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Piab oila ve one ot t.be aoa'S. iaport.an\ aourcea of' 

vituina A aiJ4 .o. The aedicinal Yal.ue of ood liver oil, 

especially in the t.reataent of rieketa, has been recopize4 

··IW1¥ eentu:riea, but. it 14 reall7 only wttb1n the laat twe1'1tl'­

tive yeara, aince tJle discovery of the v1tam1ns, that its use 

bu been pu1. on a acient.itic buia. ro-dq, al.thouaJl, cod 

liver oil ia it1ll.lar&el7 t.lSed, it.e place hu been talten 

to some ex.tent by other fish oila, auch ae halibut .liver oil, 

which have·& much htlh•r vitamin content and r•qutre a cor­

reapol'ldinal.;r auller doH, or b.Y \he .ore palaf,able witaain 

concentrate• prepared ~ the oil. !b• 41acover.y ot the 

relat1onab1p ot Yi~ D to ultra-violet llfht ana the role 

· 1t playa 1n tile toX'Ution ot the bone aot 1Jl the prevention 

ot Pickets hae .made t.n• uae of vitain D pot.ut :t1ah oilat 

artUicial vitaain D ·anc1 ul~a-violet. t.nerapJ an eatablishe4 . . 

practice 1n moat parte ot the world. In tbe ••• wa.y, the 

· appr.ciation o~ the itltport.ance ot an a4tquat.e intAke of vita­

aiD A 1n tJ1e .prewenuon ot xeroph\halaia a.n<1 otheJ" co.oclitiou 

baa resulted 1ft • wide•pnad ua• ot vitaein A •upp1tt116t1ta in 

lurope and America. Piab o1la con\ain~ v1t•a1Qa A and D 

ar• also extentivel.7 uaed 1n aniul teed.lq, eapecia.l.l)" b7 

poul\r'y fanaere, for not only 1a vit.ud.n D neces&U"T to prevent, 

'lea weakneaa' 1tl ohlcka, but t.Jle addition o~ the vitaa.ina 

also result.e in iilcreased •u pro<luction, aprovtd ha\Ch1b111ty 

ot the •a• and bet.ter 4hella. ··s.oae ide& o~ t.be extent. ot tbe 

peacet.tu use . of v:Lt.aeina A and D can be pi.o.ed from t.tt.e tact; 

that it. baa been eat1u:ta4 \119) t.l'J.a\ 1n_l939 the t1nf.t.t4 St.atea 

. usect: 2.8 x 101 • I.tr. o:t vitamin A tor udiciqal purpoaea an4 

3.65 :It 101 • tor poultr.T tee41Qa. 

The. war hU ,rea\1.7 iact'taaed the c!SMaDrs ~or Vi taaia.a A 

and D, a4e"-uate auppliea of vitamin A bet.n&' eapeciall.i iapor-

. tan't. in th• prtYelltiOD Of aipt. _ bJ.1n4De8S• 'f.b1a COfl41 tiOA 
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ia one ot the !ira~ symptoms ot a deficiency of the vi~in 

and present.a an obvious danaer <lurina a 'black out. •. In the 

~ast war bot.h rict\.eta and xeropbt.hal.llia were COJiimOn in Europe. 

ln Auatr1a and Germany, where the diet. in 1918 was part.icularl.y 

deficient in ta~, infantile rickets asauaed the proportion• 

of an epi~ic il.llC1 juvenile ricketts and osteomalacia •ere alao 

comB4o.n. Xerophthalmia, on t.he other hand, occurred chiefly 

in De~~ aa a result of ~e extenaive exportation o£ dair¥ 

produce to. Germany and n\IA\eroua cuee were reporwd in Copen­

hqtm. In the preeent. etr~le ettorta have been aade t.o 

compenaat.e tor u~e inevitable shortage of ea• and dairy pro­

duce by supplying the naeesaar1 vitamioa trom soae other aource. 

In Britain the fort.i:f'ication ot m.araarine wit.h vitamioa A and 

D was aade compuleory early in 1940 1 a.ad aa a turt.ner measure 

the Governaant haa undertaken the free diatribution ot cod 

liver oil tor all chi~dren. 

Unfortunately tJle 1llcreued demand tor vitaaina A and D 

baa found t.he Allieo Nat.ioa.e cut oft from 1110et. ot their pre-war 

aourcea of supply of tisb liver oila. the .lforweaian out.put. 

was lost. wuen Norwa,y waa occupied b.r t.be •Delli" aDd Br1t.1ah 

manutaeture haa pra.ctieall.J' ceased owlni t.o tbe cOIIIWldeerina 

ot the trawlers tor aine-aweeping purpoaea. Japan's entry 

into the war baa meant a still turt.ner reduction ot auppl1ea 

as aha exported considerable ~uant.ities of hi&b potency fish 

liver and fish liver oil t.o America. The aeriouaneaa of the 

position has been real1aa4. canada and t.be United 3\&tea, 

which &re now 1Jle c:hiet aourcea ot auppJ..y, are ll&.id.Q& every 

ettort. t.o increase their production of tiah oils by the tulleat. 

ut.ilisat.ion ot their reaourcea and aan..y tr.Jpea of liver, which 

had hi t.hert-o been diacarded, are be ina processed. Ot.ber 

countries, like India and Sout.h Africa, which bad previoua.l,y 

done not.btfing in thia tiel.d, are al.ao pl&J'i.ng t.heir part and 

new indus triea are springing up. 
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fbe demao:i 1e prinoipall.y ~or vita•'la A. Altboup. 

several worker.a have claiud to have aynt.heaiaed thie vita•So 

in th• laborat.or,., 1\ baa not. yet been poesible to do eo on 

an induatrtal Qcale and we are t.bU coapelleCl t.o rei¥ entirely 

on .na~ural soUJ~Cea. In recent. 7•ar• whale liver oil bu been 

uae4. qu.i tie extenaivel.¥ aa a aource of vi tar~ in A, eaptcial.l...¥ 

1n the tortitication of JaaJ"aaa-wa. the war, how.-ver, baa 

stopped practically all whallog operations, ao tbat. no acre 

vitudn A can be expected trola \b.ia q,uat't.er. It llu been 

eusgest.ed · tba\ carotene, .either i.a the tora of red palla oil 

(119) o~ aa a. eoncenu-ate prepared froal carrota or .Ualta 

(ll) maht be utUt&ed 1n the preaent uerse~y. Up to 

now, howe11er, not.b!D,i hu bten done in una 41reot1on. 

lhe reaponaibillt.Y of auppl.ttna the whole ot the Allied B&Uona 1 

v1t.ud.n A requirelH.aw talla tbUa on the tiabtna induatriea. 

Fortunatell tbe position witb regard to vi,_n D ia .much 

mor• aatJ.stact.oey u t'ieh oil.s fol"'lt onl7' oa. o~ aeveral eourcee 

of supply. The ant.irach1 Uc value ot too4• aa: t. enhane.d 

wi~out. the addition ot v1W.1A o u each. ror •xuple, 

vitall1o D ailn, •h1ch are ezten.eivel,- uae4 1n Aaerio•, ~ 

be prepare4 b7 irr~iatitJB the !flilk or b¥ fee4ioa 1rra41atec! 

feast. t..o the co•, u well as b7 't.be direct. ad.d.1t.1oA of 91tatnin 

:a conc.ant.rat.ea t.o the aail.k. S,ynthet.1e vttaaill .o - ealeitero1 

- was the t'inlt. vitaraia t.o be produced· co.meroiall7 a.D4 1 ta 

aeootact.ure on a large scale wae nll eat•bl1abe4 ·in England 

a.Dd IMlerica long ))efore t.b.e outbreu ot the war. It necesaar)t', 

enouecb calciterol could doubtleaa be produced t.o suppJ.¥ all 

the vi taain D .c.e_..Ci tor ae41c1nal puJ"posea. Ia Aller ica a 

begian~ has alao been made on the eoamarei&l production ot 

vitamifl lla by tlle •~t.ract1oA and 1rrad1a.t.ion of 7-deh,ydro­

choleaterol froa waelJta an4 periwinklee. lo .fi&Urea tor the 

progrese wbich haa been a.ade 1n this direction are available. 

Vitudn n fros= tbie eource, however, would. be iD. great deund 

f'or addition to poult.r,y f•ed o1le. the war bas alt.-red t.he 

rel.a.t.ive demand a tor vi t,u.ins A and .:a. In 1939 livers of 



b.i,ah v1t•:la D poteno7, eapecially t.boae wit.h a hi8b chiCk 

etticien.c)', we.re the moat aouaht. at\er fishery material. 

ro~ tbe daaand is tor vita•1a A and livers like that. ot the 

aoupt1n •bark, which are rich aourcea ot t.be v 1 t.araill, eo-aDd 

tabuloua prieea. 

In view of t..he present d.,..nda tor Yit.allina A &llO o, 

an exaudn&t.ioa. of South Atrica •a natJ.OA&l. reaourcea and her 

nu~1t1on&l needs 1a of coAa14erable in\ereat. Since 1937 

t.Aere baa been • a't.eadily sro•ta& awareneae ot \he ut.u~ and. 

eer1owmeaa ot Mlnut.ri tion in thia count.r.f. the preliainary 

aurve1s car-ried out. by tbe Union S.U.\b Department (46) (136) 

(161) have ahowA that, tJle 1n.eidenoe ot aal.nu\r1t.1on u.o.oaat 

the ac.boolchildren, bot-h iv.ropean an4 Bantu., ia ••117 higl:l. 

At. least 40S ot the cilil.d.reD exai'1Ded were below t.be a\Udarda 

tor .nor.mal heal t.b and AU\.ri tiont t.t.Ua ti.CU" ia probabl.¥ an 

un4ereat.L:.at1o,n rat.tuar t.b&n an ovenaUa&Uoa ot the aerioua-

neM of the ai t.uat.ioa. Up t.o now ~ inv .. tJ.aaUona have been 

of a &eneral .aa.t.ure &llC1 very ll t.t.le 1nfol"'t&tJ.on ia available 

wi t.b regan~ t.o apec lf ic de:ticienc7 41seuH. ·aor~ oa t.hia 

upect. of t.he aubJeot, baa reoe.nt.ly start.ed an4 ia et.1ll 1rl 

active pro~T•••· There ia a.o ®ubt,1 however, that the dietAry: 

ot a large proporUon ot t.ne popula'C.ioc d.oe.a cot, cont-ain 4IDOII.ib 

protect.ive toodat.utta, and allk and ailk. pl"'Cluet.a are partJ.ou­

iarly lacUna. Radlot1' and OaborM (213), in a d1scuaa1on ot 

aome Sout.b A.trican diet.a, have ahown t.bat. lack ot vit.&al.n A, 

vit.aain .D and calciua are aaonaat. the moat. coupicuou• t8lllt,a 

of t.he diet ot· &11 but. t.he weal.t.nieat. aeotJ.on ot the populat.ioll. 

It. ltlipt. be t.bouaht that. the abulldant. aWW'aine in south 

Africa would COillp4lne&te tor IIlli deticie.nc;y ot vitald.n u 1A t.he 

diet. ana t.bat. ricket.a would be rarel,J seen. t\Ctual. experience 

haa ehown t.b&t. this ia ao\ the caae. In Gape Ton aild 

ricketa la not. uncOIDILOa 1n \be &uropean aDd JlD.Il·.i~pea.n 

children at.tMM11ng t.be awdcipal. weltare cent.reat tlorid cuea 

are aee.n llOH occaaio.oall.¥ and a tair nuaber of thelie are ill 

nat.i ve children {1.23). Caaea ot healed. and heal iDa r1c.lr.et.a 
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have alae bee.n reported amonsst. the Bant» achool•children 1n 

Piete~itlbur&' (136). LaCk of ca+ciua in t.be diet a.no an 

untavourable . C&:P rat.io are probably the chief causes of t.he 

disease. ·It. ie not llk.el)' that, rickets amo.oa the ru.t.ives 1a 

&Je to &OJ' inal>Uity to utiliae the ultra-violet light. on 

account. ot tbe pl.p.ut4tion ot t.heir akin. One t.beorj' .held 

~ is \bat activation of ~· provitawin takes place on 

the abrf4Ce and tl'Uit tfle products ot irradiation are absorbed 

thrOugh the akin (113). It tbla 1e tbe ease, the natives 

&bould derive aa ~SUch benefit from the aunahine aa do the 

.I::uropeana and an;;y greater 1ne14ence ot ric~eta amongst. t.hem . ' . 
ia due to ~eir lower economic ·~~ua. 

It ia man d11"1'1cult to form an eat.imate of the extent, 

ot •1tal11n A deficilllCI in thia countr1• 1ie1 ther Broc~ aa4 

Latsq (31} nor !.ark an4 L• Riche. \1B5l foUnd any eases of 

keratomal&oia or Bitot apots &t10Jl68t t.be cli.114ren thet examined, 

but both groupa or workers nporte<l a consiclerable l'lUIIlber of 

c~es ~akin changes whicb might be due to vitaain ~ 4ef1c1enc.r. 

For example, the latter au1Jlora towXl tba~ tbe incidence of 

t.be aore advanoecl ei,gcs ot fbtnader&a (follicular hj'perkerawaia 

preaumabl)' due t.o vi t.a&dn A deficiency) v.ried from 1~ to 29S 

according t.o the district. thus, alt.hou,r#l final proof 1a st.lll 

lacking, 1t ifltli8 tatrll' certain ~t a considerable pe.rcent&i;e 

of the population suffers from a deticienoy of vitamill A. 

~.rhile aalnutrl tJ.on in .;;Jouth Atrtca baa it.& root.& lo the 

present. eco~ic •.r•tea and 1UJ3 rellet ~~euures · auch u tJle 

distribution of vit•min supplements \0 school-children can onl1 

be of the .nature of a t.emporaJ7 pal.L1at.1ve, nevert.neleea 'ttle 

iaportance of -.defit.tat.e · p~tion of vi tandna A &fld D in tile 

torm of tiah oUa can be appt"eciatea, especially as it has been 

pointed out ( 106) that the country ia at. preGen~ unable to pro­

duce enout;h protective toodstutta to supply tbe whole population. 

Until recentl.y, South Africa had aliLde no at~t to utU1ae the 

viteo:d.n reserve• ot it,a tiah. In 1939, for the tirat, t.ime, fl.ah 
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livers were broqght into port and procesaed tor oil. 31nce 

~en t.he 1c.dua t.r.r has srown ote&.dily and.· ln 1941 aevehl thou- · 

aand pllo.oa of high potency oil were •x_port.ed t.o the tlnited 

Jtatea ·tor the JllallUfac t.ure ot vi tallio concent.rat.aa. From 

·Table 1 it can be aeen that tb• raw JJat.r1al availablA 1a 

considerable. OW:I.Dg to ditticultieJ~ 1n t.he collection ot 
e~t.1at1cs, eepeoially in. the caae of the insbore tiehe:riea, 

the actual landi~a are proba.M..;r rather greater t.han indicated 

· by these f~11rea. Jilo:reover, the.v do not tAke into account 

tbe doifiah an4 otJler elUJBObrancha taktil 1nc1cknt,a.U,y in Ule 

trul aoCI prev1oualf dualped back. into t-he eea. 

ZAJU.il 4t. 
LtDG&n.u gf .lAM hSt~ll.of [;1ah 1n . CIPI ltDt. 

Local•ue ~~ Pote.nt.lal ·"uantit.J' Year 
116 • •• 1 ·tUlD£, .. · 

Stoc.ttieh :i4.,096, 74.2 lb. 1,1oo,ooo lb. JS38 (201) 

K1.ogkllp 1,182,109 . ' 47,000 " I I 

labeljou 3,3261691 .. ?O,ooo H I I 

Geelbtk 586,876 tl 14,000 I t tl 

atone 'baa a 41,976 fl ~,000 ' t ' ' 
SOle a 2,627,605 • I - ... 
:i1lvert1ab 489,383 I t 4,900 f ' ' . 
:tellowtail g 5,028 I t 56 ' t 

t.t 

Snou·r; ( 4,012 ,240 t ' 60,000 I I •• 
( . . 

1939 (202) ( 8,510,000 t • 128,000 •• 
traaabanker 91 1,009,000 • t ·26·000 t I f I 

fl Larl4ed ., . cape Town: . 
available. . 

Fiiorea ~or ot.b..r ata.t.iona not 

Except for \be figures which were obtaina<.i b.Y uoltAno 

(188) (189) (190) in .hia preliminal'..V aurve1 of the •1t.aarl.n A _ 

cont,eut. ot South African tieb., aru1 on tbe bu1a of which tJ1e 

collection and utractrion: ot livere waa started, no data were 

available fo't' tbe· oil cont-ent. of t.he livers arXl Y1$C6N. o~ 

t.he ditt'erent. speeiee ~ fiah or for t.he vi tu~1n A am D 
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· potency of t.hese oils. 1he present, •tudiea were, therefore, 

Wldert411en. w provide .more intormat,i-on c..bou~ tbe aeasoruU. a.ntl 

otJ?.er variations ~ the oil content and vitamin pot.en.cy 1n 

t.be ~at Uipor\~t c~eroial specie& lQ.tlQ,ed at Cape TO~· 

AJmat, a:U :tdM IQ£'it Wjl 1YtlGUW»tt4 SQ trbi gl>Jc;t Q' Pr9!Win8 

~sse.nti&l QP~ · 4tK to£: lbl Ml iAiQ ntrJcy iggYI:Y!T• 

Neverthele&a, the reaults which have been obtained are of 

co.r.ud.O.erable general interes~. 

Aliucb work atlll ~io.a to be done. 3\ud.iea similar to 

the present. one should be carried out. at ot.bel" point.s along 

tbe ~oat\; t$alvie ·Say and Durban, 1n part.icul.a.rt, would ~e -

interesting sta:tiona, both trorn the point. of view of etud.Ji.JW 

the influence of the telnperature ot the water end the abundance 

ot the i'ood euppl.y on tb·e vi t.awin resel"\'es of the fi::Jh and. of 

follolfing the ann:u«l Jd~r-ationa alO~ the coast of fish euch 

· a& the Jnoek. and the Yello1J't.ail. tto undet'take work of t.hia 

nat-ure successtullJ 1 tbe present. D1#1sion. of F1sher1ea 4hould 

be exp~ed to include a Fisheries Research Board auoh as 

exists in C-anada and other paris ot the world. J.b1& could then 

co-operata with the universities and tbe £1Gb!Qg indus~ to 

carry out. a eomprentnaive progruu of research on probleu 

both of indus-trial importance anQ. ~ academic i.nterest. 

'rhe generosity ot the varioue t-rawling companies in Cape. To•n · 

and their willingnesa to help, wh1cb was experienced in the 

pre a eAt, unClertaking, hQJ.da out t4e. ht)pe that tb.i.$ m.1gbt be 

achieved in t.lle near £ut.ure. 



-·-
J1WP.At 

It ie 41ttieult, tA> ··cu .• ouaa tbe che~•~,.·.- pbtalolou-

. ot' vi taa1D. A Without 4eal.tq allfo to 80M ut..Dt •1th \bat ot 

the earotenoida. !h1• ia ioevltable beca.iae ot .the cloM 

rel.ationahip, ciiMical an4 Jlblaioloaical.t bet-.ee tb• YltaalD . ' 

·att4 ita precurao~a. The 4eYel.opHD.t. ot our 14e• o:n the 
' 

relation betweea nt•t.n A &r:td the earoteaotd• baa bten traced 

b7 __,. wr1tera (1.8&) (1?6) .cud it will aot. M 4talt. w1\h in 

4eta1l here. Aa ear]¥ u 1911, sw•nboctr. (231) U4 o'beervecl. 

that t..b.eH wu • par..U•liea bt:tweea the oeturraace ot carotene 

and xan\hO.Pblll 1a pl.ut,e and t..he1P Y1tdia A aoUYi\y. Jlia 

t1Ai~U..na•, hownar, were .DO\. coat!Ne4 ua\U 1928 cea. von IIIler 

Ana. hta uaoou.ua t?&) {76) (74) d••outn\M the vitalda A ••· 

Udty ot er:r•talU. carotu.t. the eonn"t.toa beweu the 

oranp-red plant pipeD\ and th• a.l.lllolt eolourl•&• ¥1\Mio 

pnattltt in tiab. oile wu .Md.e eleanr 1n the tolloW:lQ& ¥e~Ar b7 

i40on (lil) (192) eo .aho-..4 tb&t. carot.ne acu •• a pro- · 

. V1t•JA and 1• eon.vwte4 U\0 Y1\M1A A .iA tu aaiul. 'bo47• 

Ftaall~ the Obtaical buia ot tbi8 rel&\1oMh1p wu ••U.bl1aW 

..a.a.· &.erer an4 tda oo-wortera cS•tMrllil:le4 ·t.b.• a\11'UC\tlre of 

both carot.en• U.S Yi t••t~~a A· 

The coutttuUoa ot both oarotMle u4 Y.itMSn A reat• 

cbiefiy OJ:l th•ir bebb"lour oa old4aUn 4e~t.1oa. The 

atruc't.un o£ p-caN'-• wu tirat. ••tabU•Md b.r brHJ" (138) 

(1») u 1930 ab4 baa •1o.c• ..... oontirlaed.bT .a1'J7 workera • 

. The eYidence 01'1 which 1 't 1& baaed. Ji:wU. l)•en r•vietJtld ))7 ·· 

Jtcwer (&J.) aid SJiriDc {236) &l1d ytu llOt be d•aJ.& with hWe. 
. . 

In the toll.ow~ ¥••• &.a.rr•r and hi• ueoc1•~• (140) pn­

pand a very riob Yit•hl A CotlGdt.'t'&W troa aaek ... l 11VU 

oil. They ahowe4 \hat, fJ1e v1tua11l wu an aleo)lol Ca.tlatOB 

or, lese probabl.J', Ca1ll~,011. Like c.aroteM, it &&ft ,;ei"'nie 
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acid (Ill) on oaon1aatio.ra. It al.eo r-eaeabled urotene in 

its bt~vlour on oxia«tion with potassiua perwanganate and 

cbro.udc acid.. t:arrer therefore propOsed t.he atructure II 

for vit.udn A. 

COOll 
c-;::O 

'CHa 

II 

In Geronic acid. 

Vitamin A. 

PEirt.ial collfif'£!&tion of this .tormula waa obt.aine<l l>¥ HeUbron, 

Ai:>rt.on QDCl i!Jebat.er (111) (108) who aubJeotecl a rich .hal.ibut 

Uver oil conaentrat..e to selenium deb.y4l"ogenatton. 1 16 c11-

metJl¥l naphtJl&lene (IV) Wa8 ob\ained in good ¥1el4, 1ndicat1na 

that- tbe coneent.rat.e contained a aubat¥~C• whoae conat.1tut1on 

a.a far &a the 14th carbon atoc must. be ident.ical wi't.ll t.bat 

proposed by KarreP. Karrer himaelt' coapletad the proof b7 

the S.)'nt.hea1& of perhydrovttacd.tl A lfhich he ahowe4 wu 1cle.nt.1cal 

wi tb the product. obtained by the eomp.i.eta bJdroaenation ot the 

natural Vit.aa\1A (141) • 

'fhe vit.awin A c.ncetttratea used by l:arrer and Heilbron 

in tJ:leir 1nveat.toat1ona on t.he atruet.ure ot vi~in A were 

c~ear ¥ellow oils. ~either aucceeded in iaolatiag tae 
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crxatalli.ll.4 Vitamin. Alt.nousn suoae'iue.o.t work baa shown tbat, 

the asa\U£i.pt1on that these preparat.iona •era fairly pUl'& aamplea 

of v.ttwain A waa Just.itiedt nev~rt.heleu, t.ba tailure. to pre­

pare cr iGc.alline der1Yativea :re.ndere4 an.T claim 1.o have 1eolatA4 

the vi tam.n in " at.at• ot puri ttY eo.llewhat. insecure. ~hie 

dlf:ticul\y ~ also experienced in t.b.e aubsequent &Jnthet1c 

studies· ana both t.he ident.i\7 and ·tJle ·pur1~ of the varioua 

products obtaitted haa been baaed cbie:.I,y on the. e\Ufiy ot their 

absorption spectra. tbe firat CP.f&tall.ine derivat.ivaa ot 

vi talldn A to b e prepared wen the r-naph.tboat.e and ant.Jlra.­

"'uino.ne-2-carbox;yla.te {99) (183). rhe tor.mer lllOlt.ed at ?G•c 

while the latter wu obtained in two tonus, yellow cr.;atala 

a.P. Ui,4•c ·and l"ed cr_ya\als Jtl..P. ua•C. . the elemental'~f 

analysis of tlleae ea.ters atli t.neir ~lecu.l.ar ••i&ilt. were in 

&SJ"eem.&nt 11i\b. the for11ul.a propoeed for vltamn A b¥ S:a.l"rel'· 

Cr.ratalliae vitaadn A was .f1rat. obtaiD.ed 11::\ 1937 b1· J:iolmee 

ard Corbet. (124) by recr;yatalllaatlon. of the 'Wl.IJaponitiAble 

matter of fieh liver oil from me~l alcobol a~ lo• tewperatorea. 

l'he er~atA.la m.elted. at 7.5 - a•c. tide was !Wch lower than 

waa to be expected on t,he baaia of Ka.rrar 'a foraula and it. 

was euggeated tb.at the crystal.a conaL:lted of a 41ixture ot 

geometric iaorH:re (12). Rec'entlJ, however, Buter .atld 

.Robeson (13) have shown th44.t. these cr)"&t.ala cont.ailled aolvent. 

of cr1at.fA.Ll,zatioa. a¥ nainB et!Q'l toraate 1na\.Ud of 

u.\by'l alcohol as a solvent, thee~ workers llav• prepared 

ery.Jt.all.ine vitwnin A »elt.ing at, 6r6f.•C. The same author• 

have &lao prepa.recS & nuaiber ot cry•t.:.J.line •• t.ere of vi tan4S n 

A, includ1o.g ~e acet.at.et t.he palllitaw and· the d1v1taal1n .A 

•uc::cinat.e. lhia work ahould prove of conaiaerabla irapor~ee 

bot.h as providing criteria ot pur1t..r ~or t1atural and ayn\b.etic 

·...-.pl'epar&t.iona of \he vit.am!.n ·a.nd atao ae offerins an oppor-

tunit1' o.f replacina the praa.at. international standard of 

~-carotene by a erj'at.w.lli.M preparat.ion ot vitta.alin A or oaa 

of its eoter•• 



-u-

FollowiQg the publica~ion ot ~arrer•a structure 1n 1931, 

fiJ.aJ:J;f atteto.pw have been made to a,tnt.hea1ze vitacdo A. These 

have beea reviewed :recent.l,y by Jonea ( 131) and onl,y the t•o 

aoat iaport.ant cl&ima to have ajnthee1ze4 the vit.u&in will be 

diacusa.-.4 here. In 1937 Kuhn and Morria ( 158) olaiated t.o have 

a_ynt.beaized v1t.eun1n A by the mat.bod o"U1ne4 below. The 

at.arting poil'lt. ot 't.hia a:tntheaia waa ,.fii9'1Jcse.ne acet.ic eater 

(V). S.v red.uction ot the 1a14o chloride b)' tbe cbroJEaOua 

chloride &et.h.od ot vcm Braun, t.be ke¥ aubat.ance ··illwlidene 

acetaldehyde l VI) waa obt.ained. 'rhia wu tben condensed 

with p•4letJl.Ylcrot-onal.debyde ia the presence ot a .neutral 

peperidine-acetie acid c&tal¥at to aive the Cao aldehyde (VII). 

011 reduction with aluminiu --pt'OPQ%1de, vitamia A alcohol 

(VIII) waa ob\aw4. The final product, atter puriticat.ion 

b¥ chroaawara.phie .analyaia, contained 7 .6S ot vitamin A 

(colour t.eat). ,_,hen t.eated bioloaioall.Y Ol'l thia baaia, it 

aaYe & similar growth reaponae t.o the natural vit.Min. Tbia 

work has .. centl¥ been subject to cri\1ciem. Karrer and 
,, 

Rueeger {143) experienced ditficult,.y 1o repeatiDB Kuhn '• 

a.tnt.hasis • !he$e a.uthora atate tbat the met.hod Jielda a 

wixt.ure o! polJ' enas and t.bat., moreover, the aaain product. 

differs troa vit•ra:Jn A chroaatograpbicall,y aod alao in the 

location of 'tJ.'le ~orpt.ion ll&x:i.&aum ot 'tJle a.nt.1moll7 t.richloricle 

coloration. 0'-ber wor&era ( 149) b&ve alao reportAd t.hat. 

Kuhn's aycat.heais givea biologically inactive producta. 

Synthesis of the .. t.h.,rl ether of vi t.uaia. 4 haa been 

claimed b)' Kippiag and 3ild (147). Det.aila ot Ule aet.bod 

and of the biolo&ical activity ot t.he procluot b&ve not. bMn 

publiahe4. The aynt.hea1a, however, ia a novel one and 

deaervea a briet consideration. Instead ot \be uaual atap-

wiae lengt.henin& of the &ide cha.iD ot p-ioDOM or aoae e:l.IIUar 

eubat.anoe, t.bese workera built up t.be aide cbai.n tirat. and 

attached it t.o the ionoae residue ea bloc. The .. aential 

st.ep ot the 8J11t.hes1a conaist.ed ot the co.aden$&tJ.on of t.be 

·~ et.ber (IX) with {)-1o.DODe usin& lit.hiua u a cODde.aauw 
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aaent.. DahJ'drat.ion or the reau.lt.J.n&. tertiaz7 carbinol {X) 

yieldad. the #letb_vl et.ner o~ vitamin A. 

Li ~ 

X 

XI ut.b.J'l et.h.tr of viwain •· 

3pect.roarapcio •"udiee, both of t.Ae W.tra•violet abaorption 

apeotrWii and of the colour· produced witb antiaon.Y t.ric.bloride, 

han plated &.n ~porta.nt role 1n t.be inveatt&ation of vit.Min 

A and relat.ed eubat.ancea. .Ln the a)to.thet.ic at;udiea in \hie 

seriee, the 1den.t.i ty &lld. puri t.1 tlf t.he varioua product• baa 

been baaed chiefl.T on the awdy ot t.he1r absorption apeet.ra. 

Ill addition, the phJaical and cheaioal ws1.a hu.ve provided 

a rapid and. convenient. .-tJlod. ~ eat.iaa.t.i.Qa t.be vitud.n ao4 

so have done t.lUCb t.o advance our krlowled&e o'f 1\8 41aY-1blat1on 

in natural product.. 

~~1 t.h a aolut.1on o£ ant.imoD¥ t.r1chlor1de 1A chlorofcma, 

v1~1n A givea a tr&D.aient.. blue colour. lhia ia Ule baeia 

ot the weU-koom Carr-Price teat (43). the reaction, bowever, 

is not p-eouliazt \o vitamin A, but. is given by aU .caroteno1d8 

alt.b.oQib. 1n different d.egl'eea. I\a oheadat.r-.v ia at.ill. obacure-. 
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· t'ib.&n tO., colOlU" ia exudned. spect.roacopica.llt t 1 t :l.a fou.nd, 

in tJle cue ot vitain a concentrates, to bt due to two banda, 

one with ,a au:in.tu& at about. 6201m aod the other at I.Wout. 683 au 

(107) (108). In low potenc7 oils, these auima are usuallJ 

4ia,p~ed. to ~-606 c and. 672 mu respective 1.r. In t.beae 

-oiU alio the prese.oce of nat.nrai lnhib1 tol"a traquent.1.7 pre-
• 

vents ti.le dt~velopstent,. of the ux~ at. '603 WJ tbe 612 au 

b21Qd1 9n the ot.her balld, ie uaually w:r.aftecu.a. on sapon11'1ca­

t.1on ot the oil, t.b~ inb1bi\ora an rellal)ved ana the full. colour 

is able to develop. i·or tbi.a reaao.n it. ia preferabl.e to 

ca:rr1 out. tha eat.iwit.1on ot tb.• v1 t*&,io by the 'c;olour· ~at. 

on 'Lbe unsaponitiable .watt.u.· 

I.n addition to t.be wain ba.Ma at ~0 anci fi8a. •• m~~L&ima 

at 635 • 64St 656, 680 u.nd '690·695 • have been recorded (10?). 

Of tbeae the 693 au 'band is t.be moat important. l.n tbe cue 

ot o'1ls froa tresb wat.er .fish thia band .PNdou:dna1;ea and the 

maximum at. 620 t£ll 10 absent, or pnaent aerely u an 1ntleeuon 

(89) (10 \68). l'he 1E&3 mu c~ge.n • •• now recognized ae 

a. aecon1 tao tor .. v1tao.1:n. Aa. In ~t.ion to the eaitlwa at. 

693 cnu, it. al.so ellowa a aeco.od (UllXi..._ at. 660 llll• In con­

centr~tea rich in vit.wr.s.n Aa a co.r.uaidera'ble overlappi.ai' o~ t.hil 

650 and 620 tm1 banda occurs \160). It 1a thus <i1tticult. to 

4eten;1ne the relative proport.1ona of the two v1t.amSil8 prea•nt. 

l:O. the o.l~:ra-violet. vit-amin A ul:dbit.& a broad. abeol"pt1on 

band w1 t.h a mu!wWL at. ~ mu. .. · In o1la or concentrate• 

. rich 1o vitau~in Aa, t.his b&nd ia npl.aced bl maxima near 

· 350 and 280 mu .( 71) • tb.e 338 au tH&nd bad. bee:tl observed in 

'bioate~tn' - a ·crude vitwu.in /, concent-rate - bl· i.'a.ll:a.b.ashi in 

1925 (241). l:t, \fU .:f'irat; 1nve,~;~~'11ted. by J.ro:t•ton and. HeUbroA 

liUl4 their aolla.boJ'4,t.ore (196) (66) (50~ c.uo ahowe<l 'fiery clearly 

· t.bat. it· was a pro~rt.t o'l vitamt.n A. AtJ a resUlt ot their 

work, the apeetroiJ"aph.ic met..hcKl ot ea~Ung -vit...tuain A wae 

adopted in l93S by the k!e41cal aesea.rcll C0ut10:ll who NCOII&ltltlde4 

_tbe use ot the provisional factor .1600 for convert.iq 
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Bl:
1
:1 . 328 . .wu into I.o. per Fl• (l26) \12?). ~is factor 
~. -

has ooen cri·t.icized. by .a:tlY wor-kera ta) {51) (217), and 1o . ' 

~\rJ:f:\ri~, in p~t.iet.War 1 t.he. fact.or a100. is ccanonly ~ployed 

l..n$1:-tlAd. l'her4 ~a a ~&ve .suspicion, batrever, tbat t.be hilb 

values obtained in that count.r_r are <1ue to a deterioration 

of tbe u.o.r. reference ·eoa liver oil (68). It has been 

claimed. also that the eonveraion factor illi great.er 1n tJle 

case of nat.urd oil• 'tJlan in tlie <:oncentrat.ts prepared from 

them by aaponificat.ion. This ia apparao.tll' due to t.he 

h4.be.r b1olo4i1cal eff'icienc.r ot t.be vitamin A- eetera pNHDt 

in t.be torliiier \91) {120) (18'1). Inveaugatlons with crya­

ta.ll.ine vi tati.iiU A alaobol {*Jld ita ·aatera, however, do .not. 

eont~ these resu.lt.s (183) (13). 

the ext1netion coett~cien't- ot pur-e vitamin A is probably 

itt- the nei6nbourhood ot• 1800. l'he higbe•t, t~ recorded 

by HolrtJ~& and Corbet (124) •aa 2100. . ._ad, t.Dderbill.and 

Coward tl~) CUld Baxtel" ud Robeaon (l.3) t o.o t.be ot.ber hanG., 

have reported the values 1800 8J1d 1780 rtnspeeUvel.v. Theae 

are probably n~er the correct. ·tisure• For .calcul&UQK the 

vitamin /) conte11t of tJ.sh o1le, etc., bowever, it ia coJl• 

ventio.nal to use the v.alue B!:.. 328 aa • 1600 wtdeh wa• 

obtained by carr and Je•ell (42) in 1933 tor their richest 

v1 tatl:d.n 11. concentrate. 

In addition to v1 tam1na A1 and Aa 1 o1Jler· chromo-gena 

hue beeu observed in tiah &ad ma'Plalian liver oila. theae 

include 'e.tcltze<l v·1 t.u.in A • a.od the •aeo JDU cbroaose.n • ot 
whale oil concentrates. 'Ctelized vi tu1n A' haa been pre• 

pared b.t the action of alcoholic Jsldl'oaen chloride on 

vitatnin. A or by the act.ion. or heat in the presence ot acta. 

I~ ultra-violet abaorption apectrum ia oharacttrised b3 a 

nWiber· o-r band• at 392, 369 and 350 e. . *'itb .ant.iaoOT 

\r1cr.J.or14ft 1t B;iv•a a blue colour with a .u.xilwa at. 620 au 

which 1e pract.icall,y 1dent1eal with 't.hat. of ordina&r.Y 'Vi t.am1n 

A (69). Cycli~ed. vitamin A u alao report.e4 to occ:\U" 
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aaturally in fish livel- oUa and ia fourd 1n the lo•er boll.ioa 

tr~tiona obtained by molecul&r diet.illa.Uon. It ia atated 

to be biologi.cal.ly inactive (72). 

In mammalian liver oils, and in whale liver oil ccncentrate• 

in particular t the JW~Ximuw at. 325 JllU is tre~.&Uen~l.¥ .abaent and 

a band at 290·310 mu is obaerve4 1nst.ead {97). 'Ibis ie due 

t.o t.he presence of a cllr'omogett whieb · exh1b1t.a 4D absorpt-ion 

mu.lmllm at 285-2~0 am and which Si vee w:l tJi . antillobf trichloride 

a .blue colour wi tb 'b4nds at 594 and 496 l1ll :tnat.ead of at 620 

· and 6$3 mt1 (208). lhe •290 an cbroQoien', u it. bu been 

called, is al.so aeen ocoaa1onallt in .minor quantit1ea ia 

fish oila (68). It ie insolubl$ in 83• ethyl alcohol and 

~- be sepcarat.ed from v1taanin A b'y ex.b.a.\1lttive ext.ract.1on with 

that aolvent,. It poasessea definite biological activit.J 

wbich1 however~ ie lower tJle.n tha~ ot vitamin A. It baa bee.'l 

S\lii8est.e<1 t.JAat. .it ~ay represent a t.bi.-cS factor, vitamin Aat 
I 

which contains :one dou.ble bor.d lea.s than vi\.811111 A. Its 1na,lu-

.bil1ty in 83Jelcohol and the fact t.bat.t unlike vitafdna A1 

and t,.a, it ie not affected b7 alcoboli¢ hydrogen chloride, 

sakes it. do~bt.tnl, however, whether it 1& the C1 a analoaue 
of vitawio A (220). 

·li~P btaa. 

Zhe recoamtion of a second factor, vitamin it.a, in fish 

oils has bean based lara•l¥ on spectrographic at.wliea of toe 

antimo~ trichloride reaction. Vitamin ~ is found in 

lar'geat. cwmunt.s in tJte t-issue ot .treah waur :fish. lt. hU . 

also been obaervea. in the ~tver and vi~ceral oile of .ruaroine 

t"is.b. In Ammtnals and birda it.is abaen~, .except, where, aa 1n 

the caae ot sea b1rda, vitaui.n Aa ie present ill the di.et.. 

i~ very interesting atud,v of tbe dietr1but.ion of vi tuins A1 

and Aa has bEten made bt .&al.d .(248) who Gll;61e8ta. \bat in fish · 

the ratio 1\1 :Aa ia <ieter.mined genetically and tb.at. the •t.rarurter 

fr~ vitamin A1 to Aa metabOlism appears U> ~· associated. 
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ph)rto~enicaJ.l.v w1 th t.be migration of urine te 1 eoau iato 

freah water•. It baa not been poaaible aa 1•~ to iaolate 

pure vi t.a~ait!t Aa. For t.hia reason 1 ts che.mical couti tution 

and ita biological a.ct.ivi\.Y are at.Ul uncertain. fe.Slai 

tAat.a au,ueat t.bat vitadain Aa cont.r1but.ea to the total. 

vi taaain A activity ot c011oentrat.ea 1.n wbicb. it occura. l8S). 

