l.ploe from co.ch of' tho fom· groupo i:n tr1nl II ( 1950). 

The proccduro a.a doccribed ~J Janieaon ( ;8) oonoiot.cd 0£ the addition of' 

t :te thiocyanogon solution to r.1oi.:;.1e anount of fnt an llowi11[; it to 

otand in t: e dar :: fo · 2 ' hours. Pota.GS.,um iod c :as t on added and tho 

aolut ion titrate uith stun a.rd eo iun t'd.oau_fute. 13y :uoana of this 

value and t1e io in0 nuw.bor, to pe~centngo of oleic, linoleic, a1d 

linolenic and saturated o.cida can bo oe.lculato p1·oviding oth0-r oaturn.to 

acids are nboent. e iodine-thiooynnogon ncthod is bo.oc on th naoumption 

t tone mole of iodine adds qt t.ito.tively to ea.ch double bon of 

uns turatod f'atty a.oid, uhcreao to th ocyanogen radical, SON, o.ddo quan­

tit-atively to the oi:nglo bon of a monootheno~.d s.ei , to one of' , e tuo 

doubl bonds of' a diet .cnoi acid, and to two of t o threo double bon a 

o~ a triet1enoid acid. Thia aseuopt1on · s valid in the eaeo oft o iodine 

addition but it io not va. id for the thioc '!' 1e ruothod, 

ho1ever, is eatisfaetory if t~c theoretical constant oz tho ~rizinal 

Kauf'rnnnn equation.a are replacedby ompi.rical const ~t.o o tained by de­

termining the thiocyanogon number on pure unea.turat,ed acids 1.mdo:r st011 nrd 
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oonditione (,9). 

Saponif'1cc:.tion nurubora uero determined on fnt eenploo i'rom the oar:to 

animals usod for t1a aolting point and thiooyanogen number (~7). Since 

thoee aampleo ohowed no sir;nificant ·diff'eroncee i1 the r snponificetion 

numbers it did not nppear Horth1hile to detormine 't.hio value for a.11 t e 

~Sl:lploa. The saponification numbe.r is an indication of tho mean riolocule.r 

weight of t e g l ycoridee of' tho f' tty aei s preoent in t o fut. Thu.a 

a high value indicates tha.t tho glyoaridoe are nainly those of' aci s of 

lo 1 mo leculal" weight . 

Natural fnto and oils oxidize epontanoously uhen oxpooed to the air, 

o - gen attacking a double bond of the unea:turated fatty acids f'ot-ming 

a ·highly r ctivo peroxide . Tho react ion of an auto-oxidiz blo oubotnne~ 

11th oxygen itJ usually eru:i.racterizod:__by o. pho.eo of' very elot1 ohn.ngo uhich 

preoodos ro.pid oxidatio11. One of tho m.ost as.tie£ otory noano nvniltl. lo 

for :following tho oc.rlicr eta.goo of atmoap 1orio ox ation i1. :f'o.to ia 

by the otorclination of pero. ide oxygen .• 

For the purpoao of c0,,~nring the nuseeptibility of t.10 :futa to 

oxid tion a no i ica.tion of Lca.•o metho. of' o.or .... tion uao uaod (4o) . Four 

eo.mplos, 1 t 2 grno.e oe.o 1, 1e:ro \leig 1c h to 10 · . • ova.pore ting die cs 

and plo.ood in SJ"l o ·011 a.t 100 °o. S ploo of.' tho omao fo.t ucro· r ovod 

at zero, t'l1o, three, and aix hour intervals 10 poroxio oa to inod 

by the method of Lea D.e ·oocribod by UarJ~loy ( 41). Detm·ninations waro 

made on dupl cute aanplos on separate do.too t the zoro, tMo, s.nd six 

ho interv la. The samploo uoed n this et01't.lino.tion i1oro cxt1·a.ctod 

from the original Ul'll'Cl1 ered fat by blending in o. \fa.ring blondor fol' one 

minute t it; 100 mi ll11i tern of c loro:rorm nnd 70 1·ano of i:m 1ydrouo oodi 

sulfa.to . The oxtro.c-t tmo f'il'tcr throug 1 nmtraan iio. 2 i'iltor pa.per a.nd 



