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ATECDUCTION.
Pish oils are one of the most faportant sources of
 vitamins A and D. The medicinal value of cod liver oil,
especially in the traat.@eizt. of rickets, has been rtcokniztd
. many centuries, but it is really only witain the last twenty-
" five years, since,ﬁie ,diéeo#ary of the vitaming, that its use
~ has ’émn' pat on & scientific basis. To-duy, although cod
nver oil 13 still 1arg¢ly uacd, its place has been taken ,
- to some extant by other fish oils, such &s halibut liver on,
which bave a much higher vitamin conunt. and reyuire a cor-
respondingly swaller dose, or by the more paiat'able vitasin
concentrates prepared from the oil. | | Thc discovery of the
* relationsbip of vitamin D to ultra-violet light and the role
_‘.-it'. plny;s. in the formation of the bone and in the prevention
_ot riekeui has made the use 61’ vitasin D potent £1sh oils,
artificial vitamin D aad ultra-violet therapy an established
1 practice in mat pax-t.a of the world. In the aaue way, the
appreciation of the importance of an adeguate in_ui:"e of vita-
min A in m prevention of xcraphthmxa and other conditions
| .fma resulted in a ir:mcaprdad use of vitaamin A supplements in
Europe and _Mericn.'. vmsh oils containing vitauming & and D
are also Wmivclj uged in ‘anima) fesding, especially by

a | poult.ry fargers, 'for'mt. only is vnmin D necessary t.o prevent

'leg weakness ' in chicks, but. the addition or the vitmins

~ also results in 1ncreaacd tgg mﬁnct.ion, :lapravud hatchibilit.yu

- of the egys and better shells. Some idea of the extent of the
" peacetize use :of vi.m A and D can be gailned from the fact
that it has been esimaud tllQ) that in 1939 the United States
_used 2.8 x 10%® I.U. of vitamin A for medicinal purposes and
3.656 x 1018 for poultry !‘udms- o
_ The war has greaﬂ.y 1ncraased the densnd for vituﬁna A
 and D, adeyuate supplies of vitamin A being especially impor-
~tant in the prevention ot aight blindness. This ::omit.idn
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is one of the first sysptoms of a deficlency of the vitaain

and presents an obvious danger during a ‘'black out'. In the
last war both ricxets and xerophthalmia were common in Europe.
In Austria and Germany, where the diet in 1918 was particularly
deficient in fat, infantile ricikets assumed the proportions

of an epidemile ana juvenile rickets and ostecasalacia were also
coamon. Xerophthalmia, on the other hand, occurred chiefly
in Denmark as a result of the exteansive exportation of dairy
produce to Germany and numerous cases were reported in Copen-
hagen. In the present struggle efforts have been made to
compensate for the inevitable shortage of eggs and dairy pro-
duce by supplying the necessary vitamins froa some other source.
In Britain the fortification of margarine with vitanins A and
D was made compulsory early in 1940, and as a further measure
the Government has undertaken the free distribution of cod
liver oil for all childiren.

Unfortunately the increased dewand for vitamina 4 and D
has found the Allied Hations cut off frum most of their pre-war
acurces of supply of fish liver oils. The Norwegian output
was lost when Norway was occupied by the enemy and British
manufacture has practically ceased owing to the commandeering
of the trawlers for mine-sweeping purposes. Japan's entry
into the war has meant a still further reduction of supplies
as she exported considerable juantities of high potenecy fish
liver and fisn iiver oil to America. The seriousness of the
position has been reslised. Canada and the United 3States,
which are now ithe chief eburcoa of supply, are making every
effort to increase their production of fish oils by the fullest
utilisation of their resources and many types of liver, which
had hitherto been discarded, are being processed. Other
countries, like India and South Africa, which had previously
done nothfing in this field, are also playing their part and
new industries are springing up.
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| The demand is principally for vitamin A.  Although
several varkgm have cl_iiﬁd to have syntheaized this vitamin
in the laboratory, it has not yet been possible to do 8o on
an induétrial,gcua'md'we are thus compelied to rely entirsly
on natural sSources. In recent years whale liver oil has been
used quite oxtemively an & source of vimin A, sspecially

in the fcrt.iﬂcat.ion of margarines. The war, hawever, has
stoppqd practically all rhﬂlinc operét.ionn, 80 that no more
vitamin A can be expected froaz this qnnrt.ex;. It has been

_ auggaatad that carount, either 11: the fora of red pnlm oil
(119) or as & concentrate prepared from carrots or &lfalfa
- 411) m:lght ba utilized 1n the present ewergency. Up to
now, howaver, not.hing has baen done 1n this dirsction.
The responsibility of supplying the wholc of t.tu Allied Rat.iona ¢
vitamin A requiresents falls thus on t.h_m ﬁaning indugtries.
F‘ortﬁnatsly the position with reg#rd to Ivitaﬁin' D is much
more satisfactory as fish oils form only one of a.varal gources
of supply. The antirachitic value of foods may ba enhanced
without the addition of vitasin D as such. For omple,
-vit.min o milks, shich are veiunsiuly used in Anerioa, may
~ be prepared by irradiating the #ilk or by feeding irradiated
yeast to the cow, as well as by the direct addition of vitamin
D concentrates to the milc. Synthetic vitamin D - caleiferol
- was the first vitamin to be produced comaerclally and its
manufacture on a large scale .uas well established in Englind
“apd smerica long before the outbreak of the war. 1 nacessaéy;
B énough calciferol could doubtless be produced to supply all -

~ the vitasin D nesded for medicinal prurposu.' 'In Anerica &
beginning has alsc been made on the commercial prpduction of
vit.&mig Dg by the extraction anﬂ irradiation of 7-dehydro-
- ¢holesterol from whelks and pﬁrﬁinklu. No figures for the
progress which has been sade in this direction are availadble.
Vitawin D from this wurca,-héuier, would be ia great demand
for addition to poultry feed oils. The war has altered the
relative demands for viteains A and D, In 1939 livers of
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high vitamin D potency, especlally thoase with a high chick
efficlency, were the avet sought after fishery material.
To~day the demand is for vitamin A and livers like that of the
soupfin shark, which are rich sources of the vitamin, command
fabulous prices.

In view of the present deaands for vitaminsg A and D,
an examination of South Africa‘s national resources and her
nutritional needs is of considerable interest. 3Since 1937
there has been a steadily growing awareness of the extent and
geriousness of malnutrition in thia country. The preliminary
surveys carried out by the Union Health Department (48) (135)
(181) have ghowa that the incidence of malnutrition awongst
the aschoolchildren, both Zuropean and Bantu, is very high.
At least 40% of the children examined were below the standards
for normal health and nutritions thie figure is probably an
underestiiation rather than an overestimation of the serious-
ness of the situation. Up to now the investigations have been
of a gensral nature and very little inforsmation is avallable
with regard to specific deficiency diseases. ork on this
aspect of the subject hes recently started and is still in
active progress. There is no doubt, however, that the dietary
of a large proportion of the population does not contain enowgh
protective foodstuffs, and milk and milk products are particu-
iarly lacking. Radloff and Oaborane (213), in a discussion of
some Jouth African diets, have shown that lack of vitamin A,
vitamin D and calcium are amongst the wxost conspicuous faults
of the diet of all but the wealthiest section of the population.

It might be thought that the abundant sunsbine in South
Africa would compensate for any deficiency of vitamin D in the
diet and that rickets would be rarely seen. Actual experience
hap shown that this is not the casc; in Caps Town mild
rickets 1s not uncommon in the European and non~-European
children atiending the muni{cipal welfare centresy florid cases
_ @re 3een awre occasionally and a fair nuamber of theie are in
~_native children (123). Cases of healed and healing rickets



) - 8 -

have alsc been reported.momat the Bantu achool-children in

Pleternaritzburg (136). Lack of calcius in the diet and an

v‘ unfavourable CasP ratio m pmbably the chief causéa of the
|  disease. It is not likely that rickets among vt.he natives is
due to any inability to utilize the ultra-viclet 1ight on
‘account of the pigmentqtion of their skin. One theory held
to-day is that activation of the provitamin taies place on
 the surface and wat the products of | 1z=rﬁd_ia£ion are absorbed
through the aiin (113). If this ia the case; the natives
shbulﬁ derive as much dbenefit from the auns'hina as do the
Kuropeans and any greater incmence of ricketa aamngat. them
- 1s due to uieir lower economic status. |
| It is more difficult to foru an estimate of the extent
" of vitamin A deficiency in this country. | i‘%;eit&er Brock and
Latsky (31} nor Kar« and Le diche (185) found any cases of
kemtamaiacia or Bitol spots amongst the children they examined,
but both groups of woi-kerja reported & considerable :éxmbef of
cases vat akin changes which might be due to vitamin & daﬁciency.
 For example, the litter authors found that the mcidanée of
the more advanced 'aigns of Phynodersa (follicula: hyperkeratoais
- praamably Jdue to vitamin A deficlency) varied from 1% to £29%
| 'accor&ing Lo the district. Thus, alt.hou@ fin.al proof is still
lacking, it seems fairiy cartain that. a considerable percsntagc
of tne population suffers from a de¢ficiency of vitamin A.

¥hile mlxmu'!unn :Ln aouth Africa has its roots in the

prtsent. aconouic syat.w ané any relief measures guch as the
distribution of vitazin supplements to school-children can only
be of the nature of a tempoa;ary pali_iauu y nevertneless the
izmportance of sdeguate prodﬁction of vitanins 4 and D in the
form of fish oils can be ap;reciateq; especially as it has been
point.é&_ cut (106) tﬁat. the country ie at [resent unsble to pro-
duce enough prot.aét.iﬁe foodstuffs to supply the whole population.
Untdl recmt-ly, 3outh Africe had made no attenpt to utilize the
vitamin reserves of 1ts fish. In 1939, for the first time, fish
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livers were brought into port and proéeaacd for oil. dince |
’ "‘t.hen the industry has grown 'amaﬁily and in 1941 several thou-
sand galloml of high pot.ency ol"l vere txported to tha United

| -3t.at.¢a for the a:aaufact.ure of vitamin caneentraus. if‘mgx .
Table 1 1t can be seen tiat the raw materdal available is
considerable. Ouwing to difficulties in the collection of

| st.at.iat.iaa, aspecmny-in the case of t.he inam:n‘ fisharies,

_ tlie actual landings are pmbah‘l.y rat.h-r greater than indicated
by these figuru. hareovcr, t.h:y do not take into account

the dogfish arnd other elnsmobrmcm takan incidentally in the

| t.rail and previonlly dnuptd baek into the sea. -

Local Hame | Quantity  Potential uantity Year
Stockfish 24,096,742 1b, 1,100,000 1b. 1938 (201) -
Ringkllp 11,182,108 ' 47,000 ' 11
Kabsljow 3,326,691 '* 70,000 '' ‘'
Geelbex 586,876 11 14,000 't 10
Stonsbass 41,976 '' 1,000 t* %
Zoles 2,827,608 ' . - e
© sflverfish 489,383 4,900 11 1
Yellowtail §f 5,028 '+ 56 t1 e
".".’Qnukv_‘;l' (4,013,240 vt E0,000 't 49
- (ssm,ooo‘ v 128,000 ¢ 1939 (202) -
* Maasbanker § ,.oos,ooc 1 25,000 ' L

Landed at Cape Tom- Figdros for other stations not
‘available. : . o

Exctpt for the ﬂgurcs !hicn wsrc obtained by doltcno
(188) (1&) (190) in his preliminary survey of the vitamin A X
content of South African fieh, and on the basis of which the
 collection and txtraét.ioﬁiot livers was atarted, no data were
| av'aimble for the oil content i;f the l'ivax?s_ and vigscéra of
the different speclescf fish or for the vitauin & and D



- potency of these oils. Tbe present studles were, therefore,

- undertaden to provide wore inforaation about the ceasonal and
 other variations in the 01l content and vitamin potency in
the wost important comsercisl Gpecies landed at Cape Town.

Revart.heless, the results which have been obtained arae of

conaiuerabla general 1nt.emat.. _ }
. bueh vork 6till reuaine to be done. Studles similar to

© the present one should be carried out &t other points along

~ the coast; «alvis Bay and Durban, in particular, would zake

mterestm stations, both from the point of view of studying

the inflﬁenceof the temparaturae of the watefx-.and the abundance

of the food supply on the viuuin regsexrves of the fish and of |

fellowing the annuul uigrations alony the coast of fish such

’aa the umcir. and the iallmtan. To undertake work of this

nat.ura auceessfully. t.he present Division of Fisheries ghauld

be expanded to include a Fisheries Research Board such as

exiats in Canada and other parts of the world. [his could then

co-operats with the universities and the fiching industry to

o carry- out & comprehensive prograkge of research on prcblama»

both of industrial importance and of acedeuic inferest.
The generosity of the various trawling companies in Cape Town
~ and their wnl:lnghesb.' to help, which was experienced in ﬂte |
 present uaﬂert.uking, holds out the. hops that t.his might be
achieved in t.ne near fut.m'c



‘I't is di.i‘t:leﬁlt % discuss the chemistry end physiolegy
of vitasin A without dealing also to some extent with that of
the carotencids. This is inevitable because of the closs
relatiouship, chesdcal and physiélogical, between the vitamin
and its prscméra. The development of our mun on thc
nltunn between v:tmin A and the etrot.maida has been traced
by many writers (18'!) (176) and it will not be dealt with in
aemx hau. An early as 1919, Stcenboch (237) bad obsarved
that t.heﬂ was & panllclim between the oceurrence of cmt.nnc
and xanthophyll in phm.n and their vitamin A activity. His
£indings, howsver, were not coatimd until 1028 when von Baler
‘and hia associates 1?6) (76) (74) mmm the vitamin A se~
tivivy ot eryntanim cmtm The connection between the
orange~red plmt. plgment _m the zizmost eolourlass \rim.m _
present in fish oils wan made clearsr in the following year by
koore (191) (192) who ehowsd thit;cmum acts as & pro- -

_ vitamin and is converted iate vitamin A in the animal body.
Finally the chemical buh of this relationship was utabushtd
 when Karrer and his co-vorkcﬂ deternined the structare of
bot.h cmnnt and vitamin A '

| | ' The constitution of both e-rnm. and viuun A rut-
chiuﬂ,y on their dDehaviour on oxidative degradation. The

~ structure of prcarctene was first sstablished by Karrer (138)
{138) 1n 1830 and has since been contimcd by many mtcrs. |

' " The evidence on which it is besed has been rwim& bj'

tmr (81) and Spring (238) aad will mot be dealt with here.
In the following yesr, Karrer and his moci&hu (140) pre-

psred & very rich vitamin A congentrate frow msckerel liver
oil.  They showed that the vitamin was an aleohol CyeHyeCH
or, _1,53 probably, Cpafy 0. Like cu-ot.lm,k it an'gmnie
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acid (III) on osonisation. It also reseambled carotens in
its benaviour oa oxidation with potassium permanzanate and
chromic aclid. arrer therefore propoeed the structure II
for vitasin A.

fo s o
~Cif=Cl~C=CH~ SH=CH~C=CH~CH=CH-CH=C~CH*CH~CH=C~CH=CH

I g-Carotems.