Up t.o tue pr.aent., however, there 1a .oo evidence Ulat Ata , &J. .. 

t.hcugh it a&J have a biolo61C&l value equal to A1 , playa All¥ 

a1pifica.nt role in muw·alia nutrit.ion. on the ot.he.r ban4, 

~t'ald •s diucovel"T \260) that. v1tM1a Aa replace• the v1taa1A A 

ot the via ual purple a,yat,eaa, in the eyea ot freah water 

tiah •ua••w tJ1a.t here, a.t any. rate, 1\ 1'1113 bave the aau 

tunctioae aa the •clau1oal. • vi tM1D A. 

The 1'act tbat Y1taa1A Aa cannot, be aeparas.ed. troa 

vitandn A1 b¥ obroaat.op-.pic aaal¥•1• or b1 ~ec\ll.u die• 

t.illatJ.cm 1Dd1oat.ea tbat i'C. 1a vel'l clOsely rela\e4 to tbe 

la.tt.er. IToll it.s epectrographic behaviour it. wou.Ul appeal" 

to cont.&in ou u.t.ra co.nJuaa.ted double boad.. the wo aoa" 

likel;r tonul&e tor vitamin Aa therefore are: 

0: 
·~ craa 

c:a-ca-c-CR-ca-CB-caCB-ca-ca-CBeCII 

Xll 

• 

X-c ra- ~ ~ ca-ca:-c-ca-~-CBaCII 

Xli.I 

Ill oso.nol,ya1a XII ahould. ,yield aeroAlc a.ci4 while XIII ahoul4 

&iva c,a-dimet..b.Jl auccinnic ac14. OD. oaoo.o11a1a of • con-

centrate troa treab. wat.er tiah oil.e Heilbl'on and bia collabo:rata-1 

(88) oJ>t&ined practieall.Y t.b.e • .,. .rield ~ aeron.ic acid u 

troa &D •'iuivalent quan\1\¥ ot b&llbut liver oll coD.cent:rat.ea. 

Jfo o,c-CU..tft¥l aucc1Dnic acid co\ll4 be detected :la the 

ozonol.Ydia product. T.beae workera, th•rafore, con.clud.e4 

that rit.udn Aa .a.at. have the to~ .UI. l"hia waa part.Sall,y 

• 
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eonfir~ed b.t treatin,g the concentrate •i tJl alwinium .!c.lrl•• 

bu.toxio.e and acetone. Aa in the case of vi~ill A1 , a 

ketone wca..s. obWn&d which readily yieJ.o.ed a cr..tat.a.Uiae 

p-chlorol:Jenzoylphe~-lhyl.irastrle. the spectrographic behaviour 

ano. t.be elementary analysis of t.he latter were in agretAAent. 

with the assumption tJlat. t.he ketone hwl t.be structure ..av, 
fl-o~1 which it folloll'ed that the oriainal aJ.collol J~LW~.~ have 

hf4d til~ t'Or~ula XII. 

CH ca ~ A4 I. I J I Vl CH=Ca-c=CII.-CH=Cli-C&CII-cJl•CK-cB-ca-c-e 

uv 

On the oUler hand, \lr~i~¥ t93) (94) hu studied tb.e 

e J.in.\J.na Uon curves ot vi t.aadtle A1 and Aa. Ihe e~ination 

L4Uimum is onlt a•c hig.ner than tha.\> of vitau11n A.a.· j,.'roa 

analogy Kith the distillation curves or certain tatty acids 

he conclu.dfls that v1talt4in Aa baa tJle aue nwaber of' carbon 

atoms aa ''.a., but. t.h&t it cont.ains one more conJugated double 

bond, i.e. he favours f'orSii.ula un .. 
Karrer hda alao criticized formula XII. Us!Qg his 

noaenclature, rorm.ula 4II re,;.:reaent.a f,·~-5-caro't.ltllol 

\c.f'. P• 22 ). :r'rom t;...e known od>aorptio.n spectra of vitain 

A1 and o£ ~-~-.ci- &nc1 ~-~-4-carotenol.a, the position o~ 

the absorption maximum in p-~-5-carotenol aay be eal.au~at.ed. 

l'hls should be at. ~6-358 au (145). lhe absorption band of 

vi Wain Aa , however, io r4ther ~ower ( 360 ~AU) • .Ks.rrer, 

therefore, coMidere it is '-iueat.ionable whether tb.e latter 

really is W.e Cia homologue ot vitar.rdtl A. Kan-er baa alao 

repeat.EK.L the oaonolya1a o.f' a vi taad.n Aa concentrate ll37). 

He clailu to have obtained acetone in 60-701 yteldt the 

geronic acid obtained in Reilbron'a experiwents be be~1evea 

to have been derived. solely from tbe v1t.din A1 present. 

He considere therefore that vi t.amin Aa has the s true t.ure XV, 

i.e. it be~& tbe sawe relationship to vitamin A1 as lycopene 
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!o contiril t.beae reaults, an a.t.t.eitpt. waa lilade to a~ntbea1se 

4 eubat,ance or tb1a .foraula b7 condl.nain& P.iluGQ•iOl'l¥lideM 

acetaldehyde wit.b p--tbyl crotonaldel'qde in. analou with 

Kuhn •a •JD.tbuia ot Vi t.am1.D A. The product obtairte4t however, 

waa .non•ho.aoatue.on• and thert waa no fraction which save t.tle 

abeor,ption maxiaa \ypioal of v1taauo Aa in t.he Carr-Price 

react.io•• 

!hia s.portan~ piece ot work ~equtr.• contirmatioa. 

The torau.Ia propoae4 b7 E:arrer would be expect.ed \0 show 

an a.baorptJ.on band in t.lle ultra-violet 1ld. tb a aax1mum at. 
. . 

345 au, trbieh ia ve.rJ cl.oae t.o that. ac t.u&l.ly obaened. 

rua .fonmia would alao account tor ~ aili1lar1t,y in the 

boilin& poJ.nta of v1t••ina -'• and A,. On the other hand, a 

co~ond of tbia atructure should bt bioloaicallJ ina.otive• 

Accol'"diq to Karr~t t.be bioloi1cal act1v1 \7 ot hia concmt.ra:t.e 

waa tully account-s to~ b7 tne' vitaaln .A1 pre1ut.. fhta, 

however, wu DOt the experience ot Beilbron and h1a ool.J.al)obtOra 

lfeitb.er &>•• 1t. appear {4'0bal>le that. all the geromc acid 

obt.ai.nld b_y these wori::ara on o&onoljaia ot their concentrate 

waa due to vitard.n A1 • BUrther won. en. this probl.etl woUJ.a., 

therefore, be deaira.ble. 

The cbendcal baaia ot the relationahip bet.~••n vi\amin 

A a.lxl ita preoureore was fir•t indicated by Kaner wbe.o he 

eatalll18btd the conat.itotio.n of both ~-caroun• and v1taa1rl 

A. In t.be sMe year, Kahn. (l.Sll (l.S?) ahowed that apeci~~en.a 

~f ~carotef;le from cert.ain eourcea contain another ~ora ot 
carotene which he called u-e.rotene. SbO~tlf atter tbta, 

a third iaour, y-earotene,_ waa iaolated (153). The 
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elucidation o~ tbe structure ot theee aew tJom.POtmdl soon. 

followed. The. relation.ahip ot a• to ~-cuaotene •aa ehown 

b1 ita behaviour on oaoniz•tiot.k, when both &tl:'Onic ae14 ao4 

uogeton1o .aia were obtaine4 (142), indicating the preae.nc1 

"Ot one f)•ionone r11Jg and one l"ing ot tbe ci•ionone t.Jl't (XVI) • 

. rCarotene . (XVII) ... also toutld to COntain one ~-ionone I-108' 

wJU.le t.be other ena ot t.be eolecu.l• poaaeaaed t.be opec chain 

atru.ctuN of l.Jcopene. Like p-carote.ne, a- and rcarotene 

nre botb .found to poea.e1a &rowth-promot1q proJ)4lrti••· 

Q.uant.itatJ.vely,. however1 th.eir actlvtv ••• oal7 balt that- or 

1.1-carotene (129) (~5). The iaportance of tJ1e ~-Sonone riq 

1a the .molecule· a& a aeceaaary pftJ:"ec;(U~Iite tor v1ta1n A 

activ1t1 was t.b.ua eatabl1ahe4. Subat1tution of the p-lonOlle 

r1D.s in an,- wq de$troya the act..1Yit1• ftQ ze~thill, 

which 1a a 4ihJ4roQ"-~-caro~e • 1a 1aact.ive. On the o tJl.er 

bancl, crypt.oxantbin _ (XVIII), wh1ob ia a aonohJ1h-OZ¥·~-earoteu 

anc1 contew one unaubatitut.e4 5;)-1oaoJ18 ring, · actA aa a pro­

YitaatiD At lt.a b1olostoal. aetivi\3, however, ie of trhe aue 

order u that ot o- and y-carotea., t.e. 0!117 halt t.tult. ot 
~-cuot.en. ( 156). 

c:-, p• and rteot-en• and ceyptoxanth.in ve tb.e aoat. 

taportant. naturally occttrr1ng provitt,aw. In ad41t.ioa 

to theae, five other blolo&1call;r active carot.enoids have 

been iaola~. theae are ech1DeDOne, the p~n\ -~ tbe 

eexual glands ot t.hcl aea urchi!l, l•:pretea.e-1 ¥ODDth1n, an4 

the two lateat. acditiol'lS to the· list ot proviu.tu, ap.b&Qin 

and apbaaicin. .For an account. ot -t.b• S.aolat.1on &ftd a true tun 

o£ these coapou.nda, refereo.ce 11a1 be made to the reviews ot 

Eorto.D (19-6) an4 Roaenbeq (2aO). Aa their conaU.wtion 1a 

baaed larsel.Y on. t.be tact. that. they ve biolos;icall,y active, 

they- Will cot be con.aider.a, turt.ber here. 

fhe work of Kahn and Karrer · atd their respective 

col~raten on t.n• st.epw1ae depadation of u• ard B­

eax-oteM 1:1U alao ~vided auch intonaa.tion concerning the 

relation "tween atruct,ura and vit.Mill A a.ctivit..Y• 87 lli.lcl 



XVII ,-carotene 

XVIII cryptoxanthin 

• !be -convenient abbreviation 'lp 1 tor an isoprene unit 

Clla 
•CB-<>CH-CH• .1a due t.o. ilorton -{194). 
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oxidation ot il~carotene wit.n oh~ozuic acid, Kuhn and 

Broetcmann ·ll50) {152) (154) obt.ained tirit tU.hydroq-.. -c~oten.e 

(XIX) 805. then sea.i-.~carotenene (XX), botJl ot .which w&re 

biologically .active. On r-ins el.Qoun wit.h alkali, the 

latter gave ~semi-~-cat"Otenone (XXI)· which was still 

active. All (1egradat1on product.~~ contain an intact. ~-io.none 

r~. -~hen, however, the eeeond v-ionone rttw is opened by 

turtber oxidation to give ~-c.arotenone, the activity disappears •. 

a-carotene, under the same cond1t.1ona, pve • aidlar eeriea 

of 4esradattc:u1 prod.uct.at t;hese, however, exhibited no vitu&ln · 

A activity, indicating that the p•ionone r1na bad been 

attae~ed tire~. 

By the oxidation ot .:,-carotene andother carot.enoida with 

alkaline per.manganate 1mcier carefull.y controlle4 conditiona, 

Karrer Qll(.'1 hi& co-workers hc..ve obtained a series of very 

interesting aldehydes. OXidation o:f f:.-c&rotene itself sivea 

a .rn!X:ture of products from wb1ch ~~-2•carotenal can) 
and. {i•!JZ2-4-carotenal (XXIIl) have been iaolated in a pure 

state (146). .t\8 is to be expectea trom their- cotUltJ.tut.ion, 

these compounds, .as also their oximee,act. aa .provitamtoa A (77) •. 

p-ADQ•3• and i}-~-5-car-otenal.s are alao formed 1n thia de• 

gradat.i,.on, but the y1el<ie of these prodUcts are ao aall that. 

they have not yet been obtai.tttd pure. On the oxidat.ion of 

a-c&ret.ena, tbe correspon.din& O:~JYZQ-carot.enal.a which are 

biol.oglcally inact.ive are formed (19}. here, aa in \b.e cue 

with chromic. ac-1~, the t;.•1onone ring is preterent1all.1 attacked. 

These atU41ee have ver7· clearlf demonat:rate4 tbat t..l'le 

,1)1"eaence Qf an unsubst1tuted fi-ionone ring in the aolecule 1a 

one of the neceaaar~ conditions £or biological ac~ivi~y. 

3o Jli8.Il7 elUULples ot thie apec:l.f1c1ty are available that. the 

f'ailure of a carotenoid t.o promote srowtb 1n vitsmtn A 

deficient anf.alals is trequent17 1tlterpreta4 as evidence of an 

ailttoditieCl j;t•ionone ~"inB• The ayatem ot oonJusated unaat.urat~on 

hovll'ever, is also important. B1drog'enat1on or arq one or the 
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aruall to yiela vitamio A: 

. C&oHet ~ CaoBatOB • decomposition pro4uct.a. 

Tbia, however, baa been criticized b¥ BUnter (128), who 

pointe out., amonsst other t.hiogs, t.bat, aince 1 t la the J-ionone 

ring whlcb is preferen\1all¥ attac~e4 in tbe oxidation of 

a-carotene witll alkaline pe~anate, a-carotene might well 

be expected· to be b1olo01call¥·tnact.ive on tJ:le bas1s ot tbta 

u..eeb.Lullsm.. According. to Hunter, •a MOre eat.1stactor,. 

picture of tbe process is that. the oonveraion t.akea place 

b, .fisaion oi' \he eentr;al double bond of tbe ._,-carotene .Ole­

cole, but. tbat intero.edate ataaea are inVolved in tb~ ultiaate 

product.ion ot vit.aadn It alcobol .,·bich lea4 to tbe loaa of a 

certain proportion of t.he carotene in side react1ona. t 

It. is get.a.erally uaaare,d. that conversion ot carotene to 

vit.tuuin d occurs in tb.e llver. Tllere 1s, however, very 

li t.tle direct evitlencie ~ SU.Pir'Ort. this b.fPQt.beai•· In 

1931, Ol<;ott and n:ccann (203) reported tb8 presence in the 

l.i vv of an ena,Jae •carotenaae • which converts carotene 1nto 

vi ta.m!n ..~:\• They alao claimed to have ef'fecte<l t.be converaton 

JD tit.ro. b¥ 1ncubetirlg the minced 'llvel" t.1saue wt tb a col­

lo1<ial solut.ion of carotene. Other ~rkera (l) (65) {73), 

however, haVe fa.iled to confirm theee reaulte. Thus, al-

t.bou.g.b we &ve aver$ det.aile4 knowledge ot the relatioaablp 

between chen.ical oonat1 tut1on $.04 provit.amip ·A aotivit;y1 we 

know ver;t little ot ett_her the site or the •ch~1aa of t.he 

eonve:raion of'· these pro vi tam1na into v1 tamin A. 

ibl Ua&ri&1ou&l JiBni{igiDQI of v, ... 1D,Aa 

11 variety' ot ayaptoms follows . the deplet.ton of vitamin 

,., ill the anifllal or-ganism. Tbeee :pHcticall.,y all. rel'l.ect, 

aa ~olbach and HOwe (261) \262) (263} A8Ve JbQWD, a common 

etfect of lacjt of' vitamin A on the epithelial at.ructurea of the 

organs involved. Atrop.h7 of the epithelium oeotD"s an4 later 

sUbstitu~ion ot a •~atified kerat1ni$ed ep1tbel1am for \be 
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.ooraal epithelial et.ruct.ura. C.rata of ·kerat1fl1ze4 epithelial 

cells accwaulate in various parts of tbt bod,y • eapeciall;r in 

the sali V&rJ gland a , tne lUnaS, the • toJD&Ch .u.d the 1n.testine. 

These cyat.a were regarded aa abacesa•s by the early worken 

and hence tbe idea &rO.ee that v1t.ain A bad a ap•cttic anti-

1Jlfect1ve action. The tact that an~ on a vltara1n A 

deficient 41tt are ve~1 susceptible to respirator¥ 1ntect1one 

(61) (175) and frequnt.J.7 auccn:uab to broncho-pDeumonia 

at.re.ogtJumed this idea, as did the ob.sena.t.ion tbat childru. 

aufterina from xero~:thalllia are liable to aeveN reaptratory 

ttiaease (25). l'he relationebip between vitamin A defieler.acs 

ana occurrence 0~ 1ntect10D8 ~ be traoeo to the character1a- . 

tic metaplasia ot the epithelial tiaaue. The position 1e · 

admirably suu"N•r1zec1 in the following atatementt 'Under tbe 

ordinart cond.1tiona !Jf vituin exper:lmenta, the W.akiog down 

of the local def enoee allow a acceaa to the eoaiparat.ive]¥ 

avirulent bacteria which .noraall7 1D.hab1t the intestine, 

the resp1ratoJ7 \Net Ol" tb• conJunCtiVal 8&0 t 80 that tb.a 

reaultlQ& 1ntect1ona are aa a rule av1ruleht in ~·· lhen 

. organisu ot a aore virulent type are present• Ute cond.it;ton 

o~ tbe local defences rather tban \b• presence ot tbeae or­

gan1sma ·'ll.ay be the fac~r which deterainee the onaet ot a 

virulent 1Dfect1on. • (62). There ia no 1nd1caUon that 

animale on a vitaa1D A. deficient 41et are leae able to pro- . 

duee e.ntibodiee t.ban norul anJ•a1e (102). Jiel\ber doea the 

experiaental evidence Justifl the bel1et that YitAmin A 

(-. f. 

therapy is eftee t.ive cl1n1caJ.l11n 1ntect1ona caus~ b7 a~c1t1c . 

b1ghly pa tbogenic organiau (44) ~ Except, tberetor.l, .in ao 

far as relates to r.ha maint.enan.ee in & bealt.b.f condition ot 

what hb.G been ca.J.led 'the boc:l7 •a f'1rat lJ.n• ot defence ', 

vi~n A probab17 baa no specific ant1-1nteet1ve action. 

One o~ tht aoat. i&portflnt Idnifest.ationa of lack o~ 

vitamin A, particularly in experiaental aa:lllals, te the 

. oecurr•nce ot xeropbt.h•lada. Th1a waa earl,y recognised aa 
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. a specific symptom of v1~1n A defic1enct {117). Xero-

. phthalm1a occurs ruoat COIDii.IOnl7 in young ani.Jnala. In adult.a 

cne of the earliest sl&na of a deticienc1 ot vitamin A ie the 

development ot J').ight. bl1ndnesa. The J:telationship between 

t£.Ulnutr1tlon und night blindness · 1a rate was studied by 

Frederica and HoltJ.l (85) and Tanaley- (242)-. 'lhese workers 

showed that tne regeneration ot. visual purple after bleaehin.i 

by a br~t. light waa alower in vitaain A deficient ao.imala 

tJ:tan in the contx·~ls. ln exu-eaae cues no visual purple 

could be i'ou.nd 1n the .rett~ at· ~11. the relation between 

vitamin .t. a.na the Visual purple ayatem 1e ot particUlar 

inter-eat. thi& has btfn 1nveati&ated ut.enaivell' by ~ald 

(249) (250) who pictures the visual cycle u follont 

Vis'UU purple (rhodopain) 

Vitamin A+ protein ~~-.· --- Re t1nene · + protein 
( vieual ,yellow) 

Bbodop.sin (visual. purple) is a complex carotenoid albumin 

in Which J"'e\inene, a Jellow p1pent reat•d to tht carotenes, 

1a t.he prout.hetic .g.roup. On exposure to br1j'ht. light it 

u bleached to an oraaae colour (visual yellow). Dlll"ing thia 

process retinene 1~ liberated. fhis &aT. either be converted 

back to visual purple or 1118¥ decompose, giving vi \8a1n A. ,.._ 

Part of the vi taain A tbua formed JD8l', in 1 t.s tum, be re­

S.Ynt.hesized into visual purpleJ a cert.6f.ln proportion, however, 

diffuses awtlj· 1nt.o otJler t1asu••. Unleaa tbe eye cont.inuoualt 

receives a aupply or Y1UWin A 1"1-om the circulation, therefore, 

the regeneration of tb~ visual purpl• la incoaple\e. rbe 

visual. purple $Jate~ described above ia f~nd in a• .. ale, 

birds, a£Oph1biarts and .Oat. ruarine tish. In f'Nsb water t1ah, 

the visu~l piglilent., porpJl¥ropa1n, exhib1t8 an absorption band 

in the ultra ..... iolet with a aaximum at 6~·525 rm as compared 
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with SOO au in the caee ot rhOdopaill.. It. enure into a 

visual cycle 81a1lar to that or rhodopeill except. t.bat. vitamin 

~ replace• vitu&.itt A1 aa a component (49). In certaln t'iah, 

especially .thoae which spend part. of their l:-U• in fre.ah 

water and part in salt. water, botb rhodopsin .an<~ porpbJropain 

8a¥ ~· found in the retina. The very direc~ relation 

between vitamin A and the -.1sual purple 8Jat.ea, together with 

tbe tao t that nightbllndnesa :is one ot the earlllatt eyltipto.ma 

ot a lack ot the v1 tamin in .man, baa led to tbe w14esprea4 

uae of the dark adapt,at.ion test 1D. nutt-it.io.nal surveya .u 

an indicator ot incipient vitAUilin A detlcienc¥• 

Another aanf.testat.ion 0t vit.adn A deticiucy ic aan 

ie a drr ecur condition ot t.he aain. This la followed b7 

papular eruptiona due to hyperkeratoeie ot \be hatr folliclea. 

· Theae le11iona usually occur in sexua.Uy mature persona bet,ween 

l.6 and 30 yeara of ap a:td. not 1c 1n1'anta. · TheJ' .bave been 

reported t"requer.aUt in Chitla (83) (84)J t.b.e.r have alao been 

obaei'Yed in So\1\b Africa (].35) (171). 

Laek of vtt.am.1n .\ tturther reaulta ln abnorllal tooth 

et.Ncture and ~ unhealthy eondtt.ion ot the sua• (260). 

Chqes in the central nervous eo~stem have al.ao been r•port;ed_ 
- ' 

1n e~perl&enta.l animal a,. and 1 t. haa been ~UB~••ted bJ 

Mellanby (1.85) that, the &tropr and itetaplas1a of t.be epithelial 

cella atay be secondarr to chance• in tbeir at'~erent nerve·--. ... ... 
• .., ... 1' It:.._ . ·~ 

•upply. · thic aspect of: tbe eu'b,1e~t baa been diacuaaed b1 

S.aae;y and lolbach {15) eo adVise caution 1D the acee,Ptatlee 

of llellanby •• h)'potbea1a •. 

In the euly dqa o'l vitAmin re•earcb1 etaphuia was laid 

·· on the vowth-praomoting •ct1v1t.y ot v1 t.eain A. 'fhia property 

ie atill the baaia ot the bioloctcal US&.¥ ot the vit.aain. 

Failure of young animals to gain weight, bOw ever, will resu.l:t. 

from a deticieno,- ot an:r ot the vita•'lna anti ia not. epeclfic 

for vit-a'lin A. It has bee abown, •reover, b7 Orr and 

Richal'da (204) trom 11eaaurpenta ot the bo47 lengUa and lillb 
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bones tJ.lat. grow\h .in a. true aenae ia not. arre&t.e4 by lack 

of vit..min .t.i; . skeletal. ~wtb continu•a t.hougb 'tbe animala 

tail t.o gain we~t. To call vitamin A 'tbe growtb-pro.motiQa 

v1t$min' is, therefore a manOil&l". 

\~ .... 

-.,·~~i"\:..···~ ...... 
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!1tt•to D. 

There are tew more· romantic cha,ptera in the b.iator.r ot 

biochemical research 1:.ban that wbich co:nceama our ideas on 

tlle relation o~ vita•in D to bo.lle tor;aation in youn.g anlJia.la 

and to r1c.ke'-&. !he develop.unt. ot th• W'Jderat.and~ ot the 

·parts pla.,yed by vitaSn D and ultl"a-viole\ liaht. in tbe eure 

of r1cket. baa been traced ·tn a JlUIIber ot e.-cellen~ review• 

(21) U.59) tl.M) (206) and will not be 4ealt, wit-h 1n detail 

hen. 

It ~· lo.og been knOwn that. rickets . would reapo.bd t.o 

either of two appventl)' unrelated trea't.Aienta, namel,y exposure 

to IIUJllight. · «04 a&nin1atrat1on of dod l.lver oil. The connection­

between tbe two waa ,made clearer 1n 1924 wben Be~ta {114) lll6) 

aJlAl Steenbock (238) independent}¥ and aJ.aoet aiaultaneoual)t 

sho•ed that ift'adia.uon of a ricket.a-produci.n.a 41et. w1\b ultra­

violet, ~· co~erre4 upon lt ant.iraohit.ic properti••· 

Irra41at1on ot the various con.sU tu.Wlta ot the diet. in turn 

proved tbat 1 t .... the Wl8aponlt1able traction of '\be ta.t.e 

which became ac~ivate~. Becagae of the wideapreau occurrence 

of cholesterol in .tat.e, the irradiation of. tbie aubatance was 

investigated. It, waa found to be act.:lvatable &ad for some 

time it. was th.o~t to. be t.he provit•in• It. beeUle *PPut('~)',_.,. 

however, tl&at, .although suplee ot eholeaterol can often lte \..,. 

act.ivated even atter rather ext.naive puri:tioat1on, tbe reaults 

are trregW.e, and in 1926 1\ wu proved aismlt.aneoual,y in 

t.hre~ d11ter..at. laborator1ea (110) (207) (222) that tbe pro-. 

vitamin wae not, cholesterol, but a peraiatent iapurit.y which 

was liter identitied bt Vi.ln4au• and Ben (263) and Boaenheia 

and iebater (~~l) as ergoaterol. 

~he isolation of the ant1racb1t1c tr.r~i&t1on prOduct ot 
., 

ergoat.erol 1n a pure term preaented unusual c:U.fticult.iea and 

it. was aoon recognized that, un4er the influence ot ultra­

violet light, the sterol ia ~ans:tonted not into a atnale 
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at.lbatarlce wt 1cto a lldxtun of 1saa.era. Co.oaequ•ntly it ... 

not. t,111 '1.931 that. iindaua in Ger11aoy (266} and Bou.r41llon. and 

his co-workers in ~lano {6) euccteded 1n obtainina tbe pure 

crf.:ital.l.lne vit,.a.a&in. This waa called vitAilin ~. in Ge~ 

anti calciferol. in England. !'he •vitaO'dn Jl' which was ttrst. 

iaolated turned out to be a molecular coapound of Da and luai­

sterol, one 0~ the other products ot 1rrac!1a't1on, tbe old 

•calcittrol 1 waa a aUdlar ad::U.t,ion p.roduct ot cuolterol 

proper ClOd pyrocalciterol. 

lbis wae still not the e.o:S ot trhe tl">an. . ii."Ytdence 

from bio-assa.y~~ aocumulat,ed to show tnat. calc11'erol. was not 

identical wi t.b .natural vt t.amin _present in fiah oile. l'he 

d1aCN~CJ' lad in part to the a~ ot the irt"acl.iation pro­

ducta ot other aterola with the sue r1n,g B structur• as 

ergos.t.erolt and it. ia now established tbat the coapounA 

obtained b; irradiat.ing ?-d.eh.fdrQcholeaterol is identical with 
. / 

one ot t.he na.tural vitaaa!.n D•a. Froid tbe re~ above it 

is apparent. that, t.bere are several. aubat.ancea with v1taatJa 1> 

activi.ty which .aaa.y be produced by artificial means, and from 

COiilparativ• &$S8la on rata and cb1ek8, there ia evidence that 

fiah liver oila contain more than one natural vitaaia D. The 

question ot t.he multiple natUl'e o~ Vit.M1n· D tJill be <liacutaed 

lhe chana•• which take place when eraoaterol 1a 1rraaiate4 

fi'JA¥ be auu.taria• b7 t.be t.Ua,pam belo• <lue lar,;el)" to •!.Ddau 

(269) and Seta (22?). 'l'b.e. irradiation ot 8117 aubatance 1n 

the list ~eada t.o the toraaticn ot a. 111xture ot all the 

euostancea below 1t. atJd then 1$ J;U> ind.ication that an_y o~. 

the cha.ngea are reversible. 1'11• .final products or irrad1atton, 

aupraa\erol ·1 and eu.p ... terol II, are not alt.ered 'bJ further 

exposure to ultra-violet li&ht. and are not illtArconvertable. . . 
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In addition to tbia succession ot producta ot irradiation, 

two adli1 tional ieou-~era have been obt,ained b,v thermal t.reat,­

ment ot ealcUerol; p,-rocalciterol and 1aop)TOV1tam1n. 

Ergosterol 

l 
Lwd.a'terol 

t 
Tachysterol 

l~ 
C&lci~erol 

l 
Toxiaterol 

(SUb•tence 248) 

Sllpruterol I /\. .>uprut.erol 11. 

All thea• •uba tancea are isomeric ri t.b eraoatArol aoc1 

conaequtntly their at.ructures were worked out :l.n a eoaparatJ.••l¥ 

ahort t.iaie. Th1a aapect. of tbe aubJ ect. baa· been rev1•ed by 

Fieaer (82) and strain (240) and onl1 the broad ouUine will 

be given here. 

BO 

That the double bond. 1n the aide chaJ.tl a.t Caa•Ca1 ia not. 

involved in '-he tranatormatioua 18 ahowa by t.he f'a~t. that. 

all t.lle 1so.-ra rield ~.ueth1'1·1aopropylaeetal<leh¥<le on 

ozonization (95). It can 'be interred that tJle abaorption 

o~ ultra-violet li,ght is attended by cbangea in the hi&bl7 

unsaturated rins B ~ eraoaterol. In consequence, it ia 

important to. determine the d.esree ot unaa'Wration ot tbe 

difte:rent coapoWlda, and thia baa been aoooapliahe41 wheN 



.. 32-

poaaible, e1 t.ller b¥ h¥droaenat.1on experiment.a, part.icularly 

b,r t.b.e quant.it-at.ive micro metbod ot Dlbll, or b7 peroenaoic 

acid titratlona. Lwldaterol, like ersoaterol, .tws t.hree 

double bonde, whereaa, in botb. t.ach3aterol and calciferol, 

the presence of an additional c1ouble bond baa def.lnitel¥ been 

est,abliahed, trolii. which \he eonclu.aion auat. be drawn tllat one 

ot t.lle foUl" ori&inal noaa baa opened in the courae of p.boto­

iaow.eriaation. uver:lrradiat.ion, at. leut in tlle ClaM ot 

euprut.erol I, appears to reault 1a tbe cloaiog of a rina 

since onlt three 4Quble bonda are found in thia compound. 

rhe ••• ia t.ru.e of \he t.wo p,ro COiipoWlda. 

Another Mt.hod of det.eraintns t.be nUIIber ot rine,s i8 by 

dehydrojenation experiaenta. Luatiaterol., like ergosterol, 

,yields Diels h1drocarboa, met.h,ylciclopent.aaophenant.hre.ne, 

on. treatlhent. with selenium. It muat, therdore, contain tile 

sue r1.n& structure aa ergoat.erol. In cont1raation of tbe 

evidence t.hat \he four r1Dg structure ia no lonaer ~eaent. in 

t.acb¥aterol and calciferol, t.neae aubat.u.cea ,yiel.d. no ceyat.al­

line de!vdrogenation producta. The .... ia t.rue of aupra­

at.erol 1 so that, alt.hougb it. contains a tour riJI& structure, 

this is evidently different f7!'0ill t.ba't ot ergosterol. 1n the 

pyro compounda on tbe other hand, t.he original. ring •¥•tem 

baa apparentl,y been retoraed. 

On the bada or Uleaa eru1 other raauJ.t.a, it. 1a .,..:;:.~ -

that rin& B opene in the chana• lwa1et.erol~ tach7et.erol, 

and tJ1e photoiaomera ot erpat;erol are toraula~4 u toUow•: 

ao 

LUmiatero 1. 
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BO 

Calciferol (Vitamin Da). sopraat.erol 1. 

roxiat.erol haa not. .ret. been 1aolate4 aod ia known olll.¥ t:roa 

it-a abeorptJ.on apect.na and toxic ettecta. The stru.cture 

ot aupraat.erol II ie not. knownJ it baa tour double bond.a, 

whereas supru t.erol I baa ool¥ t.hree. 

LNilt.JroA baa the aame riD£ at.rueture u ergosterol 

and, aince, when treated with aercurie acetate, it e;ivea 

a deqdrolwrdat.erol verT aiailar to deh.\tdr0eraoat.erol1 the 

double boncla in. lUJiiiaterol ara co:utidere4 to be 1n 'tbe •­

poaitiona aa ergosterol (HeUbron (112)0. Like all oUter 

1rrad1aUon produet.st lUiliatorol 1.1 aot pr•cipitatAd with 

disitonin, so tha~ it muat dltfer trom eraoatei'Ol in the 

spatial relationah1p ot \he Ca·OB or t.lle C10-c:Ba• At. one 

t.1Jae, it was thought. tb&t t.he ehqe troa srgoaterol to lwai·-~'-
'"'·" sterol waa simpl;y epaer1aat1oa ot the C1 -0H. lt ie AOw 

known that t.h1a ia laeornct aJ4 that. tbe initial ettect. of 

irradJ.aUon ia a spatial reart:aftie.aaeA\ ot the C10-CH1 • The 

evidem:e for thia eomea troa a atud7 ot t.b.e 4ehJdro• and per­

hydrodehydro derivative• ot ergosterol and lurd.at.erol (67). 

l..itUe ia known about. the at.ructure ot t-IGiY•ttn•· 
The evidence for the openiq ot rtoa B in tbia coapoud haa 

al.read¥ beer.~. diacusaed. !he present formula Uon is baaed on 

tb.e tact tJ'lat. t.achyaterol and calciterol ¥J.e.ld 1c:te.nt.1cal. 41· 

hydro der1vat1vea and consequent~ poaaeaa the eame carbon 

s.:eleton (l97)J t.he ,reat ease ot tonaat.ion ot adducta rit.b 

•~eic aDd. cit.t-aconic &Dhydridea indicatea t.ba:t. the double 

bonda llUSt be arranged in a part.icul.&rly active aret.. ot 

conj uaation. 
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'AllltiDl te, of coUHet t.M aoe\ ia\eraaUDa •aber 

of' Ule aerlea. lY atru.ct.u:re .baa bean eatall~tahe4 b7 t.ht 

at.udr of the ,pl'Oduot.a of C)X.14at.1ve c~•aracta~loa of the vlt.aia 

oJt of the diblctrocal.oiterol Mleic anhJ4rf.d• a.dtlucta. wlt.b. 

aaleic ~ calciferol •ce'ta'te toru w-o ·uos:.:erie a&1uct• 

~ell are eaa11,y ,..ea4 '10 dt~o eoapouo4• where t,M. a14e 

chain 1a sa\urated. wind.aua· 8J.1(l Thiele (2.67) j)rn'tld that theae 

GOJRfOU,Dda.auat h&Ye die structure AX¥ (pAfl• 31) bJ \be t'ollowlDI 

degradat.iou. oa osonol)'s18, t.be ... •u o'bt.aine4 a eaturat.ed. 

ketoM eieht 'b!oa the co.spoe1t.1oll (C1 oBa•O bicyclle) t must 

have the structure XXVIII. · tbie ObaerYa~ion ••tablie~• a 

4ouble bond 1n the 7•8 poa1t1oa. fhe n.atur• ot t.be '·OULU" 

halt ot the moleeule waa revealed b;l t.b.e iaol•tA~a ot ~,a .. 
di&etu.yl napllth~Dt (XXVII) u pi'Od.uo'- of' th• aeletdua 4•-

~~enatJ.oa of the 41h_ydro addi t.ion ~o.m.pouod•· This k1D4 

ot deh./drogenat1on .u un1qu.a at th• tilDe, but t.M result. 

baa been cneckc b1 Thiele and TrautMI'.ln (:IW1) ·bJ' tbe &to~ 

of a auliber ot ao4el deb.Ydrogeo&Uou. ~ idenW1eatJ.oa 

of de&Ta4et.ion produc\8 charaot.er1UD,i bot.h parta of \h6 

.lliOlec:ule establiahea riSidl)· ttl• etructun o~ t.ha aaleic u­

hy4riq ad:4it.1~ product.. Prov~ thtre 1e ao re.anana ... n.\ 

1ft the reactioa ot calcif•rol <•• the aeettl der1vat.1ye) wi\11 

uleic anbJ'drid• ,at. the te~~perat.un ot the. ateu batht taeaa 

oba..-.va.Uona alao cOMpleteJ.¥ •atabl18h tb• atnoture ot t.he 

v1taJa1n it.eelt. 

Furt.her •viauce tor tb et.Ncua-e XXIV waa obtained b¥ . 
llellbroll, Joaea, aa ... t. .na Spl"iDC (lOft) by 4Sftct oxidatioa 

ot calciferol w1t.h· eol4 cJutoa1o ae14 or pe~--.t. to a 

oil¥ &ldeh,~cte Ca ,s,.o {XXVI) eo•• •J WlBatura\td atl'\lo\ure waa 

4e4uee4 troa ~}¥t.1eal data and m• .. •tud¥ ef tbe abaorp\ioo 

apectl'la ot tJl• ••10arbaaoae. !hie al.dehld• eollld ocl.J' 

ariae froi.l t.he elAVa&e o~ a .dOuble bola'l in tb• or1Jia&l 

6,6-voaJ.tioA ot • .Ub•tanee with a .-t.rQct,u. AXIV. 
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R•UJwoa and llu eo .. oru~a alao ehowd t.ha.t. t..Ae oa0.1Ja1e ot 

oal.oit•:rol· st••• toraal.O..b.yde 1a ·l'i•l4e aa htp u 801 ot the 

t.beos-•U.eaJ..t.ouat required for tb.e I"U,pture ot the ••thJl.eaa 
linkage at, Cto sCse• !his lM\ bit. of evidence. altho\liA 1\ ia 

not •ctin]¥ tree f'roaa ob.jectloa, .ho.-eY•r, aace eilAilv treat.­

••.nt .of eraoaterol st••• aall. uount.• ot torll&ldehJda, det!a1~ 

ly eatabliett.• t.be pre••nc• of the uocye11c atb;(lane croup , 

poetula.\e4 bf W:ln4aua .&QIS. 'fhiele tloe• ·cit;.). 

the •\t'uet,\lh ot calcittt"ol uy tJm• be taken u 1M1q 

fiN]¥ eatabliabed by clegradaUve evidence \houp a~ttnt.1on 

•-" be drawn to the t•ct. that &trw &r.ld Cl'owtoot (14) ••• 

ertt1c1H4 toraala XXIV on the bat1a \bat it. 4oea not. coatora 

wit.b the aat.A obt.A1Dtd troa x-rq analyau ot Cl'pUJJirae ealci• 

· t•rol. l'o eolutioa ot We d1tt1onlt1 haa 7et. beu reached 

(41). 

MJl.li.R1.1 IUVt I( Y&'-1&, R. 
Aa hu been et.atAd bJton, when tJle act.ivat.ion or -.o- · 

at.erol .... t'irat 4iacoftftdt it. ••• tbough\ t.bat. wcit.rol 

wu .t.he onl,f tma at vit.u!A D u4 ersoatero1 1M oD17 pro­

Ytt.a•Srh !Ida belief was bUec! ott the tact that all other 

•""la •h1en conl4 be aeuvate4 abewed u. •eraoa\erol • 

absorption apeetraa in proportion to tbetr act1vat1b1l1'7· 

The poa•1~11it1 had bt•n ov•rlooked t.nat. there Jlli&ht •1•t. 

otJ:uar· D proft\j!II1JIIa hcri.D,£ tJ\t .... abaorpUon apeetrut u 

trcoaterol. It. is .now reoogtdatd that tbia ia the caa• U4 

•n than tel'l aUf'eNn~ -.ub•~ancee h&viq aatire.ch1Uc act-in t;z 

hav• beu de&;lPlbecl. ot these, five are ·••ll charac\er1ae4 

ehealcal enUU••• bOw~• of the ot.hera ia traa-rt\al7 

ana thq &H ot aca<IMie at.ereat, oal.7• 
The cbltt' iAOdl ot at.taolt on tb.e probl ... of' the rrml\1pl.e 

Mt.uft of' "fitaat.a rJ hu bMA the U88. or dlftereat1al. bio-uaqa 

wit.b· ehicka ana. rata. · Canick (oapabltlhad wen qm.ot414. b7 

8111• (1?) J ••• thtt f'ira~. \o •he• \hat 1rradiaW4 erao•tenl· 
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waa tar lesa ettee'Uve tor ch1ckena, rat. unit. tar rat unit.c, 

t.ban ••• cod liver oil. rhia was oontirllle4 b7 iUlsaeftiale (174.) 

and nuaeroua other workers. fble proVided the flrat. d4lf1nite 

pr-oof that calciferol ••• not. 14ent1cal w1 tb tJte 1Dat.llral ' 

vit.ud.n D ot tiah oila ant it gnatl¥ e'tirlula\14 th• 4lt.ud7 of 

'the. act.1vatib111t.r ot atet'ol8 other than. ergoaterol, in 

part.icular of those with the .,... ayatem ot conjugated. double 

boncla in r:trc a • 
.l.!:DeM:c:trocholest.erol •u prepued by ~Udaua, Lettr-e ard 

Schenck (855) by tbe tollowi.o& a•1qnth•eta. Cboleate1'7l 

acetate wu oxld1aed by chromie aci4 to 7•keto•choleat.er7l 

acetate. Th1e was 'reduced by al.uatniua i.Oproptlau t.o 7-

.. h;drox.T choleet.erol, t.be Clibenaoa.t.. of which, when at.ro~Cl¥ 

heat.ed, aav~ tb.e .&ollObenzoat.e ot 7, .. (1ehyr1rocbol•atwol. J'roa 

thia the tree aterol waa obt.a1ned by ApoDit1cat1oa. 1-De-

. h.J&"ocholeawrol bU t.be eue abaorptf.oa apect.r'aiS u •rao•terol 

and it ia aouvate4 by 1rra41a1.1on 1n eucUy the aat~~~e. wq. 