The 



l't1blc 2., .lvn1•0.go gains teed, 11zc;.t1Ji.ke of pi,ge 
Trial I (19ti9) 

1io .. ;; 4°1.0 39.0 

226 .. 4 zz1,} •'5 228.9 

lt"6.l l8;J.5 .is9 •.. 1-

110.0 112.0 11;.o 

1.7 ·1 •. ·7 1 ~ • l 

5.6 1}.5 l}.)l 

;2~9 ,1.e ;:.::.~ 

2'~., 2;!:? ""'•t:l ~~,~--,I,.? .7 

116.l} 180 .. ; rr,.o 
101 .. 0 1;00 •. l.::t 90.0 

Dn:i.ly gain-------- pou:ndn-... 1.8 1.S 1.a 2.0 

6.5 6.2 ' 6.s . 
"" 

2&lol-i of o.Di'.2a1n in group It ( retion !I) e.nd e;:rcur, IV (r\'lti0.J:1. IV) 
1•ooci vcHi 6 t;l"TI.tIB of' th;,;·ropN>to:tn po:r 100 J)oun,Ia £0oa. .. 
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The :re-aulte of all su1alye1s1 with the e~eeption of perond.¢ valu~a, 
. '\·f 

11W.de of tieuuea from pigs in tr.ta.l ! ( 1949} iiilro ah:own in table ;>,,, The 

figura-o repl."eeent nve:rt1.g~ v-a!uru1 obtained fO'.f! sam.plee from ea~h ,g,roup. 

Individim.l. values aro gilffln in ta'bl~ ! of thei l,ip:p$1di4+ 

Tabla 3. Results of a.1'.talyeijs. of' ties.u&a tnketl 
frcm pig,s at the- •end of t)ria.1 t ( 1950) 

Iodin-0 numb~r - ... ----- 51.77· 

Melting point. ---... --PO --- 40.60 

'i'hiocyanogen num.ber ---------- lf-6 .. ;52 

Olein ----------peroant 67.26 

Linolein ----.. --...... percent 6.47 

Sa:turatatl. glyceridea-pe:rcent 26.27 

Saponific~tJ.-0n i1t..wbm.__..,;,..____ 194.17 

Liver vi tnril.111 A --- mcg. pey gm-. 2($.90 

54~02 

:;9.;o 
. , 

j 48.21 
I 
1 

70.·29 
: 

i 6 .. 90 
' 

: 22.81 

~95.09 
' 

::S:2 .. }0 

60~55 

;,f},.lt.O 

' 52 .. ,0 

79_.10 

9.,91 
., 

10 .. 99 

19'1h,6; 

15.40 

lThe l"ntion numbe:rn are identical with tho a.Jffe,m.al group 'mmwera .. 

62 r· . :,:·o 

:ffi:'> ·,o .::::. . 
,4.8, 

82.6;;, 

9 . .52 

7.a, 

195.99 

l;,.80 

2Eaeh o:f' the an:Una.ls in group II (rat.ion !!) ~1d- group 'rv (ration IV) 
reoei ved 6 grams of th;/'l"oprotein per, 100 pou;tlde 0£ feed. · 

The rcaulta il'.1 table ;S ehot-s th.at. :i.odb10 numbero inareaaed f'.to:o. 