CEy CHy
-CR#;HJ*CH-C&I*CH-C'CH-C&W

IT vitaomin 4.

O0H
=0 .
C\Cﬂ s » ] |
III Geraonic scid. IV 1,6 dimethylnaphthalens.

Partial conﬁmt.ioh of this formula uia obtained by Heilbrun,
iorton and uebster. £111)(108) who subjeeted a rich halibut
iiver oil concentrate to selenium dehydrogenation. 1,6 di-
methyl naphthalens (IV) was obtained in good yield, indicating
t.hat. the concentrate contained a substynce whose constitution
48 far as the l4th carbon atom must be identical with thet |
praposed by karrer. Karrer hiunself completed the proof dy |
the synthesis of perhydrovitamin A which he showed was ident.ical
with the product obtained by the compiets hydrogenation of the
natural vitamin (141).
The witauin A concentrates used by Karrer and Hellbron

in their investizationa on the structure of vitanin A werae
'clw yellow oils. Heither succeeded in isclating the
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crystalline vitasin. Although s'ubaequent. work hag sbown that
the assuiption that these preparations were fairly pure sauples
of vitamin A was justified, neverthelesa, tus failure to pre-
pare cr;st.alliné derivatives x?andered any claim to havo iaolated
the vit&éaj.n in & state of puﬂty sosewhat insecure. This
difﬁculty wis also experienced in the sutiaequen_t. aynthetic
studies and both the ident.ipy and the purity of the various
pi'oc”mct.a_ obtained has been based chie:‘zy on the study of their
absort:tioh spectra.  The first crystaliine d'crivat.iveg of
vitamin A tobe pz?epareci were the p-napht.hoat.c .a'ud anthra- )
quinone-g-carboxylate (98) (183). The former welted at 76°C

. while the latter was bhutined in two fom, yellow cmtm
#.P. 1z4°C and red cryat-ala L.P, 118°C. The elemenwf
analysis of these eaura and t.neir molecular nignt. were in
agrecuent with the formula proposed for vitamin 4 by Karrer.
Crystalline vitauin A was first oblained in 1937 by ﬂolﬁea |
and Corbet (124) by mcrjsmuaauan of the unsaponifiable
mtt.ar of ﬂah iliver oil from met.byl alcohol at low teuperawms.
The er;atals melted at 7.5 ~ 8*C. Tals was such lower than
was 0 0 Be expected on the basis of Karrer's foraula and it

was ausgeat.a& that t.he crjstals conaisted of a aixture of
geometric isomera (12).  Recently, bowever, Baxter and
Robeson (18) have shown that these crystals contained solvent
of crysmuzauén.-' By using sthyl foraate msw of

" wethyl alcohol as a solvent, meég aorkers have prepared
‘erystalline vitanin A welting at 63-64°C. The saus authors
have also prepared a nukber of erystulline eaters of vitamin
A, including the acetate, the p#lﬂit.au and the divitsmin A
succinate. This work shoum prove of conslderabls importance
. both as providing criteria of purity for nﬁmral aml synthetic
‘pmeppreparations of the vitamin and also as ofiaring an oppor-
'tunit.y of replacing the present internstional standard of |

~ pecarotens by a cr;st.uum proparat.ion of vit.amin A or one

of its est.ers. |
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Following the publication of Earrer's structure in 1231,
many attenpts have been made to synthesize vitamin A, These
have been reviewed recently by Jones (131) and only the two
@most important claius to have synthesized the vitamin will De
discussed here. 1In 1937 Kuhn and Morris (158) claimed to have
synthesized vitanin A by the method outlined below. The
starting point of this synthesis was gelMRylidene acetic ester
(V). By reduction of the imido chloride by the chrousous
chloride method of von Braun, the key substance P-imnylidene
acetaldehyde (V1) was obtained. This was then condensed
with p-methylerotonaldehyde in the presence of a neutral
poporidine-acatie.aqidfcatalyst to give the Cyo aldehydc (V1iX).
On reduction with éluﬁinium Jag-propoxide, vitamin A aicohol
(VIII) was obtained. The final product, after purification
by chromatographic analysis, contained 7.5% of vitamin A
(colour test). «hen tested biologically on this basis, it
gave a similar growth response to the natural vitamin. This
work has recently been subject to criticism. EKarrer and
Ruegger (143) experienced difficulty in repeating Kuhn's
synthesis . These authors state that the wethod yleids a
wmixture of poly enes and that, woreover, the main product
differs from vitamin A chromatographically and alao in the
location of the absorption saximum of the antimony trichloride
coloration, Other workers (149) huve also reported that
Kuhn's synthesis givea biologically inactive producta.

Synthesis of the methyl ether of vitamin A has been
claimed by Kipping and #ild (147). Details of the method
and of the biological activity of the product have not been
published. The synthesis, however, is a novel one and
dezerves a4 brief consideration. Instogd of the usual step-
wise lengthening of the side chain of p-ionone or some eimilar
subatance, these workers built up the side chain first and
attached it to the ionone residue en bloc. The essential
atep of the synthesis consisted of the condensation of the
‘vomo ether (IX) with j-ionone using lithium as a condensing
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PC1, .CH=CH~C=CH-CH=LCeH,CHy  Ha0 ‘ CHeCHoC=CH~CHO +  CHy~CoCH-CHO -
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- piperidine :

7
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agent. DUehydration of the resulting tertiary carbinol (X)
yielded the methyl ether of vitamin A
CHg CHy
~CH=CH~C®=0  + Br(Hy~CHeCH~-C=CH-CH3OCHg

p~ionone IX
. CHy CHy
dd - CHSCR~C~CHy ~CH=CH-CnCH~CH, OCHy
X
(Ha s
=Ha 0 ; CH»CH=CaCH=-CHx CH-C2CH-CH40CHy

XI methyl ether of vitamin A.

dpectrographic studies, both of the ultra-vioclet absorption
spectrua andg of the colour produced with antimony trichioride,
have played an iuportant role in the investigation of vitamin
A and related substances. In the synthetic studies in this
series, the identity and purity of the various products has
been based chiefly on the study of their absorpticn spectra.

In addition, the physical and chemical tests have provided

a rapld and convenient wethod of estimating the vitaamin and

80 have done wuch to adivance our knowiodgo of its distribution
in natural products.

#ith a solution of antimony trickloride in chioroforam,
vitamin A gives a transient blue colour. This is the basis
of the well-known Carr-Price test (43). The reaction, however,
is not pecuiiur to vitamin A, but is given by all carotenoids
although in different degrees. its chexistry is still obscure.



wh_en the colour ie exmﬁ.innd spectmscopicany, 'it. is found,
| in' the case of vitawin a concentrates, to be due to two bands,
 one with & maxiwua at abott 620mz and the other at about 583 &u
(1073 (108).  in low pot.ency 0ils, these zaxiza ere usually
displuced to 603~606 ma and 572 mu respectively. In these
- oile algoc the presence of natural inhibitors freguently pre-
veh’w tite c}mvelomn£ of the waxisuu at 603 muy the 672 mu
‘bend, on the other hand, is usually unaftected. Un saponifice-
tion of the 011, the inkibitors are removed ma the full colour '
| is able o develop. bor this reason it i3 preferabl« to
carry ocut the ustmmt.ion of the vitmxin by the eolcm' t.aat
on the umayonifiable uatter. | |
, _ In aciﬁition to the wain banas at €20 and &Bd gy maxima
at 638, 845, 656, 880 and 690-695 mu hmu been recordad (107}.
Of these the 693 mu band is the most isportant. in the case
~ of oils from fraaﬁ water fish this band predouinates and the
~ maxigun at 620 su is absent or present merely as an inflncubh
(89) (70 (88). The'e3 nm'chéomgm'-ie now recognized ae
a second factor - vimin Age in waition to the maximum at
693 ma, 1t also shows & second waxisum at 650 wu.  in con- o
centrates rich in vitaxin 53 & considerable overlapping of the
650 ard €20 un bands occurs (160). It fs thus Gifficult to
detémm the rélative mporﬁom. of the two vitauins present.
| In the ultra-violet 'vitam.'m Alaxhibim & broad absorption
“ bang With & maxious at 328 mu. In oils or concentrates
_rich in vitaain A, this band is replaced by gaxizs near
- 360 m‘amm {71). The 326 wu band had been observed in
‘biosterin' - a crude vitasin 4 concentrale = by Pakshashi in
1626 (241). It was firai. investigated by dorton and Heilbron
and their noll&bomtor& {196) (66) (50) wio showed véry clearly
that it was a property of vitauin . A8 a result of ﬁuir
work, the apectrogra,;hic tigthod or eomm.ing vitanin A was
~adopted in 1925 by the Ledical Research Councii who recomsended
the use of the provisional factor 1600 for converting
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Eﬁm‘ ms.mu'xnw i-t}. per.'gm. (12’6) (127).' This factor
has been eriticized by wuany workers (8) (51.) (217), and in
_ﬁmeﬂca,: in pa'rticular, the factor 2000 is‘éanmnly esployed |
msﬁ&&d. I‘hare ia & .,,rave suspicion, however, that the high
valuea obtained in that, country are due to a deterioration
of the U.C.P. referance cod liver oil (68). It has been
claimed also that the convex‘aion factor 1b greater in the
case of natursl oiis than in the concentrates prepared m
- them by saponificatiazi. This is apparently due to \th&
. higzher biological efficiedcy of the vitamin 4 esters prasent
in the former (91) (120) (187). Inv'estigat.ieus with erye-
tallixm vitaaio A a..lcohol and its est.era, howaver, do not
confirm these resulis (183) (13). '
The extinction coefficieat pt pure 'v‘it.amin_ A 19“prbbabl§r

- inft,hé neign_bourhbod of 1300.. -Ihe higheat figure recorded

by Holmes aod Corbet (124) was 2100,  aead, Undernill and

, chard (183) and Baxter and Hobeson (13), on the 6t.her hand,

" have reported the values 1800 and 1780 respectively. " ‘fhese

- are _probably nearer the correct 'figm-. | For calculating the

vitamin & content of fiah oils, etc., hovevér, it is con~
ventianal t0 use the value Ei; 328 mu = 1600 which was | |
obtained by Care and Jelcll (42) m 1933 for their richest. |
vit.amin n concentrate. _ , ,

In addition to vitamim A and !ln, ot.her chromogena

bave been obaerwcd in fieh and mamalian .uvar oils. These
include ‘cyclized vitamin A' and the '200 mu chromogen®' of
- whale oil conceﬁmt.es. - 'cyélized vltémin Al héa been pre-
pare‘dv by the action of alcoholic hjdrogen chloride on. |
vitaumin A or by the action of heat in the pieaenec of écid.. |
its ﬁlwa-violet. ahmptiun spectrum is charactérized by 2 |
pumber of basds &t 392, 369 and 380 mu. .«#ith antimony |
trickloride it gives a dlue colour with & asxizum at 620 mu
which 18 practically Iﬁehtical with that of ordinary vitamin
A (63). Cyclized vitamin A ia 'alsfo" répért.ed. to oceur



nat.uranyv:m'fiah liver oils and is found in the lower boiling
fractions obtained by moleculur distillation. It is atated |
to be biologically inactive (‘72). -

 In mamgzalian liver oila, and 1n wha.la liver oil c:oncontrabea:

in particular, the maximum at 325 mu is frm.nently abgent and
a bm at 290-310 mo is observed instead (97). This ie due
to the -Ipre’sence of a chrbmogén which exhibits qn absorption
- gaximom at 285-290 mu ana which givea wim.'nn;mony t.richloridg
a blue colour with bands at '594 and 496."#:11 instead of at 620
and 663 mu (208). The '280 mu chrocogen', as it has been |
~ called, is also seen occasionally in winor guantities ia

 fiab oils (66). It fe inscluble in 83% ethyl alcohol and
zay be aepurated from vimmin A by exhamtive extract.ion with
~ that aolvent. It possesses definite biological activity
which, hosﬂevw% is lower then that of vitamin A. It has been
. Buggested tLat it may represent a third factor, vitaddn dg,
 which contains ‘one double bond less than vitamin A.  Its inmilu-
bility 1n %%/ﬂcohol and the fact that, unlike vitamins Ay
and Az, it 13 not _affnct.ed by aleqholié hydrogen chloride,
[.r;akes' it aouﬁtml, however, whether it is the Cis axialogue
of vitaxdn A (220). | |

Yitamin Ase |
~ The recoﬁn’iuon of n second f&dudr,‘ vitaminﬁg, in iish'
oils has been based 1arge_1y on apectrographlc studies of the
antimony trichloride reaction. Viwia' g 8 found in ‘
-largest auounts in f.he t.iaaue of freah water figh. It has
" also been observed in the liver and vizsceral cils of warine
| fish. in n:amzuala and biraa itis absaent, excapt. where, as m
the case of sea biras, viumi;z Ay 48 present in the diet.
i very ngmraat.mg study of the dietribution of vitemins 4,
and A, has bsen made by sald (248) who cuggests that in fish
B the ratio FQ 34, is deteramined genetically and that the ‘wransfer
frox vitauin A o Ay '.motabou'am dppears to be assoclated .
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phytogenfcally with the migration of marine teleosts into
fresh water'. It has not Deen possidble as yet to isolate
purs vitamin Ag. For this reason its chemical constitution
and its bioclogical activity are still uncertain. Feeding
tests suggest that vitamin Ay contributes to the total
vitasmin A activity of concentrates in which it occurs. (88).
Up to tiae present, however, there is no evidence that Az, al-
though it may have & blological value egual to A, plays any
significant role in maamalian nutrition. On the other hand,
ald's discovery (250) that vitamin 4; replaces the vitamin A
of the visuzl purple system in the eyss of fresh water
fish suggests that here, at any rate, 1t may have the same
functions a3 the ‘classical’' vitsain A.

The fact that vitamin A; cannot be separated from
vitamin Ay by chrosatographic analysis or by molecular dis~
tillation indicares that it is very clnécly related to the
latter. froa its epectrographic behaviour it would appear
to contain one extra conjugated double boad. The two most
iikely formulae for vitamin iy therefore are:

g Cay
- ClinCH-CeCH-CHsCH-CxCH-CH=CH~CHy OH
X1I

CHy CHy
~ CHSCH~CCH~CHeCH~CsCH-CHy OB
e e+

fn ozonolyais XII should yleld geronic acid while XIII should
give a,a-dizethyl succinniec acid. On ozonolyasis of & con-
centrate from fresh water fish oils Heilbron and his collaboraters
(88) obtained practically the same yield of geronic acid as

from an ayuivalent guantity of halibut liver oil concentrates.