· Aetivat.ed 'i-deb;tdrocboleeterol, or v.Ltaatn Dat hu been ob~ine4 

crystalline by SChanck. (226) u4 it. at.ruct.ura baa be•n abowa 

to be analogoua \0 1.bat ot caloiterol tr• which 1t 41ttera 

only in the A&t.ure ot the •ide c.haill (252). Laad.at.erol-3 Ur4 

tachyeterol·3 have al.ao 'been ltolated.. · 

Vita.in U. hae tae aa.e ~a\achie~ etfie1•nc1 ra~1o 

as cod liver oilt and ita 1de.nt1t.y with ou of 'the ~t:,Ul'al 

vi tamiA D •• •aa eeta.bl1ahe4 in 1936 when BrDckMna (38} iao­

l.ated 'the antir¥bit.ic vitAid.D. o~ tuno,y liver oil u it.a 

41D1trobenaoate and tound it. w be identical wit.b tbe 41nit-ro· 

benzoate of Yitaala l>•· Further proof ot tbeil" ident.it.J 

•• provided b7 eoaparative rat:chick &aa&.J& b1 Grab (92) 

and b.J ot.b•r a\w!te• (aat) (106). Yt.tudn Da ia tb.ua a vex-7 

iaportut t'oi'S ot the ant.irachit.1c ¥1 t.a•tn. It• importance 

is enhanced b.r \be tact. that. .7-~holeate.rol hu been 

1aolated rroa b.oset.tn bt l'inClana aDI lock (211), 1'1. ia t:b.ua 

ill all probab111\7 tbe provitud..a which ie ecuvated when., 
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human beifli)a and aniiwala are irr~iated. As has been 

£4ent1oned in tb• Introduction, 1 t also occ,urs in mollttaca, 

trOin which source it is utraotect eoDiDle:-cial.l1• 

Another well-defined fora ot v1tAG1n D ia 22~1hydro­

caloiferol or vi taain D,. 22-Dihydl"Qergosterol waa prepared 

· b3 tilndaua and LaD.ge {254) by t.he h.Ydrogenat.ion o:t the double 

bond ot the eide chain ot er&;oaterol. on 1rrad1at1on1 it, 

la ac~iva~d to \he corresponding vitamin whieh was obtained 

1n tbe crJstalline tona 1n 1937 (258). It appears to be 

elightl,y lese anttrach1 tic tor rata than e1 t.ber- vi taJr.d.na Da 
. " 

or P8 , while for cbiok.ena, its aotivit.Y per rat unit is inter-
. . 

&ediate (179). It. haa aot, as .Y•t., been isolated trom aJl¥ 

naiural . souree. 

T'iro ot.her 7-dehydroaterola have been prepared by tbe 

technique deacribed ten- ?-deh7drocholeaterol~ 7-Dehydrosito­

at,erol· wu prepared bt ~ualerlieh (2Ei6) and, aa wu expected, 

· was found to be ectJ.vated b.;r 1rra41a.t1on. · On the other hand 1 

the irratliat.ion proauct. ot 7-Cl•bydroet.iguasterol (163) prove4 

to be inactive or, at. the moat, vecy teebly active. . £xactly 

why this shoul4 be ia not understood. 

7-dth.Jdroe.t.1paet.erol. 
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· Some Fo :gne of V.i. tamin D 

Cli I 3 . 
. 1 . _.CH3 ·CH•Cll=CH-CH-CII 

' CH I CH3 CH3 

HO 

Calciferol· (Vitamin D2 ) 

Activated 7-d~hydrocholoatarol 
. (Vitamin D3 ) 

CH 
I 3 . CH . , 3 
C.H•CH..,•CHo•CH-CH 

CH Q ~ I 'eli 
CH 

3 
3 

liO 

22·dihydroaalaiferol 
(Vitamin D

4
) . 

HO 
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·nut tour fonas ot Vitamin D &lreadt described, caloU'erol, 

1rrad1at.ed. 7-d.ehyd.rocholeaterol, 22-dih,yd.ro-calcitei'Ol and 

activated 7-dehydroait.ost.erol, ditter men!¥ 1n the n&\ure of 

t.he aide chain and tn~ be repJ-esented b~ the :torlbUla 

a 

Of a ruther ditf4Went nature is the v1taalin prepared b.r 

chemical tueans by Billa and Yoder. Alt..boup o.ol.y a labora-

tory curiosity, it is part.ieul.arq 1ntereet1.ag hom the point 

ot view ot the relation of etructure to antirachitic ac\iv1t7• 

In 1926 BUl.a (19) treated cholesterol with fullers earth and 

obtailled a product which waa about u act.1ve aa cod liver oil. 

According to Yodel- (266) who cotatiraed Billa • tindiDBa, t.be 

fullers earth brings about a coaplete deb;yd.rat.1on ot the 

cholesterol, resulting in the torraat.ion of \he doub)¥ 

unsaturated h,ydrocewboo choleaterilene, which is coJ1Vert.e4 to 

cboleaterilene aulp!1on1c acid b7 reacUon with t.be aulpbur 

ot the cla;y. 

Choleat.er1lene. 

Cholesteril.ene 1 tael.t is inactive, but the sulphonic e~.ci4 

and it.e salta have a ali&ht. but de1'in1t.e .ant1rachi tic p4lteo.C7t 

it ia aore effective for cbick•aa, per rat un1t., t-han ia cod 

lives- oil. 
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Besides these t1ve well-definea forms o£ vit&Qin n, 
there are &0/lle nine ot.hera about, which comp&rat1ve.l¥ 11tt.le _ 

is known. l'heae have been reviewed by 131118 ( 17) (18) and 

Reed (414) ancl rill not. be dia.cuased turtber here. 

Fish oua contail,l more than on~~) torru of v1t.&wl1n o. 
Billa {23) carried out. extenaive rat.aQhick assays on oils 

- troin a n'lllilber or dif't'e:ren~ species. of t'18h. ae found a wide 

range 1D _their relative effectiveness ~arde chickene. Scae 

ot hi• result-s are given in fable 2. . Fr011 t.bis work be 

concludes that ~wo or aore kinda of vitamin D exist in tiab 

oil.s* tbe proportions vartiQi in different oils. 

·aecentl¥ a cod. liver oil h:#S been subjeete4 to molecular 

dietillat.ion by 1Uc.ltman (22) (122) who eo.nclud.ed troll~ the alimi• 

nation curve obtained tbat the 9il coAt&ined t~o principal add 

two minor vitamins l) as well as trace• of at1ll two J:Uore toru. 

Tb1a otters pbJsical evidence in eonf.11"8lat1on ot Bille • 

hypothesis. Knowletl6e of ·the nat.ure ot ~se vit.amiAG ia-

et.ill lacking. Brockmann {38) (39) has 1solat.c4 vit&Jbin Da 

from both tunD7 and halibut. Liver oils.. Rt haa also shown 

t.he presence of a eall uount. of admixed calett'erol (40) 

It ia ,Possible that. ca1cife1"ol which hu an ef'f'icacy ratio 

of 1.0 to 3.2 mq predominate in oils such aa blu.ef'1n tuna 

and toluava which have very low ef'flicacy ratio e. Vi t.amin Da 

has an etficacy rat.io ot appl"'ximat,ely 1001 no art1tio1Ql 

tora of the vitamin 1a known ~bich hu •• high a rat,io u 

the .liver o1la or the eabletiah (160), ~· dogtieh \230) or 

the wh1t.e sea t.laee lSl4). These oUa aue\ contain a b.it.berto 

unknow.o. foN o£ t.be vitall1n whieh 1• ehar~t.erized by an 

exceed1ngly h:l.ih chick ett'icienc,.. Furthtt:£1' progress in 
and 1dentifying the vi tc.r: .. in D of 

separating/\ fish oila •&I' be expected f'roJJ£ the use ot IIOlec.ular 

dia~illation. a.n<1 chromato~aph1c absorption t.ecbn1que. 
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tae tli&fciD tf(t93i4itQJSI .o( ,Xi\Ud.A.JJ frml aU(Il"jDf. 

ao\Q'cta.far r•~t.a gQi~•• 

type ot Liver ou •. 

. Bluetin tuna CTbunmut ealiena) . 

1:otuava (Er1sc1on acdonald.i) 

. S~ipe4 ttana (htel1YO.m18 pel•ia) 

Pollack (Pollachtua; · vir•na> 

Cabrilla (Epintpb•lu analogua) 

Halibut. (Bipposlosau h1ppogloaaua) 

Chili pepper (Sebutodea goode1) 

Ling cod (Opb.iodo.n elongatue) 

~nlttiab. (Anarhiebae lupue) 

Sardine lldJ..Jdl (Sardinia caerUl.a) 

Hate ('UJI'opbycla chu.•a) 

Boccacc1o (Seba.atod.ee pa.uciaptn1a) 

Sabletiah · (Anoplopoca timbr1a) 

Baaklng shark. (C.torh1nua aub&ua) 

Dogt!ah (Squalua euckle.Yi1} 

~bite ••• baas (CJQOacioo nob111a) 

calciferol 

IrratU.at.ed 7-~o.,.choleaterol 

Eitficacy ratio 
tCod liYer oil • lOO) 

16- 19 

21 

25 

61 

65 

85 

89 

99 

102 

109 

133 

146 

160 

'162 

230 

266, 814 

1 .• o. a.a 
90 



~~1111 Ot.ViklliO P AailQiJII 

A8 baa be•n poiftted out above t the tour JliOst important. 

t'orme of vit.aain D, calciferol, irradiat.ed 7-dehydroeholeaterol, 

~2-dihydrocalciterol ·and activate~ 7-de~aitoaterol ·~ 

all be represented b.Y t.he t'omula · 

hO 

Tbis aim1lar1tt ot structure baa arouse& interest in the 

pos.oibilit.y ot t..be &.)'nthe&is of siaple vit.uin !::J analogues 
h 

cont.a1n1DB tbe caracteristic group1ns 
1\ 

~~oXiC along these linea has been begun by Dittd"'th in Gentatl¥, 

(58) (59) &J.'ld by Burkhat*d.~ and h.ta collaboriltors ln Etlglaod 

t2) (3}. Up to the present, however, very 11tt.le proa·resa 

has been .M.Cle. the .oaetbod ot at.tack e!!iploted in both labora­

tories is indicated below. 

XXIX. 

aCH·.9 
cr 
c«II 
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Br. tb.e con4ensat.1on ot C70loux.ylf.dene acetaldehyde wttb 

· aQbat,it.u.ted. cyclob.exatlOnea, ketone• w1\b t.be eti'Ucture XXIX 

have beea obta1De4. Att.apt.e t.o co.nYert. t.heee to the cor-

raapondiJl& vit.amia D an~guea (XXX) b¥ the iletoruwky 

reaet.ion o~ by tbe ·action ot ••t.h¥1. upe•iua 1o41de have 

not. been $ucceaatul. Tr1en.a o£ the tn>• XXXI bave been 
' 

obtained inatefl\4. Very receat.ly, however, 1\ bu been re• 

portecl, ( 148) t.ba.tt D.ta.roth hu ennounce4 t.b.e a.rnt.besla ot a 

triene b)fdrocarbon(XXXII) to wbich llUt be UCI"ibed the correct. 

conet1t.ut.ton ot a calciferol analogue. .O.tail• ot thia work. 

are. untortunatel7, .oott aYa1lable. Theae at.udiea 1\ 1a 

hoped w1ll not oDl)" advance our .knowle<J.p ot the relations be· 

ween atrocture &rJJ:l amirach1tic UU¥:1\J't but will aleo lead 

to the complete ayntlleea o~ v1 tvdu Da aid n., thus f'illllllT 

eatabliahinl t.b.e1Jt fJouUtution, part1cularl1 trOSA the point 

of vi•• of their atereocheadetr,y (68) (148). · 

D• . ED1•ialaa. at llitcuig Ra 
v·t t.amin .o plqa · an taport.ant part ln 'the rqulat ton or 

calciua ana. phosphorus Gketabolilla and ia ind1apenaable for . 
t.he aoraa.l caloif1cat..ioa ot boxt.. Ita abae.nce troa the diet 

is :tollowed by t.be develoS*e't of, rickeu 1A tbe toun& aniaal. 

and· o~ oateomalacia 1n tbe adult. The el.itdcal ·~toJU or 
theft 4iseasea are too ••11-tnown to need. further tteaeription 

b*l"e.· 

The chana•• which occur !.it th~t bone in ricke ta are eeaen-

1.ciall¥ <.teteetJ.ve c•lcitiea"-on of the ""'Wi.ag bor.ua and coa­

peuator.v b.¥Pert.rophy of the epiphyseal cartilqe. '!be 

bietoloD ot uperiJiental Pickets baa beea at.u41 .. b¥ a&DT 

worbra anti an excellent account of tbia aa~ct, ot t.he subJect. 

ia aiv•n by Shohl ao4 wolbach (280). 

The characteristic bone ohans•• are uaually accompanied 

by a lowerin.g of the Ca x P ·level in t.he blood aeru.a and · t.be 

hypothesia bas been put forward t.hat vitamin ll aot. eaaentially . . 
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b7 raiaina the bloo4 Ca x P b.,y iaprorizla Ute abaorptian.ot 

\base min.erale troa the in~atitte. In iotanU.le r1cketa 

it. 1a usually t.he inor,santc phoaphorua level ot tJae blood 

11h1ch is low~, the calciua betn.l ~rmal or ewe aliibt.l.J 

ra1ae4. Thia 1a not. alw.,-a the cue, howev•rt low-ealciua 

rickete, often aaaocia\84 with nutr1\1oaal t.etaft¥t ia not 

uncoanon. The aena ot a raqbitic rat, ie al.-o cba.N.c\erise4 

by· the tact that 1 \a phoaphatu:e co.ntent. 1a bi&her \ban noi'Ml.. 

the atp1t1eance ot· th1• chqe.i.s unknown, but nevertheleaa 

an increaae in the level ot' the phoapbatau 1n t.be bloOd pro­

Vides the earl1••t ftliable evidence or the d.uelopMnt ot 

rleketa. 

beeaatv• cloaea fd v1ta1n Dan \ozic and the •1•PtcM 

ot l'JiperY1taafno•1• D are an uegeraUoa of t.he aoraal ettecta 

ot tlle ntaJd.-.· ~ oalciu aDd the phoephat.e1evel 1n the 

~loo4 are raised above llO:raal an4 OverC&lCif10&t10n Of the 

n••l.T toJWed bone e»ocura ultimatel.1 at. \he expeue ot \he. 

a.batt. Calcuioue depoa1 ta ara alao toNed in the arteries t 

kidneys and otbw ~ott. tiaauta. Pinall.l the a.ns..l loaee 

weight. raplcUy ;and. atee. A aood .ceoWlt of b)'perri..taa1110ala 

D 11l ratA, and aleo a review ot tbe literature up to 1931, ia 

given b7 Barrie end .tnnea (103)J aon reeentl)' tbe aub.ject 

hu been nv1•••c:t by a .. 4, stuck atd s~ct UU4). 

Varloua lac\Ora 1n. the diet, otller thu v1ta•la n, alao 

play a part in tJla . developaent, ot rickets. thie upec\ 

baa been dealt wit.b. 1a detail· by .Shohl (229). aD4 will oal¥ 

be dlscuaae4 bri~tl7 here. In cb.ildl"en a.nc$ in •oae expert­

mental an1aal.a1 t.or wraple· aoaa (186) ·and cblct.ena t~73) i 
a da1"ie1ency ot rttaein l) alau, Without. aD¥ sr-at 41ator\1on 

ot the diet, ia sufticient. to produce ricketa. Sate, on t.he 

other hand• do not, ••• to need v1t•1n n it th•ir 41et, 18. 

properly eo.nat1t.ute4 w1t.h respect t.o calciua and phoaphone 

antS• i.e order to pro4uca aatiaf'actor)' uper1aen~ ricket.a, 

it. 1e neceseary e1 tber to reetorlct tbe ealciua end pb.oapboraa 

in tha &.et. or to 41aturb the balance "tweea \he two. In 
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pracUce it, would awear that. the rela.~lve. p:roportione ot 

caloiua &134 phoaphorua are aore iaaportut 'than. the abaolute 

aounw.. The .atandard ra.chl tigenic dieta.,. auch u the Steen­

book and Black Ho. 29f56 or WcColl.ua •• Bo. 3143 • UW. haYe a 

caaP rat.io ot about 4.;1.. lxceae t4 either eleMAt. appeare 

to act. b7 inte.rlertoa .tth the abaor.Pt.lon ot tbe other- tro• 

the inteattille and, u bot.b. G'e neceaaaJ7 tor the foru.U.on 

or boae, rickets n•ulta. Any otJler- r&ctor which iotft'ferea 

with tbe . .abaorptlon ot either calciua e:r phoapborua acta ill · · 

t.be •- wq, an4 it. hu be:en J:'ou.od with low pb.oapbo.rua dieta 

· t.bat. exoeaa ot -~ which tom iaaoluble phoapbawa, tor 

ueple ber¥lltu., .Mpleai\111, et.ro.o.tt•, 1ront lead an4 

t.baU1ua1 eauae bon. l.eaions eillilar w r1cteu. 'lhe acid1t7 

· ot the diet., 1>4-tJ\ actual al1d pount..lal, aut &leo be conatdere4 

her.. U the conteate ot tu inte•tJ.DaJ. tract. a:N t-oo alkaline,_ 

the absorption o:t ealc1ua ·au\ phOI_phcu."Ua la htnd.ered. .sxce• 

· ot aniooa, on the ot.bel" handt 1'acUJ,t&taa t.h.• a.baorpt.ion ot 

tbeae s1nerale troa the 1nteat1ne., but. lncreaee• t.heil" acnt.ioa. 

Rieata hu been f"du.ce4 (100) by t•edin& a noc-ncllit.opnie 

diet to which wu adcl.S ._oniua carbo!l&te U4 uraolliWl chloride. 

TJU• wu alkaline la rea.ct1oa, b•t. J>l'()Y14414 an ex:cese ot uiona 

tor excret1o.n1 bo\h abaorptJ..on uw1 reW.O.\ioa ot calciwa •er• 

thua diainiah..S. Tile .. tact that rlcket.a can be caused 1>7 

interference w1 fJl t.h.e aeaillil&\ioa of cal cia aa1 phoaphoru 

1a evidence in ta.Vour ot t,he hJpot.bea1•, .alreadJ •at.:lcnecl, 

tb.a.t v1tard.n l) acta by·improvlrts t.b.e abl.t.orpt.1oA ana retention 

ot these ainer&la by the boQ. 

Ac't.tUI.ll71 howner, 11. is .no'* poaa1'ble t.o fiifq' with ce:rtaJ..Ilt;t' 
. ' 

how t.he v1taatn. tx.U"ta ita et:tect 1n the aniMl bod7· The 

atud;r ot the aaode ot acUoa ot v1t.atda. D hd baea approached 

tr-om aaao.y «SifteNnt v1•w-po1nta ana. bae led to Y&ried eon­

cluaiou. Tha 41tt'erect. t.heoriea wbicb have been propoa..t 

IliA¥ be cl.uait1e4 under t.bl"ee Min !lead iDa•; 

(~) That. t.ha v1tM1n acta b,y atitialatiq the p~1d gl&l!da. 
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(2) T.bat tt. acta aereiy t.o tncreaee the .ot &beor,pt.1on ot 

calcium ant1 pbcephorue :trom the pt.. 

(3) That 1~ hu a more a~cUic aetioa, ett.bezt on \be epiph.P•• 

or elaewhen • 

. fhe puat.h)Totd theory waa tiNt attva.ncett b¥ Bloch ard 

Fabw (25) and hu been eupported bt MD¥. workePa, •pecial.l.J' 

fqlor aocs b1a a.aaociatAe at l'o:ronto. Tqlo~ '' al. (243) 

et.reaeed. the ei&lla.ri \-1 1~ the et.tecta ot IIUIIJD doael ct 

vi taalin D &.04 of puaUaoNcuu t not. oal.J' ••roe the .•JSPtoa 

.ud poataortea tin<U.qe alaoet. the .-. ill tbe two ca••• 1 bUt 

there waa &lao aaarke« paralleli .. 1D tbe 41ttereneea in 

aena1tf.v1t.t to pv&t.l'l3ro14 u:'t..ract U4 to ri.t.Min D in d:Lft•Hllt 

apeciea. Fu.rtberaore, tlleT ola11le4 that. in tile dog, ~ 

plete ireaoval ot the parat.l'qrolda renderecl Ute ant.al.ve-q 

fteietant or u.une to •zcea.1•• doaea ot v1tA•1n D. Hence 

the)'· arsue4 t.b.at the vtt.am1o acta b7 at•latiq the parattbn014 

s;laD(le. On the other han4-, Dale1 Mllrble Ud Marta (56) have 

tall.S to obt.&la full contir.Mtion ot fe.;rlor •• won. llbreover 

Collip and bia co-workera (4?) found tbat the hiatolostoal 

eh.ao.ges 1D tile booe in bJpe"i t.ud.no•1• D were 41~tere.nt. ~ 

thoSe obaened J.n •xperiaent.al .bnMrpar&tb7J."'idlaa m tbe 

toraer cue, decalcit1catJ.on ot the ebaft occva without the ap­

pearance of oateocl.uta, whereu tJda is cbaracterietJ.c ot tbe 

lat.ter. Tb4y, . t.hetoetor., totird it. •t.Utt'lcult. to bel.ieva that 

irradiated er,patuol aet.s ••nl.J b;y atiaolatiD& prod:uct.io.n ot 

the para.tJ'l31"014 laol'llOne '• Lut171 iAJactlou ot parat,b,po14 

extract, 40 DO\ healt-iekete, "bUt. ratJlel' agraYa~ \he 41ae&ae 

aince t.be.r wit.b.ara.w calciaa .tro• the bOM to raiee the lQ'el. 

in the blood. It. would thus ••• tbat. the para'Ulyro14 thee>r.r 

of vitAala D a.ct.lon is ••t UD111tel,r. 

:;iome ae.nt.S.on of tbe aecoad tb.eor7 ot vi ta111a D action, 

.nameq t.b.at it. acta by ti4iproY1DS U1a abaol"p\io.u Ud retention 

-ctZ calciwaa and ,Pho.aphol"t18 by the bo47t .baa ·atread.J been ..ae. 
Than 1a DO tW21duaellt&l. pat.bolog1cal condl Uoa ln the bou 1a 
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rickets .ntch preventa 1t.s calcUicat.ioa, ait.lce alicea o~ 

rachi Uc bone will become calcit1•4 ill_ vitro when placed 1n 

an 1norsan1c aalt. solution ot sui t.able calc iura at¥1 pbosphorua 

eoncentra\lo.o.· (219) (228) 1 bistolosical examina\ion of the 

-bonea ahows no difl'erence in tbe aooe of calcit'icat.lon 1n 

vivo and 1D vit.rch Harr1• (101) (103), who origiaally pro­

posed this bypot.heaia, ~uea. \hat vitaain D t..b.wl ae\1 uaen­

t,!ally by raia!na t..be bloo4 calc1ua and/or phoapboru.a b.Y 

improving \heir abuorpt.ton noa the pt., the clej)Oaitloa ot 

the ainera.ls 1A tb• bone tollowirla autout1call.V o:n tbe cor­

r:ection ot tb.e blood -abl10J-mal1t1ea. fhia t.heor¥ baa been 

supported b1 t.he ~ork of Nicola,.vaeA ·( 198) (Ia9) and aore 

recentl7 by Smith· and S,pact.or (235). the la.ttat authors 

tou.nd that the ia£est1on ot ldneral oil interfered with tbe 

action ot vita.rd.n D not only when it, waa adminiat.ered ae cod 

liver oil, but. also when tl\e an1mal waa irradiated -with ultl'a­

viol.et light. As mineral oU ia not. abeorbe4 from the 1ntea• 

tine and .11111st., tbeNtor•• oause- 1te int.ex'ference there, these 

reault.s appear to ind1ca.t.e that the vitamin f'or.aed. by 1rrad1a­

t.1~ reaches tbe alimentary canal where .at. least. par-t. ot ita 

role is to 1ncreaae the absorption ·of cal.ciua a.rxl phoaphorua. _ 
' 

li1ool.ayee.a goea turt,bera he conaiders t.ba't. the intlutnce cf' 

the vitamin ia pr.t.r1~ en t..he calciu. a.baorption, 811¥ etf'ec\ 

on the absorption ot pho•phol"U8 beio& indirect-. Be toWld t.hat 

the absorption ot calcium from isolated loopa of the 1nteatine 

. wu ~ar slo\ler in racb:l. tic ~at.a .·than 1n contl"ola· rece1v.ir,.­

v1:t.ald.n D. On tbe other h.a.nel, phoaphorna1 •ither u potaa­

a1UII phospha t.e or aa sod1wa gl.ycJII!'Opboaphate, ne abaorbN. 

•qually well 1A both eases. Other &tu.diea crt the absorption 

an4 acret.ion o~ calcium and phoaphorua led hill t.o th• ••• 

conclQiou. 
-. 

It Ill&¥, therefore, be considered to be beJ'Oid doubt. 

tbat. vitamin D doee play a biB part. in iap:rovirla t.he abaorptioa 
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ot cal.c1t111 8ll4 pboaphorua troa the 1D.teatine 1 but it. 1e leaa 

certain t.bat t.hia 1a 1ttt onl.J' ephere ot aetion. ·liallJ worker• 

. have telt that ae.re increaaed.itlteatinal abaorpt.ion ce.nnot 

explain all the kDO•a tacta. ror- exaple, 1 t. au been poillted 

· out that healing ot r.1cketa will otten. occur when t.he atl1Ml 

ia •tiU in a negative clllciwa balance (132) • aDd aleo that 

aipit1caat chana•• 1D. tbe concenU'at,ion ot ,Phoaphorua and 

ealc1ua in tb• blOod treqaentl7 do .oot take place untU well 

· a:tt.er the clinical aipa ot r1cktt.a have appeared (214). 

Studies ot the cU.rect action ot the •1 t.ald.A on tbe ep1phtaia 

in vitro .have led to contlicttn.s re8\llta. Robison u4 aoaen­

heia (218), tor u.allple, could 4etect. .no eftect, benet1ct~ 

or o\berw1ee, ot rad1oat,o1, oalcltvol or irradJ.At.tons Venar 

and Todd. (U7), on \be other hand, cla1ae4 \hat. addition ot 

an aqueou• extract. ot vi tamS a· 1l had a tav ourable i.afluenee on · 

calcit'icat.ion of bone •11cea 1n vitro. Again, tbe uae ot 

rad1o-act1"ft phoaphol'118 in the et.ud.Y of tbie probl• baa not 

helped aa much u it. wu .hoped. !be tira~ ·workera in thia 

tield1 Dola •t a.l. (60), cofll.c1 draw no eonclue1one u t.o the 

taOde ot' action of· vitamin .D ftoll their reaulta. Later, 

however, Qobri and Greenberg (46) aid .Mo~&Peidie ·and i!&.nl3 

(l93) obtaintcl resnlt.s which tbe.v inter,pr•t.ed aa 1DU~ating · 

t.hat. the vitamin- influtn.eea the 1n"er.med1err Mtaboltaa or the 

bone•tor&&i.Qg el ... nt.a, · in particular phoepb.orua. A aimU&P 

blpotheaia had been advanced earlier b.J llcGowan (180) (181) 

who a~eate4 tba\~:een~ action of the vitaain ia to ae\ 
. . 

tree inorganic plloap!la.te tr~ the tiaaue phoapllol1p14a. 
. . ' 

further support. for a theor7 ot wa nat~. haa also been 

giv.n b; SChneider and Stee.rmoet (226) wbo tound that with rata 

on a diet ver¥ low 1a phosphoru•, v1t-aa1a D appea:re4 t.o d1ree t 

t.he pboaphorus. away. trom the . eoft t.ls•ue• to the bone wi tb 

the reault. tba.t. p-owt.b waa 1Dhib1t.ed or re\arded. All tbat 

can be aai4 of these .results, however, 1a that. they at•e 

aCB~AJ 1cdicat.ion tbat. \he vitamin~ l'iaYe a epecJ.tic looal1ze4 
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-ac\1oll on calc1ua and· phoaphoruo -~liam •bieb: aay be 

auppl111e.nury to ita more general tnfluenee on tb.e abaorption 

r4 tbeae el•ent&. Conclual•• evidence on Utlapo1nt te 

still UekiDC· 

Froa this Yery briet r•Yiew ot the aubJect, it can be 

eeen t.bat. 1n &91 te ot the pr041gotte a110unt of 'tfOI"k 4one on 

thia probleat our kllowl.ed&e ot th& fwdM8A\&l .-od• of action 

ot vitamin D 1a •t-111 very acant.7. In vi&w ot the complex 

nat.t.ire ot the problem, however, thla 1a Do\ unes,Pecte4. Oil 

\he otber hal:ld, U we eon&id~ that. the uiat,ence ot an anti• 

rachitic vitaain haa b~n a«6erall1 reeQSntse4 for rather 

leae than t.wen~;r·ti ve year•, the prosreaa. sade i.e by no aeau 

inconaiderable. 
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fha abwJdanc• of vitutf.na A ad D 1Jl .t'lah liver oils, 

1n contrast, with. the .rela.Uvel7 amall UIOWltra ator.e4 in the 

ltv•.r of ether vtrt.ew.awa, baa led man.y work.era t.o apecul.at.e 

on the oripn 8.04 hnc't-ion ot the•• vituin.t in fiab. Vta7 

little, however, is .il.UOwn.on tbie aubject.. One .theory 1& 

that t-he 'Yitauntn A and D r•••rv•t of tiab are built up bJ 

t.be ar"adual accU~U.&lation ot the uall aaonnta ot viUrain or 

provitamin pre .. nt. tn \he food. rhue aN aea-.4 ~0 'be 

altiaatAl¥ derived troa t.b.e plankton. Io the cue of vituia. 

A, f'o:r example, it. baa been ab.on. that. the d.iatoll, .11'1ta•cbia 

cloat4tr1Uitt ia capable ot apt.he•1sift£ earo"-n• (130), atd 

at.t.eapt.a have been aada to trace \be tranetveace or Yitaain 

A t'rom the diato~U, through the aoo,plankton ac4 the uaU tiah 

to tbe 11vera ol the bi&ler tiab agch aa the cod {6?). There 

ie a considerable ·Ull)unt. ot 1lldinct evidene• in support ~ 

t.M._e bJpothee1s. Vor uample, it.. .tit.e 1n wll. with \he tact 

t.bat t.he. vitaiD. A naservee ot \M. biger fish are proponionat.e-

1¥ tar greater ·tban thoae ot tbe ...Uler onea. It, alao 

explAins whJ, iA tbe halibut., there 1a e. close relat1onah1p 

between t.b$ seaaollal. cb.aDgea in the vt tallin A potency of th• 

liver oil and the diatoa cycle (167). 

On the ot.her band, there v. tall¥ difficult.1ea in tbe 

acceptance ot t.hie t.beor,.. In 'tbe f'$.1'1t. pac•, if. bu re­

p-.tedly been ahown that tJ'Le zooplanktoA1 one ot the esaenU&l 

links in t.t. chain between the c.rotene ot t.he 41uo.t ad the 

•1umd.n A. of' tieh, ·are aevo14 ot v1\&141&t A activit¥ \62) t68). · 

It has also bean foUJ'.Id that. tbe 41et ot. t.he cod a .~~Ueh· poorer 

iD vlt.aahae A anO D t.han ••• tirat. auttp.c\ed .abf!l it 1• doubttul 

whether.the flab eould derive Suft1ctent.Y1tamin troa ita food 

to account tor the vttaado A and. D :reaervea o~ the liver (20) 

(e.). In the halibut, the poa1:~10.a a nen ure acuw. A 

Yery large halibut. fliA7 coatatn up to 90 p. ot vlt.uain. A, ot 
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which at leaat 70 gm. cay be depoa1ted w1 thin a. aonth. 

Yet• according ·to Lover-n (166); 1t.b.ere ie not.hing WlWJWil 

in the diet ot . t.be halibut •. •ixed apeciee ot t.iab • ~ 

account tor this enoraoua 4epoa1t.1on ot vitudn A u c011parec1 

. with, say, a dogttsh eating the aaae diet, an4 4epoa1t.lng 

onll very a.IRll quanti ties ot v1 taud.n A 1• '!he poaaibili\7 

that. fish can synthesize both Yitamine A a.rd D auat, therefor•• 

be corte1de:red. 

Very .little direct evidebce ~t •yctaeaia ot vit.ard.na A 

and l'J in fieh has been obtainec!. B1U• (20), 1D ao axperillellt 

with you;og cat:tieh ( lctaltn.a p1metatu.a )1 toun4 tbat the vitM!n 

D cont.ent ot tbe liYer wu not 4eereaae<l b7 keeptoa tbe t:iab 

in the dark on a. vi t.eain n-4ttic1ent 4.'11et. tor 6 aonthe. Thie 

he considers 'Lo be evidence, .tn.concl'Qeiva to be a~, of the 

Sllltheaia · ot vi tuin D 111 ~ah. Bow 'the vi taatft 11 elaborated. 

f.s unknown. aesa et al. (116) au• codtiab ergosterol 

intrU.UJ!SCUlaJ-13 and by Jll0Uth1 but they f'aUed to get. 1UJ3 

iodieat,.ion that the tieh were able to activate tbia eterol. 

lieitber d.oeus it. appGar" l1kelJ' t.ha.t. 1rTad1&t.1oD ot the. bod7 
' 

surface playa IU'.U' par' in \he BJAtheaie ot tb.e Yl t.alliD u ver7 

little of the ultra-violet porttoa ot the apectnaa pe11eu-&~a 

aore tban 2 metre a below tile eurtaee •t ~ •at..r .('I). . U 

tiah ayntbeaiae vtt.a~.rd.n n, therefore, :the)" ••t 4o eo by aoae 

aet.bot! other t.ban the act.ivat.ton of the provit.ud.rl by lrruia• 

t1on with ultra~v1olet. ltpt. 

It is &lao poaaible tb.a.t ti.ah M7 b6 al>l• to e,v.nthesiee 

v1tala1n A .from earotenot<ts which have no prov1t•ill activity 

· for rata. The .,.t important ot auch coapounda to be conaidtred 

1a aataxant.bil'l which S.s the predotinant pJ.saen\ o£ the c.ru..t.ac•a 

and which ia 1nseat.ed in larp qllUtitiea by MDT t18h ( 194.). 

!bat fish have powera ot ut111s1aa caroteno1da peouliw to 

theaaelves ia indicated· b;y t.h•1r ability w elabora\e vitain 

Aa lthich is onl.¥ tounc! in t1eb ana aniMla auch .. ... hil'da 

which teed chietl.Y on tiah (88). The Dl"i&ia ot vltuin Aa 

1a al&o an interutq problell. It. au been aoa {195) 
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· t.hat. treah water :flab can convert. caroten• into botb vitaa.ln 

· A1 and. vitam'S n Aa, but the reason why the latter fboul.4 ba 

found 1n J"elatively lat-ge quantit1ea in fresh .water· fish and 

not in marine ti&h ia c::oapletal,y unknown. 

Very little &lao ie known about the f'wlct.1on of vituina 

k and D 1n titlb.. Both. vitauGins A1 . and Aa h&V'e been found 

in the visual purple of the t1ah •a eye an4. 1 t ia lll4~d. t,b.a~ 

1n flab v1 tamiA A playe tAe · sae part. in the v-iaua:J. o.vcle aa 

it. does ill other •-1• (249) (250). The <liecovery of t.ba 

presence ot large ap1ounts ot vtt.amiQ A 1u the intestine of 

••D¥ epeci•a ot .fish hae le4 tQ the ,atliieatio.n that, in . add~ trion 

t.o ita ttunet.1one as a vitalain in the accepted aean!Qg ot tbe 

term, Yituin A acta as an 1ntemed18J7 in the abao.rpt.t.on ot 

tat. from the intesttne. !his auageat1on hae been put forward 

largel;r aa the result. ot the work ot Edi•bury and Lovera and 
. . . 

their collaborators (71) (169) (170) on the diatributioc of 

vitamin A in the inteaUne ot the halibut.. the•• woritere 

have shown that vitamin A is found in rela~vel7 lara• amount.a 

only io. those parts ot 't.he 1ntea'tt1ne whicb pla¥ an a-cti"'• part. 

1n 1Jle absorption ot f'at. Tbia paralleliara holtla not o.nl,y tor 

the alillentary 'canal aa a wbol~, butr alao tor the varioua 

int.eatinal coata, atd the theor1 haa been tentatively advaneect 

'that vi tuin A assists in tht diaperaal and tranaloQatlon ot 

the fat throUflh the intes t1na:l .aitllbraaea or throu&b t.be wa.U. 

o~ the intestinal eapillar1ea by eater1t1eation w1tb fat..t7 

aeida, the eetera torains a labile c011plex with the t.1saue 

proteins 1 (lf:6). A numba,. ot f1ah, however. do not store 

large quantities ot vttara1D A in their int.eatJ.ne• an4 pyloric 

~••ca, and 1 t 1a necessary to postulate an al ter.nate Mchani• 

ot tat absorption in these eaaea. thua the euggeation tba~ 

1n fish vitamin A aasiete 1n t.be absorption ot tat ·1• only an 

at.traet.ive ft¥.pothea1s. It &eellUI tbat t.he ~ill• baa come Wben 

controlled teedil'lg exper1•ents W'honld be carried· out on aqaari• 

t'ieh to try and throw aore light on. the p~bl.eu of t.he ortain 

8Dd fUnctions ot v1~aadaa A and D itt ti.a. 



..,. ~A . 
vow. -

Cod liver oil baa been held in aste~ aa a t1oli1UU.o 

r...a,, particu.l~&rl1 in the treat.r.ten'to of rick•ts, 'far maD3 

centuries. ·the diSCoVel'..V that its ram&r"~le therapeutic pro­

p~tJ.ee .are aue to the presence ot vJ.taa~iaa A and ·D led \0 

1avea-t.1gat,ton ot other fish oils as aourcea of 'tbeae vlt.u\Sna •. 

· ~o-dtq the usa ot ·a wide Ya.t'iet,y ot' oils has been esttiblisbeO. 

It i8 proposed t.o 11ve here a short, account ot the vanous typea 

of fiah oila wh1C4 are of illportaace as ~es ot vi \8'11 as 

A u4 D, an4· to deal briefl¥ wtth their ut,hod& o£ produc\ion. 

ftliQ forms an eaten'tt1al. back&roand to tne p~eaent studiea 

which were ~·~\&ken· pritaal'iq to pro.m.o\8 tne ·ett1c1et, . 
ut.Uieatton of .3outb African tiah rotle &a aourcea of vit.aldu 

. A ad D. A coit.iprehenaive review of t.hia aspect · ot the 

anbJ ect ia to be .tc\'Ul4 1n Broc.itleabT •a lliODOgJ'aph on the 

chi'J.e try an<j. t-ecbnolog)- ot a&ar!Ae animal otl• (Ia). 