approximatoly 52 to 54 ,1hon thyrop,rotoin was add~d to the 1ow-fat 1·at;ons 

and f'ro:m 61 to 6; when added to the .. high,.f'at ta.tio:ns. · The average .rne-lting 



point of' the fat tihieb. was 4o.6 for tho lcrw ... f'at. r,atien. arid ;ti~lt. £or the 

higb-,.fat ,ration :wa.e decreased eligh"'c.ly: by thyropr,otei.n.. The ave;rag& thio­

ojranQgen ·n"0.1llbo!"s were ini:n-JSased :from 1}6.; to 48.2 by the addition of 

tnyroprote:in to the low ... fat ration mld £Ton ;2.; ttt ;4.8 by a similar 

addition to the high-fat T'~,tion. file eaiculo.ted mlu.aa for t.h~ per­

n:eritagea :of the glycorid..ea- 0£ oleic, linol.eie, and '&"at.urated fatty aei.de 

were 67 ... ;, · 6.;,, and 26.;, reapectively, f'.or tho low-fat ratio:n, and 79;,,!;, 

9.9, and 11 .. 0, reepecti;rEil;,t, £or the hit-;;11-:f'ut. rations.. Thyroprotoin had 

little eff'set on t..ho ealculnt.od percentegos o? linolein but ine:rooaed the 

pereentai-e of' olein: imd deercea.sed t.he ea:tura:ted glycer'ides c0f f'nt :ror 

bot.h the low- and high ... :f'a.t :rattor.i.a. Saponi:f'icatio:n num.bers varied only 

elit,htly :f'r.o-fil 194 to 195. 

The average vite..:min A content of the :liver whi.eh was 21$.9 mierogt"ru!lG 

per gram £'or the low-fa:t g:ro·up and 15.4 for the high-fat group 1~.s 

ef'tect.od -very little by the addition o.f th;yrop:rot.ein to the diet .. 

The pG!'oxide values obtained for th~ f&t .from pigs in trittl l: (1949) 

are ehot:m in table 4-. 
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hble 4. PerOitide values obtained fol" fat fl-om piga in trial I (1949) 

Ration Ai1in'Jal. floure 
·o '! ' 6 

.. 

,6.8 64.J 9,~6 115., I ' ;1 •. ; 58 .•. 4 ----~ 100.1 
7 12.6 47 .. 2 5e .. 8 10,.1 

2,.1 61 .. 9 ~--.\ 96 .. 6 
av~u·e.ge 26.0 58 l .... 12..2. 1.05.6 

n :? 21 •. 6 61 .. 2 0,."'l .126.4 
27.0 75.4 .....,....,_ 126 •. 2 

' 22 •. 8 78.8 8;:i .. 2 119.; 
;;1.;4 /6 60· •. ...._..~ . ............ 

average 25.7 68~., 74.:::; 124.o 

II! ' 10.9 '4.8 44 . .,7 1(.)8.,l 
11.7 61.0 101., 

l~ ,s .. ; 
' 19.6 s,.1 1:5; .• o 

70.7 e,.a ..,....._ 122 .. 0 
a.ve1~age ,1.9 69 .. 8 84 .. 2 116.0 

IV ' 66.; 82 .• 8 100.0 1'4.7 
74.4 82 .. 1 -.:~~ -~~--·~ 

5 ,,.1 74.5 98.0 1t}9.o 
62.0 9;.1 ... ....,_.,._ .... ... --·-·--

-~wer!i~ 64.1 a,., . 99;.o ·141.9 

. . 
Average peroxide values for fat- t:.rith an initial value of approximately 

26 inoreae~d to 106 a:t six hours for tho 101:1-fa.t ration and inc:rooeed. ' 

frcr!.!l an initial value of 38 to 116 for the h.igb-:f'at ration. Fol" th:e lotr 

:rat ration containing tbyroprotei:n peroxide values, inot1ea::eed f:rom. '255.,7 to 
. , .. 