¥o a,a-dixethyl succinnic acid could be detected in the
ozonolysis product. These workers, therefors, concluded

that vitamin Ag wusat have the formula XIX. This was partially
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confirued by treating the concentrate with aluciniwi Lerlk.~
buloxise and acetone. As in the case of vitawin 4;, a
ketone was oblalned which readily yielded a crystalline
p~chlorobenzoylphenylhydraséne. The spectrographic besaviour
and the elementary analysis of the latter were in agreesent
with the assumption that the ketone had the structure AIV,
from which it followed that the original aicohol wust have
had the Lozumulsa XIl.

CHs Chs {Ha
CH=CH~ECli~CHCH~ G CR-CHaCH=CASUH (=8

XIV

On the other hand, Gray (83) (94) has studied the
elimination curvea of vitaming A; and Ag. The elimination
waximuc is only 3°C higner than that of vitamin Ay From
analogy with the distillation curvea of certain fatty acids
Le concludes that vitamin Ag has the sawe number of carbon
atoms a8 Ay, but that it contains one more conjugatec double
bond, i.es he favours foraula XI1lle |

Karrer has also eritioized formula XII. Using his
aomenclature, formula XI1I re,resents p-apo-S-carotenol
(Cefe P 22)es ¥From tue known absorption spectra of vitawin
4y aad of [-apo=d- and [~-apo~-4-carotenols, the position of
the absorption maximws in j-apo-b-carotenol may be calculated.
’his should be at 356-~358 mu (1465). [he absorption band of
vitauin iy, however, is rather lower (350 mu). Karrer,
therefore, considers it is guestionable wihether the ilatter
really is the C;; homologue of vitamin A. Karrer has also
repaatec the ozonolysis of a vitamin Ag concentrate (137).
He claiws to have obtained acetone in 60-70% yfeldsy the
'geron'ic acid obtained in Heilbron's experiusents he bellieves
to have been derived solely from the vitamin A; present.

He conslders thersfore that vitamin A; has the structure XV,
i.8. it bears the sawe reiationahip to vitasin A; as lycopene



to 5-cmunu. |

ﬁcascxnm-cascﬁ-énca-cn,oa
' To confira these reaulta y 80 atterpt was made to a;gn_t.hluiu
& substance of this formula by condensing pasude-ionylidene |
 acetaldehyde with j-methyl crotonaldehyde in analogy with
Kuhn 's synthesis of vit.amin A. The product cbtained, honnr,
ks non-hbmogmmﬂl and thers was no fraet:lon which gave the
absorption maxime typical of vitamin Ay in the Carr-Price
reaction: | - L

This mmrt.mt. pue- of vorx rcquius eontirmation. |
The formla propowd ‘b;r l:arrer would be expeetad to show
" an absorpuan band in the ultra-»viclet. with a mimun at
345 au, which s vary closs to that aatupll,y obaerved. | _'
This foraula would also acconnt for the amil'qriw in the
boiling points of vitamins 4; and A  On the other hand, &
compound of this sﬁuet.ufe should be biolozicaliy inactive.
According to Karrer, t,he. blclogical mctivity of his concentrate
‘was fully accounted for by the vitamin Ay present. This,
hwovcr, was not the lxpu'icnca of Beilbron and hia collaborators
Relther does it appear probablc that all the geronic acid
abtained by these workers on ozonolysis of their concentrate
was due to vitaain A;. Further work en this prohlm would,
thu-aforo, be dnnirable. '

~ The chemical baais of the relationship between vitamin
A and its precursors was first. indicated by Karrer when he
established the constitution of doth f.s-carot.tne and vitamin
A.  In the same year, Kuhn. (151) (157) ehowed that specimens
of pecarotens from certain sources contain enother form of
~ carotene which he called u-carotcm; Shortly arter t.hia,
& third isomer, y-carotane, was uolaud (153).  The
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elucidation of the structure of these mew compounds soon
followed. The rc_lat.ionahip of a- to p-carotene vas shown
by its bahavioﬁr on azonimtion'," when both geronic acid and
isogeronic acid were obtained (142), indicating the presencs
~of one p-iomone ring and one ring of the a-ionone type (XVI).
 y-Carotene {XVIL) was @1&0 found to contain one [-ionone ring
" while the other end of the moleculs possessed the opsn chain
“atructure of lycopsne. 'Lik'e' f-carotene, a- andy-caro‘um ,
were both fogmd‘ to poséess growth-promoting properties.
 Quantitatively, howovﬁr. their activity was mily half that of
 p-carotens {128) (165).  The importance of the p-iondne ring
4in the molecule as a necnanary prerejuisite for vimin A
ictiviby,us t.hu_s uubushaa_. -~ Subatitution of thae p-ionoaa
‘ring in any way deswoys the activity. Thus zemanthin,
. ‘which is a dihydroxy-p-carotene, 1s imactive. On the other
| hand, crypt.exhntnin_(xvxu),' which is a aonohydroxy-j-carotens
" and contains one unsubstituted a-idnone ring, acts &8 & pro-
| 'vimm Ay its 'biolégica}; activity, however, is of the a.wn'
" order ss that of g- and rcmum, 1.0 only half that of
{~carotens (156).
Gey = and y-Garotene and crypwxmthm are the most
isportant naturally ocanﬂ‘ing provitaasing. In sddition
t.o thece, five other biologically active carotencids have
been isolated. - These are ecbimm, the pigment from the
sexual glmds of the sea urchin, lapretene, mpcoxanthin, and
the two latest a.xdit.ions to the list. of prcvimins, aphanin
and aphanicin.,  For _an account of the isolation and structure
| of these compounds, refersace may be made to the reviews of |
Horton (194) and Rosenberg (220). As their constitution is
based largely on the fact that they are biologicnly active,
t.hey will not be conaidered further hers. J
, The work of Kohn and Knrrer and tbcir respective
~ collaboraters on the steptin dcgradat.:lon of g~ and B
: earotnnn has also provided auch information concerning the
relation between structure and vitamin A activity. By mild



AVI a=carotens

XVII y-carotens

XVIII cryptoxanthin

OH

‘l ~CHs1p=ipepi=pisCHa XIX Aaihydroxy-j-carotens

CHe
fo

'Cﬁ’“ip“-"ip’m‘bim-c ' XX aami-;‘s-cmundne

~CH=1p={pxpixpi=CH~- [ ’ ] XXX anhydroewisasemtmnev
' ReCo-l— - - | |

- -cgajpaipapig(:ﬁ-ca:c.éao - XXII peppg-2-carotenal .

_ - .C'Hsv | o | - o
*CH=i{p=ip=CH-CH=C~-CHO =~ XXIII j-apg-4-carotenal

- The convenient -abbi'a\viation *{p' for an isoprene unit
=CH-C=CB-CH= is due to Korton -(184).
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oxidation of j-carctene ﬁiﬁn chromic scid, Kuhn and
Broekmann (160) (162) (154) obtained first dihydroxy~j-carotene
 (XIX) and then seui--carotensns (KK), both of which were
biologically active. On ring closure with alkali, the
lat.t.er gave anhyﬁmsm-p-cmumne (XX1) which was still
| active. £11 degradation products contain an intact p~1lonone
rihg'.' sben, however, m second j-jonone rmg is opened by
further oxidation to give ;.-carotenone, the act.ivity disappears. '
gegurotene, under the sawe conditions, gave a sicilar sertes
- of dégradatioh producta; these, however, exhibited no vitamin
A getivity, :lndicating tbat. the ,,nionona ring had been
'att,amed firat. »
" By the oxidation of p—»d'arot.ene andother carotenoids with
alkaline permanganate under carefully controlled conditions,
Earrer and hig co-woriers h_avé obtained a series of very |
interesting aldehydes. Oxidation of j-carotene itself gives |
‘& mixture of products from which j-apg-2-carotensl (ZXII)
and ﬁ»m@»carommi (KXIII') bave been isolated in & pure
state (146). As is to be expected from their constitutdon,
these compounds, 88 also their oximes,act 8s provitauins 4 (7'?).
p-apg~3~ and s-aag-ﬁ-cam;emls are also fomad in this de~
gradaticen, but the ylgldé of thege producte are 8o samzll that
they have not yet be'an obt.ain&ﬁ mre. On the oxmauonv of
’ a-carot.em, the corraaponaing c-m-cmtaualn which ars
| biologically inective are formed {79)3 bhere, &s in the case
with cnramic,acia, t.he p=ionone ring is praf.erent.ially attacked.

These studies have vsry*cienrly dsmonstrated that the |
presence of an unsubetituted f-ionone ring in the molecule is
one of the necessary conditions for biological activity.
3o many exa:éplea of this apecificity are available that the
: failm of a carotenoid to promote grawt.h in vitamin A
detieient animals 18 frequenuy interpreted as evidence of an
namodified p=ionone ring. The ystem of conjugated unsaturation
hovever, is also important. Hydrogenation of any one of the



double bonds destroys the vitamin A activity. Thus the com~
pletely hydrogenated products, perhydro-j-carotene and per-
hydrovitamin A are bilologically inactive. S0 also are p-
dihydro-carotsns (144) and the synthstic products Aihydro-

and tetrahydrovitamin A (90) (224). On the other band,
p-carotens 4ilodide possesass growth-promoting ut.iﬂt.,n

this, however, is due to the fact that j-carotlens is regemsreted
in the animal dDody (78).

It was assused by the early workers that the conversion
of p-carotens into vitamin A involved the fission of the central
double bond according to the eguation

Coollss + 8HgO —> 2C;oHagOH.

p-carotens vitamin A alcohwl.

The fact that a- and y-~garotens are only bhalf as active as
p-carotens was strong evidance in support of this theory.
#ithin receat years, howsver, difficulties have arisea in
connection with the assays of crystalline vitasin A alcohol
and its estera. By definition, j=Carotens DOSSesSsSes &
potency of 1.66 million I.U. per gm. If it were converted
quantitatively inte vitamin according to the above eguation,
pure vitamin A alcohol would de expected to have a potency of
1.56 million I.U. per gm. The actual figures ebfained by
Holses and Corbet (124) and kead, Underhill and Coward (183),
however, wexrs in the neighbourhood of 3.0-3.3million I.U. per
gm.3 more recently atill, Baxtar and Robeson (13) have pre-
pared a sample of cryatalline vitamin A which assayed at 4.3
ailiion 1.U. per gn. The superiority of vitamin A as sugh
over carotane might possibly be explained on the basis of
incomplets utiliszation of the carotens by the animals used for
the assay. On the other band, it 1s more likely what quanti-
titive conversion of the carotsne molecule into two melecules
of vitamin A does not ocour. liorton (194) hes thus been led
o suggest that carotens say undergo mﬁr:lul fission with
the production of twe fragments, ons of which is already too
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anall to yield vitamin A:

Caollsgs —> CaoligelH < d.composit.ion proﬁucta.
This, however, has been cz_'it.ieized by Hunter (128), who
pointe out, emongst other thiqgs, that, since 1;" 1a the P~ionone
ring which is preferentially attacked m the cxidatidn of |
a-carotene with alkaline permanganate, a-carotene uight well
. be expected to be biolog,ically mact.ive on t.he basis of this
»mechanimn,_ wcwding, to Hunter, ‘a more G,Atiatactory

-

~ picture of the procéas is that the eonversion takes place
| by fission of the eentml dauble bond of the | p=carotene m:le-
: cnle, but that interuediate stages are involved in the ultimate
producf.icn of vitamin & alcohol which lead hvo-'t.he loss of a
certain proportion of the carotene in side reactions.' |
| , .It is generally agsumed that conversion of carot.am to
vitauin 4 ocecurs in t.hg liver. There 13, hnwever, very
1ittle direct evidence to supyort this bypothesis. 1In
1931, Olcott and EcCann {203) reported the presence in the
iiver of an encyme 'MW&' which converts caratens into
vitamin 4. They e.lao claimed to have e:f‘eeteﬁ the conversion
40 ¥iiro by incubating the minceﬂ 1iver tissue tit.h a ¢ol-
loidal golution of carot.enq. Other workers (1) (65) (73),
vhowaver, have failed to contirm these results. Thus, ai-
. though we huve a é*a;ry detuiled knowledge of the relatiomhj.p
between chenical cbnat.itut.ioﬁ and provitamin A activity, we
know very 1ittle of either the sit.a or the mchanism of the
I canveraion of  these provit.amim into vitamin &. .

- i\ variety of amet«oms tollowa the depletion of vitamin
A in ‘the animal organisam. These practically all reflect,.
a8 \olbach and Howe (261) (262) (263) have shown, & comson
effect of lack of vitanin 4 on the epithelial structures of the
organs involved, ﬁt.rdphy'of the epitheliun ocours and later
suhét.itm.ion of a st.rat.iﬂadkarntmiied epithelium for the
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normal apithaual'strﬁcwra. Cysts of keratinized epithelial
cells accumulate in various parts of the bdody, especially in
the .aalivary glands, the lungs, the stomach am the intestins.
These cysta were regarded as abscesses by the sarly workers
and _he‘ncs the idea é.rqaa that vitamin A had & npceiﬂc anti-
| infective action. The faﬁtv that animals on a vitauin A. -
deficient ﬁ;ht. are _wr?y susceptible to respiratery infections
(61) (175) and frequantly succuab to broncho-pneunonia

k strengthened this iaoa,'- as did the observation that children
. suffering from zerofthalmia are liable to severe respiratory
Gisease (28).  Ihe relationship between vitamin 4 deficiency

' . and occurrence of 1nfect~.1m may dbe traced to t.hol characteris-

tiec miemplaau of the epithelial tissue. The position 1@ |
gdmimbly eWize& in the following statement: 'Under the
ordinary conditions of vitamin qxperimnt.s,. the breakiag down
of the 10::&1 defénces a.llc'mi access to t.ha comparatively
avirulent bacteria which normally inhabit the intestine, .
‘the reapiratory tract or the “conjnmt.inl sac, so that the
rénult.in_g infectiona are as a rule avirulent in type. = &hen
~organiens of a mox'c. virulent type are present, the candiuon
of the local defences i-ather than the presence of these or-
gani‘m may be the factor which detersines the onsat of &
* virulent infection. ' (62). ﬂmr_n is no indication that
animals on & vitamin A deficient diet are less able Lo proe-
duce anti‘bodien than nor?na.i animals (’102). Heither does the
experimentsl evidence Jueufy the belief that vimin A
therapy is eﬁectiw clinieally in infections caused by specifie,
highly pathogenic organieus (44). Except, therafore, in 80
far as relates to the maintenance in & healthy condition of
what bus been called 'the body's first line of defence '
vitamin & probably has.. no specific anti-infective action.