C04 liver oil it.telf is st.ill larsel.y used in ~Uedicine. 
v 

A typical cod liver oil. contalna l.aOO 1.0. ot vttau.ln A aDr1 

lC'O I.u. ot vit.li.Cain D F. ,va. I'"- place haa been t.Uen 

t.Q aome exten\ b¥ ofther tiah liver oll.s wbicb have a much 

greater vit.aclia con.t.ent Qn6 require a col"respond1D.Jl¥ anller 

dosaae. Ballbut, liver oU waa one ot tlle first to be intro­

duced• ~a.e. average balib\lt. liv~ o.t..l on the .r.tet. oontatna 

fro& 101000 - 100,000 x.o. ot v1ta.cm A per "'rwa ana.. fr.toa 

900 - 3 1000 t.u. ot vit&1d.D D. 'Thta ranp of potene7 18 

t..;-p1eal of a number of oila used tor mediCinal Ptll"PPS ... 

l.ao.n.e;at the !iiOSt. V"duable l.1ver oUs are those of fish ot t.he 

peroomorph groap ana ln particular those of t.be \una taml.7. 
These o1la are a veey pot-an\ aource ot 't'1t.amin D and M¥ con­

t.ain froi:Ja 201 000 - 10,000 x.u. ot vit.smib D per i"'M (J.i&). 

Owin.g to t.beir relat.i'l'ely 1ow •1 ta~ain A con~ent UiO,OOO · • 

160,000 x.u. per pa~~) 1 hoQve:r, \he natural unblende4 oll.a ~· 

rarel.Y uaed. !hey an uauall.T blen<led wit.b other o11a, 
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for exaaple halibl.lt .liver oil., cod liver oil oP cod liver 

oil concent.r&t.ea. in. order to secure a bet tel" balance betwe•n 

t.he tv~o vi t.amina. r.oey are also used e.xtenaively in the 

ri&.nUfac:t.ure of· vit.&.llli.n. D c.or.u:~ntrates. In eonu-ast. 1ri t.h 

these oils are those of t.be eJ.usmobraneh fiahea wbic.b are 

characterized b.Y their negl1j1ble vit.a~Gin !l content (81) •. 

The liver oils o~ certain species are, however,- rich in 

vit&ad n A. Thi• i& tue ·case in the soupf'in shar'k wbicb. ie . ' 

to-dq one of the IUOa~ iluport.ant. aourc-ee ot vit.a.mlll A. 

Gouptizl: shark liver oil contains 76,000 to 1001000 1.-tt. 

of v1 tar41n A per gram.. It. is cbief'ltY used. in the aanuta.cture 

of vitamin A concentrates, partieularl7 tor ~he forti~ieation 

ot toodetu:tta (i!J05). Before the walt~ it •as Uso employed 

utenaivel.r as a source ot vi win .e. 1n animal f'eedlq o11a. 

Dogtia.b liver oil is .Aow used tor t.bi11 purpose inat.ead. 

In 193?, 1 t.. 'liU reported that the o.11 tro• halibut 

intestines .greatly ex.ce•ded that tron• the l1V'er 1n vi taaiD A 

gotene.r (168) ~ ~· ~en, the visceral oila or other .apec:lea 

of f'iah have al•o been $hown to be rich in 'titaad.D A (Zli). 

Ae a general rul•·, however, their v1t8111n D content ie low. 

the production of viaeeral o1la has been b~ on a small 

scale, chiet'l.y in. canada, .and there is little doubt that, 

once the oiffioultiea of extracting t.hia t,ype of mate~ial 

have been overcome, visce.ral oile will suppl3 an ialportant. 

part. of the \fOrld '• vitamin A requirements. 

~ile ~ish liver oils re~in p~e-emtnent aa a aourc• ot 

vit.aud.n A and Y1\am1n D, fish bocSy oils have been uaed to aa 

~ncreasing extent within reeent .rears. Under this hea&na 

are included. aardine or pilchard oil, menhaden oil, herrJ.na 

oU and the oil troaa. eallion cannery waste. Theee oil.s 1"izd 

their chief application in industry, part!cular-l,r in t.he paint 

and varnisb i~uatr,-. ·They are also, however, large 1¥ 

employed ill. anlwll feeaillg oilS, eapeeiall,y aa a baee for 

making poultry o1J.a. A t.fpical sardiae oil containa 100 -

500 x.u. ot vtt.am.:ln A per gra.ca and 20 • 100 l.U. o~ vit.aill D. 
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It is blended ri th sh~k or dogt1sb liver oil to provi4e 

the necessary vitamin A. It. i& also trequentl7 :t'ortitied 

with high vitalnin D potency oila, especially oilf! of high 

chick ei'i'icienc;t. · 1'be resul.ting poul u-y. oils usuall¥' eonta.in 

1000 - 3000 .r,u. of' vitamin l1. and 100 • 400 z.u. ot vitamin D. 

1,the investJ.gat..1on of tJle p.oasibili ties o1" producing fish bodJ" 

oils in aoutb Jrica has been undertaken ver1 recent.ly. Ho 

work o.n this aspect O:f the subJect has, however, been carried. 

otlt b¥ the writer. 'rhe prod.ucUon and utilization, ot these 

oils will, therefore, not be conaider>ed further here. 

the methods of ex:tra.ct.tns oils from fish livers and 

viscera are as lll.Weroua and varied as the ~es of oil 

produced.. Pish livers ot b1gh ~il coctent. such aa eo4 or 

ahar~ livers are.rela~1ve17 ·~asy to extract. Cod liver 

oil ie uauall.Jr obtained b7 treating the livers with live 

st.eam e.t. a. pressurt ot 60 - 100 lba. per sqUare inoh for 30 

minutes. ~be oll is then l'UP otf, f1ltere4 and awred. 

A aecond treatment ~ielda a lower grade of oil suit&ble for 

poul tr.v te.Uiqs. The pr¢c1uct.1on of cOd liver o:ll baa b•en 

described in detddl b; .many worure (32) (64) (16a). It 1a 

u.nneceeaar¥, t.her~ore,. to 4eal with it fUrther here. 

fl18h potency livers such 6\S thoae ot the halibut and. 

the tunaa usually contain fraoa 5 to. 30 percent of otl. 

Steaaitlg methods are. of" no value in th.eee oases, u tbe hea.t. 

co-&BUlat.ed protein hae a atrong tendency to reabsorb the 

. liberated oil. Solvan\ extraction has been emploJ'8d. It. 

is, however, expe.Il8iVe aDd t.be oil& are dariter in Colour and 

le111 palatable _trban those obt.ained by other meth.ods. To-4q 

eolve.ot extraction has larsely b&en superseded bJ varioue 

o1,g&st1on techaiquea. 

In the alkali iiigeat-:lon process (34) (SS) the livera are 

minced or ground lnto a paste and heateQ: with· two or three 

t1mea tbeir we~ht, of dilute aeq~oua alkali for about 30 admltea 

at 80-9o•c. Ei~her plain caustic soda or butter mix'turea 

such u borax and cauatio aoda (28) 118¥ be used. l'b.e alkali 
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ia uanal.l.J added 1n tbe proportion of o.s ... 3 lb•_· per 100 

lba. ot liver. The exact amount used, however, depends on 

. the type ot livers be~ ,p:roceased and the optiawl eo.nd1t1o.na 

oan onl7 be d.et.erililled b,r trial and trror. tJDder tbeae 

collditiona, ver;t l1tUe h.Y<lrol,yaia ot the oil "takea place. 

fte proteina ot t.be livu are t.h.rown 1ftto colloidal eolut.ion. 

and. M.:¥ be separated from ttl• liberated oil b3 c:entritus;trc. 

lt 1a cla.iatC tb&t the yield ot o1l 1'>7 tb1a met.hod is OYeP 

801 of tb• theoretS.c.al. .i'here t.ht l:l.Y'era are old 8Dd th• 

oil ta high in tree .tatty ae141 1 it. ia reported (36) (37) 

Ul&t there ia danger·Ot lots o'! vitaa1n A due to adaOS'ptiO.b 

o~ the vi tali1D oa 't-ht. •oape torae4 durin&' the dfceauon. 

In ouch .~ea, :l.t is _reeo .. Dded \bat t.be •.auc.t water• 

ahould be waahtd with a lo• potency oil eucb aa p1lcba1'd .oil 

or wi tb a. veietable ou. OW1ng to tbe enoraoua capacity of · 

alkali d1&eat.e4 prowtna tor adaorbiq o1l, tbts method, aecor­

dil)g to BrOckleaby {34),. ia ot aoubt.tul value wbeA appUed to 

.ma.t.el"1al coo:taiDina leaa then lOS ot o11. For livera 

belonsina 1:4 'thi& categocy, pepaitl dlgeation te to be preferred 

thia lat;~ aet.bocl haa been uatd 1n. tbe preaent. work u a - ' 

rout.inct method o! obt.ainins oil auplea tor anal.Ya1a. !be 

t.echn1que e.aplo,-.d ia described 1n detau 1n a later aect1oa . 

ot tbie tbeau. 

· L. J.tueh at.ten.~1on hu been devoted recently to the 41ecov~.r 

ot a sui table metho4 ot -.ztraot1ng -v1•eeral oila. !he chid 

dit'ticult.Y bere 1~•• f.n tJle very low oil content. of t,he 

at.arial. Hal.!bu\ ittteatinea, ror.- exa~~ple, onl7 <:ontain 

1-ss of· oil. Sol•en1t extraction canno~ 'be uaed, owtna to . 

the hip wat.eP coaten'tr of t-he vtac•ra. )1)41f1ca.t.1one of the. 

alkali an<l s-pain cU.geat1o.o proceaaea have, tbere.tor., been 

emplo;re4• Theae uau.allJ' eotll1at. ot 8.f8eet1on ot Ute viacera 

in \he uaual wa;r, tollond by- the a&!:ltlon or •ttb.er a vqetable 

oil or a low potenc.r fish Oil which acta ae a aolvent tor the 



vitu.tu· (141). The diaadvant.aa• ot tb1• aethod ie tbat tbe 

o1la obtaiatd 1n this wq can aev•r be u potent u the orS.inal 

v11ceral. oil. fhia d1t.t1cult.,y flisbt be overcoae to eo• 

extent. by the uae of an oil 'Which can be readily ·· eeparated 

troa the Vitaad.na b¥ JJOlecul&r' <liaUl.latJ.OAJ the at1U rt8141l•• 

troll the coaierc1&l vacuua 41at.illatJ.on ot vtt.uda troatfiah 

oil, .tor exaaple, have been propoatd for thia purpoae. 

fte o1la. obta:iaelS b,y t.be ac<lern ~~etboda ot extraction 

require veryl.it.tle further reti.ni.Qs. Co4 liver oU tor­

A'iledicinal. purpo1es ia usua.l~ cold cleared before bela& put 
' 

on tbe aarket.. Hllh potencr otle, however, are used without 

turthar treataeftt • 

. 4fhe preparation of eoAc.iltratea of rttald.ns A 804 D troa 

tiab. oil.G haa a•aoaed conaiderable iaport.ao.et .dur.lng the lqt 

tew yeu-a and a large proportioll ot tba oi~a productd are . 

ust4 -ror We purpoae. the a4•antaae of concent.rat.ta ia that. 

the doses requil"ed are veey su.ll and t.bq aa.y be eu1}¥ a4-

a1n1•t.ere4· ~vthermore. the tisb¥ IMll aad \UtA which 1a 

uaoc1ated wen with tbe bighea\ ,rade oils 1a to a lara• 

extant.- r.-ove4 4urUt.g concentration, ao t.ba~ tbe tJnal product. 

fU.¥ be used tor th4t tortltteation ot tood at.ut.re wi \bout. 

detrirleat to their t"lavour. .ll'u.lluou.a aet.hode of' prepa.r1q 

· vituain A and· D coneent..:r-ates have bHn propon4. · 1he .aaJority 

of tllem involve e1 thu- partial or COI!Pltt. aa.pon1t1caUon of' 

Ule oil. These a•thoda are all baaed on 1.he ••• FirlAliple 

and <litter onlt 1rl the technf..,que eaplo)'e4 in iaolat.inr the 

v1t...aa1D-conta1rd.og unsaponlfiabl.e f'ract..1ou. There is li'ttle 

to a:.. pined therefore troa coll$idering ta• .in d•tail here. 

In 'the J.&•t two or ·t.hl"ea ;reue tb.e uee ot JDOlecul.ar d1at.1llat.1on 

i.n tbe pro!luotton o~ vitamin A and D co.ncntz>at.ea from t'iah oUa 

baa •••.S iAoreuing laport.~Me. fhia Mtbod wh:f.e.b. . .baa been 

pert.cted b7 Blctan and b1a aasoc tate• (29) ( 121) (245) hu 

JIUCb 1.0 reeoaMad 1\• B,r Ulia •an. ·t.b.e vit.•1u are obt&laed 

1n their aatural. eat.ent'1ed t'ON. · In t.htl caae o~ •1t8111a ·A 
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partictllarly, tb:ls is an important a.ch·ant.age bctcause,. not on17· 

are the eaters more stable than t.be tree vitam!n, but also it 

baa been elaime<! that they are more eaa1ly abaot"bed and have _ 

a higher bioloJical value (91) ( 1.20). . Another advantage 

is that the bulk of the oil is not. lost- aa in the eaae ot 

saponification methode. ?he residual oil fro. which the 

vitamins have been distilled is ot hiah q,uali ty and mrq be 

used tor industrial purpon~. tfhere seds little doub\ 1 

tJleretwe, that molecular 41st.illation will, in the fut.ure, 

gradually replace the older methods ot .preparing v1~1n 

concentrates. 

-. ' 
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fiOJII. 

The work presented in this t.heaia waa unde!'t.a&en &a part 

of a collaborative studi ot the vitamin A and D content of 

South African fish products which baa been in progress in the 

' Department of Chemistry tor the last five yeara. The writers 

contribut.ion w t.hia progra.ttme 1/.J.&Y be di.vided into three parts. 

( 1) T.b.e uevelopment of a satlsfact.orj filethod tor the routine 

estiwation of oil in fish tia~uea and ita extraction in a 

sui t.able comii tion for subsequent anal.yaia. 

(11) A stud,y of the seasonal changea in the oil cont.ent. ot the 

livers and viscera of some of t.he moat import.artt. species of 

:f'ish landed in Cape Town and the influence of this on t.he 

vi t.amin A and D potency and the analytical churact.eriatics of 

t.he oil. For th'-s pur.t'-'OSe sau._ples were obtained at appro.xi­

z..at.el,y monthl.f int.ervliiJ.a tor t.he detera•ination ot the oil 

content, tbe vi~in A yot.enc1 of the oil, the iodine valpe and 

t.he percentave unsaponifiable matter. l§c1l1~ies for vittein 

·rhe C'P aci t.v ot the animal bouse 

could not. be developed suil'icientl_v, therefore, to carry out 

assays on monthly samples ~nd blending of tJle aa..:.ples collected 

in aeveral consecutive months had to be resorted to. 

In several cases, tor example, 1n the stoc~fian, the 

king.klip and the snoek., thia work was a continuation and ext.en­

:.;ion or uu~ preli ... in&r.Y survei of the field carried out. by 

Dr. ),tolt.eno whose reaul ts are discuaaed and comt,fll.red wi t.h tho .;;e 

obtained by t.be writ.er. Aherever data on the li.t'e history 

and teedin.g habi t.a ot the species studied was available an 

at.te.mpt. waa made to relate the observed seasonal changes in t.be 

oil to theae .factors. 

(iii) In addition t.o the above st.udiea, random samples of t.he 

l.iver and in so .... e cases the viacera of a number of species of 

fish were exawined. Thls work was largely of an exploratory 

nature; •••• 

• 
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nature and serves to indicate tl1ose species which Jj>S.¥ be wortJl 

iu rther a tud,y. I.a three cases, n& .. eli in the a.;w.abur.tilter, 

t.ne vaalbaai and tLe J&Copever, the results were sutfic1entl¥ 

iJromisi.ug tv warrant a aaore detailed atudJ b_y other ~era 

of tile de.i;artment. 
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I. S6M2t.ING QF J!+ATEBI6l.,. 

The lllethod of sw:;pling varied wi tr~ the species of fish 

and t.r1e k'UJ"PPll• tor which the material was re~uired. J.t ia 

described more fully under each species. In comparatively 

tew caset! was the whole .fish handled. Usually t.he t ish were 

gutted on board the trawler and the livers or viscera were 

placed in two-gallon tine with press-on lida and Kept on ice 

until they were delivered at the laboratory. In this way a 

larger number ot livers was included in each &ai:.ple than would 

otherwi.se have been pos•ible. The method, however, haa the 

disadvantage that no inforwation can be obtained about the 

size, sex, condition, etc. of the fish concerned. 

In all ea.aea, the livers or viscera were .winced in a large 

household rnineing machine; the mince was well Jllix.ed ~ a 

representative portion taken for analysis. 

Met.b.ods based on the preliulinar.)l pepsin or alkali digeatbn 

of the tissue proteins have been developed for the convenient, 

rapid and ~uantitative extraction o! oil sample a from fish 

tissues in suitable conditiorl and amount. for aubae'iuent 

analytical operations. These are discussed in relation to 

other methods co.ranonly etaployed tor such oil extractions. 

The alKali and pepsin digestion procedures have been found 

superior t.o t.he sodium sulphate desiccation method tor the 

axt.raction of vit.alt~in A and D bearing oils from visceral tissues. 

I'he recovery ot vitamin A and of Wlaaponif'id.ble lll&t.ter ,generall.Y 

is quantitative, though that of free fatty acids ia variable. 

The alkali digestion procedure has been found a~plioable alao 

t•.> t.he rapid and approximate estialat.ion or the oil content of 

fish heads and tis.h flesh. 

For; ••••• 
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r~r the extraction ot oil &&~U,t.lles tronl high oil cont.ent 

materi&.Ls such u fish livera, the ... et.hod which haa been moat 

extensively used in tr.e past is ste~ing (56) ll33) (210). 

This method suffers from the disadvantages, however, that it. 

does not give ~uantit.ative release of the oil from the tid&Uea, 

and in particular releaaea no oil whatsoever from material ot 

low oil content. IU. terna ti ve prOcadurea have been neceaaar.v 

1n the caae ot such materials and also in all cases where a 

-..;,uanti tative index of the a.woWlt o:f oil in the tissue a has 

been re;uired. Theae v~ocedures bcive fer the ~eOLt.er part 

involved the desiccation ot the tissue in some manner, followed 

b;y solvent extraction of the oil (9) (34) (133). ~hile 

suited to the estimation of the percent.ge oil in fish tiasuea, 

they h~ve suffered fro~ disadvantages when applied to the rapid 

and almost routine preparation ot repreaentc.tive Saii~Lplea of 

oil as hc1.Ve been required tor the present au.rvey. For t.hie it. 

was desirable t..r.~at. t.he oil sau.i.plea as prepared should not only 

give an. accurate est.im.ate of the aaount.a of vit.au.in A and D 

in the tissue~, but that the~ should also be as representative 

as ~>Ossible of Ule oils as they would be produced in practice 

by cok"ercial alkali digestion and pepsin digestion methods. 

The quantitative laboratory extraction of oil aawples by 

111ethoda based on the preliir.inary digestion of the tissue pro­

teins by pepsin or bi alkali d~eation has therefore been 

1nvesti5ated and eo ... pcu-ed wi t.h the older lllethod based on 

desiccation of the tissue followed by extraction. 

(1) DcJic~a~12D Qt tht ~iaauea Yitb anhyglpyg iOd~um aulp~ 

fgllow~ by e~atrtcc!rlon gt t.ne oil •i t.b • t.&uar. 

This technique was used in the early s t.ages ot the work 

and eas a basis of comparison tor the pe.vsin and alkali digestion 

proceourea. 

Th• minced tia:-;ue was ground wi t.h anhydrous sodium. aulpb.,te 

in a large mortar. For livers a ratio of ~ parts sodium 

sulphate/ •••• 
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aulphate to 3 parts of liver was found sat.is!6lctor_y. In the 

case of viscera, the pro,port.ion had to be increased to 5 parte 

sodium sulphate to 3 parts viscera1 occasionally with these 

more h.,vdroua ma.teriltls even t.his Wt:..S not. sufficient. After 

being lett to dry for not longer than 30 tL.inutes, the m,at.erial 

was reground and ext.racted wi t.h peroxide-free ether .for 6-18 

hours, dependi~ on the oil content of the tissue. 

This technique waa found to suffer from a number of 

O.isadvant,ages: 

(i) The addition ot insufficient desiccant intert'ered with t.be 

progress of extraction. Evidence was ob t.ained , in the case 

ot viscera at least, which indicated that if' the u.aterial was 

not properJ..y dried, the oil and vitamin A were extracted at. 

ditferent rates. In general, vit.atuin A tended to be extracted 

preterentiallt to begin with. This ia seen iu Table 3. 

Ratio intestines: 1'1me of li of extracted oil. E 
sodium aulphat.e. Ext.ractioo. lCJM. 

---- -·-----------..-... 
E.&P.£1 W.£2 &P.s.i .E&I>.t.i HI>& 

15 win. 386 361 336 218 l.l2 
3 • 2 2 hours 338 ~6 306 248 81 • 

4 hours 3l.2 233 222 218 82 

&w.d ~Ll E&P..d 
15 min. 116 119 49.1 

3 . 6 2 houra 118 121 53.7 • 
4 hours 118 133 49.1 

_..._.. - __ .....,.. .. 

Oils prepared b,y partial extraction ot t.he tiasue were 

t.hEJrefore not representat.ive in ~o t'ar as vitamin A content. 

was concerned, and the technique of extractlng for 16 minutes 

tv get material for estimation of vitu&in A content., and to 

completion t.o determine the total oil content ot' tbe tissues 

was not apr lica.ble. 3ince a deficiency o.f sodium sul~)hat.e 

was not a.lwais obvious, trouble was encountered in the early 
. 

application of this .wet.hod to JOUateriala of widel,y varying 

water/ •••• 



water content. 

sul~:·hc. te, on U1e other hand, ex t.rac tior .. proceeded Wlitormly 

(Table 3) and reliable l"eault.s for the value E1 :£ 328 mu 
lcm. 

for the extracts could be obtained. 

( ii) The high proportion of aodium aul~~~hate necessary in the 

case ot viscera, .nowever, introduced another source ot' error. 

It was by no means easy to obtain a hoa~ogeneous mixture of 

tissue and de~icc~~t, particularly ~ it was desirable that 

the tims ot mixing should be aa ahort. as possible because 

of t..'1e enormous surface at '.vhich the vi t.wm.n was expoued to 

oxidation. Highly discordant results tor duplicate deter­

lhinctt..ions of' the percentage oil in the tissue by me&na of t.b.ia 

Iueth.od. were occaaiona.l.lJ' obtained which could only be explained 

on this basis. 

(iii) Fir.rJ:.llly the use of a high proportion of desiccant meant 

that an exces~ive13· large bulk of ~terial had to be extracted 

in order to get even a swall sample o£ oil. This disadvantage 

was particularly apparent in the case or low oil con~ent material 

auch aa stocktieh intestine. 

In view of these dis&iv~tages, a aeareh was 1U&de f'or a 

L;lore convenient method of extraction and estima:tion of the oil 

content of both livers 6U'.ld viscera and a ll&Odification of 

'Brocklesby';3 pepsin diges't,io~l technique {3S) was :founD. ·t.o be 

verJ satisfactory. A aiLuil-.r technique using a.J.llali d:i.gestion 

was a.lso developed and a detailed comparison of the three 

1uethoda of extraction wau made. 

< 2) ,ap.us__ D1gcstion-2t: the vi§c.trelr myrial J:g !J:Qwed gy 

tkQt£ e~~~ki2il.2f-~-2!1 fr9~ \AI di5jation ~iX~J· 

The ~eneraJ. ;,rinciplt.:.s of t.he pej!ain digestion technique 

f'or obtaining oil saLW.pl~~ in a q~.ta.lit.ativa utarmer have been 

described bJ Drocklesby &nd Green (35). :~.t~se authors 

describe/ ••• 
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describe the d~estion of the material at pH 1.2-1.5 1 pep­

t.isat~on of the mrJre resiutant ltl&terial b.Y final heating after 

addit.ion of sodium carbotulte, followed b.t s•paration ot the 

oil in a centrifuge. By replacing the centri.fugal separation 

"Jy ether extraction, the method has been pUt on a quantitative 

basis arul a detailed st.udy of the recover,y ot oil, vitamin A 

and unsaponifiable Latter generally bas been made. 

The procedure actually used in t.his work was as follows: 

0.6 - 1 gm. of cel!Wkercial pepsin waa d10lso1ved in 100 al.. of 

water and 2 ml. of hydrochloric acid (ap. gr. 1.2) waa added. 

This aolut1on was then added. to ever~ 100 gm. of minced tissue 

and t.he whole ~as digested at 46-6o•c w1tb occasional stirri.Dg 

tor l2-3G hours. . During this period the vitamin was protected 

from ox16atJ.on by x•eplac1ng the ais- in t.he flask with carbon 

dioxide. Chen practically all the t~asue protein had beQn 

. rendered water soluble, a saturated aolution ot sodium car­

. bonate waa added t.<> neutralize the acid and the mixt.ure was 

heated in a boiling water bath tor 10-15 minutes to destroy . . 
the lipolytic enzymes and to complete the digestion. The oil 

was then separated by extraction of the digestion mixture with 

· peroxide-tree ether. :Joben persistent emulsions were encounteretl 

as often occurred in the early stages o~. the development ot the. 

technique, the extraction mixture was ·eentrit"uged in a large 

bucket centrifuge. · · The ethereal layer was pipet,t.ed off. 

Fresh ether was then added and the contents of the tube well 

' &ixed and centr1tuge4 again. This device was also employed 

in the alkali digestion technique. no accurate control ot 

, the pB was f'ound neceasary under t.he above condi tiona and tbe 

amount. of pepai.a employed usually led to cowplete d1gest,ion 

within 15-20 houra~ 

' 

; \. 

(I) Alkal,i d1gtst1gn 9t l&Qi. yigceral n:aterta.l fo.'..lowe~ by, •1cblt 

extr&c$eion pf the, lib~:ratgd oil from the diE:SU}tion.llixtua. 

·~bile the pepsin d~estion procedure descPibed above baa 

been e~ployeG with success on many t~pea of mtorial, an alkali 

d1ges t.ionf •••• 
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digestion method based. .:n t.he commercial procedure col.lll.rJOnl.Y 

11sed for t.he extraction of liver oils has been found to be more 

convenient in many respects. Its chief advantage is that the 

time ot extraction is much less than in either the desiccation 

or pepsin digestion techniques. This u:eana, amo~ut oti~er 

tiling$, that ther-e is J.eas danger of lons of vi ta.min A due to 

oxidation during this period. Alkali digestion also gives 

an oil of better colour and appearance than the other A.,ethoda. 

This procedure WiitS briefly aa 1'ollows. The minced liver 

or other ru~terial was digest.ed with twice its weight ot' a l% 

aodiuu1 hydroxide solution at a temperature of 80-~o•c until 

coiD:, lete disintetd,.ration of' the tissue wa.~ effected, ( usual.l.J 

20-30 udnutes). · .• ben cold, the solution was ext.ri.i.ct.ed with 

peroxide-tree ether, alcohol being added if necessa.r;t to break 

any ewulaiona. 

The ~pplication of U1is technique to livers ana viscer•l 

ti~sues general.ly was studied by the wri t.er. In addition, 

ita use has been extended by other t1~eilibers of t.he department. 

to include the extraction and estimation ot the oil in fish head• 

w1d fish flesh, and it has been shown that the recovery of oil 

f'rom t.his type of material did not differ materially from t.b.at 

obtained by the prelir~inary vacuum drying of t.be tisen•e :t'ollowed 

by ether extraction. 

(4) ~ari§On o! Y!e tggve t.bJ•et . ..&!l.t.bo.4L.9f IXt.factJ.QA• 

:\a far as the writer is aware, thl! use o! the pep a in and 

alkali d.igestlon techniqu!s i:"or the quantitative ext.raction and 

estiJI~ation of' the oil i.u fial1 tisasuea hae not heen developed 

previously. ;.\ critical. e.xamina.tion of the recovery of oil, 

vi tc;u,,in A. and u...~apor:d:fiable mat.t.er froit. livers and viaceral 

t.issues bj' these Ii1e t.hods haa, therefore, been :::a.de and the 

results .h~ve been contpared wi tt1 those obtained by the older 

sesiccat.ion tecbni r:~ue. The B.)plica.b111 ty of the alkali 

digestion ~~ethod to fist1 heads is also discussed briefly. 

(a)/ • • • • • 
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(a) A2Pl.1s;at!s.Ul to ~tra.l 1ois§ues; 

( 1) Xiil,g gt Qil; 'lhe a.mount of hydrolitda of the oil which 

occurs O.u.rint; the actual pepsin or alE..ali digestion is 

nec;ligiblC!. The oil extracted from the material destecat.ed 

,_.,:_ th aodh.1.m ::.n ... lphate, however, contains al.l the free fatty 

acids present in the tissues, whereas that obtained by pepsin 

di,gest.ion contains onl,y a variable .l)ro~.1ort.ion (a part ot the 

fatty acids ia lo.st during the final sodium carbonate treatment) 

and tluit derived frori alkali di.,geation is neutral and free troa 

fa.tt.y acids. I''or t.bis reason close correspondence in the 

;yields of oil obtained by the t.hree met.hod.s is onl.;~ to be 

expected when the .r:;at.erial under ex.aalinat.ion is trea.h and 

little post-!Uorte.m hydrolysis of the oil has occurred. Theae 

oondi tiona were fulfilled in moat ot' the livei~ samples examined 

and, as •·~a,y be seen from Table 6, the yields of oil tor the 

t-hree u.et.lAods did not differ materially from one another. 

-~,ith low oil contez1t int.estines in which autolysis occurs wit.h 

gr~at rapiditi in o3t.or~_,e, on t:.he other hand, i•~Ked difterencee 

in the yield of oil by the t.hree lkethods are found { ·rable 5). 

That t.he.ee are mainly due to differences in the fat.t.y acid 

content of the oila iu indicated b.i the results in Table 4. 

t,t,~LF, i• 
~!:;tlu!inste 9L~UilJ.lQ\J._QLExttase.t.iQJl .Q.U. lh.i 

~itld ~....L1gig.ity 9.f Q!J. .t:r2m ~t.Q<:M1.th_I&J:t..!.itiae,g. 

::e~ iccation 

Pe~·2in digestion 

AlKali dibestlon 

UelJl of QU· J F,[,A• 
(Average 1!.-w. "t.&Ken 

as 340) 

2.35$ 25.3 

1.30'1 ., 1 

'l'he t.hrtw r;;:et!·:ods ot extraction gave e4ually reproducible 

rem . .dta. Du_t!licate det.eri:.inaticau~ of :he oil cnr•tent b.}' any 

one u:ethod d.id not differ bJ more than 5'£, and in most cases 

t.he agreecuent wac closer than this. :iinee the eamnlin9' er!'Or 
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was probably considerably greater th.an 5S, there ''as no point 

in at.t.eJ .. pting tr.: achieve greater accuracy. 

l:t ll t.raterial i.i.et..hod of ~ 011 E .., $ E~cm.x ~~ f:Xt.rac tion lea.. Unsap. 
Matter i 011 

---
K.abelJou Desicca.t.io.n G6.9 46.6 5.82 1260 156 

livers. Pepsin 26.6 43.2 6.95 1150 185 
AlKali id>.l 46.4 7.34 1~60 184 

Vaal.haai Desiacat.ion 77.7 16.4 ;c::.ba ~---,o 200 
liV€l'l.1· Fepsin 76.2 17.4 2.51 1320 1.91 

-~lkali '76.4 17.6 2.6~ 134::!0 192 

Stoc,..;.£1ah :esiccd.tion 3.50 lb8 ~8.0 663 88.0 
int.es- Pepsin 3.16 176 25.6 556 81.0 
tinea. Alkali ~.06 277 37.7 571 77.7 

St.ockfiah Desiccation 6.03 sa.o - 418 -
in tea- Pepsin 4.96 79.0 392 -tlnea. Alkall 4.20 91.~ - 383 

3noek De~iccation 17.6 10.4 - lB3 -livers .. ?epsin 18.2 9.4 171 
AlKali 15.2 12.0 ... 182 

Gurnetrd Peps. in 3.23 14.8 lJ.l 47.8 4~.3· 
.Livers + Alkali .2.91 15.7 14.~ 45.7 41.3• 
intestinea. 

(11) Res;gyery o! '{it.SQ;in 6: The desiccal.ion, pepsin and 

alKali di~estion ~ecbniques al~ aenieve a ~uan~itative extrac~ion 

of t.he vi tam in. A. This is seen in table b. The part.ial or t.he 

co.111plate relr.oval of t.he free tatty acids in the pepsin or alkal.i 

digestion processee naturall.V enhances t.he vit.amin il. potency o! 

the re,,1uining oil, b~t U1e p1•ociuct *' ·J; Oil x Ei~. J~8 mu" is 

t.he sawe f oz· <1ll t.bree I.Je t.hoc:W wi t.hin the l illii t of ex.perim.e.nt.al 

error. ·,;ont.rtU~~ to tbe findings of Bl·ocKlf:sb,;y (~~), no evidence 

ot: an¥ oit,.nificant destruction of vi ta,u;~in A in t.he sooium sul-

phate JetH<:c~t.ion has been observed. 

(iii)j ••••• 
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(111) Regovtrt ot Unaapgqifiable ~t\1£: The int'luence of 

t.:ne metl'lod of extraction on the percentage Wlsaponifia.ble •. v.atter 

in t.he oil is shown in Table 5. It was to be expected that, 

as in the case of vi t.aa'lin A, t.i1e three methods should achieve 

a quantitative extraction of unsapc:.nifia.ble .t&att.er c;enerally. 

Good agree.ment tor the ti6ures for t..ne papuin and a.Ut.ali 

d.igefJted oils was found in all inata.nce&. !he recover3 of 

unsaponifiable matter bJ the desiccation t.echni~ue, however, 

was rather lower in the case of t.he kabeljou liver oil than 

t.hat in the alkali and pepsin d-4sestion .u•et.hods; in t.he case 

of t.he at.ocxfie.h int..est1nal oil, on Lhe other hand, it was 

relatively higher. l'r.e reason tor these differences is at 

present unknown. 1'h.e.t only serve t.o emphc.size t.he erratic 

behaviour ... f' the desiccation tec.bnlqae. 

(iv) ijJCQY«tl of Viti@in D; Since the pe~sin and alkali 

digestion techniques achieve a quantitative extraction ot 

vitamin A and unaaponitiable matter generally, it ia J•eaaonable 

to assume that the extraction of vitamin D is also complete. 

It was not possible, however, to investigate t.hia point owing 

to t..he limited capacit.f of the aniu.lal house. 

~.here no post-mortem hydrolysis ot' t.he oil 

had occurred prior to extraction, the oils obt.ained by the 

three .methods ot extraction were found to ttave the same iodine 

value (table 6). 

IAU §. 

Igt'l~ence of tnt Mi~hQg 2! iltr~C\ion 

on lJll l241Dt VaJ.ye of t,.he Q!l • 

Vaalhaai liver oil 
3kate liver oil 
Stocktish liver oil 
Kingk.lip liver oil 
KabelJou liver oil 

De~iccat.ion 

l82 
184 
158 
155 

.w>Gil 
Digu$e1QD 

182 
183 
"1.58 
154 
94 

A~ali 
piges~~n 

1~ 
188 

97 

Noj •••• 
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1\o attempt. was made to study the effect. of the ttlethod ot extrac­

tion on the iodine value in cases such as the stOekfieh intes-

. tina1 oils whtre considerable post-mortem hydrol.fsls occurs, 

· since it was felt. tJud. the loss in the alkali digestion of up 
1 

to 60~ of the fatty acid& present so alters the balance between 

gl.(ceridee and un~aponifiable ~atter that t.he results woulcS be 

. of. very little eignificance. 

(vi) l!lflUence Qt. the Mefehod ot Ext;:ac!,ion on lJle. Phosphati4t 

Cgnttnt of .Yle Oi.ls ~Zany of t.he oils examined by t.he 

writer were tound to contain a high proportion of phosphatide& 

. (up to 36J). The study of these is a complete problem 1n. 
I 
itself. The examination of the influence of t.he method ot 

· extraction o.n the· phosphatide content of' the oil. has, therefore, 

·been postponed until the problem as a whOle is studied • 

. (b) ,6pplicatiqn to Fieh Htada: 

l'he alkali digestion method baa been shown b1 other merii.bera 

. ot thia department (215) to be applicabl~ al.eo to the routine 

extraction and estimation of the oil in fish beads. 

In Table 7 are recorded data tor the oil contents of 

various types. of fish heads and, in one caee, the body aa 

determined by alkali digestion - ether extraction on the one 

han4, and by vacuum desiccation - ether atraction on the other. 

· In all casea where there is appreciable oil· in the heads there 

. is reaso~le correspondence between. the oil yields by the 

two methode. As the alkali digestion method is much more rapid 

than the vacu~ desiccation method and yields the oil ln ~ch 

better colour, odour and .general condition, it is, t.beretore, 

, to be preferred when. an approximate index of the percentage fat 

in such c:aterial is required. It must be atressea, however, 

· that alkali digestion cannot be expected to give accurate values 

, for the oil content unless the wat.erial is fresh and the oil 

secreted is neutral in character. No f!gurea for the recovery 

of non-sa: .. onifiable n.at.ter troDt this type of material can be 

given; •••• 
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' given; work on this aspect of the subJec~, however, is still 

in progress. 

IABWE 7• 
~Wi9P of Vacu~ DeoicG!!i2R ~ 

61ka+1 Distetion Methods tor F~c~ioD 2t 
. ~11 trQm rtah Beida• 

iateri@&. 

John Dor,y heada · 
i • • • • bodies 
Kabeljou heads 

• • • • 
~noek heads 

• • • • 
Geelbek heads 

• • • • 
f'acopever-hea4e 

• • • • 
GurllArd heads 

• • • • 

1011. 
b~ali I)!gest!on 

1.6 
6.2 
2.2 
3.6 

1.4.6 
8.3 

14.2 
15.1 
10.6 
6.2 
0.3~ 
1.00 

Yaepum )Jel~ccatioD 

1.6 
6.3 
a.a 
3.6 

15.2 
8.4 

14.3 
16.6 
10.6 
10.2 
0.62 
0.92 

,(5) Ute of tht Pepsin ]21geat.ion Ieelmiqpe in tht Proteat 

Sty~ita. 

The pepsin dlgestion technique haD been used to a con­

siderable extent in the present work tor the extraction and 

,estimation of t.he oil present in bot.h. livers and viscera. It 
. ' 

'has beeo found to be more convenient and more reliable tban 

' - desiccation with sod.ium sulphate followed by ether extr~t.ion. 

AS has been CiJtntioned before, the ext.ract,ion of t.he 
t • 

desiccated Claterial was very erratic, especially in t.he case of 

· viscera .eont.aining a l~t of wat,er. -en the ot.he~ 'hand, pepsin 
' . 
digestion of this uaterial always went, sm.oo.tbly. Again, with 

livers and par~ieularlY viscera contain~ onlf a sruall per­

centage of oU, the workiQg up of sufficient JLS.terial to get 

· enough oil for subaaqtJent. analysis (at least 6-10 gm.) wae 

.· far ·&itupl.er by papain digestion than by \iesiccation. 

The pepsin ~1gestion method has been shown to give a 

quantitative recovery of vitamin A and uns.aponitiable matter 

ge~erally &na hence al.ruoet cer~y vi tGin D. The yield 

of oil obtained bt this· method differs very litUe. fro.cn t.hat 

obtained by tbe more tedious desiccation technique. · Pepsin 

d~estion followed by ether extraction is therefore recommended 

in all cases such as the present where the rapid and rout.ilie 
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estimation and extraction of oil in a suitable condi~ion for 

&~bde~uent vitamin studies ia desired. 

·rhe al.Kali d igest.ion technique has also beeu shol'm t.o be 

'lez·y suitable for work of this nature. lt has the advantage 

over both the deslccatlon and P'~k-~si.n 'i,:eation a~etr .. oda in i t.s 

rapidity of extraction. 1 t is, however, less sui ted to t..~e 

application to visceral tissues in which considerable post-

... ort.em h.tdrolysia occurs than is t.he pepsin digestion .u..ethod. 