124 in .a six hour pe:riod and f'or th-e hig~:fat re:t.ion conta:ini!l:lg t,~ 

protein t.heee valv.eo i1~oreaaed fiom 64 to 142., 

A: co.Etparison 0£ the t"eeults obtained with th~ low-:ta.t rc;tions, I ~ 

l!, and t.h~ high•fa.t re:tiono, III and IV, shows that., _in gene:ra~ tha. 

pe:roentage of' rat in the :ration had more effect on :rat conetro1to ru1d liver 

tlt.ore.ge of vi1:.a.m1:n A the.n. did thyreproteain. ~e ine:roase in fat ccm.tent 

of' the diet increased iodine nunihers and decreased .melting points; th:io-



Tho 1~.asu.lta of analyo0u of tios:t1oa trcr.1. pigs _ in t1~i~l It ( 1950) 11re 

ahCr:m in tn.hlo _;. In<.lividual valuoc aie S;iven in table 2 of' the appi0nclix,. 

Tabl{} 5. Ueaulto of at.!lilysio ot tlasuil-s ta'kQn 
frOZi p1go a.:t tho -ond. oi: t1rtal l! (1950) 

. Ration de~er:t~t:icn e.i1c. ritJJ:iborl ._ _ 
:LOt! £at . . . ' R'lijh ,£at, 

I . . . . tt2 lli ' . r 

Melting :rioi:v.t --... -~ 00----- ltO .. O(} 

ThiO~JID"iogOH :m.l,1.hei. --~-- 40 .. 9p 

Olei.11·------- _pwoent. 69 .. itl 

Li:nol~ln -----... -~ po~·cont 15.61 

Snturat.ea glyoo~i<lss-pereont 14 .. ,S 

Sap-on:t£i:ot1tio11. niw.i.be:e . ..,,.._____ -l9?; .27 

Bene as:&.!>------~- .pe1·ccn~. _ 69 .. 20 

'4.12 

1+2 .. 00 

41.70 

70 . ..ti; 

15.ai 

11i .. :,9 

195~;$4 

6EL,9l 

!58.68 61 .. 26 

,6.;o· ,,.oo 
ftl.t.Dl 47.68 

1s~55 80.:54. 

19-.97 17.P4 
6 .,.. 

. ...... -:; 2.l}.2 

15)4 •. 14 194._98 

69.27 69.22 

,Liver vitt:.c~l,.\'1- ,l';. ... - L.lC. ~ · 0.,30 7 ... 10. 'lfl .. 10 20. 0 
• The ?"a:ti.ol'l n,ur.1be,re 1.1\?'0 i.dentioa,l. f;Jith tho an.imal group :niEl'bers., 

2Eaoh of. thtt anma.ls in e;roup II (r~tion !I) a..11.d gl'ritll) rv (ration IV) 
:t"iGOeiv¢d 6 grru-10 of'· t1zyroprotoin :pe:r ·100 pounds· 0£ f'eed .. 

Resulto presented in table 5 shou, that. in gmi.oral, the porce,,~tago 

of' fat n:1d thirr.oprot.o.1n in th.a :rutionr:,, ha.d tlw at-µ-;.Ie eff©ot on .:tat. eons:tc.ntl!t 

and liver et.Of't,tga of'" ~rit.amin A in t?'in-1 II {1:1'"'.)0) as ia tria.1 I_ (1949). 

Whon added to tho lcm-f'at ,:--at:io.."'la t:11,y-roprotoin htiq no effect on · tho iodine 

nmbers but · when added· to the hi.gh.;.fa:t, rntione -the 1od1no nui:11.boro. i.neroased 
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i:n !I ( 

the a.deli 0'.iion of' 

o:f 
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trial II 
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Total ash content dry fa't ftee bone is u11n,1..o.1ly used to ohoH varying 

degrees of ce.l'e:t:f'i.es::'c.io11.. In this c.rtud"y thyrop:rotein ho.cl no e-ffec'tI on bcine 

high-i'nt, :ratlono. 



vitru~in A atorago, 

conourted a.ppro:1dm.atoly 1!..i. percex1t loos f.oed per day duril}f; a Gli!:htl:v 

longe.:r fuocling period 'than g:t"OU.pt1 I Iznd !I o:n the lotf .... :f'at :re.t1ons. In 

trial I! ( 1950) j gr6upo II! a.11d !if COY!fllJl'llOtL ,ap:p1·o~it1D.tsl:y~ 5 pcreent l&GO 

22 

v:H:.lY.1:lin A fmt plge on the h:t,e;h-ft,._·t, 1•at,icns uay bo due ·to theit> louer ca1;"o­

to:ne intake ar;i uoll a0 tc the h:i.gh-fat. .ccmtcm.t o:!: thoi::i." :r~irt,ions. 