One of the most important wanifestations of lack of
vitanin A, particulsrly in experimental animals, 1s the
: .'o'ccurrance of xmnhthulnia. - This was early recogniud u _
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& specific aymptoﬁ of vitamin n deficiency (177). Xero-
phthaﬁmia oceurs fost comonly in young animals. 1In adolts
cne of the earliest signs of a ﬂeficieney of vitamin A 18 the
developoent of night b.l;mdnena. ~ The mlationahip betwéen
mﬁlnutrition and night blindness im rats was studied by
Frederica and Holu (85) and Tansley (24%). ~ These workers
showed that the Ireg'ene:ation of viéuai purple after bleaching
. by & bright i1ight waa nlowdr- in vitamin 4 deficient aniuale |
than in thg‘vconﬁ*als. . In extreue cases no visuval jaurple' |
 could be found in the ‘xfet.im A/t &ll. The relation between
:.vitamin s and the visual purple system is of particular
int.mst. This has been 1nns’t1,gated ettmsiéily by sald
'(249) (350) who pictures the visual cycle as follows:

V:laual purpln {rhodopsin)

/. | ', dm"\\tm,;

Vitamin A + protein <——-——————- Ratinenq + protein

(visual yellow)
 Rhodopsin (visual .pérpla) ise a'cem;)lhx' carotanoid album:ln
4in ﬁhich retinene, & ycllmr piguent relsted to the carotcnas';
is the proathétic group. On 'expoa'nre to bright 1light it |
s blesched to an orange colour (visual y«iiqv)'. Turing thie
prqci_sa retinene 1_'3 ubarétea; This may either be converted
back to visual purple vorvvmay decompose, givi_ng vitemin A ~
Part of fhn vitamin A thu.s formed may, in its turn, be re-
synthesized int.c' vism purple; & certain proportion, however,
diffuses awa,; into other tisaﬁéa. Unless the aya' cont.ixmounly
" receives a supply of vitwin A from the circulation, t.herefore,
the regeneration of the vianal purple 1s incomplete. The
visual purple waten. deacribed abova is found in mammals,
birds, acphibians and mst. uarine fish. In fresh water fish,
the visual pi.grﬁent, porphyropain, exhibits an absorption band
in the ultra-violet with a maximum at 522-626 mu as compared.



-z?.r

~ with 500 mu in thé »éase of rhédopsin. It enters into a
visual cycle similar to that of rhodopsin except that vitanin
l A. replaces vitanin 4, as a cbmponent (49)s 1In cariain fish,

.capecially those which spend part of t.heir iife in fresh
~water and part in salt water, both rhodopain and porphyropsin
my be found in the retina. The very direct relation
betwsen vitasin & and the visual purple system, together with
the fact that nightblindness is one of the sarMest sywptoms
of a lack of the vitmin in ian, has led to the widespread
nse of the dark mptctioh-test. ir putritional suévoyc',u
én 'indicatorg'of. :Lnéip_imt vimin A deficlency.

' another manifestation of vitamin A deficiency in san

15 a dry'scalj "condition of the skin. l'his is follond by
~ papular eruptiona due to hyperkeratonin of the hair follicles.
"Thue lesions aauany eccur in semuy mature persons between
16 and 30 years of age and not in infants. They have been
:r"eported frequently in cnm (83) (84); they have also been
observed in South Africa (135) (171). | |

 Lack of vitanin }ﬁ. further results in dbnomn tooth
structure wﬁ an unhealt.hy corr&it.ion of the gums (260). |
Changes in t.he central nervous s;stem have also been report.oa
in exparimnta.l animals, end {t has hun suggested by
¥ellanby (185) that the atropy and metaplasia of the epithellal
~ cells may be secondary to cha_ngea in their afferent nen'r&*?-ﬂ -
supply.: Thia aspect of the subject has been discusased by -
Bessey and jolbach (15) tho aﬁﬂsc caution 1n the acceptance '_
of Nellanby's hypothesis. - |
_’ In she early days of vitamin research, cnphui- was laid
on the growth-promoting activity of vitamin A. This property
ia atill the basis of the biovlogical usaj of the vitamin, |
Failure ot’ young animale to gain weight, bowever, will result. »
from a d=ficiancy of any of the vitamins and is not npeciﬁc |
for vitamin A. It has been shown, moreover, by Orr and
Richards (204) from measurements of the body length and limb
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' ﬁones that growta in a true 'éensé is not arrested by 1ack

" of vitanin 't ..'skeletal growth continues though the anizals
fail to gain vxéight. To call #itamin & 'the growth-prozoting
’vitam‘in‘ is, therefore 'Q &ignomer, | ' ’
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There are fenr more ‘romantic cnapt.ers in the history of
biochenical research than that. which concenns aur ideas on
the relauou of vit.wn D to bone formation in young animals |
and to ricket.a. The glevalopmnt. of the understanding of the
ﬁpart.s played by vims.n D and ultra-violet light in the cui‘o
of rickets has been ‘mcéd 1o a nuubér of excellent reviews
_(21) (169) (184) (206) and will not be dealt with in detail
- here. . " | |
it had long been known that rickets wonld respond to _-
ait.her of m appnrcntly unrelated t.reat.mnt.a, nml,y SXposure v
to aunlight lm aduinistration of @od liver oil. The connection-
between the two was mﬁe clearer in 1924 when Hess (112} (118)
and Steenbock (238) Mepandnntly and almost aiﬂnlmcousljr
showod that irradiation of & ric&cts-»producing diet with ultra-
viclet rays conferrad upon it antirachitic propertian.
Irradiation of the various constitubats of the diet in turn
proved that it was the unsaponifiable fraction of the fats
.uhich becane act.ivated. Bacmae of the wmupraud cccurrence
of cholesurol in fau, the irra&iauon of thie substance was
investigated. It was found to bs activatable and for some
time it was thought t.o be the provitamin. it baem app T,
howevor, that, ulthough smplas of nholuhrol can often be |

=

| uctivam even aft.er rather extensive purification, the results
are irreguur, and in 1926 1t was proved sizultaneously in
three diiferent laboratories (110) (207) (222) that the proe
| - vitamin was not chcleatml,. but & persistent Mpurit.y which
was Mter identified by Windaus and Hess (253) and Rosenheim
and jebater (221) as ergosterol. ’

~ The isolation of the antirachitic .virradiation product of
~ ergosterol in a pure form presented unusual difficulties and
it was soon recognized that, under the influence of ultra~
violet light, the aterol is transformed not into & single
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substance but into & mixture of isomers. Consequently it was
not till1 1931 that kindaus in Germany (256) and Bourdillon and
his co-workers in Zngland (6) succeeded tn‘ebtaining,tha purs
cfysmline vimm. | ‘This was éa.lled vitanin Oy in Germany
and calciferol in uagland ' The | 'vihminﬂ' which was first
iaout.ed turned out to be 8 molecular compound of Dy and lumi~
~ aterol, one of the other product.s of irradiationy the 0ld
‘caleiferol’ was a similar sddition prudnct. of calciferol
proper ang pyrocalciferol.
ihis was 8till not the end of tha trafl. .a‘.‘videncc_

from blo-assays accumulated to show that calciferol was not

~ identical with nataral vitamin present in fish oils. The
~ discrepancy led in part to the study of the irradiation pro-
ducts of other 's't.arbla with the same ring B atructuﬂ as
ergosterol, and it ia nmé eatablished that the cmpcﬁnd
B obtained by irradiating 7-dehydracholesterol is identical with
" one of the natural vitaain D's. "From_the resums above it
 1a apparent that there are several substances with vitaain D

| activity which may be produced byi' ért:lficial-means, and from

 comparative asseys on rﬁtu‘ and chicks, there is evidence that
fish 1iver 0ils contain more than one natural vitasin D. The
gueation of the ﬁuluple nature of vitamin D vwi’ll ba discussed
1n more detail laters | |

The changen which take place mn crgontcrol is irrsdiated
tay be suszarized by t.h. disgram below duc :mrgely to &lnaanz
- (259) and Setz (227)s - The irradiation of sny substance in |
the liat leads to the tomtion of & aixture of &1l t.hc

. subst.ancu below it and t.here is no indication that any of

the changes are reveraihla. The ﬂ.ml products of irradiation,
3uprasterol I and supmtex*ol II, are not alt.erod by furiher
‘axposurs to ultra-violet 1'1ght. and are ot interconvertable.
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In adéition to this succession of products of irradiation,
two adaitional lsouwers have been obtained by thermal treat-
ment of calciferol: pyrocalciferol and isopyrovitamin.

Ergasterol
'Luminﬁtrol

Tachysterol

|

Caleciferol

Toxisterol
{Substance 248)

Suprasterel I “///\\N Suprasterol 1I.

4ll these substances are isomeric with erygosterol and
consequently their structures were worked out in a couparatively
short time. This aspect of the subject has been reviewed by
Fieser (82) and 3train (240) and only the broad outline will
be given here.

That the double bond in the eide chain at Cgi-Cas is not
involved in the transformations is shown by the fact that
‘all the isomers yleld aethyl-isopropylacetaldehyde on
ozonization (85). It can de inferred that the absorption
of ultra-violet light is attended by changes in the highly
unsaturated ring B of ergosterol. In conseguence, it ia
izmportant to determine the degree of unsaturation of the
different compounds, and this has dbeen accomplished, whers
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poasible, either by hydrogenation experiments, particularly
by the quantitative micro method of KHhn, or by perbenszoic
acid titrations. Lusjisterol, like ergosterol, has tiree
double bonds, whereas, in both tachysterol and calciferol,
the presence of an additional double bond has definitely been
established, frow which the conclusion must be drawn that one
of the four original rings has opened in the course of photo-
1somerisation. Uverirradiation, &t least in the dase of
suprasterol I, appears to result ian the closing of a ring
since only three double bonds are found in this coampound.

The same iz true of the two pyro compoundis.

Another method of detersining the number of rinzs is by
dehydrogenation experiments. Luxisterol, like ergosterol,
yields Diels hydrocarbon, methylcyclopentanophenanthrene,
on. treatuant with selenium. | It must, therefore, contain the
same ring structure as ergosterol. In confirmation of the
evidence that the four ring structure is no longer present in
tachysterol and calciferoi, these substances yleld no crystal-
line dehydrogenation products. The same is true of supfa-
sterol I so that, although it eont&ina a four ring structure,
this 1s evidently different from that of ergosterol. In the
pyro compounds on the other hand, the original ring system
has apparently been reformed. e

Ou the basis of these and other tqsultn, it is ansum347
that ring B opens in the change lumisterol—> tachysterol,
and tue photoisomers of ergosterol are foramulated as follows:

CoHz o

Lumisterol. &achyutorol.

™
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CoHyo CoHy o
| s
| H HO
Calciferol {(Vitamin Dg). Saprasterol I.

Toxisterol has not yet been isclated and is known oaly from
its absorption apectrum and toxic effects. The structurse
of suprastercl II is not knownj It has four double bonds,
whereas suprasterol I has only three.
Lumistercl has the same ring structure as ergosterol
and, since, when treated with mercuric acetate, it gives
a debydroluuistercl very similar o dshydroergostercl, the
double bonds in lusistercl are coasidered to be in the same
positions as ergosterol [Heilbron (112)(}. Like all other
irradiation products, lumigterol l1s not precipitated with
digitonin, so that it must 4iffer from ergostarol in the
spatial relationship of the Cy«OH or the C,g=CHy. At One |
tine, it was thought that the change from ergosterol to lumi- - ‘.
sterol was simply eplmerisation of the Cs-OH. It is now )
kxnown that this is incorrect #nd that the initial effect of
irrediation is a spatial rearrangsment of the C;o~-CHg. The
evidence for this couwes from & study of the dehydro- and per-
hydrodehydirc derivatives of ergosterol and lumisterol (57).
Little is known about the structure of tachysierocl.
The evidence for the opening of ring B in this compound has
already been discussed. The present foraulation ie based on
the fact that tachysterol and calciferol yleld {dentical di-
hydro derivatives and conseyuently posseas the saus carbon
skeleton (197)3 the great ease of formation of adducts with
maleic and eitraconic anhydridea indicates that the double
bonds must be arranged in & particularly active systea of
congjugation.
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W is, of cemu, the moat inmutinx member

of the series. Its structure has besn established by the

atudy of the pmducvw' of oxidative degradation of the vimin o
or of the dihydrocalcifercl maleic anhydride adducts.  ¥ith .
saleic anhydrids caleiferol acetate forms two 1someric adducts
which are easily reduced %o dihjdro gokpounds whers the nido
chain ig saturated. Windaus and Thiele (257) proved t.hnt. tmsc
coapounis. aust have the structure AXV (page 36) by the fouoﬂ.ng
degradations. On osonolysis, thers was obtained a saturated

© ketone whieh, from the coaposition (Cys¥ss0 bicyelie), aust

have the structure XXVIII. ~ This obzervation establishes a
double bond 1n the 7-8 position. The nature of the other

 half of the molecule was revealed by the isolation of ¥,3-

dimetihyl naphthnlem (XXVII) as product of the selenium de-
nyérogenauon pf the dihydro addition compounds. This kind

of dehydrogenation was unigue ay the time, but t.ha ru_ml’c
has been checked by Thisle and Trautsann {244) by the study

of a nusber of model dnhxdrogmamm.  The identificatioa
of ﬁegradat.ion praﬂucts cmdetsriung both pam of the

\molecule csm;u-ne. rigidly the structure of the mue an~

hydride addition preduct. Prcvid;d there ie no nmangmut.

4n the reaction of calciferol (a8 the acetyl derivative) with

malsic mhydri"io at the t.uaperatm of the stean batzx, these

observations also cmlatcly establieh the swawrt ot uu
vxmin itaelf,

Fm'thcr svidence for tht etmemrt xxnr whs obuinua by
Hoilbmn, Jones, Samant and Spring (108) by direct m::{dation :
of calciferol with cold chromic acid or permangansts to an
oily aldeh ds C; t‘a"d { XXVI) ﬁwu cf unsaturated strugture was
deduced froa anglytical dats and from & study of the abaorption

spectrum of the semicarbazons. This aldehyde could only

ariss frok the elsavage of 4 Soudle bond in the originmal
5,6-position of & substance with a etructure XXIV.



'acetylatioh, adduct formation

A 2

and catalytic recuction

Qs

. Formaldehyde .
| | 2y3-dimethyl-
| o naphthalens
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~ Heilbron a.nd his en-varxari alsc showed that. the osonolysis of

| calcifcrel give: tbnnaldahyd- in yields as high es 80% of the

' .thtouuetl amount nquim for the rupture of the amsthylens
1inix_ageva:. Csg:Crae This 1ast bit of evidence, although 1t is
rot entirely free frum objeetion, _h&wo_nr, since siuilar treat~
ment of ergosterol gives szall amounts of formaldehyds, d&ﬂuitd-
y istabliam; the mnm. of the uoeyene asthylene granp

| pcamlnted by #indaus and Thisle (loe. eite).

| ~ The strncbnu of caleiferol may thus be taken as being
-fimly established by degradutive avidence t.hough attention
sust be drawn to the fact that Sernul and Crowfoot (14) have
ettt.i,ci:éd_ formula XXIV on the basie tioat it does not contoﬁ
iit.h’:t,hn' data obtained froam X-ray analysis of erystalline calcoi-
‘f&roi; No iolutiou of this difﬁmlt.y bas yet b«i reached
{41).