Ji'or this reason 1 t was not used in the present studies. 
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III. METHODS QF. EXAMINATIQ!f Ot> 01!,. SAMPLES• 

· Iogine Y!J.P• _ 

The iodine value was deter""1ned by the \71Je method, the 
l 

r time ot contact being one hour (30). 
' . 
l~oo1f1pat1on Yalut• 

thie was determined by the A.o.A.c. method (5). 

Jlpa.apon~tja}Jle r.atyr. 

The procedure followe4 waa that recou..mended by the 

1Society of Fublic Analysts' sub-committee on the determination 
l . . ' . 

'ot unsaponifiabl~ matte~ in tats and oils (216). 
l 
. !!t.l!nin..A· 
t ' I . The vitaudn A content of the oil was eiiti,.nated spectro-
1 

; graphically ua 1ng a lUJger E3 quartz spectrograph in con-
. . 
~junctJ.on tdtb a aeo~r photometer. ·- Qy£1.2-hexane was used 

'as a solvent. Tile det.e.rfuination waa carried oat on the oil 

directly and not via the. uneaponitiable matter, since io. all 

;but a few cases the vitamin A content ot the oil was ao high 

.that extraneous ·absorption at 328 mu could. be ignored. 

I • 

The· rasUlt.s are expressed u E~:.. 328 mu.. In view of the 

'Wide ·dit!erencee o.f opinion as to the correct factor for con-

·v~rting E1S into I.U. per gm..·, this procedure was considered lcm. 
~moe1. satisfactory. ~~ere it was wial.1ed to calculate the actual 
I . 
- . 
~percentaae ot 'vitamin A in the oil (tor example in the calcu-
, 
,la~1on ot the ratio vitamin A : total unsaponifiable ·matter), 

'use was ~de of the eonvenUon Ei:m. 328 mu = 1600 for pure 

. vitamin A (page 14). 

Vitamin Q. 

The vit.arr.in D content ot t.he Oils was eat1Jr.ated biologicalJ..y 

using t.he 'line teat' method. The pr,:)'eedure described by 

.Coward (48) was followed. The rachitogenic diet used was 

Steenbock •s No. 2965 (239). The length of the preparatory 

period was. 21 days, while the actual test pel'icd was 10 ~fi¥8• 

Tne anlmals were_ not dosed daily, but. were given the complete 

dose at the beg1nning o:t ·the ·curat.ive period. · . A. &llall 



FI G. 2. Fai lure of Line Test. 

Rats which had been reared on 
Universi t y Stock Diet A. 

The r a ts were a l l from one litter. 11he doses 
of vitrunin D given were: controi, B 1.15 I.U., 
C 2.3 I.U., D 4 . 6 I.U. , E 9 .2 I . U., F 18.4 I.U. 
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1'4Dd1tic&\1on •• 'tllt..roduce4 ill tb.e tnataeat. ot tbe bo.Ota for. 

the re.Uio.i . ot ca. l.irl6 t.e•\· '.rae rac11u · ~ t.he ul.U.. · 

were .not. aepvat.O. .00 uut aa deecrioed b7 Cowar4. ID•t.ed 

. bot.h.l:toaea wer• wt. lOI\iit.uciiUll¥ iA one oper&t.ioa (i'.tc• ii) • 

. fhia ~t4ure wu toi.Uld t.o be •twpler than. COW&r'd•• while the 

aect.ion. obtait.le(t in t.llit •&~ pve uac\l.t \ba • ..., p.lct.ure 

on 4evelop~Milt,. 

!b.• no.rcal ·~ ·41•t. qt t.M rat. eolo01 ot tile 

ueputullt ot i~aiol~ \;Jt.ock Die" A) hU \he toll.n1:rc 

eoatpOaitJ.on: 

Mealle aeal. au 
SuN& aroW2t! oat.a 32fi 

L\lCei'M' •al Gi 

.thMWD brm &i 

. P•ilULlt, Mal . 6~ 

Liueed &eal. H 

rta.b Mal lOJ 

oat. aera •at ~ 

iloae •al lS 

Co4 liv_. oU as 
(C.. • l.US1 P • o.Si., CiuP ra\:lo • lMtl.) 

As tlli.a -41•t. cont.asu ti ot eo4 liver oil, it wu prokbl• 

that. it. would be w• r1cb 1a Ylt•ia u for ue u a stock 

diet tor a.o:lul.a required for vit.Sa b aa•8¥•• BeYart.beJ.ua, 

tor 1.he a~~ eonvenie.oee ·aad alapl.1c1t.¥ 1.11 tJle ~eaen\ 

ot \be rat. boUle,. a 91"eliat1f\1U7' &t.t.etapt, wae ~ to u• J'OUQI 

rata rean4 ou t.bU diet. £or aaaa,y pvpeaea. l'he tea~ wu 

carried on\ u ducrfbt<l above and ill •U a 11~\era, <.ftl "'ta) 

w.-. uee4. J'.t.pn 2 1a tJpical o'L tbe reaul. ~ •ll)&1U4 ~or 
ftr. 

t.be l!De t.•t. 1A ~1• atr1••• ltr &n0\114 be ¥t.4 \bat.. \he 

control ebod AIOde.ratel7 •uere ric.&ew. 1a t.10 oaa•• hoveYer, 

wu a 'lin•' obaene4. Inateld, aoa\ Ut.t.en ahned a pro• 

areaa1ve narrowlaa o~ the ne:h1t.1o •tal*Jaic wit.h inveaai.Qa 

. do••• ot v1 \Mi.Q D. 
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· Bild.l.U" naul'\a have bHn report.ed b7 11a0.y worura. For 

Ha~qple 1 1n an .;arl.; accoWltt or · '-'- l1u \eat., Coward (49) 

state& 'It the 4.-e ot ric~ew hu bttea aev*" --- e~ei­

fieation r~e• f~ a ••~'¥ l.t.lr~ow line ~·· tJUt Mtap,bJ'aia 

0:! the rat. o.n t.be l.owaat. 4oae of' vi..,.ia u t.o a t.hieter l.1u 

on the hi6h•r 4osea ·--- • U tAt 418•• tl rJMth h•e IJIIA 

1•11 IIYW •• flht mt t.AN.Y:tlt '•~ l•u 1141 uo . c&lc;1tit'"aa 
!Ck\111 J.x Ma'u · Air tAt 1'111 . .»t , tbt ~All ltala.IIO MhP4 1 1l}sQ 
tlat •t1.1PU:til WKU ilJt lUt at tAt t.P.iP.Ill.IU• ' 3M 

further repro<luce.a cwaera luc1c::ta. draw1JI&a o~ a. liM teat; or 
'\hia t.vpe and. 't.Wi•e fora a etl"iea whieh olonl.J .raa.W:.lea 

that qbt.ai.l.led iLl the j)l'8-s6At atUI.ll••· Bo\lrdilloa ., al.. (11) 

al.ao repo:r't ease.nUall.J tile a.- uper1eao Ud the7 t.M eveu 

that 1t.b.ia ia onlr coa.ou. 1A ll ~"\.z-• where t.he 4evelopae.nt. or 
·riCkets prior to doaiQi aaa beaa ~erfect.•. ~be ta~• 

t.o &et a aat13tact.ory l~. -t,eat, 1.n tAla ,pre~ \rial _, t 

thereton. be direo\1.,1 att\ribUt.ecl to t.he h.1ah vit.aaia D eoaM8t. 

of a\Oc~ diet, A. 'ftl• v1t••1D D ru•rv•• ot \he .JOUIW ft\a · 

nra too .h1ih aDIS cou•.,.\lenU, • &1.\M.,n tll•J' 4.-ftl.opecl dckata 

&tt.v three •••ta oa tbe »Uhi~ie cliet, 1\ waa no\ anan 

e.oov.P, tor.• aa JlcCoUQII at.· al• (111) polat.et •u.\ ia ta.ir 

. ortaiDal aecrip~ioa o-r tJ:ta l1tl.e t.eat, it. 18 eaaeat.1&1 a\ '&.be 

ell4 ot. the preparator7 period tllat the epipbyaeal ea.rt.llA&• 

u.d. metapb.rad.a ahoul4 be caloiGa f'ree 1 i.e. it 1a ao\ eld'tiet•t. 

&arely to i)I'Oduce rick.e\8, an e;cauer•ted tora ot nor14 rick.eu 

aat be calt1aed to develop w1 thout tail. 

Ae. st.oci. di&~ A wu t.hua w.uui table tor Ue pnaent. WOJ'k 

an &l.ternat1ve atoek diet tor t.he nt.a HQ.u1r4td tor vitamin D 

aasay hatl to be flotm4. .rortuua\el,y Wa waa Gt tw te auk. 

1'he BiolopUl Conwol Laborat.oriea et \be UAioa Realt.ll Depe\­

•nt., cape town,· have bee.n carr.ti~~& out. •1t.aia D ••aa.t• tor a 

lltlllbar ot 7eara and bavo develepe4. a ea\1atuwr.r awc.t. diet., 

tbe eOJ;llt"oa1t1on ot w.bicm u u toUowaa 
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Roll~ o~t• 63S 

eaae~ 201 

Bird "*' 101 

Dr1e4 yet.flt 51 

Salt aixtur• · 2S 

( S\eenboelc •• .WO. 40) 

Thia diet· {stou ditt I) waa, the,.erore, uaftd lor tur\!ler 1f0rk. 

1.-otua.llJ' 1 t waa n~t ~oWld aeo•aaal-1 t.o rear a eeparate coloq 

ot Pata tor asaay purpo•••· '!b1e was a cona1derable adYan• 

t.ap aa tbe rat• 'bv.S tar bet\er 011 di,e:t A than on diet B. 

roq .raia are not born wit.b l&rS• reeerves of Yitall1a !l ••• 

1~ the mot.ber'• 41Gt. i~ rtch in U. vt\tadn (8J.). Vit.aabt D 

ia ~ered ttollfttla.t-. aaore r•ad113 via the atlk, but. even 

troa tbitJ aource ~· 'i\UQ1t.1 t,- itt net. tJut'£1e1ent to s.tt'ect the 

deYelopa.ent ot rieute latar ( 118}. 'fbe ,10\l.flS tirat. begill to 

bu114 ·up signitleet ns•nes ot vit.adn D 4ut-1-s t.9 latter 

halt of th• suCkling P*~iod wh•n t.bef" e tart to •• t, 1;h•lr' 

;mother'• too4 (117). fM proefldure .Sop~, ta•r.fore, n.a 

aa followa. Fe.mAle n\$ ~e4 tor attfUll PQ!'pos•• ora td oa 

diet. A during p,..snaocy and tor Ule tlra\ 14 d.qa fd la.cta.Uoa. 

At thitf at.age, J..e. Juat bd'or. the ,-ounr opu t.heSr e.rea, 

41et a was aubet.itute4. · After weaning the J'OW\1 rate were 

, eon~1nued on ct1at I un\11 tb•1 ••n heavy •nough to be put oa 

to the raeh1 toaen1o d1•~· U•taa tbia t.ecbniqlle, •eYere 

z-1ewlt.s 4evelo.P*d in 3 wata . aa4 a aat.istaetory liM hat wu 

al.Wqa obtai.Qe4. It, llae been toun4 b¥ ot.h_,. 1r0rken in 1tM .. . 

De.pu-tlaot o-r fl\.yatoloa:f t.bat a -~act..oi'T line teat. ean be 

o'bta1ne4 ill rau Ha.red. OA stock D1•t. A tf the P"pal'&t.or7 

period ta ••teD4ed 'to· 4 · ... .u. UDdv t.n••• eonctl t.tou, Ut• 

v1t..1n li re•enu of the J'OUJtC rata beeo• d•pleted U4 s••ere 

rictete d•v•lop•• Th• t.rutaea\ deee1be4 abn'e, 1••• \he 
. . 

1llt.roduct1on ot diet B IUI4 the U8• ot a 3 ween • ~.,ara:t.ol'7 

period., 1• aaot"\er 804 waa, tberetore, prefeft!'e4 in the pnau\ 

... lit. 
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FIG. 3. Dose-response curve relating 
healing of rats of University stock to 
dose of vitamin D given. 
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a o.ltogetner &bout 20 vltamn:.. uai\ja wer-e contu.plat.ed 

and as. in most casee, tbe approxirt,at.e raqe ot pot.enq ot the 

oils wrus knollAt eeonoa.y of labour ana. ot animals wu eft•cted 

by censtru.ct1~ a tiQ£e-reaJ;.o.nae cur;,e. fct- tbis ~urpon 1.+ 

UtterS' or rats "eere used,. one rat in each lit.tu rto6iviq' 

o, a.s, s, 101 ao bJll.! 30 1.t1. ot Yitamio. n respect.iveJ.r at- the 

be~innir~ of the teat period. the curve ottained ia .repro4uoe4 

in Fig. 3, while the d<ita on •hich ~1. ie b&ae\l are aU~WRariae4 

tn Table 9. ':hi a erirv~ was· then used in au the .... 417• ill 

t.be .cxlalme:r fleaeribed b.r Coward· (48). ., 

%SIJ4 1: . 

Averap valwt ot c.tesre• of healS. ot rata ree.eiv~ 
one dose ot vit&llii,n D 

,/PI Ul J I ... td /'-:: I I 

" Li\ter' 10 c:Joee 2.5 I. u. 6 t.tJ. 10 x.v. ao x.u. ao :r.u. 
48 - 0 • 3 4. 4 

49 0 1 .. 1'/a 4 a 
ao 0 0 1 2. a· 3 

61 0 0 •;. l•t. 3 3 

• 0 0 11/a a .. ,. at.;. 
• • 

68 0 2 1~/a 4 • 4 

69 0 2 3 3 3 • 
iO 0 l. 2 a 4 3 

61 0 0 l"/a 3 a 3 

62 0 l 'Ia 11/a s 31/a 

63 Q..wq 2 •• a ' .:1 - I I IT 

,. 
.A'Yenge 0 o.sa 1 .. 88 :c.aa 3.32 3.48 

~Toot of tll6 Fe11@lll t,y of tb.e reault.a ot t.h• vit.•:S.D 

uaaya oarri•d out. in the pr•eent a~1·•·wu obt.a1ned by 

the co-operat10D of' IJ.ro. H.A. Shapiro ef ~ Union Heal\b 

D•partunt. who ki.Qdl,y eonaented t.o cbecit the at••¥• of' · 

certain aamplea. 
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111/lim!JAM aom · .mtiQAI ElM M ur<\i«!U 
· QL_f4%.fMID A AIQ, DJ 

· Tbe atoc~iab 1a very _cloatl¥ related to· tt. Jrortb. · 

A\l&nt.1e bat (lferluc.ciu• YuJ.aar1a). G1~chr1et {87) eoa-: 

ai<Sera that the t-. •.Ptc1ea are ideat.ieal, but.. accordU:aa t,o 

SoNaD (200) th•s 41tfar_ ia aaweral iaportant. urphol.Oa1cal 

charac.ter1at1ea. the atooktah :la &l.M aUle4 te JfUllleeiu 

.a•71 Which ia k.n.On aa ·the •p;qlid 1 hake :.ln ~·· Z.al.ead . ~ 

the j)uca4a 1n ChUe~ 

F:rom t.ha c011aercial poin:t ot v1n, t.a• · aweki'ia 1a tile 

aoet iraport.ant apee1•• ot tiah. LitJ4e4 1A 1ihe tJaioa. oa tbe 

ayerage; about. 20 million pounda or awctti•.b a-. l&n4a4 ••err 
year. fhe ac\ual f.taur'•• ~or the Jea!"a lhi-D38 a.r:e &iQD. 

~low (rablt lO)J ow1J.1B to the wal* later ataU•t1ca are aot. 

available. 

%AI':I.JQt 

t•n<&i.qa ot 1\i•thll.ln t.bt 111.1Jla. lliH.• lUll Ctls 

Ita . Qa&G6P 1131 
lt3S 11,100,aao D· £124,&14 

1936 ao,a:;?, 188 llh tlai,-M& 

1831 . a ,616,880 11,. £161,?19 

1»38 h,Ot&,?G lb. £la&,32Q. 

The at.oekt1a.b te ~W¥1 all aroUDd the .s.ta Africa OO&at. troa 

flalv1a la8 oa Ut• ~••t eout. \0 at.al. oa the aa.t.. The ••t. 
iUlportarJ.t. fiah!Jta po\Ulda are those on Ule weat, cout, where 

unliad.t.ed quant,it.tea -., t. procll'nd at au t.iawta o~ \be ,...,.. 

All 't.he aater1a.l •••1M4 in. \he preaeut,. etuaiea cue troa the .. 

Sl"Oun4a. Ia ac.tdl.Uoa, coDa1derable qoan~1Uea ot •t.ockfiab 
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an &lao taken on the ft.£Ulha, Bank an4 ott Eut London. fb.e 

uount. caught on the :·ratal coa•t, bowev•r 1 U n.egligibl•. B7 

taJ! tlte great••t. proportion ot 'the fish landed. is oa.ught by 

the trblus operating at • .aopth ot 40 - 300 fa'thoaa. 1ft 

t.b.e pre-war years the lamU.D.ga o:f tnwl culusht tiah :aMwed a 

•taad.Y inCreue ;rear attAr 3f!&r at a reault. o~ the gradual 

fP"O'Itb. ot the trawlinc f,leet. TU !Dahore t'1.ahu-1ea onl)' 

aecouat for about. & aUl1on pomtda ot atoektilh a :r•ar tUI4 thea• 

ar• IIC.at,ly aaall tlah. 

a.cauae ot 1t.a couercial ialportMJ.ce, a a~y of the 

oil content. an4 vi taiA A, lil.rX!. D potency ot both t.he 11••• aD4 

intest,ine of the atoctttah vu one ot the first obJ•ct.s ot tbe 

present work. A short otudy ot the oeuonal variat1ou 1n 

the 7i•ld and Vitamin i1. pote.tlC)" Of ttl& live%" OU had al.s'•tau!y 

been Ji.i&Oe by liolte.no end Rqaon {190.). thie work has be•n 

repeated here and ext.eoo.ed to 1nclu<le 1ntonsa.t1oa oa t.be •1 taaSa 

0 potenc,J o~ the o1lat a co.eplet.. eaaso.aal atn4,y ot tth• iataa• 

t1nal o11• haa also been made • 

. 
the liver• a.nd in~:.tt.iniila e.x&~Jined "" in all casea 

taken hom ti• o~tt on· tne west. cout. The tiab were 

gut.ted on board the 't:I"Dltr an4 the liven or viacera ••r-e 
placed ill 4.{""'Balloa t.iu .·ed kept. oa ice unt.il. they ••re 

deUvere4 at.. the tJatv•ratv ~ Ae tu 't.I"Uler• opera till.£ oa 

the•• goUD4a are onlJ' &'A¥ tro~a port tor ~ 4qe at, a ttu, 

t.ht at.eri&l a.rrive4 in ex.cell..tnt. oond1Uoa. The Uvera wen 

treah and f'ir.a and t.he viecera, al tl\<JUab thy tAnd.cl to wdeJ"JrO 

I ' .au.t.o1J'•1• -.ore rap1dl.J' Ulan t.he live•, .. r • .o.everta,eleaa alao 

1n a eauataet.oq et.at.e ot preatrwat.ioa. Po:r t.h4t •XMj D&\toa 

ot t.be t.nt.a\inal. o~l, t.he total. vi•era.exoladiog tbe liver 

were brollfh~ to port. u4 t.ha inteet.in•• ••n removed, tree4 · 

tros ad.h.-irc ·•••n"17 -.o1 c;l.Mafl4 ot Uleil" contanu at. ~ 

U'DiYeraitJ-•. In \he a~dktia, t.U nlorio caeca .n a $A 
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end of t.he _ inta~tine. In the ;resent work, tbe 'int.eat~in• 1 

11-'U, therefore, t..a4eu to i!lclude both t.he pyloric caeca and tile 

inteatine proper. 

ror s.cpleo obtaine~ in t.b!a lf&7 t ;10 1ntorMt1on was 

availAble ~-to t.he: weigh~ am et>nd1tion of the f'iah oon-

cer.necl. The livers examined t.brl)Ughou\ t.n••• at.Q1tl1es, however, 

were ·veri unitorfl in aae ao ·that the size tactoJ~t haa 11 t;tle 

influence on t.he result•• In th• oue of the 1nt.eat1r.tea, 

a wider variation was encountered, but tb.ia -.as n4uetd by 

£elactwg as far as possible only the 1ntest.1nts · ot the 

lar.aer fish· 

In Ol"<ier to c tud.¥ t.Le lllflue.ace of the aize of t.he f1M 

on the vita&in A potenc.r Qf the oil, and alao to deteruJ.ae 

t.he percentage b4( tweight of tlle di£fereot, organs tn. the f!all, 

a nuii.l'Jer ot ti~b were brought aahoN ungut.ted. Urd'ort.uaatel.¥ 

it was found t.b.at under these o:J.rctmts-tances the v1ocua, 

1nc1Udins t.be liver~ te~ed to undere,--o aut.olyai• .such aore 

rapidl.v than usual and the experiment ·had to be repea.\ed 

aeveral times betore the 1nt-wmation requlft4 could be obta1M4. 

l'he rflaaon tor tbiri behaviour was not olear u kiDSkllp lumdlea 

ill exactl1 the sarue. wa; a..~ived in partec'\ _ contlition. 

By t.be eourteay ot Dr. C•J• Jiblteno, a. .mlltber o~ Stillplea 

of livel'" oU ve~e alao obUdntd Whieb had been extracted m 
a pilot. plAnt fJ"'a 100 • 300 lba. of liver-. 

iUitHSriQD ct Qi,l• 
ror u. utraetton ot the livers at. the Un1vere1ttj •ttber 

etber extractioa or pe.:•ill dij(ea'\i.on wu used. l'he saa-:uplea 

- obtained traiL nr. ii)lt.eno were elCtraeted by allteli digestion 

fo-llowed by c·ant.ritUiiic&• Xhe aetbod o~ ex.trut1oa ia not 

conaidered ~ have ·flll:T influence on t.be re$1..\.lta ob~4 

1 t. has been anotm that in · eaaea au.ch aa t.lli•, 1. e. •hera ttl• 

materiatl 1• ~raab and 1Jla oil content. ia hiaht al.~ \br•• 
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error. 

Unles$ o~1erwiwe st4tua, the in~•stinal o11a were al1 

~lxt.ract.ed b¥ pepsin dic.;eat.icn. 

)l~·n4~PC i! Qila fO£ LUMiA D Ml9• 
It wu not poseible w do vi\aain D aaaq• on a.l.l the 

oils extracted as neither t.be tille nor Ute anilaala were 

available. It was, t.heret'or., MCesaarz t.o blend t.be aa.plaa 

ot eevera.l. eonaec:uU.ve montna tor eaeb aaaa.y. For t.hia 

· pttrpoae t.b.e oils we.re iJ"Oupld aa tar u JONlble oa \be buSa 

ot tileir vi t.aain A content on t.be uauapt.1on t.b&t, seasonal 

variu.tio.ns in t.be vi \.a.&M1n D potency of the oil woul4 be 

parallel to eh&ngea 111 the vitamta AJ the oil content. of the 

livera was &lao taken into accoun~. Thia prooedur• waa 

tollowed1 not. on~ 1n the cue of t.he at.oc~iah, bu't. in all 

the other fish aa well. &here,. u 1A t.ae cue of t.be at.oOk• 

fieb and kin&kll~~ livere, the vuia.t.ioms in ti.le yield ot oil 

were a£aall, equal w~16ht.a or the 4iftenat. -plea wen 

blended. In f'iab aucn aa the anoek.t on t.be o\her naa4, 
vhere the difference• in the oil con\ent o~ the liver are 

rala.'t.ivt.lJ' tar gr.at,er • the .ount. o£ eacll oil taken 11rU 

proport.ioJtal tAl the )'ield. Bs workiDg 111 thie wq 1t. waa 

hoped t.o get a f•ir" picwr. of t.n• avvaae potAnc¥ of tba 

oil over a &iven p•riod. 

IIIIAW!~ ~J.P4~•• ot Qllsii'M LSDE 

1'11 Jat.utSMJr.QUf• 

A cou14erable aaouut ot 1Gtonaa.t1oa uoat t.be aeuoaal 

chana•• 1a the peld aDd Yituin A pot.eD07 of a\Oc&.fUb l1Yer 

oUa 1a now available. The ttaur•• which have lMen obt.aiMd 

cover tJ:le areat.er part. ot 't.h la•t. 6 1•ara• fhe won. ot 

Jtolteno aDCl Rapaoa (loe .. ci\.) ••t-enda4 troa .~~areA 1138 to 

warch .}g381 \be preaent. .tt.u41ea coYet- t.he period septellhP 

1939 to Dec.-er 19.01 uc1, J.u~l.7, atDCe S.p\e..,_. J.i41 
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FIG. 4. Stockfish Liver Oils 
Seasonal changes in the yield of oil and the 
vitamin A potency of bimonthly samples. 
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FIG. 5. Stockfish Intestinal Oils 
Seasonal changes in the yield of oil and the 
vitamin A potency of bimonthly samples. 
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complete data on the ,yi~l1 ot oil and the vit.a&dn A oont.an.1; 

of all the atookfisL liVer$ laode4 a~ ca~ Town are available 

trom the r a cords o:r M~ss~•. vi t&ddn viJ.a ( ~.} Ltd. In 

epite of t.he. coml"rehentliv•ti~oll'a or."' 't.haae atw:liea1 or peJ"hapa 

because of it., a. clear picture of the aeasoaal. cha.aaes 1a \be 

liver oil is etill l&ck1r.ag. IntoN.~at.1on about. the 1nteat1Dal 

oil..e ot the stockt'1ab ie far less coaplet.e and t..he t·1,uree 

given below (Table 12) &re all that are available. 

The reaulta obtained in the present. at.udies will ~ 

conaid.•red first. The data tor t.he liver &tld in\ea\ina.l olla 

are a~ized in Tablea. 11 "'ld l2 reapec~ivel,yJ Ule rela\ioa­

ship between \he E value of the o1la &kd ~· iodine value &Dd 

percen~age unsaponitiable ma~ter is ahown ia f~&. 6 and 7. 

fhe seasonal ehanges in tte o1l content &Ad tAa vitawin A 

potency are shown graphic•lly 1n FiB•• 4 and 6, when aeaa 

bi-monthly valuee have been plot~ in order to &•t. ~wbal 

81l0other curve a. 

It Will be eeen thAt tn• cnanses in ~· oil oontant ot 

the liver are not &reat. :hvertheleaa a defini" aeaaonal 

cycle waa observed, the y1el6 of oil beill« at. ita .low~at. troaa 

September to l'ovember, rising to a aaxbium in June and ~A 

tal lift& o'tt qatn. The vi t.amin A pot.encs ot w liver oil 

ahowe a silllilar wend, but in tn. oppoaiw direct.io.n, i.ca. 

t.he tdgheat. valuea were recorrded troa liov..Oer t,o Janu.ar;t aa4 

tbe lowest !roa April to Ju.De. Aa tar- as t.be v:ltwln D 

pot.enc1 ot t.he oil 1a concern.W., ao •eaaoaal t.ren4 ia obviou 

troa t.be figures in Table u. The results, aa tar aa t.be.v 

go, aeem to :1nd1eate that, u J..n t.he eaH ot t.be cod (20) t 

the vitaain n content. ot th• oil reJIAina aore or leas conat.ant. 

t.brougbau\ t.be 7fiU', but. more wor.tt oa t.hie upeot. ot the aub­

Jeot. 1a neceaaar7 before aD¥ detia1~ ·~~en\ can be aade. 

The at.uc11 ot t.he 1Dt.est.ill&l. oila was not and~ duriGIJ 

the aaae year aa that. or the liver oua, but. tbe Haaonal 

cb&ne•• obaerYed were eaaenUaU.r \be •- aa \llo" deeor1W 

above, 1... t.he r1el4 ot oil ... at. ita loweet. aad \be 
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FIG. 6. Stockfish Liver Oils 
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Relation between E value, iodine value 
and percentage unsaponifiable matter. 
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16. 9.39 
10.10.~ 
6.11.39 
5.1.2 • .» 
ao.la.~ 
a. 1.4.0 

19. a.4.o 
-· 3.40 

1.2. 4.40 
19. s • .o 
iO. 6.40. 
18. 7.40 
llr •• 40 
aa. •·..o · 
14.10.4() 
11.11.40 
5.12.40 

iota1 n. o~ 
amp~ (q.) 

Bulk -~1· t I . 

tt 

'' ' 
't .. 
I I · 

' ' 1.a 
3.3 
4.8 
4.4 
a.a 
5.4 
7•9 
2.8 
7.8 

.. 1!6'1.'5 u . 

~•••gllfll X!£1atri9a• iA...tbt g11 w · VA..N' n · s:ooham 
ot 35QHIS.& W.V•b· 

~•tb.od oc 
extraction 

S Oil Iodice 
val.U... 

sap. 
value 

Vnaap. 
mat-ter • 

· Allta11 418teU.on ca. 30 161 - fd.4.0 
••• ca as l.e6 186 ~.'1? 
I t 35-40 162 18& ;a.;&tl .. ~5-40 161 . 186 3.27 
tt ca -10 l.d. - 3.63 ,. ·ca. .o 162 186 3.66 
" ca. ;f.O 163 - 1a.66 

.• t - lti9 183 2.12 
$thel' ~aa:SO• 43 164. ·188 1•76 

t t 46 1S8 l7G '2.14 
• t 50 l60 170 2.28 

" 66 149 1715 ~.36 
•• 39 168 ltu ~.46 
t ' a4 1.68 18& ~.?lc 

Pepaia 41&eet1oa 39 137 189 a.ea . ' 28 144 181 ••• t. 41 136 1&2 s.~l 

/ 

V1 tamin A V1t.an.d.n D -l. 
~» lctD.. t. U·/P• 

4.8] 
7.2 

l.?O 

l.4.a] 11.4 .. 
8.8 

14.1 
8.6 ' 

1.80 ~ 

3~] a.a 
3.4 
4.0 
6.1 

130 

6.6] u.7 
6.8 

16.1 
6.tJ 

380 

.I 
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14.10.40 

28.10.40 

u.n.4o 
'10,12.40 

16· 1.41 

a • .a.4l 

3. 3.41 

10 •••• 1 

5. 6.41 

10. ?.Q 

tS. a • .n 
u. 9•41 

13.10.41. 

. l?.U.4l 

-as-

:li.~Qv;l&J. tblrJ.titiuA&a ip iltl Oll IUQ ;i1\i!i1D kiDMDl 

RJ;· Jr\9aWatA IA\IA!rWI• 

itJ.ibt of sou IodlDe uuap. Vitale A V1ta•1o 1) 
s~le. value Ml&t.ter & J.i 
(p.) I le&. l.tt./p. 

l.BOO ~.$ 152· 23.9 . 182 

1700 ~.3 161 22.7 131 

r~ ~.3 ~· :32.4 282 

760 ~ 2.9 ·- 336 

900 , a 
~· . lei a?.a 226 

920 c c"'t6 ..... - - 85 lfOt. aore 

1070 ... 0 ~1 .. 173 28.6 266 t.hu. 

1700 3.1 lt2' lSl.l lOB 8 l.tJ.fp. 

1350 4.0 JZ6 .1.0.1· 41 

2000 :J.O .101. 00.6 117 

1360 5.0 169 .l-4.0 79 

1850 3.7 197 at.l '172 

1760 3.2 192 4aS.6 .1?6 

lOSO 3.6 181 24.2 188 
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. vita•ua A pot.eu,- a\ 1 te h11;1aMt 4ur1Jta u. •u-.r aoa\ba 

whil• till• nvene •aa true 4uriq t.Ae wint.d'• 

!he tipha obt.alna4 4urlJC 1941 aD4 184a b7 aaara. Y1tee1D 

OS.la alao tit into thia pict.un &t.d t.M writer ia yery .llUC.b 

lndebtt4 to OJt• s.a. Roux ~- ptNiaa1oa t.0 couul\ h!A· ncotda 

and dtacu•• h.ta Hau1 t.a. rhe MDtbl.7 a.ft~•• aH glven 

"belOw {Table la) are baaed. Oil the ••.ai·•ekl7 •xtract.ioa ot 

&\ leaet. 2000 lbt. ot live.-. 

ZAIII J.l• 

&~c~lh WI.KI IIHIM«' 111. IUIEfe YlYidDr ou•. 
au•oal Yl£.kY9DL.ia t.hf Q,l.CqlleiiS lUI fiY.La '·Potengy.!.. 

Ullt :JiUA. sat cw. lS 
Bl.oa. 328 111. 

Segt. l.Ml 2$.1 ?.8 

Oct.. •• 28.0 9.1 

.xov. •• 21.9 l.O.fi 

Deoe •• u.a a.s 
Jaa. . 1941 26.8 s.a 
Feb. •• ., .. 8.7 

aar. •• te.l 7.4 

Apl'il •• 31 .. ~ 7.0 

llq ... .ao.t 7.1 

June •• .33.8 e.s 
Jul.¥ •• 32··· • ••• 
AUC• •• ••• 6.0 

sept.. . .... 21.6 8.6 

oot.. •• 26.0 10.0 

De areat.ea~ part. ot \Ilia •t.eria1 •- t?oa t.ae 'llOJ"th 

aroUDda t, i.e. troa the .... ,l'iahi.JW ~ _.._. t.be .11Y.-a 

•t.U41.S b)"· the tn:"1WI"t but.. t1iiur•• tor avera troa tbe 

· ABulhU Bank were alao 1noludt4 1A tile •ntb17 •••aa•• •• 
thaT ahond exact17 t.M •- range o~ value•· !.b• llY•r• 

' 



-·t:l .. 

were utf'aete4. by alkali 4tsest.ion followed ))1 ce.n1'..:ritue:1D.c 

and 1n all cun the yield ot oU ne 80-90~ ot the t.heoret.ioal. 

The I valv.e ot tile oil waa 4etti'Jiiu4 by a ltil&er vi t..a.a-.ettr £• 

IIQte agaia ·the oil eonteat ot tb.e Uvv wu at. 1ta loweat 

· aurs.n, the ear]¥ auael" .&aontha atJ.d at ite ll1gheat dw:'iQS the 

wint.tr; u bttore·1 the rnerae waa true for t.h vit.aann A 

po\lllcy ot t.ht oil. 1'he ch1et 41ft"ereace betwMn thea• 

Mltllt• aa4 ~oa• obtairl.S by the wr1 tAr U that. in l.S42 the 

lowe~ valuea tor \he vitamin po~o,- ot ttle o11 - and, 

coa..-ersely1 the hi,peat. riiUI"•• ~or the Ti•ld of oil • were 

recorded troa .r~ t.o A.u&ua t, i.e. ra\.htr la wr 1n tbe you 

. tbU in 1940. PU'tenneea of \.hie uw.re, b.o••ver, ar• w 
be upect~ed, tor 1n no two ,-ear• are the aeuou uaotl7 th• 

aara. 'thia hu 'bfen obaerve4 not, onl.7 in the can of 'the 

atocktiah but. alao ill al.l tn. other •.P•ciea b.Jndlt4 in ·.~ 

preae.t wort. 

fhe reaul ta ot llol t.eno 14d. Rapaoa, oa tJle otb.ar ~, 

are fa%' .-ore ditf1C\ll.t. t,o f'lt illt.o tbla picture. Their 

&ita oa the oil content of \he u.-er are ratl:lar acatt.ered 

and 4o AO't, ahow arq- 4efin11.t tftll4, lJQt. t.ll" '91~1n A conte~t. 

of \beir oila abo•• a well•datine4 aaaaoA&l c,ele. rhea• 

authwe,. boweYu-1 record the lcnrea\. valuee ror t.lle Yit.uirl . 
cont&nt o~ t.b.e o11 dv1nc Februar;J u4 ~h. widl.e tbe aoat. 

pot.ent. eiu ware obt.aine4 t*roa _., \o June. In other •ordat 

t.M1r uper1enc;e was allloa'L ·t.be rever•• ot tha\ 4eacri.bt4 

aboVe.· Thie 41fference cant.lOt be aecounted ~or •.1· U1 

: dittenACea in the tiabf.Q& ,.roUD48 OJ'· in tbe aae Cl"OuP Ot 

the t1.8h u \he lJ.yezoa •x.a•1nt4 al.o caae troa tU aorth 

grouah aDd the fish ware ot t.lle .... at•• aroup .. thoa• 

bandle4 1>7 t.he writ..r. Beitber ta it. likel¥. \bat it, 1a 4ae 

to any. aaplia.t er'Hr ae tbe aiae ot their a.-plea .(&•80 q. 

(188)] ... , oa tbe averap, conaider.Ol7 cnat..r \ban taeae 

ex.udned in \be preaent. WOJlk• f"h••• naulta auet, t.Mret'ont 

be tuan to" repreautatiYe o~ \H .oeh&Yiour •t \he. atoot:tia 

on the weat eeaat 4Ur1na 1938 aas the ear)¥ pan ot 188. 



a expl.anat1on of the seasonal change a in \he 11 ver oil 

at ta. at.ocdisb caD be. offered. at. preaent. It 4oee aot 

.•P»-~ likel¥ that the aexual C:30le pJ.a¥e ac .~rta.ot. ·~t, 

1A theft OhanB••• ACCOJ'dihfi to lllrnare! {10) t.b& etock.fiab. 

apawn trom Jolf to oct.ober and tM 'liBUH• tor the lancU.J'l8• 

. ot ripe roe b.Y the trawlers aupport. ~hi• view. 1'11• oU 

content of the livePa, howeve, rea.cnea a -t~Stdlllltlli rather 1&\er 

in. tile year \ban tbta, eo that 1t ie dit:ticult. to expla1A 

tA• reetJ1ta uUrely in terms ot the etteet of ·~na on 

't.h• t•t reeervea . ot the tie. 

&n4 o'E t~ vi"r 1n.d~cat.a that tbe:re ie aa increase in t.a.. 

Yitatn A conteot. ot the liDrt u d.iet.inc.t troa 'tile liver 

oil, during tht• per1odt t.hia ls uao dit'tieul.'- to reccmeU. 

with the U'ttcta ot 8pawn111&• Jrevel"'tbel•••• it. ia poaaJ.ble 

tba.t. the eexual. cycle doea hava •ome tnfluaace on t.be oil 

content. &bf! Yit.•in ,pot..ac7 ot the l.inra, n\ 1• onral4owe4 

b7 •o•• other t.ctor. 
It. ia alao .not possible to s~q 1lo'W tar the ••aaol.lal 

change a in the liver oil are rel•ttd w . the toed. o,-ole. !he 

diet. of' \be larger ttab oo~e:tets ebietl.r of rat t.~to111J 
' . 

( Atacnrue •PP•) while tJte Jl'.OUili etockt'lah feed fll&inl7 OJl 

•trUl• (£uphws14a). Bot.btng, laowever, is knoWn ot ~ 

seaao.nal varia.tlou 1l:l the a.b\.uxdance of the tood. 8UPP17, 

tiOr ue arv data on the oil con ten\ or vi t&aia potenc.t o~ · 

thea• spec tea available. further at-udiea on tAe • toc.ktiab 

are ihua Mceaaar,.. .Part of tbe tatoratioA ne•4.CS will 

be auppli.ed 'Wi\bir.t the aut ~ or 4 7eara · trom the reco~• 

ot t.he oil -content an4 v1taain _potenq7 of t.h• ltnra proc••••• 

.,7 »:•aaa.e. YitMle Oil.t. From the.ae f.t.sur .. it. eholll4 M 

poa•ibl.• to gat, a tair ide• o~ the 41!1'ennc: .. 1a tae Huoaal. 

cb.ana•• ti.'O& 7•• t.c ¥•e.. At tbe .._ · t.iiNt wor.c oa tM 

· a'b\Ul.6ance, fat. content,, vitUin coa-.ellt, etc. o~ til* too<J. 

aapplJ' aboul4 be underta~t•.n• n.a •hen COIIJllet.e data on all 
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the dif'ter.nt, aspects ot' the eub.,ect. uoe availal).le, it.. 1M¥ 

. be posaible t:> builu up a. aattafactor..J pic:rt,UJ!'• of t..lle int'lueDCe 

of' the vartous factor, on the oil C:OI'lt.ent a..cc1 v1tuitc pot.ene7 

ot stocktisb liver aQ(l int.ea\tw. o1la. 