Thyroprotein fed at the level of' 6 grru:aa pe:r 100 pounda o:f: feed. t,o 

yo'U11g pigs weighi~ 4o poimds hD.s only a slight e.dvorse ef:rect on thq 

oharac"t.er of' t1Ml body fat o,s me.a;surod by the iodine and thioeya11ogen 

n:umbors, i:wlting point, eal)onifieation mt.1bei~, and pel'oxido ve.lu.e.. When 

fad in .t-his a:mo1.mt th;yt:oprotein ts without effect 011 bo:no en'.1.cif°ie.ei.tion 

of' -storage of vita.min A in the liver .. 

The add! tion o'f 10 pore¢nt lard Ol"' beef f°a'!::, to lQw .... fa.t ratio.no :for· 

pig.a has a.n appreciable- ei"'re.ct on. the fat oomrt..ants of the body fat but 

is without <Jffeot 011 tl1c ealcLficati.on o:r bono.. When added in thi.o a:t:10unt.., 

:f':at deoroo.sea the nelti11g point a.nd incr-eaaes t,he deg)."-ee of u.nma.turation 

of the body :Cat, as ohown by an ineree,ae in iodine and thiocrj"t.mogen nwbcra 

a.nd the J?erce."itagco of olein and linolei:n. 

A <leereaso in the nw.ount of vitamin A f'ound i1t the liver wa:s 0:b$crved 

in pigs £.od tho 1tlgh-:l;'at ra:tion.z. '!'hie my hai,re boen due to the (h:ioreaaed 

eaxotcne w:t,n:1te ~,11; troll at\ to an ef'£ect .gf ino1"eas'iM f'at intake .. 
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APPENDIX 



Table 1. I ndividual reoults of' analysis of tinsueo 
taken f:rot'l pi gs at tho end of trial I ( 1949). 

Fat Livor 
Ration Animal Iodine !clti~ Thiocye.nogen Sapon. Vito.min A 
number :number numb or point 0 number nUi::tber cg. per e:• 

I 1- 1 51.98 39.1 lJ.6 .;1 19;. 26 48.; 
2 ... 1 52.55 ;8.8 196. 01 41~.9 
4-1 52.72 1~3 . 7 47.71 196.;;2 
5-1 51.67 45.99 195.83 19.7 
6-1 50.;; •5. 71 194.60 21 . 0 
7-1 52.59 4o .6 53.51 195.09 16.7 
8-1 50.55 45.66 ------ 20. 2 

o.verage 51.77 4o.6 J+6.;2 194.17 26.9 

II 2- 2 60 .99 32.8 53.78 195.05 l}0 . ;5 
;5-2 56.36 4o.5 47 .85 ---- 29 . 1 
4-2 5;.61 4o.1 47 .;5 196.;2 14.7 
5-2 53.45 40.5 l~7 .35 194.94 ;il. 7 
6-2 51.16 44.6 46.49 194.06 ;7. 1 
7- 2 51 .58 48 .53 ------ ;1.9 
8- 2 50.97 46. 13 195.81 41.2 

average 54. 02 39.5 48 . 21 195.09 32.3 

III 1- ;i 62.88 54.49 ------- 8 .8 
2-; 57.B9 51. 26 ------ 11.6 
;-; 56.06 49 .08 ----- 30. 0 
4-; 64.66 ;4.5 195.;9 
5-3 61. 85 38.7 19.5 .9, 16.7 
6-; 61.42 ;0.1 53.38 194.96 
7-3 58. 22 ;4.; 51.45 194.24 
8-:, 61 .41 54.11 ------- 10 .0 