As has besn stated bnrori, when the activation of ergo- 3
surel vas first diacomnd, it was thought that ecalciferol
was m onl; tm of vitamin D and ergostercl the only pro-
vituia This belief was bugd on the fact that all other
sterols which could be aétivattd showsd the ‘ergosterol!
absorption s’pocw'a in proporf.ian to their activntibiliw.

‘ ‘ﬂu ponibnit;f had bnn ovnrloaked that t.hm might exist
othcr D provitamiss having the same absorption spectrusm us

. ergosterol. ‘It 18 now re'eégnined that this is the case and
 more than ten du‘fcﬂn‘ anbutancas having antirachitic activity
_have been dowri’uud. of these, five are well characterized
chemical entities. Knowledge of the others is frugunury
ana thoy are ot acadsmic interest only. o

The chid mode of attack on the frodblem of the muliiple
’ vmmﬂ of vitamin D has been the use of differential bic-assays
~ with ehicks and rats. Carrick [unpublished work quoted by

- Bills {17)} vu the first to show t.hat. irradiated ergosterel
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waa far lesa effective for chickens, rat unit for rat t'm'i_t,',
than was eod liver oil. This was confirmed by kassengale (174)
-and nmiaua other workers. This provided the ﬁrn definite
proof that calciferol was not identical with the ‘natoral !
vitazin D of fish oiin‘ and it greatly stisulated the study of
the activatibility of aterols ét.her than ergosterol, in
particular of t.hoae with tlu sane syatem of conaugaud doub}.e
bonda in ring B. _ . .
. ?-Dehydrocholesterol was prepared by xindm, Lettre -m
Schenck (255) by the following asafsynthesis. Cholesteryl
acetate was oxidzzcd by chromie acid to 7-keto-cholesteryl
acetate. This was reduced by alomintium isopropylase w 7=
- hydroxy cholesterol, the dibenzoate of which, when strengly
heated, g@vg the monobenzoate of 7-dehydrocholesterol. From
thie the free sterol was obtained by uponiﬁcauon.' 7-Da-
 hydrocholssterol has the same absorption speoirua as ergosterol
and it is net.ivaﬁ_ed by irrediation in'ixactl,y the same way.
‘Activated 7-dehydrocholesterol, or viteain Dyy hgs been abtained
crynuuin; by Schenck (225) and its sténet.uﬂ has been shown
 to be analogous to that of calcifercl from which 1t ﬁit.rem'
only in the nature of the bi&o chain (252). Lumisterol-3 and
- tachytt.eroi-a_ h&ve &lsc been iiblatﬁd,' |
Vitanin Dy has ths same rat;chick etrieimcy ratio
" as cod liver oil, and 1ite m.nuty with ons of the aatural
vitamin D's was established in 1938 when Bchmnn (38) iso-
_lated the antirgchitic vitamin of tunny liver oil as ite | |
dinitrobenzosts and found it to be identical nit.h the dinitro-
benzoate of vitsain Dy.  Further proof of their identity
was mvim'hy comparative rat :ehick assays by Grad (92)
and by other studies (234) (106), Vitazin Dj is thus ﬁ very
 important form of the antirachitic vitamin. Its importance
18 enhanced by the fact that 7-dehydrocholesterol has been
- 1solated from hogskin by Jinaam and Bock (251); 1t is thos
in all probability the provitamin which is activated when.
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 human beings and anizals are irradiated. As h‘as_bee-n
 wentioned in the Introduction, it also oceurs in molluscs,
from which _aaux?ca it ié extracted _come_rcially'.: -

Another wall-defined form of vitautn D ia 22-dihydro-
'céloifml or vitamin Dy. _-S&Dmydmergqstm}. iaa prepared
by Windaus and Lange (254) by the hydrogenation of the double
‘bond of the side chain of ergestercl.  On _ﬁmdziation, i
is act.ivatéd to the corresponding vitamin whieh was obteined
) ia the crystalline form in 1937 (258). It appém tc be |
slightly less &nbirachitic for rats then elther vitaming Dy
or Dg, while for chickeaa, 'aita activit.y per rat unit ie :lqtef- -
| zediate (179). It has not, as 'jct.,‘ been isolated from any
~ oaturel source. | |

Two ct.her T-dchydroatarols have been prepare& by the
technique described for 7-dehydrocholesterol. 7-Dehydrosito-
sterol was prepared by cunderlich (266) ‘and, as vas expected,
E was found to be activat.ed by irradut.ion. On the cther hand,' |
the Irrauiat.ion pmﬁuct. of 7-dshydmntigmatero1 (163) proved
to be inactim or, at the moat, very feebly aouu., Hxact.,ly
'why this shoul& be is not understood. - '

| ?B:cﬁ.ch,~c;§.ca .

“CHg

 7-dehydrostigmasterol.
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* Some Porms of Vitamin D

e | LCH,
- CH«CH=CH=CH~CH_

) | oy

CH, A

Caleiferol (Vitamin D) -
» o CH

vt

CHeCH,~CH,=CHy=CH,

CIVI;5
“Activated 7-dehydrocholoaterol
(Vitamin
CH S
3 :
| , - ,CHy
CH«CH,~CH,~CH=-CH
S CH,
CH, ;
22-d1hydrooalciferol
(Vitamin D )
CHy
F ~_CH,
CH~CH,=CH ,~CH~CH
| - CH,
P
CH,

Activated 7-dehydroaitoateroi

5 L CHy
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“he four forms of vitamin D already described, calciferol,
irradiated 7-dehydrocholesterol, 22-dihydro-caleciferol and
activated 7-Gehydrositosterol, differ merely in the nature of
the side chain and may be represented by the foraula

Of a rutaer different nature is the vitamin prmparéd by
chemical weans by Bills and Yoder. Although only a labora-
'tary curicsity, it is particularly interesting from the point
of view of the relation of structure to antirachitic activity.
In 1926 Bills (18) treated cholesterol with fullers earth and
'obtainaa & produet which was about as active as cod liver oil.
Adccording to Yoder (266) who confirmed Bills' findinga, the
fullers earth brings ebout a complete dehydration of the
cholesterol, resulting in the formation of the doubly
unsaturated hydrocarbon cholesterilens, which is converted to
cholesterilene sulphonic acid by reaction with the sulphur

of the clay. |

CHa _CHq
cnacag-ca,-cng-cn\
Chig
CHg
Cilg
Cholesterilens.

Cholesterilene itseif is inactive, but the sulphonic acid

and its salts have a slight but definite antirachitic patencys
it is more effaective for chickonl, per rat unit, than is cod
liver oil.



Besides these five well-defined forms of vitamin D, |
there are some nine others about which couparatively little '_
4e known. These have been raviwed by Bills (17) (_IB)‘ and
~ Reed (214) and will not be discussed further here. -

Fieh oils contain more than ong fora of vitaain D. .
Bills (23) carried out e_:it,amive ratichick assays on oils
" from & nucber of different épacie_é, of fish, He found a wide
'rangafjin "t.ha.‘nr relative éffeétivenass tovards chickens. - Some
of hie results are given in Table 2. From this work he |
| _ conclndeé that m 'or more kinda of v:lt;amin D exist in fish |
oilﬁ, the proport.iona varyiua in different oils.

 Recently a cod liVer 0il his been subjected to molecmnr
"dist.illat.ion by Hic_kman (22) _(122) ‘who concluded from the alimi-
nat‘..lon curve obtained that the 'oil cént&ined two principal and
. two ainor vit.amins D as well ms traces of 8till two more foras.
- This offers physical evidence in confimtion of Bills'
hypothesis, Knowledge of the nature of these vitamins is
etill lacking. Brocksasn (38) (39) has ieolated vitamin Ds
from both tunny and halibut liver oils. Ee¢ h#m also shown
the presence of a swall amcunt of aduixed caleiferol (40)
It is possible that calciferol which has an efficacy ratio
of 1.0 to 3.2 may predominate in oils such as bluefin tuna
and toluava which have very low efficacy‘rauoc. Vitanin Dy
has an efficacy ratio of éppmxmately 1003 no artificial
form of the vitamin is known which has as high a ratio as
the liver oils of the aabiqﬁsh' (160), the dogfish (230) or
the white sea bass (314). These oils must contain a hitherto
ubknown fork of the vitamin which ‘13 ‘characterized by an
escuedingly i shick sificionsy.  Pyriper grogress 1n
aeparat.ing/\i’ish oils mny be expaet.ed frou the use of molecular
distillauon and chromat,ographie nbsorpuon technique.
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Type of Liver oil. .

uffieacy ratio
(Cod liver ofl = 100)

. Bluefin tuna (Thunnus saliens) .
Totuava (Eriscion macdonaldi)
Striped tana (Kat.luwonns pglmia}
Pollack (Pollachius virens)
Cabrilla (Zpinephelus anslogus)

' Halidut (Hippoglossus hippoglossus)

" Child pepper (Sebutodes goodel)
Ling cod (Ophiodon elongatua)
aolffuh (Anarhichas 1upuu)

' Sardine bedy._oil (Sardinia caeruls)

Hake (Urophycis chuss)

Boceacclo (Sebastodes 'wcizpiixls)
Sablefish’ (anoplom £imbris)
 Bagking shark (Cetorhinus maxiswus)
| Dogfish (Squalus mckleyﬁ}

shite sea dbass (Cymncion nobnh) -

Calcifﬂrol
Irradisted 7-dehydro~cholesuml

16 - 18
21

$88828

202

109

"t

146
160
162
' 266, 314

80




As has been pointed out above, the four most important
forms of vitamin D, calcifercl, irradiated 7-dehydrocholesterol,
Za-dihyﬁroaalciterol'and activated 7%dnhydroaitostarol may

“all be represented by the formula

' This similarity of structure has aroused interest in the

pogsibility of the ayhtheeis of simple vitsain O snalogues
h

eontaining the qgracterietic grouping

work along thesa 1in§s hiaa been bagun'by visroth inlﬁermaqy,
(58) (569) and by Burkhardt emd his collaborutors in Englans
(2) tai. Up»tu the present, however, very litile progress
has besn sade. The method of éttack enployed in both labora-
tories is 1ndicntnd belo'. |

o K- QLQ foe]
5 A

KKXI ' : : {AX1T
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" By the eondcnsatién of cyolohekylidund acetaldehyde with
“substituted cyelonémpnaa, ketonss with the structure XXIX
have been obtained.  Attempts to convert these to the cor-
rasponding vitaain D analogues (XXX) by the Reformataky
ﬂaguon or -bfy the action of methyl mnmn icdide have .
not been succesaful. Irienss of the type XXXI have been

- obtained instesd. Very recently, howaver, it has been re-

| ported (148) that Diarcth has anoounced the sjrntbesis of ’
triene hyﬂx-ocarbon(mn) to which must be ascribed the correer.
~constitution of a& calcifeml analogus. Details of this wp_r.l:.
are, uhfoi?t;unauly,_not. available. These studies it is |
hoped will not c.nly‘ advance our knowledge of the relations be-
' uéen nu'uct.m and vantimchit,ic ‘aetivity, but will dls_o lead
't the complete synthesis of vitamins Dy and Ds, thus finally
establishing their constitution, particularly from the point
61’ view of their smochtbintry (58) (148), "

~ vitamin D plays an important part in the regulation of
calcium and phosphorus metabolism and is indispensable for |
~ the noraal caleification of boxe. ‘ ~Its sbsence from the diet
is followed by the develoyncnt of richu in the young animsl
and of osteomalacia in the adult. The elinical nyaaptomn of
these d;aeuea ars tco ul‘l-knom to nesd further acscr:lpt.ion
| The changes which ocour in the bone in rickct.s are eaun-' |
tially defective calcification of the growing bons and cos-
pensatory hypertrophy of tho epiphyseal cartilage. The |
bistology of experimental rickets has besn studied by many
worhﬁ and an excellent é.ccount.‘ of this aspett of the subject
~ is given by Shohl and wolbach (230). |

- The characteristic bone changes are uannlly accompunied

»by a lourin.g of the Ca x P level i.n the blood serun and the
hypot.hesh bas been put forward that. vitamin D acte cuenually
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by raising the blood Ca x" P by improving the morpuon-of
t.hut'_'minerals-rm the intestine. In infantile rickets
1t 1s usually the inorganic phosphorus level of the blood
vhich is lowered, the calcium being normal or even slightly
raissd. This is not always the case, Dowevery low-caleium
rickets, often associated with nutritional tetany, is not
uncozmmon, The serum of a rachitic rat is also chamcurinﬂ
by the fact that its phoaphatage content is highcr than normal.
The aigniﬂemm of this ehnngc is anknovn, but nwnrthahu
an increase in the level of the phosphatase in the dlood pro-
vides the earliest nnabli evidente of the dtvcléwn_t bf |
rickets. _ | ‘ | _
. Excessivé doses of vitahin'n»—m_‘ toxie nnd the symptoms
of hyparvitaminosis D are an u&uoration of’ the normel effects
| - of the vitamin. The calcium and the phosphate level in the
blood are raised above noraal and omcalciricuzion of thc
newly formed bune eccurs ultimately at the expense of the
shaft. Calcarious deposits ara .'m formed in the art.criu,
kidneys and other soft tisgues, Finally the animal loses
| night. rapidlyjm Gles. = A good xceaunﬁ of hypervitaminosis
D in rats, and also & rwiu of the iit.cratura up to 1931, is
| g_ivan by Harris and lnnes (103); sore recently the subject
has been reviewed by Reed, Stuck and Steck (214).
Various factora in the diet, 'ethcrlthm"vim D, also
play a part in the development of rickets. This aspect
has been dealt with in detail by Shohl (229) and will only
be discussed briefiy here. . In children and in some experi-
mental animals, for example doga (186) 'vmd chickens €173) '
a deficiency of vitamin D alens, without any great distortion
of the diet, is sufficient to produce rickets. Rats, on the |
other hand, do not seem to need vitamin D if f.luir atet is.
-prbperly constituted with renpect to caleiun and phosphorus
and, in order to produce satiafactory uxpormnul riciets,
it 18 necessary either to restrict the caleium and phosphorus
in ths &et or to disturd the balance betwesn the two. In
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practice it would a_ppur t.haﬁ the relative proportions of
calcium and phosphorus are more mpnrtant than the absolate |
_ munu. - The standard rmhitxgenie diete, cuch as the Stnen-
 boek and Black No. 2965 or MCollum's No. 3143, thus have &
Ca:P ratio of about 4:1.  Excess of either element appears
to act by interfering ﬁ_th the ubs@rpudp of the other from
‘_tb’o_inuat;:lne and, as both are m’cumi for the formation ‘_
' ‘ of bone, rickcu results. Any other ri.cwx' which interferes
with the absorption of ut.hur calcium or phonphorus acts in -
the same way, ana it has Leen found with low phoupbom dlets
that sxcess of ietals wh.iah form insoluble phon;mua. for
exaxple bar,ylltm, mannim, a:.mnuuu, 1rcn, lead and
‘thalliux, cause bom haions uunu- to richu. Zhe acmity
) of the diet, bm.h acmal and potential, smust Alm bs cansidered
here. If the contents of the intestinal tract are 0o alkaline,
the sbsorption of caleiue and phosphorus {s hindered. Excess
“of miom,' on the other hand, facilitates the absorption vof
theae mimrals froa the muatm, but, :lncr&moa th.ir mnuo_n.
Rickets hu been preduced (100) by tceﬂing a non-rachitogenie
diet to which was added moniun carbonate ana asmonium ¢hloride.
!h;s_ was alkaline in react.!.aa, bat mﬂdad an excess of anions
for excretion; both absorption and retention of calcium wers
thus Aiminished. The fact that rickets can be caused by
Mterfefcnca with the u:miléﬁon of calciua and phosphorus
1s evidence in favour of the hypothesis, énem msntioned,
that vitanin ﬂ acta by fuaproving the abaorption and retention
of these minerals by the body. |

| Acmany, however, it 1ia not peaaibh to shy with coruinty
| »how the vitamin sxerts its effect in the animal body. The
study of the xnode of action of vitamin D has bDeen nppronehéd
from meny different view-points and has led to varied con-
clusions. The difterant‘ theories umn have been proposed
may be classified under three matn headings: |
(1) That the vitamin acts by at.imlatmg the parathyroid glanis.
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’_C2) That 1t actas aaroly to wreuu m net abmrpuon of
- caleium and phosphomn rrw the gut. -
(3) Thm'. it bes a more specific aetion, either on the op:.physu |

or eluﬂmm. ' . .