;iAt.uenge Qf .,Ull Jil•• .A,. t.bt M'iaj) o.a SAt 

ilt~~io 4,liii£!11.Q( $At L1JI£• 

the influence of "&be aisa ot the tia.h on 'Lhe weight. o~ 

. tbe l.1vena and tJle ¥1ald Of Oil W .Y1t8il'a1n ,\ 18 SiYel'l in 

fable 14. Thll f iab •xallinjd hare were all . caught. in the 
. . 

aa£te haul. ntey were brought -.ahore UQgUt\ed and. ••re 

Qiahe4 an4 clean.ed a.t. the Un1vere1t,y .. 

wu ... , 
Sise srou.p. ao • of AV. n. ~011 .a V1\U!n A 

.fish. livera. . lea. r.aen••· 
• IJ • d •• -· · ... Qt l£Df• 

0 .. 1 lb. 1? 12 ... 40.3 3.2 7 •• 

1·3 .... 21 24 ... 41.3 3.4 81 •• 

3 ... 6 •• 8 ·68 •• 38.4 6.1 8ft .•• 

6-10 .•• 9 93 •• aa.a ••• lD7 •• 

10-16 •• 7 221 •• .3?.3 ?.2 3?2 •• 

Th••• reaulta ilJ41cata \bat the stse ct the t'ieh 

baa li t.t,U influence on tbe oil ooa.tut of t• l.tYel". 

On tbe o\ber haaSt the rit.aam. A potenq o-r the oll t4n4a 

t.o_ U:acreaae •1th inenu• in t.he we:.t&Mr ot ~· tip. TA1a' 

i• in a&H.-nt with t.lle ~itxUnaa ·~ other workera, £or 

UMple Lcrvem tll?) ·and. ha~•¥ (2U) Witb \he halibut., 

McPherao.n (182) -.1 th the BftfoQDCll.cd cod ard Pqa1•7 (210) • 

Wit-h the BPiUeh Coludli& gre,.vtte. The 1ncNaae .ift 

th• Vitaatn A l"e86M'.8 ot \he ltvera of tilt b:la&e~ .st011k• 

t:lah 1a very •tr1ki»s aDC1 t.enda w auppon tb• 'tbeoey t.b.at, 

1;.he v1tu1a l\ 1n fillb. llvet• 1e th• nanlt ot Che ara<tual. 

-.:cwaulat,f.oa of 'Ule vi tamto p:r ... n~ 1A the too4. 
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~rsit' Jmpartwt Qt ~\os:"l.'b ~.tt.vtr 

~-l~tatiDalJOlll• 

.The production of atocJttiah U••r oil in ~tb Atrioa . 

le ·of ver.t cou1atr*ble co-ro1al 111port.ance. M MJ" ._ 

aeen froa 'lab~ 16, t.ne l1vera conat.iwt• nUShlJ' 4S ot the 

ltei,gJlt ot t.ka t'1ah ·aa lall4e4, 1·•• ~headed pd. pt.ted. 

ltll=latu:l .~Y.. ft:labt; Q{, lbl 11tct£1lv.OJUDI 

tr.\b •. §~~~, ... 
QD lhtU1.4iiA 211 iCith H :LinQd 

Read 16.7S 22.1s 

L1Ye .. 3.2$ 4.as 
Ifttta\iM l.OS 1.41 

stoaob 2.4S a.ss 
Qou4a 1.es· 2.21 

Proa these ttsurea tt aq be calcnlat.ed that neat-l.J a aillioa 

pounda o'L atoext1•ll 11 Yera are avaUa.ble tor ezt.racUon 

annua117. the potentiAl otl ~ion ia thua ill th• 

Mighbourboo4 Of 30;000 gallona a. )'*Cir• The o111 which 

' le ex.tract.ed by alkali' <li.i••t.ton et tbe livera, f.a or good 

colour and h&8 only a slightl.¥ tiah7 t.ate. Ill vitaaia A 

potenc1 1~ 1a -rar cuperior ·t.o th• averag• eod liveto oU, 

but. 1t.a rttWA r> cCUltent :1a relAtively low. Ill 'Lbe 

municipal cUnics 4Uld walf'an centrea tn tb.i• eountr.r • at.ock­

f.t~ll liver oil haa replaced ~ ·eoa· Uve~ ou. 'file 

bulk of the oil produe«l • howe••~, · i• ·~d r.t.n<l auch ot 

it. aoea to Merica w.b.ere it, u uaa tor the ~atactve ot 
e.oncentratea. 

So. :tar 110 at-t.•ap'L baa been •ad• to exu-act tbe· 1t.ltreatiaal. 

oll.. lh1a cont.a1ne, on the averaae, 260,000 z.u. ot •1taaill 

A pe~ sr• &ad 1a a ve'Q poten'l. aouroe et U11a vi t.aail'lt iM 

vi \AidD ;) coDtAr.lt1 oa tlla oth•r hu41 ia aell$&1ble. Beoauaa 



ot their l.o• oil content., the ut.raction of t.be inteatinea 1a 

• ma.t,ter o£ a®le o.it:fieu.lt,y. the beat ..atllod of' trea~t, 

· would prob.ably consia t, ot alkali 416••tion follotted by 1i.be 

addition of • solvent oil eueh aa ~eanut oil. Alter~t1••1T• 

the livers tJlO. 1Ata.;.tinea could be worked up C.Oget.hel-, t.ba 

li~er oil fl<:till6 aa a solvent, for thw vi t.Ulin A ot tbe 

i.(lt.estJ.nea. Bi t-his meane the 'f1t.am.in A pot.ucz o£ th• 

liver oil coald be :lnoreaae<J. bJ; a~ leut. 60$ ana 1ta value 

-~· than doubled. 

\ 
\ 

/ 
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I\ is eculYEln1ent, to conai4er t.be k1Q&dip next, for, 

not, onl)" doe& it rese~ble the ato~t"iuh in lt.e b.•bit.o., but th• 

llvera of the t.wo u~·eeiea .are alao vecy e1Jnihr 1tl their oil 

content- and in tb.e Vi t..1iitlio A atld :J pot.encj ot the oil• 

T'he · itingitlip belonaa to the ta»dl¥ Opb1411dae. Accor-

ding to Barnard (lD), it, u ver"J •LU.lar t.o Gen1pt.eru.a 

· bl.a.codee (Bl. ::iehn·) 'Which io to uno in 4;.usatralia, Jtav; Ze&lao4 

and Chile and .a detail.e<l c.eAlpat"1ao.n 01 . the t;YJo S¥eC1ea Jl'iight. 

prove ~ S,tnOnomous. l'b.e kiogt.lip 1a OJle of t.t.e t'ineat. 

tood ti8beo o:f t.he Cape and is ot OOl~iderable c:o~ercial 

~portance al. tJlough the annuf.Ll, l.t.nditltia {Table 16) are f~tt.r 

&llaller than in tne cue of· the at.oc..tiah. It it.f c•U&h\ 

almoat •xcluaively b~· the tra.srlera, part,1cularl1 b;, tnoae 

oper&Ufll on \he w•~tr co-.\. 

.Iut QQ!o~IS¥ VIlli 

1935 1,025,268 1b. £12,118 

1936 1,117,353 lb. £J.atA6 

1937 l.,O«J,?tM ll:). £12;096 

1938 1,182,l0i lb. £18,23t 

A brief aurvey of tb.e aeaao.nal cilarJSea 1n t.he ;1el4 

am vi Ulltin. A potenoy of id.Ditkllp li•er oU wu aade 'b7 

UOlt.eno and Rapson (190). TM.a work baa .-ow bt•n re~a.Wd 

~ exteuded .'tO U.clude 1iltora.at1on on t.be vitaaia. L potene7 

of' the oUa. A e.ooJ"t. •:tw1.1 of t.he ia.,.st.inal o1l• haa alao 

be-en made. 



For . sbpling of t..Ue material &nd t.ne utt-v.etion a.ri4 

analJaia cf the oil, the sama pl"'eedure was followed u waa 

described in ~he case of the stocktish. 

lUJ t1UJ:3 be eeen froa FiB• 8 ana fro& the data presentAd 

· in Table 17, tl"e liver oil of t.he k1Jl6klip Gbowa no mark~ . 

seasonal changes. rbe 1ield ot oil varies very little t~ 

mont.b to aonth and most or the values lie between 30 and 4QS. 

The aupka collected at the end of 19:39 are exceptional, 

but tbtae ware axtracted on a se~1-commerc1al scale and 1~ 

ie iiOSaible tuat the recovery of the oil wae not complea. 

the variation& in th• oil content are rather irr-ts;ul.er and 

1 t 1• not. posaible to detect. azrt seaaobal t.Nn.S tl'o$. these 

results. en· the other hand, tJle change• in th(t vitamin A 

potency of tb.e oil 8t'e rather more marked and here tber. are 

illtlications of' a u.etinit.e ~:Jeasonal trent!. the hiJhest 

values w-ere obt.aitled cturtna the auuuer utOntha while .the lowes\ 

ttpres were re.co.rded. from sune t..o Ausuat• Th• v1tama D 

· content of t.l:.i.e oil apparently rema1t.1a constant. throughout- \he 

U.a:tort.unatelv in the kiQsklip it. Jlu .no\ been poaa1ble 

t.o tollow up the•e .reaulta. Ho COtiii.plet.e reeord. ot the oil. 

contut ana. vitamin A pote.n01 ot the livere extracted b7 

l'eaara. Vitain Oila ia e.va.Uable aa there wae 111 the cue o~. 

the atocktiah. I'.he f~Ul'ea1 aa tar aa t.Q.ey g,o t :O:Owevar, ar. 

OA the whola in Qgreette.n\ with those diacusaea. above. .Agair.a, 

the variatious in the ¥1eld ot oil. were irresulal'. Aa ~ore, 

the &o$t. pot&nt oils were obtained in Februu-.v 1 but. we lofta\ 

value• ·~ r6corCie4 acmewhat lfllter 1n t.ne y•ar, ~l¥ 
duriDg Japt.aber- aa4 octobat. 
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g,,§itWJ;llp Linn. 

UatA Total. n. ot attb.od ol sou Io41ne Gap. 'tilUJap. V1kaln A· V1t.aalin D 
MrAple (q.) e&tt-act.ion value Val.Ue •t.ter 8 1s • 1cm. 1·0·/P.• 

20.U.39 .Bulk •·:pl.e Alltal.i d ~eat ion aa 30 186 184 u.91 s.e 
a.a.u.a9 .. ' ' 15·40 .116 181 3.96 ae.• ] s.a.3f. •• ' ' 10-15 15& l.S3 a.•e 26.? . 
20.12.39 t. •• 10.1& 159 182 a.aa 21.9 130 
J.a. 1.40 t I ... l.0-1.2 162 166 3.66 1.2.& . 
11. 1.40 • t t t ca ae 158 188 3.2& 11.& ({) 

6. e.•o 6.6 . !Z\bel'/lfa,SO . 4S 15id 1?? a.~- 6.& ] 
~r 

16. ?.40 a.o . t' I ao loi8 l80 1~9"9 & • .& 110 
u. 8.40 1.~ . ' ~ 166 17& ~.Ol a.a · 
a6. 9.40 &.l .. 36 156 1~ ;..~? s.o 
14.10.40 6.9 ¥epain digea\ion 39 110 ·187 ~.66 -4.11.40 e.a .. 4U 166 183 2.sa 6.3 
14.12.40 a.• •• 30 147 183 \1.37 11.0 
18. l..4l. . &.1 t I 3e ·144 183 2.77 9.u 
17. 8.41 7.6 . ' 26 134 l.Wa ::.3? 13.4 
l.7. 3.41 5.& t • ~6 1.43 l&a ~.b? 10.0 I· 88 
7. 4.41 6.6 tl 34 145 19? ~.70 9.2 
~. 4·41 Bulk ll.tt..1Jle Aa.ali dtseatlon ca ao 140 ~00 2.36 8.6 
... 6.41 " ft . 41 163 184 ~.78 10.7 
l. tl.4l " .. .... 162 183 e.~. 10.1 

.. .i 
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The at reaul te are very a:Lmilar to. tboae ob ta1ne4 in the 

atocdiab. Thf yield ot \lilt t.h~, vitU'd.D. A e.t.d. D pot.enc7 

aDd the an~t1cal t~ea ell tall within the ..-e range in 

both l()eeiea. Further, the two· tiah ohow the ... aeneral 

seuonal uen4, i.e. in both eaaea the v1tam1ft A content o~ 

the oil, 1e •t ita lowest du.r1»a tb.e rin'er and reachta a 

· max!..rlull in \be auaar ao.n-.. the fact ttba.t the muiu <1o 

·not. ooineid• exact17 4ou aot de"traet fro&& t.he general ah1111Ui.y 

ot the reault.e u the t..wo atudtea 4o aot. cover e:uotJ.7 tbe 

... period ana, u hae al.rea<S¥ been pointed. ou\ 1t1 t.he caae 

ot tl'.\e · atocktiah, the aesao.nal ctanaes vary sllghUl &011 

1ear to year. ft.1• e!iUlarit.¥ l)etween 'the liYi!l' o118 o£ \be 

atockfiah and the .k.!.nakli.P la int.erea\tn& becau .. tbe two 

· ' ageeiea are not. eloeely related. · The at.oOktiah be)I)DiS 

to t.be faad.lJ G..clid.U ot the d1 v1e1on .Anaeanthittl whlla the 

k1D&Uip belonga to th~ di Vi81on PercCIIOl"pbi aDd 1a JiiOJle clo3~ 

relat.ed to the anou; &abelJou, •tc· than to t.ne. atockftah. 

on tb.e other ban4, the wo spectea .are ver3 ai:ail.ar ill their 

babit.e. Botb are oeep.-•ea fieh. and, 1n t.be caa. ot t.be 

livers elUIA\iaed here, both wer• c&tJ&ht- on ~· .-e groutlda. 

This au~eat,e t.hat t.be obqea 1a Ule '\fit.a£11n·A potency of tile 

Uver oU ~ be re:lat.~ to aome ol~an.p in the •t1Yil'ol'Jifbe4t. 

or the .fOOd au;pl.J which affects bo't.b ep•cua. tJatort.onatAl,y 

noth~ 1a k.Dowa about these tact.ora .nu ti.ll that. can be done 

1a to wint to 1:.hia as ~ possible line of approtlCb tor future 
' 

In tb;l.a conntct.ion 1~ :ta ala10 int.ereaU.ag t.o .note t.hat. 

in the cue of ~· ki.npl1r '\J\e .renlt.a ot IIO~tieno and Rapaon 

{loc. ctt.) bear .tJie aa.. relAUOll to tboae or t.be ta"1t.er at 

tlf•¥ did in tJle cue ot t.be at.oott1ab.. ~·•• wOJ"kers fouad 

that the vituin A oontetit o£ .i.1.ogld.1p 11Yer oil Nmained 

4&0re or lese cone tant tbro\l&hout. tbe yev excepl, f'or t.wo · 

samples uam1ne4 du.1'ini Januar• where1 eont.ra17 \.0 the .reault.a 
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ot t,.be pre..at. work1 the po\eft07 .tell abarpl.J. TM •ia­

n1t1oaa.oe of t.Aeae .reault.a 1a ditt'ic\ll.t. to ....... On \be .. 

haad, t.be two ..._,lea in quea tioa are ratber 1aolat.ecl tW1 t.bere 

18 aa tnt.erval o.t a.arl.J 3 aoA~ betore t.he aext. .-pl.et Ulia 

lllMea t.heil" ai&Alfioaace ra.t.ber 4o\lbttu.l. 04 t.tHt other llarl41 

a aiail.ar tall in the vi,aati:n A pot.enq ot at.ocat1ah liYer 

oil 1ML8 ol:NtervN dw.-J.ac \bat, parUeular period. Tbia lellda 

turt.her aupport. t.o t.Ae -..eat.1oa t.bat. in t..Ul tiu Ule 

vitruia A eNt.ent. ot t.be liver oU 1a infbaeneed b.Y U.:.. .,... 

taowr or taotora. 

l'- ia a.lfiO ot int.ereat. t.o OOIIplll'e \he liver oUa ot t.he 

Jr.1ackl1p wi\b t.boae ot t.he cloaeJ..r relat.ed .lew zealMd l.ba 
(~ lllae_,_) which bae been at.a41ecl by Shorla.a4 <H) 

(231) (232). 

Ull·ll1 • 

I Q,l. A.tL RIIIP• ~t:.. Utna'n R· 
~iap.llp 30-10 lA0-180 2-&S 6-13 100 l•tl•/P• 

LiiW (832) • 137-l.IJ a-IS 8-12 100 l·U•/P. 

Aa ~ be Men tr• ~ a, t.he J'1•l4 ot oil, t.l!le anal.Jt.lcal 

t~•• and vit.aaia A pewao.r •• aillilar in \he wo apeo:lea. 

It. 18 avpriai.Qg ~&ton t.o ti.Dd \hat. t.he v1t.a1a D ooat.eat. 

of k.ift&ltllp 11Yer oil ia OAl7 oaa-tit'Ul ot t.bat. ~ 1J1w Uftl" 

oil. 'Dlia, b.oweyer, U¥ be a aetJ.V&l teat.ure ot ~ o1la 

of the t.wo eount.riea; it. will h diaeuaaed turtb.u UD!Ser t.ha 

l'be ~~ li.U \he k~Up, ac.owa 110 -Jor 

aeaaor.wU eban&•• 1A ~ YitaNla A eon.t.ent ot the liver oil. 

Aooor4iJtc to Sb.orl8Dd (231.) t.he aipeet. Y61luee &re aleo re­

COrded durt.oa Ja•iiiJ7 and Februar7 &ad t.be loweet 4ur1ftl' Jul.¥ 
aa4 Au.sull'-• 1ft t.be 11»&, the oba~J&•• 1a t.he Y1tall1a pete1107 

ot t.he oil are appareaUJ' relaW to apawa1na whea t.ae vlt•mn 

A re....,.• are uaed ap \0 a pea\U' •'-'t. \ball tb4a o11. 
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How hi" t.hia u allo true to~ tbe &io&klip 1t it .not. poaai-.le 

t.o AJ aa M tnt ormation on tbe •Pan.i.ne bab1 ta ot \he la~~ 

are available. 

'' Shor-t study of the 1Dteat1Dal oUs hu been made. 

In trhe kitliklip tn. 1nteat1ne ia lottg and 4U8Cul.U' and t.nt 

pJl.oric eaeea vhieh uauallt nuabar 7 or 8 aN SMllt aa 1n. 

the et.oekfiall, th-. 11ntea\fne 1 WU \akeD to lnClw!e both Ule. 
. . 

lat.eatine pi*Oper u4 the PJ'loric caeoa. Aa Ci.ft¥ be' aeen frola 

TOle 19, the 1nt.est.1nea an ot. litt.le uae eitller aa a source 

ot oil or of vihlda A. In Y1e• ot tJ'le e1Jt1larit..Y of the · 

liver ona, \he cont.rat 'bet.wMa t.he Yit.eat1D A eoaten\ ot thft 

tnw•tiaal otla of t.he ·,kin.ctl.f.p ab.d \ho•• _ ot tbe at.oc~Ub 

ta ver7 etrlklcB. MoreoYI.l", tf 1 t te ahoa tb.at t.he vitaJd A 

A content ot the .liver oils 1• rela-ted- to t.he f'oo4 .UPPl.St 

thts difference should be of canai4era~le ~rtance. 

Zlblt .,, 

ISDia'~ Iot11t1A11 QJll• 

Daa A• t'ffHRk IOU ~ ltY• 
'3. 3.41 >a k.i· 1.1 8.& 1?1 

so. -6.41 a.e .• 1 .. 7 8.6 171 

13.10.41 1.3 •• 1.9 .... e 1&1 

16.12.41 1.3 ... 0.9 16.1 -
iatl.AJAU of .M• ·AA t.lll V'•&a A .1111"'' 

· ot M• 11Uil&f. 

UIUP· 
u • .&s 
14.1S 

14.8~ 

-

The lntlutt~:Ce of th• ·else ot tbe tuh on tbe Y!t.•iD A 

reaervea ot th• liver and U&teaUne 1• ehon in Table ao. 
I'D tt:la idngkllp, u 1n the l.1q (231) • t.iUt v1tM1n A content. 

ot the Uver o1l aho•• no relaUoul'd.p \o t.he ap ot the fteb. 
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YAJ.e 1a ratntr unusual a.oc1 bu beea a"trlwtedt itt -~• cue 

o~ Ute li!w; to the bi.lh vit-llld.D A COA\•t. ot the 41at -whiCh 

NJteJ ver1 lit,Ue a.cottAiUlat.1on _ot vitam a A. aeoeae~.t.r¥ t.o 

_produce a ll ver rlcb in tbe v1 tMia. 011 the ot.her- hand, 

· U the 11•14 of o1l 1• -taken lnto account., 1 t. te f"ound \bat, 

the conce1ltra.tr1aa ot• v1ta.rd..ll ·A in tbe •tv I£ .doea increaa• 

wi tll the :au• of t.ae. fish. l.fQreover, tlle percen"Laae of liver 

1.o the t1ah also ri&ea sJuu-pl.J. ConaequentlJ, in tne ~in&1d1Pt 

aa io ruoat other tiah, the Y1tamin A reeenea of the liver aN 

proportionate~ far &reater in the big tiah ~han in the smaller 

on••• - The satae ie true ot tbe inteotinal vi t.W~ A. 

JAILE 1.0• 

llflutJlGf gt,· .Qiat Qt -lilA !Q _ trlt.~SrNJD A htWOI.t 

S1H ••• ot Av. •t• Av. wt• SL1Ytr AY. 'Wtt• '. lat.. 
&J'OUP ~lab tiah livu in fiat& int-estJ.Da in tiP. 

< 6 lb. 1? 1'/a lb. 21 ... 1.3 80 ... l.t 

6·10 u.. l6 7 •• 81 •• 2.1 . .~ a.a 
l().IQ •• 10 141/. •• 216 •• 3.3 126 •• 1.9 

Lhi£.JU.,. lft!.IISci~ ou. 
Slat 'IOU a1s Vit. A lr1 5011 ats Vi~A ill 
,group ·lea. li•U. loa. iut.eat.lae. 

- • I • (Mal.J.OO lla.}, (Mi.\QOa... 

< 8 lb. 16.& 9.7 " o.? a. a 1.4 

6·10 lb. 36.3 5.6 124 0.6 ·itl..O 6.6 

lo-20 •• 34.6 ?.$) 172 o.a 1.6•0- •. , 

The liYe!' oU• ot · tbe It1n.Jkl1p are •~ fair co~ial 

tapr\aae• tbovah tbe aarsual. pro4uctr1on <about. ·1100 pl.l.o.aa) 

1• tar ~ .. \ban 1n 'Ule cue o~ t.he •t.oektieb.. &Sqt.iip UYer 

oil ls VU'7 aild.lu' t,o •toekt'iab llv•r oil 1A tout. and 

_appearaaca aa weU u in vit.-ia A u4 1) coatea.~ an4 MT 

be aae4 to .-uppl .. llt. t.be aupPl.iea or tbAt la~tu':· 
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The saoek beloaa• to the aroop Boollbro:ldei whioll 

incl114ea tiall eueh aa t.be Mekerel, the boft1 to aa4 tbe 

tau ldlieh aN DOt.ecl tor the hi&b Y1'--1n A &DIS D po'UM7 

ot U..ir 11Yer o1la. 

!be aooek 1a tound ~oGt. t.he souuaarn .aea1apbere. 

the .... apeo1ea 1a known ill Auat.ralia a.ld Maw Z.aliUd u 

the barraoou\a &D4 in Cb1lA aa the aierra. l2:ae anoek ia 

a trul;r oeMitle flah and Yaey 111.\le 1e kBowa ot lt.a ~ 

babtta, eYea aloq the South Atrioaa eoe.'\. I\ 1'1N\ 

_,eara oa \be weat. cou\1 1A the recton ot WalY18 .-, 

betna October aJ1d JamaaJ7. It. arrlvM •" po1au hMber 

aout.ll alo.aa tbe eoaa\ later 1a the 7ee. 'table Be¥ 1a 

uaual.l7 naobed 1a AprU or .;Ame aad tJae ..... beN laat.a 

t.tll about t.be eD4 of h.l7• fteee da\ea •err oona14erM17 

fi'Oil 1eu- t.o rear aa4 t.be wnur •• au-.. 11' tortuate tbat 

111 both lMO ani 1M1 t.be aaoek appean4 1n \M Yleiait.y ot 

cape~ uauuall7 earl.7 and it. wu peeaible • ••' 4&\a 

ext.udi»c crnr \he ~a\er par\ of u.e ¥ ... • 11M aMet 

exhib1 t.a a decided 41al1ke tor wvsa water M4 1a ~ •• , ... 

aot ea1JCbt. hr\ber eaat. t.baa Moaael lq or Port. il1aabe\b. 

iillere \be anoek so•• to when lt lea••• \baaa aborea 1a 

unkDOWil1 \be whole .... , ... ot 1 ta adp'a\1ona will be cU.a• 

eua .. la\el' 1n peate~- 4e\a11. 

Tbe aaoelt 1a rareq taken ln t.be w-1. It. ia eauah\ 

al.IMJat. eAt.lnl¥ on hand liua and ta \be liNt. laport.an\ apeoiea 

handled b7 tlle 1nahore tlaberiea 1A Sout.b Atrioa. It 1a 

.laipq ,...... aa a 1"eo4 ~18, eapeoiall.7 b7 t.be cape Co loved 

eo1 1 a•i t.;r. fte qaaa\1 t7 aacS tile value of t,be oatcll Yariea 

eou1derMlT tn.a rear t.o 1e1rr 4epeD41fta oa whe\laer Ute aeaaoa 

1a poe! or lle4. Ill Table a1 are at•era tlcV•• tor tile laa4iltp 

ot aaoe& a\ cape Yowa 1D tbe lut. tw r•ar• • 

. ··]. 
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lA the •no•, the P¥loric caaca are 8•10 1D l!lWIMr and 

ua•J'Ml fgrt &bout. a t.bir4 ot 'Lb.• le.QBth ot tba irltea\.ltttt 

alto,rether tlle7 ..ur.e •.P rataw- aore taan halt the tot.al 

wj,pt o~ tbe 'i.nteatt.a•• '. flle aaout. o~ ... uter1o tat. . 

tounfl •••eta tAd wt t..h \he iat.ea\1Jlta yap1e4 cona14erably, 

4epen41ng oa \he eOlldi t1oa o~ the tiah. ftia -.. reaove4 u 

com:plet.el7 u poaaible b•:tor• t.lla oil •u •z't,ract.td. 

~ oil wu uwaetA4 e.ttber •1' atllv extraction or t.y 

pepsin· <11p•t1oa. 1\her extn.etion wu uan tb.!'Ouput th• 

l.MO aeuoll, wh•r•u 1A l.Ml "pain 41aeat.lon ... ueed in 

all cue• •xcept in ·the pe11ld\11la\a ••ple wldoh Jua4 been 

pH8erve4 in i'o:nlalln a.o4 Wh1eh wu et.ber ex\N.Ctett. . 

It 1a 1rell•known tbat, t.b.t uotk '11.r7 grea\17 1A their 

concU.tion at. dit.terent \U.a o-r the ¥flU"• In T-.ble Bq aD4 
< 

Faln ,q, the fish eaqht trOll Aprll or June till. the end ot 

Jul7 ee tat. atd in prS..e eondltioth ~ae t;Uea at. tba u4 

fd tbt ••uon, b.cnrever, an: ve71 le~ &04 u• kaoa aso.apt 

tf.sbertad-U tbe 'poor' 1noek. Aa 1a t.o be upecttd, the 

· 11~•~ aD4 ttttts\.ia•• sh•• \bt aa.e ehan&•* in oil content 

aa do•• th• t1al\ u a Whole. 

ttP,e aeasooal c~•• ill U\e livex- and 1nt.eat.il1al oila 

ha.'fe be•n auf.lll&'rised .ttl !abl• aa. The liYer o1le n;roe · 

atud1e4 to't' two ••a.sona. fte eb..,ea ta oil content. an4 

. vi u•1n A pot..aoy are· upi-eao~ vaphieJilllT in Fta. 101 the" 

· ·abow the .... tendency in both y-.re. The int.eeti.tlu were 

Oftl)r etudi_, 1a 1941 but the resulte ·ObtA.iMd t'!t, iAto the 

. ge.ner>al picture •lr•ad.Y 4r'awa ~o7 tbe liver oila. Aa can . 

be •••a btoa Fi&• lOt \he ._.lieat eaoek of t,ke zear baYe 

. liYera which qoat.aill rathel" lea• oil than t.boae eau.gb.'L lat.er 

on during tbe Aeight ot the oea•oa •. The vltaain A an!D 

potene7 ot this oil 1a hlaher tbo that ot tbe later oaplea 
. . 

but, th.n 1• appveaU.7 little ebqe 1n the t-otal v1.t.aa1a 
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ft}DL«f ~· 

kitUAAj+ •• Wlif.WII ID ,§.9215 I-1M an4 IDf&tliAIJ, QiJA• 

:lat. 'bt.. ot ~on Iodine I Vuap. Vit.am$0 A Vitaio D 
saraple value . at&t.\er li 'E (q.) lc1. l•U•/P• 

Lilli! QU8· 

1. 3.40 o.a a.o 120 &.68. 52.S 
28. 3 • .a 1.1 12.1 1.68 a.aa 2~.4 
17. 4.40 - 8.8 .... - 17.6 
... 6.40 o.a 1.9.1 1&1 3.33 1? .. & ] as. s.•o 1.4 . lS.4 171 2.73 16.0 800 

1?. 6.40 o.? 17.7 lZ1 2.31 -20. 6.40 2.0 17.3 J.5.l a.sa 19.0 
12. 7.4() 1.9 .1.3 119 - 41..6 
20. 8.40 0.7 4.1 426- 1.0.1 64 _] 6000 
19. 9.40 o.s 4·1 - - - ?5.2 
3. 1.41 3.6 6.9 165 u.os ?2.0 

] 3 •. 2.41 2.7 8.6 136 8.67 S6.1 1700 84. 2.41 1.6 -~.8 1.40 &.81. 25.4 
24. 3.41 1.?. 13.3 l.CS 4.17 £4.6 aa. 4.·41 7.9 16.~ 161 2.66 - J 8. 6.41 3.6 11.6 159 e.so 13.3 660 
16. 6.41 ... oi,; l.D.u l.48 . ~ J.0.4 .l.•G .... 
11. 9.41 0.4 a.? - - 69.8 

2.10.41. o.~ 6.S' 176 18.7 128 

IQkat.W. OUi• 
24. ~.41 o.? a.o l6a 6.17 49 
a. 6.41 >1.8 8.1.- 168 •• 86 29 

19. s.u l.l 13.1 lEW 4.63 Z1 80 16. 6.41 0.9 S.9 16? 6.86 34 u. 9.41 o.s a.a - - - 136 
2.10.41. o.a •• a 186 32.8 294 
2. a.~ 1.5 l.&.l 163 4.07. lA 

content- of· the liver. Ae tJle seaaon advance•• the oU cont.et.tt. 

f.ncreaaea stead117 unUl \be lS.ven co.ntai.D. 16-201 ot ou. 

At. t.b.e end ot the eeason, cen the poor anoet are caught, 

there ta a dramatic chqe. . fte .livera 8t'e lean ab1 <lark. red 

in eoloor in contraat wit.h the leaoA coloured .livers o~ '\he 

precea411.\I .t:.O.otba. me oil. con.t.e.nt, drope auddtn17 to l.-4.~ 

The. vi~n i~ poteoc;r of t.h* oil. increaaaa, a1o•l.v at ftrat, an4 

then .ilOl"e rap1dl)". l.bere is alao an iJlcrea.ae 1a the vlta11in » 
potdt.nC7• l,e int.est.inea follow uacU7 the aame c.vcle u t.lle 

livers. 
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lt. is int.ereat.iz~.ts to oot.e tbt the 11Ytr oil abo•• a .uru4 

••••oual. v~i~t.ioa in. vita1n D ,POtenc.r. tile anoek U.. 

4Utera from the a kett'iah wheN t U •• baY• a.l..readt .notiead., 

the Y1t.Ui1n D conttat. ot \he J.lY•r oil r.-ua aore or leas 

· coutant through tile 7ear •••a thoup. there is a detiniw ria• 

and. fall 1n tbe Y1tud.n A pot.eno7·· It b.aa uofo.rt.unatAll' Mt 

been posaible to caleuJ.au wbet.her tJtere 1• aD¥ saiD or l.oaa 

· of 'f'i taa11n D 1D the ~iv•r ot the anoek durizl& the 7eu. l'\ 

_ .ta po.-1ble t.h&t, the 'f'itallia J.l coatt.ot. of t.he liYtr u a aola 

ruairla unchanle4, but. tJl&t. W11tr"UoA of tat. durin& th• 

a•aaon reaulte 1n dilution of' tile 11Yer oU. 4uri.»g t.ll!A peno4. 

· On the other h.QA, u will h ahoa later, tbeft ia a. det1Dlt..e 

_· loaa of Y11i•1a A in Uut pc)or •nc•k and the .... 11111q lae trae 

tor vit.GJrrin: D. ·No. ••asooal atw:ly ot Ule vi~n D poteu-.r 

ot the 11lt.atJAa1 oila waa IIHe. All the 1941. eqpl .. were 

blen4e4 toge\bert U.. YlU.Ido I) eoa~t, of th• pool.s oUa 

· (80 z.v. per Ill•) 1• oona14t:rabl( l••er v.D tba~ of \he 11Y.n, 

bu\ ~· 41ttennoe 18 AOt. .. pea\ ae 1il the at.ocktilh• 

BUot-a it. 1e poaalbl• t.o 4ilcua thee• r••Ult.• IVUle!-, 

'1 \ ta raleeaaart \0 cou14w Ut.• aipa't.ioa ot the aAOek aloftl 

. the Sou\b Atr1eaa eoaat. t.a # .. tAr cs•W.l. fhia •tter baa 

be•a ualt. witJl talrl.J' toll¥ b7 8ic!P (16)' M4 \he followi»& 

41aeun1on ta tM.tm J.araei.Y troa tAla aoaroa. The eaou 

•hich viait t.he •••t. cout. aH all Mtu.re tish. YoUQ~ POek 

leas t.haa S4 iDehea (til• ltaaJ. liat\) aN COIIPQ'&t.iYell' rare 

•1a1tora to ·tJ.lHe ebor.a. JU..v ~Aoek, •-a 1Mht• 1ona, 

are aOAet.illu touna in the at.ouen• of the ful.17 aron fia 

. canpt in t.b• t:~alv1a &a¥ reston, but the 10WW ot We •tu 

rema.in tor t.ha. -.oat ~t. •r• \han 100 a1l.ea ou\ \0 ••• aat 

~· very eel4Qa obaene4 wl t.b1Jl a atl• ot t.M -.tuJM• .It Ia 

popularly b·alieYed \ha\ \he enou waicb reaoll W&lY1• aq 

betweeA Bov•ee aa4 Ju~ latter traY-.l aoutl.rflard4 &lotC 

the. coa•t. follow1Dg' the abeal• et u.rd.iaea wbte.b an ~11-

chid food. .toeol'41q t.o thia ~ .... ,, t.b.• •t~Pll' or late 
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uriva.l of the anoeit at 'the- Cape is UrgeJ..y intlueneed by 
.. 

irrep.lar shore current& between wal•i• aq aocl Table B&)" · 

aa4 b¥ a.ltertl&t.icg tt1nda • tao\On wb1t:h are reaponaible tor 

. t.be course ot the aa.rdi.nt • 

.nn alttm.atJ.ve uplan&tlon tor the tiab '• d1ftereat. 

•eaaona on the west eoaa.t. ia · tbat. d.i:fterent ahoal.s strike 

inahoN fraom the uouth Atlantic,. arrivioa at. d.itteren.t poillta 

alon& tl:le ooaa\ at di tt•rent \iaae of the J'eU"t 1. •. th• . 
fiah ca.ll6hft 1n Table ~ a£14 Jalse Bq cto not, bftloJIB tO tbe 

same shoal ae those causht at i'al.Y18 Uq. The gradual 

•1thdraw~ ot tile •hoal• from the d1ttenmt coaa\.al areu 

aay, aecord!Da to Bi4u (loc. e!t..) •correspon4 w1t..b aa 

arumal chanp ot clO&ftte.at to a aou\11-weat.erlt 41rection ad 

. incidentally ayncbron1se wi'th current. inf'luencea eontrolUDC 

the m.ta;rat1on of t.be •ard1D.e''• A\ pJtesaat. it ta not. 

poaaible to aa.y nieh ot tbeae two theories ia oorreot. 

Taaini .O't anou hal ·bee:~ carri•cS oat, a'\ ot the tlloUMafSe 

ot tiah which wer• Jle.'rke4 GalJ .2 oz. a weft ncovered -and · ~·•• 

did 110t throw· •1 lf&ht on tJle prot>!.-. (il). In tb.U 

co.nnecUon a seasOfllll •t.ud¥ et tbe anoeAt oaupt 1n 'f$'&1Via 

Ba)' woul4 be of peat. 1ot.ereat. and adPt. auppJ.T an !mport.aaf. 

clue. 
~ 

J:~ualJ..y l.1tt.le 1• know.a about tbe courae of tJle •nou 
when the¥ lAave \beae ahoi'U. . 1\. ie po,PII.l.~l¥ believed 

b3 the t1aheNen tha\ tb-:t turn soMWhere bet•eea Jlos&el Ba,J 

and Port .El.izabet.b. and atrlke out to M& in • •wU&-.u~l7 

41rect1on. Thie, however, ie pUI"e apecala~ioa. Pl"'OII • 

broader view ot t.be •tarat1oa and t.kinl in:t.o .ccouD't til• 

~act. tb~t the fish v1s1t.e \he cout.a o:l Chile, Awl trilla 

· and l:ew t.ealandj 1\ ~aa been •Ui'l!•et.O t.b&'\. t.b:• ~ ~&t.<lrJ' 

·course ia eire~ • round the alobe troa •••t t.o east. 1a 

low lat.i\ude&. HeN .• .un then ia ~ eYidtnee t.o ltlppon 

aueh • 'tbeorJ~ It. woUlcl, however, k iat.treJSti.tla t.o cOMapue 

\ 

1. 
' 
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tb.• 11nr otls ot rt.a cau1ht. 1a difteren\ parte ot tbe worlcl 

frort. thia poiatr ot v1ft. UDfor'tUD&te.l.¥ th~ only otber ti&Ure• 

•atl'l\'Jle an Uloae obtaitl&d bt "J)~viee arld Yi•l<l (!6) M4 

.iowet.t ad nutea (1.33) f<'r th• .aua~:tu barraeou.ta. tlltM 

are pven below {Table 23). Tha tilh ~1fte4 wer. -....o iacht• 

ia leneu, i.e. tb& •~ aiae u t-he eno~t ea.ught. 1n Joutb 

Atrica.n wattre. !lley11er't all lMA and ••t ot thta cart-1e4 

well.;.4eveloped aona4a. I'hty r•attlbled the · poor snaek ttl 

tht atse of: tn• 11•er Md tle 11•14 ot oil, bu\ tbe v1-.ta 

A · pot•cy ot \M. oila *** lowu- tJ:.aa the Yalaa obt.ainecl SA 

\be l)NMnt. ·a\Ud.ka. fh1a wovl<l indicate t.h&t. t.n• Aattl'al1a 

tiab. ~·•• lower· '11'\M(a a ruervea tbaA \bo .. O&flt1b\. ia a.>ut.a 

Atriea (...,... -.lao t@le 24) .• 

l411i li· 
l!rataY-LlD£. Q1lrJ -. tlo•ttr~ .JIIl..1l&nta. 14~· 

l.lat.e l4it.. ot· »OU iii lS To\al 
lt .... ,. 1•· ¥1taMi& .l - '* . .. ' ••• ••••• I • F 1 II I 11' "'* a ia.J.,U£. 