avorage 60.5.5 j4.4 52.30 194.6, 15.4 

TV" 2-4 60.69 ,a.5 194 . 1 ,o.4 
3-4 61.69 54.90 ------
4- 61.99 5:> 0 58 ------
5-4 66.o4 27 .6 194.14 1;.2 
6-4 64.58 29. 2 56.08 19;5 . ~1 7.7 
7-4 62.86 :;4.5 56.20 194. ;8 7.8 
8-4 61.18 5;.ao --- 12.5 

avorage 62.78 ;2.5 54.83 19;.99 1; .8 

27 



Ration 

Table 2 . Individual rosulto of an~lyoia of tissues 
tnken fr011 pigo at the end of trial II (1?50). 

Fat Bono 

Animal Iodine Melting T iocyanogcn Sa.pan. Ash 

28 

LivfYr 

Vita:mil1 A 
numb or number nunber point 0c number nurabcr percent 1 cg . per gn. 

I 1- 1 55.06 ;9. ;5 ln .86 19;.79 3;.1 
2-1 ;4.6o ........ ------ 66.82 25.,; 
;-1 50.91 -·----- 70.09 ~ .5 
4-1 51.52 l~0 . 6 ;8.87 195.56 69. 41} 4; .1 
5- 1 55.72 ------ 69 .70 21. 2 
6-l 54.54 ------ 69 . ;J.5 
7-1 54.;7 ;9 .9 42 . 18 196. 29 · 69 .46 ;1.7 
8- 1 52.58 4o.; 4o.70 . 195.4; 69 . ;9 2; .9 

average 5; . 66 40 .0 4o.90 195. 27 69 . 20 ;o.8 

II 1- 2 55.43 ------ 67.6; ;2. 1 
2- 2 54.49 

_____ .. 
69 .76 ;;.1 

;-2 54.4; ---- 70.25 41.2 
4-2 51 .59 54.0 42 .ll-4 194.98 70.06 28 . 
5-2 51 .;5 45.0 41.;2 194.91 ;1 .; 
6-2 5; .44 ;9.0 4o.89 195.89 69 .64 '6.0 
7-2 55.88 42 .0 42 .• 13 195.59 67.96 ;7.6 
8- 2 56.2; ------ 67.09 24 .7 

average 54. 12 t~2 .8 ltl . 70 195.; 68 .91 ;;.1 

III 1-; 60 .47 ;3.7 42.4; 194.06 65. 61 20. 2 
2-; 59.08 ------ 70.41 29 .6 
;-;5 59.0, ;5.5 45.12 194.78 · 69.84 20 . 2 
4-} 57 .23 4; .5 41+ . ,?9 194. 51 69 .68 1 .5 
5-3 61.15 ;2.5 47.30 19; .22 8.9 

; 57.89 ------ 69.~ 16.2 
7-3 58 .99 ----- 18 . 0 

3 55 .. 55 ----- 70.70 17.0 
avera.ge 58.68 j6.; 41~.81 194.14 69.27 18 . l 

IV 1-4 57.ln 36.5 46.17 195.4; 17. 2 
2- 4 60. 25 ;1.6 49 .:;9 195.54 69 .29 24 .3 
;-4 6lt .15 ------ 68 .99 9.4 
4-4 61 .. ;'> 32.; 

ll-8. '' 
195.18 16.7 

5-4 59.89 31.5 46.79 191~. 76 69.67 25 .3 
63-.40 ------ 69.15 :50 . 1~ 

7-4 62. 01 ------ 68 .99 22 . 4 
l~ 61.57 ------ 2; .7 

average 61.26 ;;.o . 47 .68 194.98 69 .22 20 .9 
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