. The parathyroid theory wes first advanced by Bloch m
Faber (25) and hes been supported by many vorkars, aspecially
| mrler and his associates &t foronto. Taglor et al. {243)
at.reaud the sinilaruy 1n uu effects of W doses 02
vitamin D and of pwathomm; not only were the .ljflpm
and postmortea findinge ~alnm‘m the saze ’in.’uu two cases, Mt
thers was alsc a marked paralle 1ism 1n the differences in
sensitivity to pmt.hyrom extractt and to vitaain D in &:u‘nrcnt
species. Furthemra, they claimed that, in the dog, '
plete removal of the parathyx-omn rendered the anizal very
raaiat.aut. or immune to excessive doses of vitamin D. Hence
they argued umt the vitamin acts by stimulating t.ha parathyroid
glands. On t.he other hand, Dale, Marble and Marke (54) have
failed to obtain full conﬂmuon of Taylor's work. Eoreover
Collip and his co-workers (4?) found that the histologicel
| changéa in uwk'bonu in hypervitaminosie D were dﬁrfcrent'm
| those observed in expermenm hypqrpnnt.hmmxm; in the
| former cese, decalcification of the chnft occurs without the ap- '
pearance of osteoclasts, vherua this 4s charscteristic of the
latter. They, therefore, found it 'difficult to believe that
~ irradiated ergosterol acts 'memly by stimulating production of
the parathyroid Mmm Y. Luuj’, wmam of parathyroid |
extract do not heal rickets, but rather .a'gzravat.g the dizease
since they withdraw caleiom from the bone to raise the lavel
in t:ho blood. - It would thus sees t.tmt the pauthyrom theory
of vitamin a action 1is mat unlikely.

Jome mention of the sncond t.heory of vim D acum,
‘namely that it acts by mproving the abaorpunn and retention
"-of calcium and phosphorus by th§~'bbdy, has alraady bsen made.
There 1s o fundsmental pathological condition in the bone in



rickets which prevents its’ca_lciﬁcauon, since slices of
rachiti’e bone will becowse calcified in vitro when placed in
- an inorgnnic salt solution of suitable calcium and phosphorus
| .eoncentrauon (219) {228)y histological eminauon of the
‘bones shows no difference in the mode of caleification in |
vivo snd in vitre. Harris (101) (103), who origimally pro-
posed this hjpomeais, argued that vitamin D thus acts essen-
tlally by raising the blood calcium and/or phosphorus by
| improv'ing their abéor;ition from t.ho au’t.,' the depo‘sit.ion of
t.he Mnerals in the bone felloring automaticau,y on me cCOr'=
rect.ian of the blood. abnormities. Inis thaqry has been
aupport.ed by the work of Nicolaysen (188) (198) and mora
- recently by Suith and Spector (235). The latter authors
| found that the ingestion of aineral oil _int,eftcred with the
- action of vitamin D not only when it was adainistered as cod
liver oil, but alao vhen um animal was irradiaud with ultra-
' violet. »ngm.. - Ap mineral o.tl is not absordbed from the Mma-
tine »an,d must, t.heretor_c s cause ite interference there, these
© regults appear to indicate that the vitamin formed by irradia-
tion réiachea th& alimentary cﬁxial where at leaat part of its
role is to incrsase the abaorption of calciom and phoaphoma., |
Eiuolaygen goea furthery he considera that the influence of
the vitamin is primarily on the caleium absorption, any effect
.on the abserbuan of phosphorus being indirect. He touhd that
the absorption of calcfum from isolated loops of the intestine
_was far slower in rachitie rats than in controls. receiving
vitamin D. On the other hand, phasphoi-ﬁs, oithu'”aa'potu#
sium phoaphate or ag aodium glycmphonphato, was absorbed |
eqnally ven in both cases. Ot.her studies of the absorpt.ion
Iand oxéretion of cé‘le-ium and phosphorus led him to the same
‘conclusions. | R o |
It may, therefore, be considered to be beyopd _aoﬁbt.
that vitamin D does play a big part in improving the absorption
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of calcium and phosphorus from the intestine, but ft is less
certain that this 13 i%s only sphere of action. iiany workers
_have felt ﬁiat. mere increased intestinal absorption cannot
‘explain all the known facts. For example, it has been pointed
out that Maliixg of rickets will often occur when the animal
1s still in & negative calciuam balance (13_2) ' and also that
aignit’icﬁant. changes in the 'eonccntration of pho:phomﬁ .énd
. caleium in the blood freyusntly 4o not take placo until 'un

B after the clinical signs of rickets bave l.ppemd (214). '
'st,udiee_ of the direct action of the vitamin on the spiphysis
__s.n' vitro have 1ed to conflicting results, Robison and Rosen-
heim (218), for _cmpie; could detect no effect, beneficial |

or otherwiae, of 'mdiaat‘al," ealcircrol_ or 1rrs¢htic§n; Venar
and Todd (247), on the other hand, claimed that addition of
 an agueous ixtrae_t of vitamin D hed a favourable influence on
caicincauon of. bone slices in vitro. Again, fhe use of
radio-active phosphorus in the étudy of this problem has not
- helped és mouch u it was hoped., The first workers in this
field, Dels et al. (60)-,' could draw 1o aoncl.aubm'u to t'ho‘
aode of action of vitamin D from their re'sult.#. Laur,
homver, Cohn and Greenberg (46) and larsmidzo and isanly
(193) obtained results which they interpreted as _ima.gs.t.ing |
© that the vitamin influences the intermediery metabolisa of the
bone-foruing olménta,‘ 1n p'articulnr phosphorus,. A similar
'nypathnsiu had been advanced earlier by MeGowan (180) (181)
N who suggested that.}haunt.ial action of the vitamin is to set
free 1norgnnic phoaphnu n-oa the -td.uuo phonpholipm:. |
Further snpport for & theory of this nature haa also been
given by schnem.r and Steenbock {226) who found that v:n.h rats
on & diet very low ia phoaphoml, vitamin D appeared to direct
the phoayhoma away from the soft tisesues to the bone with

the result that growth was inhibited or retarded. Al that |
can be said of these Irasult.a, howavax", 1s that _ihny give

some indication that the vitamin may have a ap&ciﬂé loealized



‘action on calclun and phoapharus mtabolism which may be
| -_anpplmeamy to its more genaral mrlnaneo en the abmrpuon
of these elements. Conclusive evidence on this point 18
still lacking. | | o

Fz'om this very brief revisw of the subject, it can be
sesn t.hat., in spite of the prodigous amount of work domﬂon o
this problem, butf knowledge of the tundmnm mode of action
of vitamin D is still very scenty. 1In view of the complex
nature of the prodlem, however, t.hu is mot unexpected, on
the ot.her hand, it we consider t.hat the existence of an ant.&-
rachitic vitamin has been ganerally racogninﬁ for rather

- 1ese than twenty-five. ynﬂ, t.he progmu made ie by no neans
- mcanaiderabh. | |



The abundance of vituming A and D in fish liver oils,

in contrast with the relatively small amounts stored in the
liver of other vertabraua, has led many workers to &speculats
on the origin and function ot these vitamins in fish. Very
‘ littla, however, is known on this subject, Cne theory is
that the vitaain A and D reserves of fish are built up by
the gradual accumulation ’ot the small amounts of i_it.an_in or
_p’rovi-mm present in the food. fThese are assumed to ve |
ultimately derived from the plankton. In the case of vitamin
A, for ew:pla, it has been ghoin that the diatom, Nitzechia
 closterium, is capable of _synt.heu:‘ing' carotene (130), and
-attempts have been mades to trace the tranafarmeé of vitamin
A Irom the diam, t.hrungh the zoophnkt.on and the amsll fish
to the livers of the bigger fish such as the cod (67). rhm
is a eonsid&rable amount of indirect eviﬁmca in mpport. of
t.his hypothesis. For example, it fits in well with the fact
that the viwuin A mservca of m bigger fish are proporticnate-
1y rar greater than those of t.he amidller ones. It also
cxplsins why, in the hal:lbut-, mere is a close ralauomhip
between the seasonal changes in the vit.auxn A pot.aney of the
livu' 0il and the diatom cycle (167).

~ On the other hand, there are many difficulties in the
acceptance of thie theory. In the rirat plac'i, it has re~
peataedly been shown that t.xio . mpimkwn, one of the essential
‘links in the chain béuetn the tarémno of the diatoms end the
vitamin A of fieh, are devoid of vit.amin A activivy (62) (63). ‘
It has &ls0 been found that the diet of the cod is much poom
in vzt.uim 4 and D than was first suapecud and 1t is doubtful
uhat.her the fish could derive mfﬂeunt vitamin from 1ta tood
to account for the vitamin A and D Teserves of the liver (20)
(64). In the halibut, the position is even more acute. A
very l&bgc halibut may éuntiin up to 80 ga. of vitamin A, of



which at least 70 gm. may be deposited vith_in a month.
Yet, according to Lovern (166), ‘there is nothing unusual
in the diet of the halibut - mixed species of fish - to
account for this enofmon_a depésit.ion of vitmin A as compared
with, eay, a dogfish oat,ingvthe seme diet, and é«poaiung
onl;f. very small quantities of vitamin Ai.' - The possibility
_ that fish can synthesize both vitsmins A and D must, therefors,
be considered. | | | A |
Very 11£'t.19 direct éviﬂ_em«er of synthesis of viteming A
and D in fieh has been obtained. Bills (20), in an experiment
with ;irwng catfish (Ictalivus punctatus), found that the vitamin
D content of the liver was not decreased by kéeping the £ish
in the dark on & vimin D-daticunt. diet for 6 nontha. This
he consic‘icrs to be evidcnace, mconcluoin to be sure, of the
ayn‘bhesia of vim:ln Din ﬁah. How the vitamin is elaborated
15 unknown, ‘Hess et al. (118) gave coafish arg’ant;eml :
mtrmuscularly and by mouth, but. they fnuad W getl any
mdicauon that the t‘mh were able to aeunu this stercl.
Reither doea it appear 1ikely that :lrradiauon of the body
surface plays any part. in the aynthenia of the vitaain as very
little of the ultra-violet portion of the spectrum penetrates
more than 2 metres bDelow the surface of the water (7). If
fish synthesize vitazin D, therefore, they must do 80 by some
mauwa other than t.ho acuvauon of t.he prnvim by h'raaia-
tion with ultra-violet ught.. |
It is also possi’ole that fish My be able to aynthesize
' vitamin A from carotenoids which have no proviteain activity
- for ,rs"l.s. The most important of such g}maundn to be considered
1s astaxanthin which s the predominant pigment of the crustacea
and which is ingested in large qmtiun’.by many fish (194).
 That fish have powers o't utilising ‘émuﬁoml peculiar to
themselves is indfcated by their ability to elaborate vitemin
Az which 1g only found in fish and animals such as sea birds
_which feca chiefly on fish fea). - The oi-igin of vitamin Ag
is also an interesting problem. It has been shown (195)
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'thét'fresh water fiéxh can convert carotene i:it.o both vit,aﬁia .
Ay amvvitm Az, but the reason vhy the latter should be
| found in relatively large quantities in freah wager ﬁah and
not in parine fish is complet.ely unknown.
- Very little also is known about the function of vitamine

Aand D in fish. Both vitaming Ay and Ag have b_cen found
in the visual purple of the fish's eye and it is assumed i.hay
in fish vitamin A plays the same part in the visusl oycle as
-1t does in other mszmale (248) (250). The discovery of tha
prcsezic'e of large amounts of vitamin A lld't.he inustim of
wany species of fish has led t.o t.he anggeat.ion that, in aﬁdition
to its funct.iona as a vitamin in the accopt.ed seaning of the
 term, vitamin 4 acts as an intermediary in the absorption of
. fat from the intestinea, ~ This suggestion haa been put forwera

~ largely as t.he reault of the work of Edisbury nnd iovern and
their collahorators (71) (169) (270) on the dintribntion of
vitamin A in the intestine of the halibut. These mrnrs
~ have shown that vitamin A is found in relative].y large mnountn
only in those parts of the mteatim which play an active paﬂ'
in the absorption of fat. This parallelism holds ,not only for
the alimentary ‘canal ag a wh‘oie,vbut. alsc for the various
mt.eat_.mal coats, amd t.ha theory has bem‘t’;ent.ativaly advanced
‘that 'vit.aain A assisté in- the dispersal and trenslocation of -
the fat t.hrougﬁ_ the intestinal .ﬁe’mbranei or thrmlsh the walls
of t.he' intestinal capillériu by esterifica-tion with fatty
acids, the esters forming a labile complex with the tissue -
proteinst' (166, A numbar of fish, however, do not store

iarge quantities of vitamin A in their intestines and pyloric
casca, and it is necessary to :pos't.mt.e' an alternate mechanism
of fat absorption in these cases. Thus the euggestion that
1n £1sh vitanin A asaists in the abwrpuon of fat 1 only an
&ttractive hypothesis. It peems that the tima has come when
control,led feeding experiments whould be carried out. on aguarium
figh to try and throw more light on the prablm of the origin
and funcuom of vit.mnn A and n in fieh.