•• 4.37 .... 10.4 6.3 ~a •• .. a6 ... a.s M.a u.? " .. . ... 5.0 ao.a a.a t J 

•• 16.5 .. ~ e.? 1?.7 12.3 • f 

.ao.u.a? 41 ... a.• &5.6 40.5 ,. 
u .... a.o 12.0 10.4 .. 
••• 61 P• 1o.a a.o· 26.0 It 

tt ..... .4 .. .... •a.o tt 

:$o far .no~na has oee-11 eaid abou't tb.• 8Pfiwnina hablta 

td \be at.w•k• Barn.ara (10) •t.ates Utatt the iitloeic ap•a 1a 

Sepc...-..- and in 'Ule ~eaen~ •ttad-1•• 1'&. tf&a obaerY.O. that 

..,. •. poor_ SllOU all had ••U-develocg ;;on&de. the eoa41Uo.u 
ot t.b••• fiu 1a Uterefore att.Jt1bu t-o t.be atraia Japoae4 

on *•Al b~ Ul• d••Dd• ot t.ha •turin& ea• aDd. a,erm .. 
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The aessonal c-ht>nges 1n t.:-1e liver and viaceral oUQ. 4iJ'e thua 

related to the sexual cycle. -fwd. utw..t--€ui oc<tl.lr duri.Qi; U. 

epalJning p-eriod whieh profouodly ~feet, t.he vit...ein ·A eon tea:\ 

of the· liver o11 b£s long been ~al1h4· ri~ cc.4, £or 

example, eats 11 ttle or no ·food at auctl t.l.ir4S and the dnJ.n 

on the £-at. l"CBtrves ineie!e.otal to :tasting is iJ:lcreaae~ bJ the 

ut1lf2',e.tion · o~ le.rse :;.uant.ities o~ liver oil 1n the developaellt 

ot the· geni\al pretiuctt. .it eert.ain ~unt. o-r vit.w.uin i:,. 1a 

1:.rw"1"3ferred with tbia oil to tbe ijOlliiOI \261) anu tbe t.o\al. 

vi Wlin reserve a ot ttJ.ti J.i:ver are ditpl.et,ea. 'lhe anoak 

differs frol.12 tthe cod in t.hat. tbe liver iG not. the IWWJ. 

a to rase depott trne beat, tor eucpla, a.q contain up t.o ao• 
ot oil, t.e. 4 or 6 titaa ibe t.ot.al oil content of the Uftr~ 

lfeve:rthele&e the effect of apaw~ on t.he li ve:r 1a '-'""'P&rUt.lT 

very eimtlar w that obury.O in the eO"l. rh• tiguree 

obtained ( lable ~) -1nti1cate that \..here 1a a los& of 

v1tasn1n il. trous tA• ll:nr, cut. vri.ai: to 1-he te.ct that. tile fat. 

resel'Yea AN' depleted 11o a veater exte.nt. t.t.u tb.oae ot the 

vitamin, the reaidu~. oil haa a h4;Uer co~\,e.nt tJt bot.ll 

vlt.Mirut A 6i.11d D u~an the oil obtained when th9 tiah are 1'a\~ 

Date 

-
•• &.40 

12. 7.4.0 

25. 8.40 

19. 9.40 

24. 3.41 

WLJM. 

l.QV.ana. 21: •• MJiiltJ .. A1Q61 oa *• 
XAU!!SD~A bUnt I Jlt rYll Uv•r-. 

Av~e ~Oil B 11 
"'· 0 

1cs. 
~i.yg.· .. • • 11 AI 

80 ... 18.1 17.0 

60 •• 1.3 41.6' ., ... 4.1. 6l 

cMO •• 4.1 75.2 

66 ti a.a s..e 

fotlil. 
.vitamin A 

..... .Ja. :LiUX:.-
168 ... 
28 ., 

84 •• 
?8 If 

1M .. 
It was ubtortunately not poaetble to repeat t..hese obatrY&t:10U 

tn 1941 or. to utebd \hell to include tht ~•iaeeral ' oUa 



aa no a&or~lea could be (lbta1:n.ed .in JUJ.j~ or ~uet. ow!Jli to 

· ••athG~' conait.ions. The t18h elt&liiine4 1.n :~ejfte:nbe:r f.iit1 

October ~ere nut, ca~t in FtU.ae ~· sau.ple .uo. 19 

(11.9.41) eonaiated o! f.hlh cau~llt. at G&Gabaai, aO!ke 60 u.ilea 

further east ale~ tb.e eo.llat, •:nlle tile la.stt eaidple (~.10.41) 

·wa~ ~e1;, \)~' t,he tra'flleru - cr. vsr.1 Wlusual. oecur,..anee. 

?heeg fieh &re, therel'v.re, not atricUy co:..1}6U·able nth thoa. 

caut.;llt ef.tt'lier in the •eQ.SOft• ·'The t'1.i.urts obtatned b¥ 

i/olteno (168), .b.o\tever, cont~ these results. Iile anou 

he eUJL1neCl wer~ all causht it1 False 'Bti.;f• The vita.mia A 

reaerves ot the livers (TablJt 25) have been oaJ,cu.latecl 

trott fda data. 

oau 'flo. ~ Av. '"'· J 011 slS . 'totAl 
tteh ot 11 .... l.ca. v:!:t.amin A 

••r T I • ......... •• ... 11 '*' 1¢ d ": t • • ...,., • 'Q l:,W,: ... 
~6. 2.38 6 130 p. 7.1 48 22? ill•" 

as. 1.38 8 16 tt 3.5 61 101 f I 

28. ?.38 1 71 .. a.s 19 24 It 

9. 8.3& 4 61 .. a.& 46 31 .. 
20. 8.38- a 40 • • 3.8 180 110 •• 
24. 8.38 I 68 'f 4.9 M 78 .. 
10. 3.39 4 ~s t t 1?.2 :;a 163 ' t 

•.•. s 3 105 t t . 21.7 ? 103 •If 

Again_ 1 t ta obaerved that t.he lives of the poor snou 

contain l••• vlt.a&iA J. than UlO•e. 'Which aN· no\ sub.1ecWd 

to 'tbe strein ot a,awning. "there are c•rtain uce-"tiont 
. . . 

but, as the nuber ot fish in ea~'l a.SitPl• 1•. rather fi1Q8.111 

t.heae are probabl.t da.e to dit.terances in the vitBt:.tiD A 

rea•~•s ot the ind1?1iual ti~. 
\ 

The ut111zat.1cn· o~ the 11-var oil 1n 1J4.e •B¥ dl.3'ittg 
' . 

apaw:nit'lB ahould sive rise to a. put; 1ft t.b• po~c;v eurve 

.1idJe41ately U'\fr apanua. It ,wu aot poaaibll•. t.o o'baerve 
~ ' l 
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thin in the ease of t..he anoeK a.e t.bte t'i$h are .not cau&ht. <iu1'1QK 

tllia _period. .~-liter epawtdna, the .t'iah ~· b~t expec~ to 

start to. build Q? their :Oat reserves a&ain. %he oU co..ate.nt. 

of the liver increaa.aea bwt 'the drop in t,be potenc,y ot the 

oil u11ou.ld be .adt:!,uat.ed bi the .fact that, the f1W1 1$ ~so 

butloi~ u; ita vitwJlin reaervea. .SOJUetnini ot i,hJ.a trend 1a 

seen in f;J.ei1 cauzht. in toe em:~· months of l.S4l. .Here we 

iGt a i;; teao.v riae in tht oU content. fro.m 7i 1n J~¥ to 

l6:r, bi the e.nd of Apr1l ana at t.he sacae 'time· tb.o vi t,sruta A 

potency ot the o1l i''lllta from. an E value ot aboat 2G 'to M 

£value of 13. 

It 1a thus possibl• to explain the seasonal changaa 1ft. 

the liver .arir.i 1nteGt1nal ou· obaerv·e4 in theae st.ud1e.a 1n 

terms ot tlle •uual C)'Cle. I\ ehoul4t however, be -..nt1ot.Wl4 

that many of the .f1sherat~:n co.caidar that. the poor eno"- ar• 

quite d1attnct. troa th• prime tillh aDd on.J..y appe4ir a.t-t,&r tA* 

ta.t. ano•t. have lC:t thea• aborea. B14tn (loc. c:l'L.) di&• 

cuasee th1a tbtory .00. ao.-.ano•• th~ ....aeauon t.ha1, the 

uaciattd. cob.'lit.ion ·ot t.beae ttlb 1a dut to paraa1U.c itltec\toA 

· antt not to the et tecta <>t ·~•l'11ng. Ko• tar tbla ta true 1• 

·41ttieult, t,o .., ,.or, while it, ... been uown \.bat. the aao•k 

•ay bt-coaa lnteet,ed witb a wdcelluar parouit•, ChloJ-O~ 

thlra1tes, which attacu the aecle t1brea ·imd caua•• t.tut 

· ~iab to beeoae 'pap' w1th1n 84 houn atter ••tcl'litw U~7) 1 
proof th•~ all tl:\e poor eaoek aH eo Wee~ is lacldJ>B. 

\ 

lfhe present studies. however, provide aOb apport .tor t.bia 
\. . 

. t.heory. l'ht ver.t auddQ drop 1A the oU eonttnt. ot t.b.e 

l1Yer obJJervecl between JUne and .;'\lly tits in ;bet.t-u 'tr1tb thia 
'. 

explm'lat.ion than witb tt:a~ idea of tbe c;.rw.d.uat ~aevelopiti.ent ot 

tho aon.ada. It Alay also be ~ t. t.be truth il.1e.-. t.:Ur-wq 

between ttteae two theor1ea, t.e.· tbe cotl6it.~tin ot• the _voor 
' ' 

anoek may actually be du~ .to the e:tiecta o.t:· ~~pawn1~, but.. the 

t':lah Ul3 belotJg ·t-o a dttt·w•nt. e.toal wh~Ch ·~•ita talae :say 

atter the earlier ebo.l.l. baa lett. ·aat. t.ne ~TUe e.xplanaU.oa 
,, 

1• remataa tor t'ut.ure rt...rch \o 4eo14e. : r\ 
i l 
' \ 

' 
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FIG. 11.· Snoek Liver Oils 
Relation between E value, iodine value 
and percentage unsaponifiable matter. 

FIG. 12~ Sno~k Liver Oils 
Relation between yield of oil 
and iodine value. 

%Oil 
Iodine Value. 
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In the study ot the e~asonal chanaes of the liver oil 

ot the anoek the relationship bat.tfetn the v1 t'*'U1n. A potency, 

iodine vaka ·aLd. ;;etcent.&.se waapon.ltS.aole suattel" of t.ha v.-ioua 

samplea is of contJiderable irrt•re:at. · Thia ia shown in :FS.• u. 
Aa usual,· the-re is a close relatJ.onsh1p between tb.e 'rttamin A 

potency of the oil ana the p&rcen.~e unsap on1£1•ble ~:~latter. 

The iodine valtle is tor the most »art inv,.::..l·u6l¥ proportional . . 

to the 1.11 W$.1Jl A oontej,jt and le ~irectly rrele.ted. to tue 

~r<:ent.sge e1l in the 11Yer. fhia ie cle&J'}¥ sh,,wn in fie· 

12. ·the •xcept1onail.y htgb 10t!1n•. value ot aow ot t.be llilh 

potency oila JJA¥ pOs•ibly bt explained bl tht lli&b 1odina 

"falut ot the unaa,pon1f1able matter CcOJrlPV• \he atoubaaa 

liver oUe). fb.i• .relatlon•M.p between the oil cont.etlt. of 

the liver at'ld· the· iodine V.tlce fita into the serter&l plct.ur. 

al.rtad.t drawn for the aeaso.nal etuu.w•• iD _ t.h• l1vu aa4 int.a• . ' 

t.inal oila. Durin& ~eir •'ta¥ ·1D fala• 1Ja¥ t.11e tip aH 

tea41n6 aot.ivtl;y on a ver:r tat,t,y diet wldc.n c011.tata cldttl7 

ot sa!'d1Aea ( Su-dinia app.) but- which· also 1ncl.v4ea ..U'baakua 

< bachurul ~acbutUa), u.ekerel (Scomber coltul a.n4 QJ o\bn 

••all fiab which croas their pat.h. ~ea a.naJ..ru4 bt 

othe.- ~ra ot tb1e Dega.rtaent. con.tailled 1·.u o.f ou. fhia 

o11, AGONOVer, waa highly" 'CUlaAt.uraw. tlle ~~· value bein.l 

21.0. The rtae 1o iotU..n.e vala• of tl't.e IIDGQ 11¥• cil between 
. ' 

Febn.ar1 at1t1 87 is t.hu· a t'enect1on or· the lli&h17 unaawraw4 · 

nat.ve ot t.be dlet. fbe coapoei \len or t.be ~.epot ia~ ot 

07. tiah 1• 1'10r11Allt cha:rac;t.ettia\1o of ~t. apaciee tMlt, 

aa hM been U01m in t.hct cue ot t.he bemna {~$5), w.bu the 
-~ 

f1ab are ~eedq aet1Yel7t · tJl• s:eleouve •ch~a aat IHt 
. . . . . i 

~rarUT unable to cope with th• •1wattion ~the coa-
·_1 

poa1t1oa ot t.he depot tat. tetxt• to app.-o~ate to tha.-. of th• 
. I~ 

<Jlet. ·1 

. . \ 
Io t.he poo-r- enoeJ&,, tbe t&t reserve& ue w;ed ~ ac4 t.Ae 

~~ vaJ.u or tat :l1vll1" oU f'all.a. A daile +-=;r Au 

, I 

'·· 

\ 
\ 



Ildt. 
12.5.42 

16.6.42 

?.8.42 
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·US1· 
15.2 

19.6 

10.8 

l~IM,fWt .. 
168.5. 

162.1 

148.1 

l"h& aue haa llao be•n reportfd 1ft tbe c•• of the beft'UC 

{lfZ8) anti tbe se•lbek (Vl9). Tbese results till indicate 

that, when .\L t18h ie tutiq ort tor any other reason draw1oa 

on ita· tat. neervea, tnt aoN hf..lhlf UDaa\Urate4 constit.u.e.nta 

ot the tat «l'e preferent.iall.J utuuea. 
Ill tnt: etud.1eff on tbe &"lbek anUo.ned above; MOlt.eno 

. and B.a.peon ~ot.Uld that Vi'--1n A WU trans:tened t'rolf.l the 
. . 

11981- \o the tv1eoer•• during th(t period ot tntena1ve reetU,n£. 

They conc1Ude4 \bat theae rc~ult.~ ar• in accord ritb t.be 

view t.ba.t. 11tt.uia A 1• aaaoc1ate(l witb the proeeea ot tat. 

aeatM.ilat.ton 1n t.b1a i'ieb.. ln th• cue ot the unoek it ia 

. .not poaaible to •ak.e a. detinl te statement. on th1a poic_'lt, a.a 

onl7 a taw ~·••. ot the 1nwaUn•• •r• 1184e. l'he reaulta, 

• tar u tbe.r p, .cto •'t. l!aowenr abo• a:tr:t eipittcaa\ 

1tlc.Nue ot the t.otal v1teain A o't "1M ict.etlnta w1th an 

inereue tn the oil eQlltem.. It a pot!tilblG t.hat 1n the aaoek 

a.at. nt".h tr.nettr ot vi~n A trot~ the liver \0 the inta•\iaea 

woul4 e. eoaple-ly uaked by the chanaea · in v1 tl&ifd n A OOfttent. 

· due to the ~~ c70le• 

.. DII .<:9Mt£SIIl l'MIPIJ:J.IIJII. tt aLJglk.,Li!U 

w Int.tat"il.OS._tt 

tu liver uaC1 ~'CAttJ.aal o1~ o£ Ute eo1k tol'll • 

valudl.e aol'lre• o'f v1t.M1D. A aDd vitaaio :o. ~ht eolleotioa 

ao4 •~acU.on. or tu llvera waa b-.pn 1a ·l.Ml, anc1 ta 1IG 
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•perati\itlS were exta~1dta~ tv il•~lud& th• bttea tinea tta well. 

Tbe full utili&ation ot all t.be material available, however, 

haa no~ yet been achieved. 

Botb the l1Yera atr.! the !.ft\tatiua ~ z·aildi~ be u\raeta4 

b1 tbe alkaU di&eat.ion .Pro•••• and the o1la o1Dt.a1M4 in t.h1a 

wa)' are :J.MP t•llo•· in eolour &DeL haYe o!11¥ • elipt. t1ebJ' 

t.aate. The v1tam1n A a.od .D potenO)' of t.ne liver oil 11 o~ 

be a cooaiderable d ... ,~ t~r it tor a.dicinal ~urpoaea and 1~ 

ahould be able t.o replaoe halibut. liver oU in t.be south 

Atr1cc urket. R•caun of it.a relaUveq l01t v1t.udn D 

eontea.t, anoeJt 1nt.eat.inal oil ie ao\ aa au.i&&ble tor ae41o1aal 

purpoaee aa 1a tbe l1Yer oll. 11. 1a however .. rich aource o~ 

vit•aatra A and. aa •ucb ia wr;t vuuebles eapeciall¥ at t..ne 

preaent. tiu wben the 4M&n4 ia ob1efl7 ~or lli&h vi taaln A 

potene.r otla. 

'!'he UM)Uftt. or oil which could be prodace4 ar&m~alq 1e 

conaiderable. The percen~• b¥ ••1aht. •£ \he 41t£eren~ 

vieceral oraana in a •eJMr ot t1ah caucbt on ~.3.41 la 

"1 ven in fable a?. the value a tor t.be 11 ver iin4 1nt.M t.inu 

an eOMwhat lower 1n the poor •oeJt, but Uleae are relat.1••17 

wiaport.ant. troa Ute COIIIUrc1•1 ~1at. ot •1.. aa b¥ tar tbe 

&natest. proporUon ot t..he ~1all are eaJ&bt. 4uri.D& \be •tat. 

anoek ' aeaaon. 

ot t.b• SMM• 

L1YW left 

'YiaHra• 1 •.• 

S\OMab I ell 

QMeda 1 •.•• 
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fU UMJJou 1a l~t.ed aa SCi.._ J&ololeplctota (IMep.) 

1t7 8arAu'4 (lO) a4 u Johnlu Mlolep14o\aa (Laeep.) 1)7 

~ (J;'*) J tu lilttar JlOM.&OlatuN 1a ua•4 in t.11e 

&IU'lul NPO»t.a of t.U D1via1oa o~ l'iaberiea bu.~ the to,...,., 

.more cOAaen&Uve oae,ia pr.ten-e4 b7 ·t.NJ ~it.•r• 

a• ~lJo• halt a world-w14e a.atl'ibJ.tJ.oA• It. ia 

~ouacl 1D \b.e hoPta aar.t to• SOutl:l AtJ.ut.ie, 1a \be JJ«iilen'anellll1 

on wae~-.aace antt ..._.lUJ.Ut U4 oft \b• ... \ eout. ot A.uatralta. 

lt ia u.own in ~pe ae th• •tar• OJ' •-c.r• a.a4 ta .\uatr.t1a 

. aa t.he J..tt11A· It. ia •ver.) .. htre rqanled. aa a Yal:a.abl.e too4 

fiah t.bouah l.U',;e ex.plAa t.aS t.o becoae eoar••• U.a:f01'1i0Aat.el.JI 

.o. aata oa ~ ltveP ou.. o~ Ul:ralJou caucbtr in ot.har puta 

ot ·t.M . wot-14 are avuab~ t'or eoa,P&J.'&Uva P'U'P'i•••· me 
kabel,Joo ~lotwa *"> t..be ~Mil7 Sol&anlc'lae which !a &lao 

. · .-.,rea•nt.M ia Sou.th Atr1ca b7 ~ pellHtk (AtractQ..S.oa 

uqu14ena) e4 t.he b&UOau (Qabli.Da oa.penaie), bot.h ot wMU. 

.,.. ot t&Sr coaliHrcj.al. larportue•• The C&litoraiaa .UtA 

· ••• b- (C,.ao1oa. M'D1U8) s.. &leo a ..-.r o~ \Ida tut]¥. 

~ U\e e\oekfiBh .a t.h• aooak, \M kahlJou 1a u. 
1108\ illport.U'L apec1u Jlaadl.cl -~ t.M eo••re1al t'~raea 

in. Soa\b JJ.Tioa. -lt. ia c~1. 1t7 bo'Ul the U&boN 'boa\e 

8.04. tile W.wl•ra and, u tUlt¥ be ••• -rr. 'fable 211 Uf \0· 

1938• t.b.e ~ l.an41Dp wwe cOuid•rabl.e. lAte t~•• 

·aN- AO\ available btl\ it. la nport.ect (8D). tb&t. ncuU., i.bt· · 

la*Uzw• o~ trwl oatllht. tiah twlve t•U•a ott ·~ eona~. 
· flWi 1 howew-ar, ..,. be oJllT. a. tupore7 d•ereaM. the kabeJ,Jeu 

ia ~.,ua4 aU aroun4 th• eout. fro• watv1• Bq oa tb• ,.., t.o 

•tal oa the eaat, =~ 1 t. ia O&Qiht, cbietl.Y in \be wat.er• 

bew•u. F.Ue :Ba.r and IU\ LoQCton. It. powa up to 6 ~t. 

a 1•~ ... 160 lth ·tn nipt.J t..be t1eh han41e4 b¥ \be 

C~Oial tiahUMii, b.o.w•ver, Ve UUlly leaa tha.a 30. D• 
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.·.xur ~tJ 1•1• 
1936 a.ul,tss lb. as,oa? 
1936 3,02.1,901 lb. £34,483 

1937 a,e?a,?M lb. £33,478 

1938 3,32s,s1 a. m,a&&· 

~lSDi p( li&lri~· 

The livera .et,udlecS nre ~ tisb wipttc "-'boa\ 4 1b. 

caqht by tbe trnlera op.ra1f1tls o.p the A&Ulh&a Baak.. fte 

f'.iab ftl't autted 0.1'1 bow the \r-awler aa4 t.h. li't'ere b"u.ah' 

aahoft 1a t.ina in ·the uau.al "¥• 

latrll\itP tt g~. 
!be Mrlter auaplea (up till octe'ber lHO) were •ther 

· u.tr-aot.clt &U s\'lbaeque.nt aaplea wen pepala 4JB .. tea. 

lroa t..be C&p4t to hat LOadon, .·t-he aeuoa tor DbelJ•• 

1• t.roa October tao AprU.. 'fh• trawler• 1 llOw•ver, 1..S tl•h · 

aora or 1••• cont.itltaou]# tJ&roqboat. u. ~- tm4 \H wi\tr 

na ulA to aet HPlllr ao.nthlJ' aupl .. ~or a· ptr14t4 •f 

18 ao.a'Ula. 

Aa 111q be aeea .tro1t Pq. _13 aai hoa t.b.e data ~H••at.e4 

iii Tabla ao, Ute.-. 1a a WU-4er1ae4. HU()ru&l Yariad. Oll ill 

both the JleUl abl.1 tM vltaaiA potellCQ' of ll.abel.J.-a 11ver •11. 

Th• oil eon~t. ot the l1vera ia ·l.~ ... t. 4ur~Air tll• ott MUOl'l· 
... . ' 

Ill oeto\Jer when ~-~!all be*"-raore a1Mm4ant., \M J1tl4 

. \ 
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FIG. 13. . Kabeljou Liver Oils 
Seasonal changes in the yield of oil and 
tpe vit@min A potency of monthly samples. 
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FIG. 14. Kabeljou Liver Oils 
Relation between E value, iodine value 
and percentage unsaponifiable matter. 
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atteP w.nica it. taua ott aoain. Th• "Vit..M:Io A eo.otent. o'l 

tt. o·11 iaN~ 1nvera•l¥ proport.ioaal to t.be .11•14· It. 

rtaiu at a low level tros Oct-ober- t.o .,. w Juae aa4 then. 

r-1••• abarpl,yt.a Juq, Atsgt.Uit, eD! Sept.eabtr. The v1tud.a D 

content. of th• oU behave• 1n the •a• wa.Y• 

QIUPJ~.._YN1tS'ciPDI 1D ·\1'4 _ giJ. ot Ut.•tdu 
QaDH.Dli o( IMtlJP Lill£1•· 

n. ·o~ Io4111e Ylt. A Y1t.. D D«te .011 I vuap. 
-sample val.U atttr lS (I.O.fp.) 

l '"·) -

.~, .. 
' .... ··--· . a I • 

-•· a..to 1.7 '·' - 8.;1_ 23 
11. a.-co 0.3 U.l 111 ••• 68 u. a • .ao a.c 7.4 118 ll.t .1] 22· 7.40 3.0 6.7 112 11.1 ~-· 
81. 8.40 1.8 .... 111 11.a 4000 
a. 9.40 1.6 8.6 l.l6 16.» 149 

a. t-40 1.1 8.1 111 16.8 • •• 10.40 3.2 u;.a Ul 
• • •• aa 

7.11.4() '·"' a.a 1.01 11.7 13 
19.18.40 1.0 18.2 108 t-.a 10 
16. 1•41. 4.1 ee.• ua 10.4 ., 1?00 
M. 2.41 2.7 18.8 M 8.7 3? 10· ···1 o.s ll.t 1D 10.0 a 
a. 5 .. 41 1.1 14.4 lal' '10.1 31 

16. 6.4:1 o.? 10.9 133 12.9 ?4] 14. 7.41 o.a 9.8 la) 16.? ~· 21. 7.41. 1.0 laal 131 18.1 10? 6000 
18. 8.41 1.5 6.7 lel 18.1 • .u.. 8.41 1.1 9.2 143 16.t , . 

6.10.41 1.6 26.~ 106 1.0 a 

'!hue aeuoMl chqee 4o aot, .-ppea:z. t.o M rela:te4 to·. 

tJle aeX\Uil. o,-el•• AccOl"'SSJ:ta to~ (lQ), tbe JtU.]Joa 

•pawn froa October to ·neceeer. It. ia Juat at t.ld.e ,per1o4, 

however. \ha't -the otl 'coat.eat ot ta* 11Ye beJlu to r1••·. 

ft.e Ylt.aiA A oonteat o~ tM oll f'aUa but, tba'\ o~ ·tM l1v4tr . 

.-. .. sna ao.re or leee eoutact.. De 4rata oa Ult ~a't """'• 

cd the f'tah 1ac1<lentAl. t.O •.PAWDJ.rc -.t., t.herd'ore, be ..:1.1,­

_.s., u 1n the_ eu• ot ~ Mltwt. (16?), i' la awarent.ll' 

. COJtpl•t.e11 aaate4 b.1 the iatlue.nce o~ •~ taoton. A\. 

_preatAt, th• .na~ ot tbue 1e not WYa• . ' 

I f 
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liiolt-eJlO (l88) hu reported the results ot a tew anal.vaea 

ot the liven ot Jtabe]Jou ca.u&ht b7 the 1nshore boats in 
-· ' 

Falae Bay. It. 1e 1nt.ereat1Qa to compare t.heae fig\u"ea with 
' . . 

those given above. The fish he handled were, on t.he cole, 
. . 

biger t.h&n those studied b7 the writer, but. the range ot . . 
values encountered (1'able 31) ia eaaent1all7 the aame aa 

~ . ' . 
that for tiab ca.ueht on tbe .Aa\llbaa Bank. 

26.6.38 

26.1.39 

· a.a.ae · 

WJLJ a1 • 
. - . 

IQIUop (rM FA111 IAJ: <at1fciDQl• 

.,. 0~ 
tlab 

2. 

. a 
4 

• 
6 

. Lilca· 

· A.v. wt. o-t 
tiah 

10 lb. 

'a& lb • 

16 lb. 

3llb. ' 

11/a:·lb. 

sou 

6.6 

s.o 
i.6 

7.8 

u ... 8.6 

'11th the except.ion of kabel,Jou liver oil, South African 

tiab l.lver o1la contain relatively little viteaso D. ,tabe]Jou 

liver oil la, therefore, part1cularl¥ valuable aa a aource ot 
t.b.ia v1t.am1n. Ita v1t.u1n A con\ent 1a al.ao apprec1&ble 

and 1a auper1or to that ot an averaae halibut liver on. 
'fM ltabe].Jou ia cloael7 nla\e4 to the white ... b- (C,.Oao1on 

nob111a), tbe liver oil ot wbich haa tbe hlSheat chick n 
etticlenc1 ratio 7et. recorded (265 - 314) (23). so tar, 

not.biug la taown ot the rat.cchlck ratJ.os of the vitamin n ~ 
South African tiah oila, but. U the kabelJou ia t'ound \0 

reaeable tbe white aea bua. 1n th1e respect, i'U Yalue u a 

---------------
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Th.e etonebaea ia a nry la t:i• d••P••* :fi~b eaught. 

exeluaivelt by tbe t.rawlera. It pow a to '1 t••t. in leqt.b 

aQd ••1Pa up to 160 lba. · Th• tisb. uauall,r eaught., however, 

wetgb between ·so .imd 60 lb. It le ot tab> co.•erc1al ~ 

· 1n South .r\trica. el.thotJ&h it. 1a never landed iD large q~\1UM • 

.:'!Ccordt.ng to the arlftlla~ l"eporta ot \he D1Y111on o~ Flahe.t-1••• 

the lan<l:lnoa ot •tonebaaa bttont the outbNak ot the war 

. ware •• aiven. in table 32. 

lla CPMiJJ,J' ·11w 
19M m,O&llb. aaa 
19~ aa,ooo a. ·dll 

l.IH a&,el.e lb. aao· 
18.31 aa,au a. £111 

1988· u,876 a. a&& 

The •t.oaebus bmzw• to the ••a liMa f"Mil.r ~~•· 

It. la tboQSht. to 'M 14ell~1cal With. t.U lew zdlad -. 
(Pol.Y~ioa -.r1eaAua) (10) ..s· ia ele••l¥ rela\414 \o \Ae 

Jl'O~ (P. o.xntedoa) Which** C&uaft\ 11\ couiderable 

quantJ.V.•• 1t1 the Cooit 3t.ra1ta (13). the liwer otu ot the 

l&tt.r .have· beec. atu41~ 1a .... 4eU.U 'bJ' Sborlaa4 a4 
·'· 

.ftaut'•• r•,port..a are .,..,;, •lllil&'P t.o tbo•• ob1.aille4 1n t.a. 

pr•••.nt. work. l'h• altollebua 1a al.o aUle4 to ~ ))lack 

81& bua (St.er•olepla atiu) ot C..lifot'ai& $84 the iahi-al 

ts. iaMn-.1) o£ Japu. . l*he Mm'IMN ot t.hif l'Mi~ an 

noted tor t.he h4h v1 tMJio A con'44\ ot ~halt liYtri oil•· 
' ' . 

Billa tt. &1.. (la3), tor ....,la, b&'t'• J~eport_. the vi '&Mia A 

po'\i.e1le7 of the liver ou o~ ~· bl..acJt ••• bapa u 520,000 I.U. 
-1 ' 

ptl' &N&• The <lifi'ft'll!lt. ap.,ot .. et Jlo'J.t'lrir - 110~--

1 
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1 ... _potea\.. Aocord!nl to Shorla.nd (~2) arop•r lAver oil ard 

· bua liver oil ay contain v.p to $1 o~ vi taAl1li A (12&,000 l.tJ • 

.Per sa•> aDd ua a.plea ot at.o~~· ·liver o1l extillda.e4 b7 . 

Jifblteao (188) conta1Ae4 11..4 aa4 13.0 reapeet1nl.T• It' wu, 
~tore • telt. t.nat, in ap1te ot ita IAitlOZ' coartereial ia• 

.PQJ't:A.nce, 1:Jle li'ftl' oil ot U. awubaaa would npq hr\b.ar 

•tuct¥. fid.a haa ind-.d l»en the eu•• 'for, DDt. oDl¥ are 
the •toaebq• ll••~ olla 'tM :rtchaat, Qeuree o'f vitud.n A 

,at. ene0\11)~ 1n $0u\h Africa, but.; t.U7 alao P" •••t. •••eral 
o\llu' teataraa ot 111\•rut,. 

JaP.lilr '' •ttrttJ.• 
Aa oaa bl ..-n h-011 Ya-le 33, \be A1lllber ot ll'hn ta 

each euple 1• ratb.er .. n. !Ida wu UD&YoJ4ablA u a 

traler .. lcloa catchea 110r• .tbaa a or 4 at.oael'lua !A ou 

trip •xcapt att cenala- t:JAta ot tM -rear. TU tub w.-. 
gut.tea on board the t.raler aaS at tin~ the llftJ'a wer• 

brouaht aabore Sa a tla la 'tbe uaual. ft7t •tr rroa Marp 1Ml. 

oaw..aa a 41ttv.A\ ••tbod ot colleo\Saa ... e4op\ed.. l'L ,.. 

fo\Uid that tbe Wlk ~ tbl •\o••bU• ltYera laad.e4 a~ cape 

'fowtl wtft reo.1Ye4 )Q' ....... Y1\Mb QUa L\4. iDoliMt.S 

. uoq u. atock.tlab aa4 k1qklf.p llvera. ilte7 HN aepeaUct 

tra. t.a. other 11Yere u the la\t..P wee JU•ed \U'oQ&b ·tile 

atnclre aachi.De. By Ul• eo-.pen.\ioa ot 1,be tua, repr .. u:ta-

~ t.iYe alioea ef all U. atoabau uv .. · ob\alae4 in W• wq 

weN· ••'- u14e au! allowe4 t,o aoc.-aJ.ata to" a-a .. -. •'t.l 
a HUonable aupl.e ·o01114 be olltah•ct• l.JDJ"iaa tld.a pari .. 

· tht7 nH urd trosa iD. the · cOJIPaw•• eol4 •toraa• plut •• 

that. .nn attrar a ....... the¥ ••r• ~uu tv. aDS lD 1M4 
eoxd1Uon. '' 

/ 

' 
I· t. 

Exc•p\ when o~n •taw,( t.M atetial ... extracte& 
. . ) 

b7 "pam 41&"\ion. II& .~ c ... f»:t · t.he. ltt•"• . tbe •tJl04 
. ' l 
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FIG. 15. Stonebass Liver Oils 
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Seasonal changes in the yield of oil and 
the vitamin A potency of monthly samples. 
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D.:..J Uh~C.:.•OG <.:,(J.ir_st t::0 CtilO? c;;:tr•c;t!-j!l tc~r-J:i.lU::J tho 

voonlto i?.n tile t·.:-o cr ..Jt:.::; core 01~:c\:J.y t!'-.:v oe2c, Sr..fxc:.tF.na i:cl::lt. 

tt::~ ll!,cil vcluco ~o~ tLl.3 t.'i. t~ir .. ":. :.otoeoy cr-v t_."'Clluirto an!! en 

not {sc ~o ct po.r-t!Ul CO!;tCl:tt"' .tion ci tbo vitc.::..in 'by tllo re­

c.oval of! '\iho fa.tt.y c:.oico, oto. 

oil, 1~ vJ.tt:\;:-i!n 1. ~ D r::oto~~o rut-; 2.~.0 obc.::tca! ci~~c~~ 

t,tce ezo suc-r.:~wixt; So '?eblo toG tt.•a co~'Jtal oi:ci!:4;z;~o · iJl tho. 

otl conwnt of t.a~ auc:? ~!l :l\tu r.~ct:.~\iio.:: oo ~'28 v:1.t"':~ in !:. .. 

LJOt.cllCd oZ tba oil U'O ~~ooa!.1 t.P..:.;~c~~ll~~/ ito. r:t;~~ w. 
In OpiUl of t.J.o lkitoG DiOO 02 '\r~.)Q G(.':.::..)lC:'lr> G ~~tnttQ 

~l ~toney ?..o nt, ito ~co~ Cuvics t.:1c q~C;J e:.:-!1 CCYliJ ~~ 

Wl6. ~o oiU.c ob~~ cr.:.~ir0 th.oc-::; c::~J.t:ls c;~ o \lcrJ;J i?ioti · 

go.11a off£ £n1ol.JJ ~u:.)iCl,v c:.t:::i. 1 ~ · z:~ a4t o. la:: level. cr~s~ 

~ e.utr.w m1 c!ota7 cooC!:'Dt tut ue:J G:~-~~ tb!o i)OZ:-"J.ctl 1t 

tbo l.ivoro ~~a. o.f.o1la2 vwtatie:a~ rot 10 c~ opposite 

ilwooMonp 1.~ c~ t~:>~~, ~~ 1o c.t n ~ f'r-c:J ~tob~ tn 

:lococ~ ~ 1\t vScno occn~ilV a~~ ~o ~Wot <1. aotilO cf ®.e 

yoor to L'cro~ c t:!:::'S&:to ~n ·ot"'ut, ='"a,;~ ~tcs- ~o!l i~ lt?olla ·o~ 

cz..-osn. zc c.bQt:lu 'flo co~ioc' t:lc..lt. t:::0 cc~c..tol. ~C"~J.at.!on ~ 

t.to v1t.c:...~!o jj, r-otmcy~ oo ti':c.~ ~cps So c o~'J1C"'~oble: 
. . ' i 

!n~nco :!tl t:lo oot'..ccnwo.t!o~ of v:1 u:r .d.o. 1.: lc t::.o , liv~o C;u.~ 
' ' 
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present to relat-e t.heat obqea in 1Jle 11qr oil to •1\btr 

t.he tllfl.UU.Ct ot _apaaf.ac or to \be roo4 c.rol•, .. ao 
.lntorat.1on abou~ thea• -~·c\1 ia available. AfraiD a 
plea ••~ be aude tor t'llPt.her el'k oa 't.he lite b.!Jttoriee 

am· tei41DC habita ot •t least. tM aore J.a\port.aAt epee lea 

ot aout.h Atriou tin. 

zgta •· 

k'IOM' AliDa• in B!JMMif LitlE Qil. 

lat. 
113 
121 
170 

. 111 
187 
18 

l03 
121 
121· 
132. 

'116 
1U 
1.21 
ua 
142 
118 
160 
181 
175 

11.4 
21.6 
10.6 
36.0 ••• ••• e.a 
&.1 e.? 

u.a 
1.1 a.e 
6.1 

U.4 
••• 11.8 

21..1 
aa.o 
at.t 
aiJ •• 

.U u..t M •••n fl-011 1fU1• 33, aoM ltM:U.eaUon ot a· 

aeaaou.l vuta~t.on in 'the Yit.aatn D po~¥ o'l \he oil& 

110 

1rU obt.dlae4 .bu" tbta wu ~ar lAu Ml'lte4 'tb8a 111 tu -• 

ot v1taa1D A. froJD thea• t1san• 1\ ••eu poltablA tbat. 

tbe Ylt•So D eoatent ot Uie Uv•r •• a eole ..... sa.a tail'lJ' 

cozwtaat; ~upout. ·t.ha ,.,e, but. that. 4v1JJ& the Aut&laa 
I 

Nd Wiflte aon\U the int>ilt.ration ot ta\ ••eult.e io a 

dUut.ioJ'l cl the liver oil, obt.dn.a 4-ur.S.., \bla pario4 • 
... 

!'h• relaUv•l¥ .a. vtt.aain·~ ooAteat. ot u. at.oubua linr 
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FIG. 16; Storteba$s LiVer Oils 
Relation between E value, iodihe value 
and percentage unsaponifiable matter • 
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FIG. 17. Stortebass LiVer Oils 
Relation between iodine value and E value. 
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-oU. ta aotno~. Por ·UMple, ~~· 1a o.ft171lalt u po\dt. 

u tbe live oU ot \bt ,roper· wtdo.ll, aceoZ'd.iQc to Cta1ud•· · 

. ha (58) • UN¥• 2300 I.tT. p_. iftll• lD thia napeet. U. . 

at.oMbaaa reaellblee t.a. kinCkl:lp whicla. a alao tar leu 

tfal.D&bl.e aa a aourc• ot vitf'lio D thaft 1 w ... Zealarad coua~ 

part.. ihall ~ at,udiea llaYe 'Mea o&ft1e4 out. ln bo\b 

. Soutit. Atric• and ••• Zealw, 1~ will b• ot iD.Ul"eat t.o 

.coapan t.M ttpru tor the vitMSo D potuq of nlatAIII 

fiP4lC1•• ao4 to ... w nat. axwat. tAu 1• a•n.r&llJ' t.ru• ot 

tbe oila ot tl1a t•o oounu-1 .. uc. it poaaible t,o u-ace lta 

r4la\tonabip to ot.ber tac1ton aueh u 4U.tereraoaa 1A t.h• 

YltaadD D OOAtAilt ot .l,b.e pluttoll •t.o• 

S\Onebua lt••r otle preeent M.ft7 tut.llna · ot int,eren 

aaa.. a turtb.er a \ucl,y . ot · UJ.eir co•.P;N1 t.1.oa woul4 be dtlir'Ule. 