Cod 1iver oil has been held in sstees as a Gomestlc
resedy, particularly in the treatuent of rickets, for many
-cantu:‘iea- The discovery that its ramarsahle therapeutic pro-
pai‘vt.ieé are dQue to the preseace of vitaming A and D led %o
inth._igaﬁcn of other f£ish oils as sources o these vitamins. |
| o-Gay the use ‘o'f' a wide ﬁar‘iety of oils has been established.
It is proposed to give here a short aceount."o:'ma various types
of fish oils which éxa of import.aace-as' sources of viteawing
A sn& D, &od’ to deal brieﬂy with their mﬁmée of production.

this i‘oms an aasential mx.gmanﬁ to the present studies
which were unﬁartazen prmarily to promote the efficient
ut.mzst.im of South Aﬁ'ican £ieh oils a8 sources of vitwitia
A ané. D. & couprehensive review of this aspect of the
subject s to be ‘fcmﬁ in Brocklesby ‘s monograph on the
chesndstyry end t.eehtmldgy of warine 'mmal oils (82).

Cod liver oil itaon’ 15 still largely used in nedicine.
4 typs.cal cod liver oil contains 1200 1.U. of vitanin 4 m
10 I.U. of vitamin U per gram Its place bas besn taken
~ to some extent by ctuer fish iiver oils which have & duch
- greater vitauin com.ent and reguire & ccmspondimly maller -
dosage. Halibut. iiver 011 was one of the first to ba int.ro-
duced. Toe average halibut l.iver oil on the mﬁes contains
from 10,000 - 100,000 I.U. of vit.an.‘.n A per gram and from
900 - 3,000 I.U. of vitsmin D, This range of poteney is
.t;pical o.f & nuxber of oila. used for mﬁieinai purposes.
lzonget the ’moat..v valuablie liiverr olis 'm those of fish of the
percosorph group and in perticular those of the tuna family.
These oila are a very potent source of vimm B and my con-
tain from 90,000 = 70,000 I.U. of vit.smm o per gram (128).
Osing to taelr relatively low vitanin & content (20,000 =
_y wq;oeo I.U. per gram), mnr, the natural unblended oils are
. rarely used. They are nsually blended with other oils,
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 for exaasple halibut liver _oii, cod ;iier' 0il or cod liver

oil concentrates,in order to Sm:ura & better balance Letwesn
the two vitamins. 1héy are also used extensively in the
sanufacture. o;t’ ‘vitanin D concentrates. In contrast with
‘these 0ils are thosg of the elusmobranch fishes which are
characterized by their negligible vitezin D content (21).
‘The liver oils of certain :spaciés- are, homver,‘ rich in
vitaain A. This is tie cage in the soupfin shark which is
to-day cne of the moat mpartant gources of vimmm A. |
Goupfin ahark 11ver oil containg 76,000 t,o 100,000 I.U.

- of vitanin A per grem. It is chiefly used in the manufacture
of vitamin A4 concentrates, part.icularly for the fortificaticn
of foodstuffs (305). Before the war, it was also employed
extensively as a source of vitamin A& in animal feeding oila.

R Dogfish liver oil is now used for this pni'pcse instead.

in 1937, 1t._m reported that the oil from halibut
inteatines .great.i} exceeded ‘tbat fron the liver in vitssin A _
potency (168).  since t.mn, the visceral oils of other apociuv
of fish have also been shown to0 be rich in witamin A (218).

As a gensral rule, homver, their vitamin D content is low.
The produetion of viaaerél.pus has been begun on a emall
scale, chiefly in Canada, . and there is little doubt that,
once the daifficulties of extracting th:la type of material
have baen overcome, visceral oils will Bupply an important
part of the world s vitanin A requiremonts.

While fish liver oils remain pre-aminent as & source of
vitamin A and vitamin 3, fish body 0ils have been uged to an
inereasing extent within racmt years. Under this heading
are included sardine or pilchard 0il, menhaden oil, herring |
0il and t.he oil from ealmr_z“cannery wast.e,; These oile Tind
their chief application in industry, particularly in the paint
and varnish 1ndu§trju ‘They are also, howsver, largely
vemploywd 1n animal feeﬁing oils, especially as a base for
making poultry ofls. 4 typical sardine oil contains 100 -
500 I.U. of vitamin & per gram and 20 - 100 1.U. of vitemin D.
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It 16 blended with shark or dogfish liver oil to provide
the necaesé.r’y vitamin A. It is also frequently fortified

I' vﬁth high vitamin D pot.eﬁey.oiln, especially oils of high
chick éi’i‘iciehey. " The reaulting poultry oils usuany.contaih
1000 - - 3000 I,U. of vit.amm 4 and 100 ~ 400 I.U. of vit.amin D.
the investigation of t.ha ,»oaaibilitiea of producing fish body
, oils in nouth africa has been undertaken very recently. ko
work on this aspsct of t.he aubject has, however, been carried
- out by the writ,er. The production and utilization of these
cila will, t.herei’ora, not be considered further bere.

The methods of extracting oils from fish livers and
viscera are as nueerous and varied as the types of ol
produced. Fish livérs of high oil content such as cod or
sharx livers are. rélativeiy: gasy to extract. Cod liver
_’pil 4is ueually obtained by treating the livers with live
steam at & pressure of €0 - 100 lbe, per aguare inch for 30
minutes. - The oil is then run off, filtered and azured.'

A gecond treatament jields a lower grade of 011 suitable for
 poultry feeﬁing.; The produbtian of cod liver oil has been
 described :.n aetail by many workers (32) (64) (163}, It is
unnecessary, theréfore,. to deal with it further here.

~ High potency livers such a,,s‘those of the halibut and
the tunas usually contain from 6 to 30 percent of ofl.
St.eaaing methods are of "no value in these easea, aav the heat
co~-agulated protein has a atrong tendency to reabaorb the |
~1liberated oil. Solvent extraction has been employcd It
ia, however, expensive and the oils are darxer in colour and
 less palatable thsn those obtained by other methods. To-day
solvent extraction has largely been superseded by varioua
éigestion techniquea.

. In the alkali Gigestion process (34) (35) the livers are
minced or ground into a paste and heated with two or three
times their welght of dilute aagnbn_a alkali fbr about 30 minutes
at 80-80°C. Either plain caustic soda or buffer mixtures o
such as borax and caustic soda (28) msy be used. Ihe alkali



| - 57 '_-"

s usnally added in the proportion of 0.6 - 3 1bs. per 100
ibs. of liver. The exact amount used, however, ddpqnds on
‘the type of livers beiny prbcensad aﬁd the optimum conditions
can only be deterained by t.rial and error. Under these
nonﬂiuona, very little hydrolysis of the oil meu pla.co..

The prot.a:ms of the uver are thmm into colloldal aolution
and may be separated from the liberated oil by cmtmuging.

It 15 claimed that the yiald_ of oil by this mgthod is over

| _ 805 of the theoretical. - '.a‘hafe__ the livers are old and the

011 is high in free fatty scids, it is reported (36) (37)

- that there ie dmgeé-&f‘ ;oéa of vitaain A due to adsorption |

of the vitamin om the S08DE formed during ﬁ:e aigestion.

~ In such cases, it is recommendsd that the ‘stick water'

~ should be washed with & low potency oil such as pilchard oil

'or with a vegetable ou. ' Ovin.g to the enormous cepacity of
alkall digeat.ed prouim for adsorbing oil, this method, accor-
ding to Brocxluby (34), 18 of doubtful value when &pplied to
material containing leass then 10% of oil. For livers |
belonging 1o this cntcgory, pepsin digestion is .to.be-prefemd:
This latter msthod has beén_uaid in the present work as a
routine method of obtnining cil sumples rbr anklysis. The
technigque employed is described in detail in a later awuon

of this theaia. - .

'z umch at.t.tnuon has been devoted recenuy to the discovery
of a snit.able uthad of cxtracting visceral oils. The chief
difficully hers lies in the very low oil content of the
material, H&libat intestines, to'r_ example, only contain
1-53 of oil. Solvent extraction cannot be used, owing to
the high water cont.cnt. of t.he viecera. | llodiricn.tionn of' the .
alkali and pepsin digestion proceases havt, thnrcfan, been
enployed. These uuually conaist of digcqti_an of the viscera
| in the usual way, followed by the addit.iozi of eit.hcr & ngotabic |
o0il or a igv potency fish oi1 which' acts as a sclvent for the
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vitamiﬁ {246). The dindvahm. of this method is that the
oils obtained in this way can never be as potent as the erisinll
‘visceral ofl. This ditﬁcult.y aight be overcome to aome
extent by the use of an oil th:.ch can bs readily npmua
from the vitamins by molecular distillations the still residues
from the comuercisl vacuum distillation of vitamin from fish
011, for example, have been proud for this purpoae.
~ The oils obtained by the acdern methods of exwac}t‘.:lo:; .
reqnm very little further refining. Cod liver oil for .
medicinal purposes is um&lly cold clurud bafore being put.
on t.ho mArket. Hiah pot.cncy oils, houvur, are us.d without
further treataent. - ‘ ' B ‘
The preparation of concentrates o:t vitamins l«’mﬂ D from
fish oilc has assumed considerabls importance during the last
few years aud a large proportion of the oils produced arse _' |
used for this purpose. The ndunt.akc of concentrates is that
the doses required are very small and they may be easily ad-
ministered, Furthermore, the fishy smell and taste which is
uaéciaw wven with the highest grade oils 1s to & large
extent removed during concentration, so that ‘the final product '
may De used for the fortlficauon of food ntutt‘a without
_dotrmnt. to their ﬂ.mmr.- Emmns methods of preparing
" yitamin A and D comentrat,ea ‘have besn px'ppoud The majority
of them involve either partial or complete saponification of
the 0il. These methods are all based on the 'nm pr:lnci;fh
and differ only in the -t.echxiique employed in isolating the
vitanin-containing unsaponifiable fractioms. Thers is 1ittle
to be guined therefore from comsidering them in detail here.
In the last t-io or thres years the use ot'mleéum distillation
in the prodmuan of vit.auin A and > cnnemtrauo from fiszh oils
~ has assumed increasing anortmt._ This method which has bsen
perfected by Eickman and his associates (29) (121) (245) has
‘much to recommend it. By this means the vitamine are obtained
in their mt.unl oat.oriﬂod form. In the case of vitamin A



particularlyg_thia is an important advantggé ﬁecau3q5nat only"
are the esters more stable than t&e freevfitamih, but also it
- has beﬁn claimed'that'they'afe’mbreveasily absorbed and have

‘@ higher biclozical valume (91) (120). Another advantagu

' 13 that the bulk of the oil 13 not last as in the case of

' saponification methods. | The residual oil from which the
‘vitanins have been &1etilled 1s of high quality end zay be
used for 1nduﬁtrial purpouea. - There seems little dnubt,
therefore, that molecular distillation will, in the future,
- gradually repl&ce the older methods of preparing vitamin

| concentrates.
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The work presented in this theals was undertaxen as part
of a collaborative study of the vitamin A and DU content of
South African fish products which has been in progress in the
Departaent of Chemistry for the last five years. The writers
contribution to this prograwse way be divided into three parts.
(1) The uevelopment of a satisfactory wethod for tiie routine
eatiwation of oll in fish tissues and its extracilion in a
suitable condition for subaequent analysis.

(11) A study of the seasonal changes in the oil content of the
livers and viscera of some of the most lmportant species of
fish landed in Cape Town and the influence of this on the
vitamin A and D potency and the analytical characteristics of
the oil. For this purpoee saii;les were obtained at approxi-
wately monthly intervala for the determination of the oil
content, the vitamin A potency of the oil, the iodine value and
the percentave unsaponifiable matter. Facilities for vitaumin
' p_ab initio. The cegp acity of the animal house

could not be develojped suiilciently, therefore, to carry out

[1Q TR

assays on wonthly samples and blending of the sa.ples collected
in several consecutive months had to be resorted to.

In several cases, for examsple, in the stoc«fish, the
xingklip and the snoek, this work was a continuation and exten-
sion of the preli.inary survey of the field carried out by |
Dr. Molteno whose resulis are discuseed and com &red with those
obtained by the writer. isherever data on the life history
and feeding habits of the species studied was available an
attemyt was made to relate the observed seasonal changes in the
0oll to these faclors.

(141) In asdition to the abuve studies, random sasples of the
liver and in svie casea the viscera of a number of species of

fish were exauvined. This work was largely of an exploratory

n&toure/o soe



nature and serves to Indicate those species which way be worth
further study. In three cases, na.sly in the mausbunxer,
tne vaalhasi and the jacopever, the results were sufficlently
promising to warrant & more detailed study by other weibers

of tae department.



The method of sawxpling varied with the species of fish
and tnhe purpose for which the mﬁterial was reguired. it is
described more fully under each species. In comparatively
few cases waa the whole fish handled. Usually the fish were
gutted on board the trasler and the livers or viscera were
placed in two-gallon tine with press-on lids and xept on ice
until they were delivered at the laboratory. In this way &
larger number of livers was included in each saiple than would
otherwise have been possible. The method, however, has the
disadvantage that no inforuation can be obtained about the
size, sex, condition, etc. of the fish concerned.

In all cases, the livers or viscera were winced in a large
household mincing machinej the mince was well mixed and a

repregentative portion taken for analysise.

II. PHACTION

liethods based on the preliminary pepsin or alkali digestbn
of the tissue proteine have been developed for the convenient,
rapid and juantitative extraction of oil sawmples frou: fish
tissues in suitable condition and amount for subsejuent
analytical operations. These’are discussed in relation to
other methods commonly eumployed for such o0il extractions.
The alxali and pepsin digestion procedures have been found
superior to the sodium sulphate desiccation method for the
extraction of vitamin A and D bearing oils from visceral tissues.
I'he recovery of vitamin A and of unsaponifiable maiter generally
is guantitative, though that of free fatty acids is variable.
The alkall digestion procedure has been found applicable also
to the rapid and approximate estimation of the oil content of
fish heads and fish flesh.

For/eeees
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F.r the extraction of oil sauylea from high oll content
muterisls such as fish livers, the ..ethod whieh has been most
extensively used in tne past is steaning (56) (133) (210).

This method suffers from the disadvantages, however, that it
does not give quantitative reiease of the oil from the tissues,
and in particular releases no oil whatsoever frox waterial of
low oil content. Alternative procedures have been necessary
in the case of such materials and also in all cases where a
suantitative index of the amount of cil in the tissues has

been rejuired. These procedures have for the yreater part
involved the desiccation of the tissue in some manner, followed
by solvent extraction of the ofl (9) (34) (133). While
sulted to the estimation of the percentage oil in fish tissues,
they have suffered from disadvantages when applied to the rapid
and almost routine preparation of representative sauples of
0il a8 have been required for the present survey. For this it
was desirable trat the oil samples as prepared should not only
give an accurate estimate of the smounts of vitanin A and D

in the tissues, but that they should also be as representative
as possible of the olls as they would be produced in practice
by coswercial alkali digestion and pepsin digestion methods.
The quantitative laboratory extraction of oil samples by
methods based on the prelisinary digestion of the tissue pro-
teins by pepsin or by alkali digestion has therefore been
investigated and ¢o..pured with the older aethod based on

desicecation of the tissue followed by extraction.