· As 1'48¥ be eHa troa Ftc. 16, t.kere 1a a Vf¥17 Cloae 

pa.rallellu betwHn tile v1t•ia A potAGe¥ of tJle oil aid tlaa 

iodioe valu and tM pucan~ uuapoaitiabl• •t.t.er. A 

•Wlar relati.onabi.P ia &lao toua4 i• Ule. atockfleh 1ntea'U.A&l. 

oila ·an<! the .UlMtl.Jo• 11Yer oil• (Jlqa. 7 a.n4 14 Nfii*CUYe17) 

but. 1a. aeitJMtr· et .the•• ouea ia 1 t. aa .-rbcl u ta the at.c.uaa- · 

taua liver oil. fhe _paral.lel1• .·betw•en tba •1 t•ai.a A 

content. ot the o:t.l aa4 the perotafA&e uuapoai:ttabl.e aat.ter 

1a t.o be upeow an4 t,bare 1a 1.10 M1t4 to oe~•neat. oa 1t 

:except. to poat out. \hat. th• .PJ"QporU.O.a of Yit.aain A 1J1 t.ta.• 

uua,poau.tua ~t.'ter o~ at.o1'14ibua liYer •11 .le ••r¥ lli,p.. 

On the a.vera.p, t.b• v1taaha conat.ltu.-c.a 60S ot t.h1a tzeaeUoa 

wbich woul.d, tberetore • be a veey •ui table a tar~ $&~ 

ror turtba~ etudiea on tbe pure vitaaia. 

The .U.O•t. linear rel&tJ.ouhlp be\nea. t.bt 1o41na Ya.l.M 

ot the oil. and 1\8 vf.t•li'ln A eoauJrt. · (.rq. 11) 1a cor. ia.ter-

e&tl.Qr. A a!ailar rel•t,loaa!d., .baa Men nporW 'b.J 
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h6JJ.but, linr oil.a. The lat\eP u.t.bora (tl) b&ve· at.tupW 

'to explain their naul.~• aa follow•• 10U!' wid• experience~ 

ot. o.1lu 4er1ved f'roa ti*b caapt, 1n •t•• ott lcr•land, 

Greenl.and . aiXl .Labra4or lecla u t.o think t.b&~ in eDJ OM 

large area the coatpoa1Uon of t.b.e liver oil u ngaftla 

glyc&rldea. 1e reasonably untfora. fherefoH, bee•ua• of · 

the rel.at.111ely la:rge proporUoa preaeat., v.riauo.-1n ti.Qe 

v1t.es1n a oon"nt. ot 'tbe Uver •• reflect.e<l dlnott¥ til tba· 

Ualy\.ieal fipN f'or t.h.e oll itaelt '• rG teat, thia 

ht.POtheata in tba cue ot the •w~ab ... lt•er olu, an· 

at.teaapt. hu bee &.a4e to calcu.late \he ut.ea\ t,o which 

v1tutn A (10d!.De Yalue 366) ia reapoa•1l>le ~or tba olNNtrnd 

·1odintt val.u• of tba aile. 

"-Qalall. Q' »• Y'lMil A CiAliDl Qt .~t.a·•·· 
LlDI: Qi. gQ.,;t.ht ldlltt !tl&JI. 

sataple •· s s Io4iM Y&lu. IodlM Yal.U 
Vi\lllia A. U.uap. 0~ 011. ot atta•Y1tud.a 

I jiu;t • ' ,. ....... ' I 1 - ·a t£u\kaa. 
3 ••• 10.6 121 uo 
4 21.5. 36•0 170 110 
6 lJ!l.a aa ... 1M 103 
& ••• 38.6 m. ua 
7 a • .a 6.6 a a S1 
8 ...... 8.7 103 91 
9 •• 87 6.7 .181 110 

10 ?.26 u.e 1.13 106 
11 a.aa . S.l. 132 ~ 127 
l2 '6.111 a.& 1.16 lOa 
13 •• ao. G. a 1U 100 
14 e.a u ... 123 lJ71 
l.6 3.46 6.8 lJ.a J.M• 
16 10.3 11.6 l.4a U7 
17 .13 • .tl 21.?' 168 118 
l8 1.4.6 22.0 160 127 
l9 , aa.l. 34.tJ 181 132 
20 1e.e 29.6 176 139 

; 

\ . ' 

TM reaul ta •• nthef aip1t1cant.. Aa 1111q be aHn in Tabla a&J 
'I 

' . 1-

t.h 1od1.ne Yalua ~ '* .ooa-•1 tialda A haet.ion ot .1.1.he oU *on 
tar leas varlat-ion tb&u:. (.hat ot' tlle oil u· a whol.8:. 

\ ' \ . . I' 

' 
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floreover the ob'•ened variations• in partictll.er t:.te higher 

4ear.ee of unsat.ura.Uon ot eou of t-he more potent oJ.ls1 ma:s 
be accountea f:or t.o a certain extent. b7 Yarlat1ons in the 

percent.a&•. of una~onitiabl.e Jt&t.t.er other t,btui vltumin .\. 

1n this connection it ia of int.ereat to now that. in t.b.e oaae 

of tile lut.belj on (FJ.s. 11) t.llare ta a el.oau- parallelism bet.waen 

the 1od1ne value of \he liver. oil fAn.Q the percenta6e unsapon1-

tiibl.e Qi&ttfW than be~ the iodine valttt &t¥1 theE val~. 

This is Ga8¥ to un4eretac4 since kabelJon liver oU CO.t!t.dna 

a h1gb proport-ion of unsa.;on1tiable atter of which onlT aos 
ia v1tam1o .11~. ltl both these apeciea atucliee ot 1ihe ioiJine 

•aJ.ue ot the UD.S$,POn.Ui@le utter, on t.be llnea ot the 

work ct E.,_.. -= :illi1th (loc. cit.), wou.l<l ,PrObablY .v1eld 

valuable Nault.a. 

lt. 1~; .Uao intertsUng to c~are t.he atonebu• l.iwr 

oils iiit.h tJwae of t.he gro.per. Here, too, the .1o41ne val.utt 

of the oil ia related to the- v1t.&~Ain A content.. For ·~• 

'-be apr.tt& o1l.a which contain o.a" of vi:t .. cwd.n '" have a.n 1o41M 

v.u.u& of aa whiJ.e the wiilt.er o11a cont.aitl 6S ot· 1iJ!te Y1tam1D 

Gal have an iodine val\le ot 122 {232). ·l·nete ~1a.""tU"ea are 

ver1 similar to those fo~ at.otlebti.aa livtir oila ot a. sia1lar 

potenc,., a. point. "\\lh.icb :ta part1c~l.Y illtereatJ.ns since 

~orland and rillditch (233) bia.ve eJCamir.ut4 the compount. ~att7 

aci&J o£ groper liver oil. and found tha~ the.( difter in .ll8lW 

napeet.e tram ttloae ot a t.J"p1c&l. 14arine t.el.eoat.eao. an.. ot 
l . 

tbe ~r~ teaturee ot ,&roper Uvar oil ls tho h1p content. 

ot aaturate4 acttia (4H.4 ·: 28.U) ae . coaparea w1 f.b ·t.U uaual 

valuea of 1.6 - 20;i. (164).. In 44dit.S.on1 tbe iAfCU>1dea are 

characterized by a low prorrtion ot Ca• anc1 Caa pol.1'-ethtttol4 

acids~ an unuau~ h~ uoAte~ of p&li!•1.tJ.c W14 ne.xadeceno1o 
. I' • 

ac14a. · Zbeae feat~•• et(pe(l1fllly the tirat. t;«o are ntl.ected. 
'\ 

1n the low iodine value of ~a a~riog oU.. JJ.nce tile iodtr.Le 
\l . 

valuaa ot etonebtit.»a l.iver oi!la ue eWlit.r t.o. tJloae ot \he peoper, 
I ' '\ 
I ,. 
' 

II 
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otla, lt 1a ,robiJJle tb•t tbe_r •111 a1act thow thut 4epar\Ql"ea 

£roll the tlOl"ffal. r&.n&• o£ cospos 1 tioa. 

In the atonebua the liver 18 DOt U. aa.in 'tat. 4tpot. 

~'!oat ot the oil 1• atc:ird iD Ule heal, ch1e1'17 iJl the bou 

cavitt.aa. fhe P7lol'1e ouea and tnteatin•• alH coataia a 

certaSn amout, of oUt but. \heee depota are leu kport.ant. 

·\b&n the liver. A bet.tv appree1at.ton of ~ relatift Sa,.._ 
taa.c• O'l t.be 41tt'e~t. tat depots 1a obt.aiat4 U their ala• u 
taao. into eo.rud.d.eraUo.D. In Tabt. aa, tbeNt'Ol"'•, ar. £Sven 

U. •en&• ttprea for tbe .Pl'OJ_)Or\1o~.Ut ot the 4Utenct 

orpn• 1a t tiab wbicb wen broup\ uhore llllpt.te4 611 \be 

10.11 •• 1. 

XA'Irl M· 

--~-d- Aa perce~ o~ 
wt• 81 ..... ,, •• 

"~hole ti.eb 18.8 ... -
.Hea4 s.o It n.a 
1-lveJ'· ..... 1 •• 

PJ'lorto •••• - It 1.43 

Illt.ut,lDe 210 • • l.a& 

StiO-.cA 585 .. a. a 
Go Dada aoe tt 1.13 

Very -llt.tle work..- 4ou on tJle he.S olltl. A -1-­
QU&ntlt.at.ive -*tra.eUon ot one •£ the -.all•at heada of the 

i; I 

t18h e.X.1ntK\ in ttule 38 11•14•4 apprutut.el.¥ ?S ot ou, 
a t'i£ur'e wb.ieh: .u 1tl aoo4 a.p•.-" wit.b. U. ftlul 6J npoJttec! 

by Shorla.od artc:l· llilditch (2:33) 1n t.b.e ·cue ot the goper. 
I I 

th.ia o1.1 di4 :no~ &1ve a bl.u• colour wlth. the. ~Price fta&at. 
' and it, wu tt~·t. 1a.tudi$d. tu.rth•r. 

I :\. 

The ;·l'ealollt. 1 however • 4o 
. I 

I ' I 
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aaow the "laUYe S.,Orta.aee ot tile llVeJO an4 U. hea4 u fa\ 

4e_pota atae• tM li.Yere ot tJout•• f'i.a oftl7 eoD\4a1aec1 lOS ot 

on, t.e. \.he .-can~ or oU etoft4 ta the M&Cl - ...-. 'Cltaa 

10 U...a that. atore4 £a \ba U••~"• 

A tn •apot.• aaaqaea ._. .aade OA \be oila troa the 

wloric euca at¥1 \he Sat..aUoe. fJteae are &iYea 1o Tabla at. 

fta r•aulta icd1e&te t.hat. the ta'l.ta\to• 1• ld wr-, litU. 

SAC..nat, .t\bt.P u a aourca ot oil OJ' ri\MSa A. Ta. P1lorie 

eaaca, on tJl8 oU.V haaS, coa\&ia qdu an .,...eoiable uoa\ 

0'1 vltaRtiA A u4 their oil coateat cluiJll tM wl.nt..r liOA'tha" ia 

!dab e.noQib to Mke their utracUoa wort.b wial~. The¥ wo1al4 

appear:• t.Uretor•• to b4t wor\11 tvt.ber a\ad¥• 

u .. a.u • 1'1•l'10 
ouea 

10.U.41 tt 

10.U.41 'iate•UM 

.. 
· zam,•·•· 

.I f I • 

I 

I 

• 
•• 1 

a. a 
1.8 

••• 
11.1 

10.8 

..78 117 

1a.ea 1• 
16.1 111 

St.onebua livara bYe been oolleote4 U4 atruW aiaee 

tU a1d4le ot 1941. !b.a¥ ooat.aia 10-801 ot_ oU aa4 ao ~ 

be Nadll.J weat.d b.r alkali u ..-oa!a. 4J.aeat1o.n. 'fhe oUa 

obt.Atn.a in tb.1a ...,. are a deep •:raoa• colour an4 ·are ••r.r 

\ ¥Ueoua. fhe aaDU.al. production c4 ato,.bue llwr oil 1• 

Vflr7 .. u, \he pcJte:attial out.put-, u oaleul&\ecl tJ'Oil t.he 

t~a _1-c !ablea 32 II.Gd 35, Mine laaa tbab 10 pl.1oaa a ,ear. 

T~ oil, llowever, ~ ••r1 Yalaole, ••p•etally 4et.oa \be 

•priJw a.od. •uu.r aont!ta wha a •tural. Y1taa1D A ceoeantrate 
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is obta!ne4. ~'ven durin& t.he wlnter aont.b.U the oils have a. 

bi~car vi~in 1-l pot.e.nc.r t.nan halibut. liver ou, tbouah th• 

v1\allin D content. ta relat.iwJ¥ lo...,. 

Tha Plloric caecal o1~. too, are probal)J.¥· •ort.h u.plo1t1D.J 

but tu:rt.ber work 1a re .. ,\lire4 lMtore the uUllat1on ot t.h1a 
I· 

J• 
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The atudiaa ot tbt lS.vw ud viacaN.l oUa of tJle tlab. 

4talt. w1th iA t.b.i• par\ of the 'tb.e•J.a v• leaa eomplet.e tltu 

thoae .1a :Part, I. the reault.a, .bollfeftr, an a:1nn brietl,r 

.eo t~t. some 14ea Sl8j b• obt.atat4 ot the 1Japortat.t.ee o£ thea• 

.apec1•a aa •oUl"Cta ot vit..U A· In .wi1Uon., tb natllta 

'A 

.j 

·~ tapo\ anal1••• • of 'Ch• livtr o11At of a ntlllber ~ different, 

aptciea are 81Yaa.. t'hia work wu lara•l' •~ u uploratoq 

nature and ten•• to 1A4ieate tboae •peoi•• Yibieb ._, bft wort.b. j 

further at.\ld,r. 

t'.U. 1eJ.l01rtaU b•loc• to t.u J.-. tMiq caraaas.aa.. 
It. .ia vert aild.lcr to the· )fellowtal~ •~ AU\nU& aD4 Bft 

aalaDtl \Sill'iola &ftnelia) .iuMJ. 'alAe> to "t,be C&lltoratan zellowtail 

or aaabtrJaok HI. cJoraal.u). Aeeordifta "o IJaltaUr4 (lo), 11t. 

••eu. probable that aany fd tM DOil1Ml epectea cteaOI'ilMd 11»7 

YUio~ autbora Will be u&U.t..t<l u.n a revulon of \.be aemaa u . 
~·11·' 

1o south !!rica., tiM ,ellowt.ail 1e liON or 1• .. eonfiMO. 

to th• •ana waH.N ot tile. AplJwa cU'ftU't,. ft8 J.a~ta•a.t. 

oa.tehea an aa.da .. in the fal.H k7 wea where tne f:1ail app•ar 

·ftoa OCtober \o Ap:rU~ 

u4· tba \8\IJ. eMnal iaadtap 4o -~ •xceed 300~000 lb. (171). 

~· 
%he l.lvera e.xaainad ••r• all.. fft.m tiah c4llJilh\ .ln .False 

1111.1• The oil wu utra.cte4 4Jlt.bar bJ ethu uwact.ion (l.t40). 

or b~ _pe_pa1a d"-eat.ion (l.Nl}. 

.i 

c• 
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l'!UQIM1l. Lim •rd IA.t.ttYD&I. Pl41• 

Llrar mJ.a. 

Dat.e Bo. ot AY • lt\., AY. rt• $011 -&J.S ' I.v. 
flab ot f1ah 11Yer 1•· u-p. 

.. • {J.11·2 ....... - ,.,>. •• !IISC\Jr •• 
2. &.38 6 a 8? 27.6 l3 .. -18.10.38 3 m-a 120 7.0 lll • .. 

22.10.38 3 1~~ ea . G.a 10 - l.U 
u. 8.40 • 4& ?.o - 6.2 117 
:1.:3.40 2 iO fl1 a. a IS9 19.3 175 

15. 3.40 l8 1'/• 38 a.a G u.1 -1 •••• o 3 20 t7 9.t 230 21.8 181 n. •·•o 6 • • 12.7 16 .... 144 
31. 6.40 18 I• ].f) 60 12.3 20 a.& 168 
gr. 6.4() u 7·11 88 t.l 113 9.0 16? 
31. 3.41 calOO - - U.4 . • e.e = 81. 3.41 • I 41 •• 3 40 ••• 31. 3.41. 8 18. 18 7.3 67 11.1 11? 
31. 3.41 4. )20 102 13.1 78 e.? 180 

Jaf.ll$1.aal cOlla• 

a. a • .n 13 lH 6.& s.o ... s lG 

In order t.c .eue the a.ta iA hll~ 8'1 aon .-plete, 

\be· tlgUNa obt,aine4 b7 M>l.t.eno 1A 1838 (l.lfl) na•• been 1l1clu4e4, 

rrom thia brief eurvq, the ·l.lv•:r .ou of \U 7•UowtaU .P»••• J 

to awit turther st.u41. !he Yari&UoaS encoun\en4 1n the 
.c.J. 

· pnaent •tud¥ in the Y1tMtD A co.nt.en:t. of tbe 11\'U' oU are 

large and do not. aholr &1\f aeuonU t.rea.«. fh1•.., h du to J. 

t.h• eaaU •tz• ot moat ot tbe .u,pua. On the ot:ner hand, it -!. 

••- that. 'the 'litaml.n contea~ ot tae liver oU la lrJtluenced 

· t.o a very conaidttrabl• Utetlt b~ · t.be aiZe ot the 1'11h • . Aa 

baa alread7 beea po1n.te4 out, tale 1• obs~ in ao•\ S]Jeciea.. -

Ill turther work. on t.b.e yello1rt&tl1 tb.ere1'ore, the var1oua aia• 

,aroupa ahould· be stt.ldied eeparatAl¥• 

"lhe 7!eld and the Vitt\:.d.n A pote,ncy of the 11ve:r oil of 

the Sout.h P.friea.n ,-ellowta11 are · aiml~ 'tO the value a N_ported 

b;y 11ood and. IUehel (264) f'or the Auatra11an apeciUt via, t 

Yield ot o11 lOS 

V1ta1n A 

Viteado J) 

G,ooo .z.u. ,_,. ,.. tal!.. • 2to 
9•000 :t.v. ,.. .-. · 

~ 
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· !he ~ivars ot the ;rellowtatl are wor-th coU.ct.ibi aal 

. ~ttn,g. the -¥1eld o'f o11 i• low, but. ~ Y1~-M~I~1n A 

cont-tnt of the liver o111 eapeoiall¥ ·in. the eaae ct the 'bluer · 

t'isb, 1a appreciable. lbe illteat.wa ana pyloric caeca, on 

Ute ot.b.-r h&rul, do not "P.P•ar very prOI.tiainB• The (4Uant1ty 

ot ,._nowtatl liver otl which e-an be produced in ~:outh htr1ca 

1a a:u.u. At certain t~a ot the year, btnrovet', ~e .,;,uan­

t.itiea ot" t,Q.e- tieh are eaught. ana. in t.h• f'utur. !t ia probable 

1Jlatr much of 1~ will be canne4. Yel~owtall l.iver oil r-ay, 

tbare.tore, beCCCl.t one ~ the bya-product.s ot Ute cJ;onina 

induatr,. 

,i 

·, 
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fhe aubl"ker beloQi'a to the aame. ~wlt, caranpda•, 
.. tht .rellowtaS.l. It. is a ..Ul ~ieh and t.he big&ee't. •~.Pl•a . 
4o not uceed 4 l.be. in wei&ht.• It ia of tair c~re·ial 

iaport.wlee and. troa ~ to 5 .adllion pounds· of ~ieh are ctt~t 

aonnallf. It 1a cat,iht chie.tl,r b¥ aeana of trekaeine neta 

op~a'tfl4 from the btach ~ tl'O&I1 boa.ta. 1.n (111.\dition, a &&.Il&ll 

n\U\1ber ot tbe l.a.:¥er tie......_, ap !.o 3 lb. in we1ght1 are t&ke.n by 

tb:e 't&"&iilera when tirO~ tor aiOre dea!N.ble apecie.a. 

JlaPlJ.DI .. Qf lldfEIQ.· 

All tbe tiab. Gxe&ai.aed were C.llU&ht. b7 t.n.wlcr• operatJ.Da 

oa the weat, coaet. 1be t.i•h wen bro"Cht. &ahore ~11t.\«K'' 

aid the¥ wen fttghe(l ab4 the . Y1aoera wen remov4J4 at tbe 

UAiYtrai \1• ttt• 11nt.atlae •. ... taken to 1nolu4e bo\ll. 

the tnteet!ne and the pzlorte ouea whieh v. DU~~~roua an4 ex\UA 

tor about oae-tbJJ:t4 of the leJliUl ot tbe 1Ateauae. The 'total 

v1acva' i.n.clu4ed \be liver, \be intuUne an4 tAa P¥1or1e 

euoa, 'the ato-ach -&&4. ta• p8tQJ 1\. d.i\'1 .aot iaclutle t.h• . . 

h.art. or atua. 

IJ'DOt.lM _gt QU.• 
!he oila were all extnctea tv pe;•la 41paUoa. . 

A ahort, •tud¥ .haa ba•n aa«e of th• liver 1 Snteatiaal .aid 

t.otal viscer-Etl oilJii. ot ~ Ja&Ubabker. Ae mq be 1een troa 

Table as, the liver oila, ••»tCial.l¥ Sit the caat ot the lar&e.r 

ftGh, are veri' riel) 1n nteBJhl. ~· 1'be pcteac.r of tbe let••• 
t,i.nal ol~ 1a &lao h1&h tlaoop it. ta lea• thall tJ&at. o-r t.be 

liVP' oils. Both u. Uv•r• ~ \be lntae~wa, how'ever. _, 



1" . 

ee ~ ~, exeept dur1 n.t:. ·the lA t.e •Ull~Jber montl:uJ, tbe 

· 1'iel4 of oil ia low. ruere 1a litU.e luel1hoo", t.t.aretore, 

that it will be possible in induGtrial ~ractice to separate 

t.he•e or.:,ans troJ!. the rest of C..il v-ueera •nd ;rocesa theit. 

aeparatel)• 

Conae.'-!l.lentltt freta the co.wi.iercicU. poin~ of vir.,.., tlle to-tal 

visceral o1la are ot lhOre interest. 

761'·111· 

4MGint!~ LIW: Qi1d· 

DatAl 10. of. 
. fiah 

Ill ... 
20. a.'-41 ' . ·29. 6.41 13 
3. 7.41 30 u. 9.41 ]..l 
u. &.41 l& 
29. 9.41 19 
~.11.41 12 
12. l .. U 33 
a. a • .a 28 

Dat,e so. ot 
tS.eh 
• 

/I 
A 
J 
' 

Av. 11\. Av. wt,. s 011 81s s 
tlah 11 ..... lela • trnsa;. 

I •• ••• ~£ 

900 P• 28 ... 14.8 43 6.1 
ll60 .. l,6U ••• a~ a 24.0 
100 tt 1 t' 6.1 120 82.9 
489 •• 6 tt 6 .• 9 1S ... 
6H •• 1 " ?.'1 ·111 13.1 
138 u I tt s.·e .:Ka -908 I f 15 " 6.2 180 .a>.e· 

1025 fl - u.t 176 18.6 
1080 •• .. -13.1 63 1.4 

taSrt•Yw P2.11· 

AY. n. · Av. n. s 011 a!!.. s 
ftth intestine UAI8J'• 

I M.$:Hr, 

900 ~· -=~ 
16.0 10.6 3.6 

1110 f . 2.3' 40.0 1?.9 
900 •• 14' t I 2.9 61.6 16.0' .. t. • .. &.o ' 4.1.? -6&6 tt 8 .. 4.0 . 53.9 -638 II 7 t t. 2.4 '96 •• -902 .. 18 .. a. a ''48.0 2l..a ••• - &.\ ¥1.~ \-1 I I - \ . 

' 

\ 
' \ 

I . 
' \ 

r•~ »tf •••• .;. 
I 

• 
I I 

i '\ 
II \ 
/f \ 
I, 

/' 

I•V 

101 
1'72 
188 
1?1 
·186 -171 
166 
1Jl3! 

.) 

I11V' 

I .1 ... 

liQI 
1761 
161 
138 
1M 
l?-1-
m· 
'll 

. . 

. J 



.. 1.33 ... · 

•l" i x.v. 
lea • Uuap. -. .. .. - .. ·¥• .. ' 

I I 
I •. M\W 1181 

9. 6·.41 6 900 ·• 56 1':· 4,8 
2ti. ?.41 a> 48lf: . 28 • 2l..a 

40.3 l4 • .fS 1M 
10 •• a.o 168 

14. 8.41 ? 412 1f 3l '. a.s 9.9 5.3 139 
H. 8.41 7 668 •• ff1 .. ? • .1 11.?. t.a 141 
14. 8.41 l9 1016 •• 85 t. .:1.3 51.& 19.4 164. 
29. i.U 7 G39 .. 46 •• a. a .31).6 16.0 ·l.tO 
29. 9.41 6 743 •• s •• 3.6 'l0.8 22.3 l?t 
fff1.10.4l . as 113 " .l .. a.t 
21.11.41 23 598 " 44 .. 3.6 

?O.a 26 •• 183 
37.4 18.4 180 

Aa _,. 

be a.eera from table 5 1 t.be vit.-.!.a. A con~nt, ot \he t.ot.al 

n•nral. Dil 1e lese tbaa ~t. ot ·the liver or 1nteat1cal oua. · 

Thi• ia to .,_ expeot.ed. ae tb.e stomach .a~ aon&aa co.otAiQ 11 tt.l• 

or 110 YitAAitn A (~. Puaa~.Y (209) l• !be 1'1eb -.re atu41e4 

oaJ..r duftJW ttbe winter aoat.ha. DuriJt& th1a perioO. tbl oU 

oontar..~ ot tbt vf.acva waa low. lD the e••• ot tb.a bi&l•r 

rt.e (OYer eo pa. >. wa wae · a;paruux J+el.ate4 co apaatrw 

whiCh, .10ttaitls troa t.be appearuo• ot t.b• c:onada • ocew:ft4 troa J 

Uo\lt. aepteabV to BoY•bv· X.iD£ the late •taler 4Xl4 

-~ •n.t.ha, Ule tUil are ta &oo4 eor.td1U..o. aQd th• o1i 

· oontAnt. of the '-"'al Yiaoara ·Jia¥ -. u hilh· u 211 {1St). 

:en. t~~or.k 4eacr1be4 aMYe wu part. ot a. collaborat.l.V11 

-atu&Sx ot \be uaabanker. Aa exuSiuUon ot ·tJle t1ta11 aDd ~ 

oUa wu &lao -*.te. . ftla work l• ~t.tU m prop-eu ana a 

4eta1l.S •1.udl o'f bot.b. the 811611 t~•tua • t1•ta. ald. tbe 

l.aJpP tralea tiu u p1Aml.e4. 
~ l· 

I 

! 
I 
I 
\ 

I· 
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YU nauaeal ia a •peeie• of ._n abark waich 1a eoaoa 

oa the aoutth. An-icaa cout. I\ crow• up .to 1 t\. in leQita 

and uauallJ' wilh• 30 - eo llt. t.JnUl neat.]¥ 1\ was ot no 

COMet-•1al taportaace ua.- rMG'4e4 .. a uiaaDce tar both· 

\b.e CODi48l:"'1al. aD4 tb.e •portt ~laherMa. · 

The vulhaaS ia ••'17 eloaelJ' nalaW t.o the aouptiD 

abark (Gal•rhinu ••pt.enaa) ot tbe xencan u4 calJ.t'omiaa 

yatva. In tM lU~ 6 or e .7Mr• tae la~t.er hU lseen caupt in 

YU7 l.ar.ae m.ben cblefl,r tor 1u lJ.nr oU. A.t, tbe preaut 

,ia.e, OW'1.aB to the 4uaD1 tor v1-c..•ja •• aoupt1n tlb.ark liver• 

are, co~i»> rabtJlou prioea u ao otber a ,Peel" ·~ fish a J 

mon traa Wtd.4h . .o l&rg:e • lield ot o.tuNJ. .biah _poteney otl 

·can •• neoYered. It. 1a aaU..t.e4 tb•t. to-dq aouptlo ahaJik 

ltv.era an nppl.J'1JW approxtaW7 1ta1t \be· Yitata A ~ucatl 

1a tb• untw Jt.a\ea taos;. An ea.suuoa ot th• li'fer oil. 

ot the walbaai was und.ertat.• •1\1\ a View to the 4evelopMAt. 

of a a111ilar itduatry la ·south Afttiea, aDS the t~• r•rted 

a.r. ee Ule .reiiGl~ o:t a prelialaaf7' st\117 ot tbia _,aci••• 

IIPIE1Wtrl • 

the :tt.C eua.lntd were all cql\t: at. GauMai b¥ tbe 

Saabo:re bo•te• the llvera, uaual.17 ai,.-le a_pecJ,._a, were 

·brou,ght. to tile tJA1vwa1tJ' .U ~ ellwaa obWaed b7 eUler 

•xtra.ctiou. 1a ~t t.1oa, a AUd»er ot cil atu~pl•• • .,.. · . 

. · -analla•4 wllieh lWI4 been extracted 'b¥ •· c.r. taylor at 

GaaabU.i by •tA..S.q. 

M 8a¥ be •••n ma .ta'blt 401 \lie vaalbaat, lae u.e 

eoaptto lhwk, ia a v&lubl• ~- ot v1tMWI A. D• u.,.... 
oo.aat1ate 1 ~-lOS ot ~ \Gt.al,. weJ.abt. ot tll• tieb aa4 eoat.ala 



troA'l 25 to net..rlJ 80S ~f oil, U'le pot.:n.ey or ~o'hich raJlir'l!• ~1"011 

.12 ,ooo to 1601000 1~ u. per P• The proportion of l1war 4IUld 

the range of oil conttnt are the aue 1n both the vaalhrlllai· aa4 , 

the souptin. '!l'.e vi twrd.n A potency of the tonner, b.o~ever, 

is aomewha~ lower th&n that of the ;~rican ape.cies which 

yields w.n oil con.tain.11'l8 on t.h.e averaat 701000 - lOOtOOO I. U. 

per p. (208~. 

tAMS tfl• 

!M' haas ldrtr P'll· 

Date wo. ot liei.bo4 ot sOil ~~- s Iotine 
tllh ext.raot.ioa auap • Yalu. 

,, •••• t I If 1 • bt . •~fM£ - J - 1 

20. 6 • .0 l. •tb.v,II":&S06 u 31.4 4.66 16& 
21. 6.-to 6-10 ate a. 61 41.6 .•• 38 178 
a. 8.40 .. • .. .... a.o 1..51 186 
8. 8.40 .. '. .. 14.1 s.o 193 
a. a.40 " •• - ?.8 ~.as 1M 
4. 9.40 1 eUler~ao, • 61.8 8.66 139 
4. 9.40 3· a? 21.9 3.07 191 

21 •••• o l t I eo 8a6 l.M 1.88 
1. 12.40 ea 80 ateae4 - 13.6 3.09 189 
l· 12.40 l tt - 81.2 • -.a. e. 42 1 ether /l'a.a SO. 78 16.1 2.58 188 

.. 

• 

fte reaulta .f4 tl\1• prelimiJJary et.'U4J .. _.. auU1c1at to 

indicate \hat t.he proctuc\:lon o'f vaal baal liYtJI' oil •ould be a 

YW¥ profitable tnt,erpl"ia•· · A at1l4¥ of the quaAtitiea 11 t'tab · 
watlable and the baa t ae\hod ot cat.ehina thu waa then uoder­

takea b7 the tiahf.n.i inter-eat.. w1'tb. the neu.l'- that a1.nce J.M.l. 

3 com.\)a.niea have been oparati.fta to produce vaal.haai live ou. 
No f.1st11"4• u. available tor \he. ua.ot Q.Wln\1\1ea o~ o1l 

produced •t. ,present., bot 1t ia ia 'the neighllou.rlkood ot 10,000 

&alloae a ~ar. · Pvther ctata oza \be tl.Getu.at.10lle 1a the 1'1•14 

ad. the ¥1\Mia A pot.uo,r o'£ 'VUl-Ml li'Ver oU •• lMiQII 

collected ar.t4 \he •••eo.oal var~Uoa at. Ute Gutueat. ,poiAt.e 
I 

alona ~ c.out. ar. b•h\1 at.'f.aUad. 

·\ 



tlrlder Wa htll41ng are aroupa4 t.oi•'Uler a aaber o~ 

epeclaa which an ot atnor a~rcial J.aj)or~ tb.ouab .,.. 

ot \hem, for u.p~• tae 4oafiah .a4 the .coaaon akate, are 
' . ' 

eausht. 1n tatr nuabere nen t.rawli~ tor .-re de81rable apec1•a·. 

0Dl7 one or two aa.aJ.7a .. ot. 1ihl: liver oil ot eacll •»•c1u ·. 

bav• been aa4e, but. t.h• ftluee are recorde4 in oX'«er to 
' . 

·provide 110re data oa the ritallin A eoat.ea\ ot SOut.b African . 
tiah oils in g1nera1. ana &lao to iftdtc•w whiCh apeciea _.. 

worth furt.ber etuQ •. 

' i 

IJ!er1Al2&D. 0: Qill• 
Bither ether extraction, pe,PeiD 4J.ieatJ.on o~ • ._.,.ll.tg 

wu ute4. 

t•mrl41-

Speoiee Date l'o. of llltAod of lS s x.v • 
tlah extr-..t.1oa S 011 • 1 •• Unaap. 

I. .. - J n 4 u 1 L I Mt.$1£. ... 
.Bouad 2.12.40 2 a\egjliJ. ea60 1 •• 2.00 188 

Doafiab •• l.C) .. •• ca $J s.a 9.31 1M .. 2. 8.40 ca ao . •tbe 48 a.a ?.13 163 
' 

Co-.on skate 1.2.8.40 30 • • a :m'- a • .a-s UlO 

Giant akate 12.8.40 39 
ci~ 

l . ' 1..9 3.?? 111 

' . tt 17.11.4.1 l " 66 o.a 2.86 1M 

Bla.·•hark 20. 1.40 a ateaadoa 0&40 u.a a.aa 166 

Buttertiah :aa. ?.41 12 pep•ia 6.0 38.4 ?.71 lG 

l ' 2B.l.O •• l 12 " 7.0 .61..0 12.83 158 

Jacopaver u. 9.41 ca 16 ft aa .... 14.4 a.eo 160 

Ba4 Steenbr.. 8.5.40 1 etller ?.? 132 18.7 U3 

i.adta .. -.a.•o 1 .. 8.6 a. a 10.08 1~ 
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Th• hotmda (Matellua •PP•) are vert a1&Uar t.o tb.e v~ 

haai in seaeftl appearao.ce an4 •&¥ •uill M lliatak.eo tor· tAo 

la.\t.er. A caaual ax:Mdaation of th• te•Ut• lloweYer, eenea u , 

a· rap14 and eertain •- ·ot 4iat1qpa.U.biJ.W the two, .. _... 
· 'fhia u a point, ot •• illportanee. The taowda are ottea 

caught when tiabioa ~or vaalhaai aD1 u 1-he l1Yer o11 ot the 

to~ conwna •err Ut.tle vita•1D A ('!Ul• 41), 1t. 1• 

deairable that. they eb•U DO\ be f.Acllk\ecl UOJt&at t..be vaal.b.aa.1 

wi \11 the rewl \in&' loftl'ina or t.t. Y1U.Sn A ooat..ttt, ot t.M 

lat. tAr. 

The cape 'dosfieh (Squalu acat,ipilul1a, a.pa.) 1a •w, 
.alel.- to \he Pacific lftf!iah · (S. SucUU, &1rar4), aa4 

'\he 7ield of oil U4 tbe. v1 t:a•U.a A poteae7 of t.tt* .-plea ill 

tablA .U tall. w1\hill tt» aue r-.. u the 'Mluaa npoJttM4 b7 

Pqalq (210) to~ t.U ve¥fie.b.. '!b ctoatta ta eaup1. 1Jl 

tal~~. •hen vawlJJlc ror·..-. de•trUle apec1••· It ia 

uaually d1apoaecl ot b7 4ull.pln&'• RMenU7, ~nenr, ~· 

d.-eat! f'~ vlt.•la A. baa 1At4 to the oolleotlon an4 ex\racrt,ion 

of t.he liveN oa a a.aU Hale. It. 11 to be hope4 U&t t.M 

pro4uc\ion. of do,ti.tl linr e11 will be eon\.laue4 attc- the 

WUWJ sre¥f18h l1Ytr oil. ia u.a•4 to a lAW~• exwnt, u & aotirce 

0~ Y1tuif.n A tor poulV)r t'e.cla U.S. \b._... le AO NUOA Whf 

doafla.ll liver oil 8hou14 AOi. b• uH4 tor the .... purpeu. 
1W apeel•• of aate ha:Ye been •XM1Md. ftaae an tD.• 

cotilllOtl aut. or . ~ (BaJa el.avata.- lloft4.) aDS tM •· 

cal.l.N •put. ekat. •. !he aet.aal clua1t1cat.1oa of tb• 

la\ttr l• AOt e~a aa 0Jll.7 the 11'hr wu broqb.~ ......,.. 

1\ 1a prcbabl..7 RaJ• __..toata (Laeep.)· ldl1oh, aoeordlatl to 

~ (112), .ia tb• laqea\ apeoiea o~ e&at.e co..,Jil.T 

o&U.fht.. in cape lfAtera. loth a,.td.•• an t.aku 1.ftcil'lutall7 

:lo ...,.. '&I'&Wlt the t'oraer 1a tdr aulibera. L1k• tb.• ~1u 

.tbe.Y are UUAll.¥ 4ullpe«. .la1\.bu o~ tb~ &ppeC'a o'l ..m 
Snt.reat.: aa a aouree ot -wt.~ill .&. 
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The blue aazat ( Carchar1Aua glaucua' Ro.ncS.) belo•• to 

the aame famil7 •• the vaalb•a1. I\ 1a occaa1ooal~ e&Qibt 

b7 t.he line boat,a whea fiabinc tor Yaalhaai or ot.her apeciea. 

!he liver oU ia quite a &oo4 aource of v1t.am1a A, f..bouah 1\ 

1e leas potent. t.han that. ot t.he vaalbaai. Since JJMl, 11a1\e4 

quant.1t.1ee ot blue ehark liver oil baYe bean proGuced. 

!'he but.t.ertiah (St.reu.teua fiatola, Linn.) 1• caught 

occaaion&ll¥ by the t.rawl.era. It. 1a conaider.d an excellent 

food tiab. !'he v1tain A cont.entt ot tJ1e liver oil ot tbe 

auplea exaaine4 wu high, but. t.he 7iel.d ot oil wu low and tU 

livera weN -.11 (averep wetl)lt. lS ... ) .. Wurt. it, 1a doubttal 

whetller t.M extraetioa o~ Ul.e liv•r eU we..O. M· a eoa.erc1al 

propoai t.ioa. 

The J&eo~Yaz- (S.b&atJ.cktla7• e.,...la, ... lill) 1a un4 

ext.enaivelr oa t.ke· •••t.. eoaat. u. a cr&ldlah bait.. It. 1• ot 

1uipi.t1eaat. eo-.re1al iap)r\allca. rroa tJae ...,1. ua'dne4 

lien, it appeared \hat.. 1C. -.u1• aeJ"it t\rr\ber at~ ul a 

detailed eualaat.t•a of Uae llYeJt ani eiaeer&l. ella ia in 

pJ'O&reaa. 

fte red aDd n.t te awen»u ••lo• to the taall7 Sparidae 

wbicll 1a ene d t.he lusea\ w· ••t. iapert.an\ fulliea 1n 

Sout.h Atncaa nten. aot.&. tleh.,.. d t'&ir cezztreial 

iaport&Dee. !be red at.eenbraa {Dentu Npeatria, Valen.) 

ia c~ht. chietl)T en t.he ~· Bank b7 the Uae boat.a. !he 

apecieen exu1ned here, howaYer, waa C*U.Jbt.. 1n Falae 8&1'• It 

n1ahe4 approxiutel.r 100 lba. an4 Ule liver nighed 928 •· 

The white ateenbraa (P8pllaa 11 t.bopatbua, CUY.) 1a towd 

all aroum the coaat. and ia ca.uaht. irreplarl.J b,r the trawlera. 

The apecillen eua1De4 weighed as a., it, waa apparent.l.J Joat 

about to ap&wD. It. wu al.ao C&\l&ht. in raJ.ae Jl&7• The Uyer 

oil ot t.U red at.eenbru eapec1al.l7 waa Yery rich 1D v1t•-1n A 

and bo\.b apeciu would appear \0 be worth turtber •t.ud¥ U 

re&U].ar -plea could b• obt.ained. 

-oooOOOooo-

- ---. -·- ";·-..... -----;-·.--·- '·:·--.-.. -.,_ ....... !.--.~; -·,:~ .. -· <; ·-·"'!~.,;. ··~ 
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