(1) Des

This technigue was used in the early stages of the work

and as a basis of couparison for the peypsin and alkali digestion
procecures.
The minced tiasue was ground with achydrcous sodium sulphute

in a large mortar. For livers a ratio of £ parts sodium

aulphate/- Ty



- 64 =

sulphate to 3 parts of liver was found satisfactory. In the
cuse of viscera, the proportion had to be increased to § parts
godium sulphate to 3 parts visceras occasionally with these
gsore hydrous materizls even this wws not sufficient. After
being left to dry for not longer than 30 winutes, thie material
was reground and extracted with peroxide-free ether for 6-18
hours, dependiny on tne oil content of the tissue.

This technique was found to suffer f{rom a nuuber of
disadvantages:
(1) The addition of insufficient desiccant intertered with the
progress of extraction. Evidence was obtained, in the case
of viscera at least, which indicated that if the waterial was
not properly dried, the oil and vitamin A were extracted at
different rates. In general, vitacin A tended to be extracted

preferentially to begin with. This is seen in Table 3.
bxiraction of JStockfisu Inteptines.

Ratio intestines:  Time of E;%, of extracted oil.
sodiua sulphate. Extraction. leum.

EXps)l EXpe@ EXPed [XPe4 BEXp.$

i85 win. 386 361 336 218 112
3 :2 Z hours 338 96 306 248 81
4 hours 312 233 222 218 82

EXpa® EXpPs? EXps8

15 ain. 116 119 49.1
3:56 2 hours 118 121 63.7
4 houre 118 133 49.1

Oils prepared by partial extraction of the tissue were
therefore not representative in so far as vitamin A content
was concerned, and the technique of extracting for 16 minutes
to get material for estimation of vitamin & content, and to
cempletion o determine the total oil content of the tissues
wag not apjlicable. dince a deficiency of sodium sulphate
wus not always obvious, trouble was encountered in the early
application of this wethod to materials of widely varying

Water/eees
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water content. Using an adeyuate projortion of sodium
sul hate, on the other hand, extraction proceeded uniformly
(Table 3) and Teliable results for the value EL¥ 328 mu
for the extracts could be obtained.
(i1) The high proportion of sodium sul hate necessary in the
case of viscera, nowever, introduced another source of error.
It was by nc means easdy to obtain a howmogeneous wmixture of
tissue and desiccant, particularly as it was desirable thnat
the time of azixing should be as short as possible because
of the enormous surface at wnhich the vitaumin was exposed to
oxidation. Highly discordant results for duplicate deter-
winations of the percentage oil in the tlssue by means of this
wethod were occasionally obtained which could only be explained
on this basis.
(14i) Finaully the use of a high proportion of desiccant meant
that. an excessively large bulk of material had to be extracted
in order tu get even a swmall sauple of oil. This disadvantage
was particularly apparent in the case of low 0il content wmaterial
such as stockfish intestine.

in view of these dissdvantages, & search was wade for a
more convenient method of extraction and estimation of the oil
content of both livers and viscera and a wmodification of
Brocklesby 's pepsin digestion technique (35) was founa to be
very satisfactorye. A similar technigue using aikali digestion
was also develored and a detalled comparison of the three

methoda of extraction was nade.

(2) Pepain Digestion of the viscersl watgriasl followed Dy
gtber extragtjon of the ¢il frow the dix¢etion wixture.
The genera. principles of the pepein digestion technigue
for obtaining oil sawples in a gualitative wanner have Deen

described by Srocklesby and Green (35). These authors

describe/...
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describe the digestion of the materisl at pH 1.2-1.5, pep-
tisation of the more resistant waterial by final‘heating after
ajddition of sodiuu carbonate, fbllowad by separation of the

oil in a centrifuge. By replacing the centrifugal separation
by ether extraction, the method has been'put on a quantitative

| basis and a detailed stu&y of the récovary of oil, vitamiq A

- and unsaponifiable.matter generally has been made.

 The procedure actually used in this work was as follows;

- 0.6 - 1 gm. of comu.ercial pepsin waa dissolved in 100 al. of

“water and 2 ml. of hydrochloric acid (sp. gr. 1.2) was 8dded.
This solution was then added to every 100 gm. of minced tissue
and the whole was digested at 45-6560°C with occasional stirring

| for 12-36 hours. During this period the vitaqin was protected
from oxidation by replucing the air in the flask with carbon
éioxide. vhen practically all the tissue protein had been

. rendered water soluble, a saturated golution of sodium car-

- bonate was a&ded to»neutra11za the acid and the mixture was
heated in a boiling'water bﬁth for 10-15 minutes to desiroy

| the lipolytic enzynes and to complete the digestion. | The oil

' was then separated by extraction of the digestion mixture with

- peroxidé-free ether. .then persistent emulaioha were encountered

| as often occurred in the early stages or.thé davelopgent of the
technique, the extraction mixture was centrifuged in a langb
bucket centrifuge. - The ethereal layer was pipetted off.

| Fresh ether was then added and the contents of the tube well

' mixed and centrifuged again. This device was also ewployed

" in the alkalildigeetion teéhnique. Ho acourate control of

" the pH was found necessary under the above conditions and the
amount of pepsin employed usually led to coL.plete digestion

~ within 15-20 hours: | |

‘While the pepsin digestion procedure described above has

been enployed with success on many types of matcrial, an alkalil
1
| digestion/....
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digestion method based 'n the comeiercial procedure commonly
used for the extraction of liver oils has been found to be more
convenient in wmany respects. Its chief sdvantage is that the
time of extraction is much less than in either the desiccation
or pepsin digestion techniques. This neans, amongst other
things, that there is less danger of loss of vitasin A due to
oxidation during this period. Alkali 6igestion also gi&ea
an 0il of better cclour and appearance than the othker i.ethods.

Tnis procedure was briefly as follows. The minced liver
or other naterial was digested with twice its weight of a 1%
sodium hydroxide solution at a temperature of 80-v0°C until
cow; lete disintegraticn of the tissue was effected, (usually
20-30 minutes). uhen cold, the sclution was extracted with
peroxide~free ether, alcohol being aided if necessary to break
any ewmulsions.

The application of this technigue to livers and visceral
tiasues generally was studied by the writer. In addition,
its use has been extended by other members of the department.
to include the extraction and estimation of the oil in fiah heads
and fish flesh, and it has be=sn shown that the recovery of oil
from this type of material did not differ useterially from that
obtained by the prelininary vacuum drying of the tisasue followed

by ether extraction.

(4) Cowparigon of the above three methods of extraction.

8 far as the writer is aware, the use of the pepsin and
alkali digestion techniguss for the quantitative extraction and
estimation of the oil iu fish tissues has not been developed
previousiy. A eritical examination of the recovery of oil,
vitaiiin A and uasaponifiable matter frox livers and viscerai
tissues by thiese methods has, therefore, been uade and tie
results hive been conpeared with thoge obtained by the older
uesicecation technique. The e plicaebility of the alkell
digestion wethod to fish heads 1s elsc discussed briefly.

(a)/.....
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(a) Appligation to visceral tisasues:
(1) Zigld of Cli: The amount of nydrol,sis of tie oil ehich

occurs auring the actual pepsin or alxalil digestion is
negligible. The oll extracted from the material deslccated
with 3odiun sulphate, however, contains all the free fatty
acids present in the tissues, whereas that obtained by pepsin
digestion contains only a variable proportion (a part of the
fatty acids is lost during the final sodium carbonate treatuent)
anci that derived fro:i alkali digeation is neutral and free froa
fatty acids. For this reason close correspondence in the
yieids of ¢il obtained by the taree methods is only to be
expected when the raterial under examination is fresh and
little post-uortew hydrolysis of the oil has occurred. These
conditions were fulfilled in most of the liver samples examined
and, &as .way be seen from Table 5, the yields of oil for the
varee wethods did not differ materialliy from one ancther.

with low oil content intestines in which autolysis occurs with
areat rapidity in stora.e, on the other hand, ..arked differences
in the yield of 0il by the three methods are found (Table 5).
‘That these are wainly due to differences in the fatty acid
content of the oils is indicated by the results in Table 4.

.. akfluenge of the ketiod of Extraction on the
£leld and Acidity of Oil frow Stoekfish Integtings.
(Average M.,%. taken
ac 340)
,,,,, sesiccation Z.61% SUe8
Pesgin digestion 2.35% 26.3
Alxkalil digestion 1.30% ~'1

The three siethods of extraction gave eyually reproducible
recults. Duplicate detercinations of the oll c¢orntent by any
cne wethod did not differ by more than 6%, and in most cases

the agreenent wac clozer than this. S4nce the samnling error

vas/ . e..
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was probably considerably greater than 5%, there was no poiat

in attespting to achlieve greater accuracy.

LaBLE 8.
lnfiugnce of Mgthod of pxtractic jeidy
* ain A Potency and Unaap. r
Laterial iethod of %041 EL® % % ox 3
xtruction 1ci. Unsap. ‘ x%0
datter % 01l
Kabeljou Desiccation 26.9 46.5 5.82 1260 166
livers. Pepsin 26.6 43.2 6,95 11850 185
Vaalhaai [lesiccation 77.7 16.4 2.58 170 200
iivers. Yepsin 76.2 17.4 2.81 1320 191
Alkali f6.4 17.06 282 1320 192
Stocsfish esicecativn 3.5 168 2840 &63 88.0
intes~  Fepsin 3.16 176 25.6 666 81.0
tines. A.Li(ali 3006 2?7 37- 7 5?1 7707
Stockfish Desiccation 8.03 83.0 - 418 -
intes- Pepsin 4,896 79.0 - 392 -
tinea. Alkall 4.20 91.2 - 383 -
3noek Desiécation 17.6 10.4 - 183 -
livers. Pepsin i8.2 Tk - - 171 -
Alkalil 15.2 12.0 - 182 -
Gurrnard Pepain S.23 1408 13.1 47.8 42.3
livars + Alkali d-gl 1507 14.2 45.7 4103'
intestines.

P

(11) RBecovery of Vitamin A:  The desiccatlon, pepsin and

alkall digestion techaigues all acnieve & yuantitative extraction
of the vitamin A, Thig is seen in Table 6. The partial or the
complete rewoval of the free fatiy acids in the pepsin or alkali
digestion processes naturally enhances thne vitamin A potency cf
the rewaining oil, but the product "4 0il x Eiﬁg' S28 mu'' is
the sawue for all‘Lhree wethods within the liusiit of experimental
eIr'Tor . Jontrar, to the findings of Brockiesby (54), no evidence
of any significant destruction of vitauin A in the sodium sul-

phale Jdesiccation hus been observed.

(iii)/...l.
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(411) Regovery of Unsaponifiable satter: The infiuence of
tne wethod of extraction on the percentage unsagonifiable watter
in the oll is shown in Table 5. It was to be exgected that,
as in the case of vitamin A, the three methods shouid achieve
a quantitative exiraction of unsapcnifiable wmatter g enerally.
Good axreeuient for the figufes for tue pepsin and aikalil
dlgesteu 01ls was found in all instances. The recovery of
unsaponifiable matier by the desiccation technijue, however,
was rather lower in the case oi the kabeljou liver oil than
that in the alkall and pepsin digestion wethods; in the case
of the stockfish intestinal o0il, on tne other hand, it was
relatively higher. The reason for these differences is at
present unknown. They only serve to emphusize the erratic

behaviour .f the desiccation technigue.

(iv) Zecovery of Vitemin D: Since the pepsin and alkalil
digestion techniques acnieve a guantitative extraction of
vitamin A and unsaponifiable matter generally, it is reasonable
to assume that the extraction of vitamin D is alac complete.

It was not possible, however, to investigate this point owing
to the limited capacity of the animal house.

(v) Influence of the Method of Sxtraction on the lodine Value
of the O1l1: where no poste-mortem hydrolysis of the oil

had occurred prior to extraction, the olls obtained by the

three methods of extraction were found to have the saue iodine

value (Table 6).

JABLE €.
Intiuence of the Method of Extraction
en the Jodine Value of the Qil.
Rigeation RBlgestion
Vaalhaai liver oil is2 182 182
3kate liver oil 184 183 188
Stockfish liver oil 168 1868 -
ringklip liver oil 156 164 -
Kabel jou liver oil - o4 97

No/esoo
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¥o atteupt was made to study the effect of the method of extrac-
tion on the iodine value in cases Buch as the stockfish intes-
" tinal oils where considerable post-mortenm hydfolysis occurs,
' @ince it was felt thut the loss in the alkali digestion of up
' to 60% of the fatty acids present so alters the balance between
lglycéfides and unsaponifiable watter that the results would be
_of very little eignificance.

" (vi) Infiuence of the Fiethod of Extraction on the Fhosphatide
ﬁ an;ggﬁ_gt_&gg_ggla Eany of the oils examined by the
writer were found to‘oontain a high proportiop of phosphatides
;(up to 36%). The study of these ia a complete problem in
iitself. The examination of the influence of the zethod of

- extraction on the phosphatide content of the oil has, therefore,
'beQn postponed until the problem as a whole is studied.

. (b) App '{ah tieads:

| ithe alkali digestion method has been shown by other mesbers

:of this department (215) to be applicable also to the routine
extraction and estimation of the o0il in fish heads.

In Table 7 are recorded data for the oil contents of
various types of fish heads and, in one cAee, tne dody as
determined'bj alkali digestion - ether extraction on the one
hand, and by‘vacuum desiccation - ether extraction on the other.
'In all cases where there is appreciable oil in the heads there
.is reasonable correspondence between the oil yields by the
o methodo.‘ A the alkall digestion method is much more rapid
than the vacuum desiccation method and yilelds the oil in much
better colour, odour and general condition, it is, therefore,

'to be preferred when an approximate index of the percentage fat
in such uaterial is required. It must be stressed, however,
“that elkali digestion cannot be expected to give accurate values
for the oil content unless the waterial is freash and the oil

secreted is neutral in character. Fo figures for the recovery
_of non-sa.onifiable catter frowm this type of material can be

glven/....
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éiven; work on tbis aspect of the subject, however, is still
in progress.
IaBLE 7.

n_keth v 4 ok
Qi) from Figh Heads.
John Dory heads - 1.6 . l.6
I ee s bOﬁiea 6-2 ' 603
Fabeljou heads . 2.2 2.2
b e o 3.6 3.6 .
Bnoek heads 14.6 16.2
.o - 8.3 &.4
Geelbek heads . 14.2 14.3
L N [ N J : ) 15.1 15.6
Jacopever heads 10.6 10.6
" ee oo 6.2 10.2
Gurnard heads - 0.31 0.62
' o s 1000 ' 0092
(5) Use of the Papain Digeatiou Technique in_ the Pragent

The pqpsin diggetion techniqﬁe has been used to_a con-
.siderable'extent.inlthe present work for the extraction and
estimation of the 0il present in both 11vefa and viscera. It
:has been found to be more convenient and more reliable than

“desiccation with sodium sulphate followed by ether extraction.

¢

AS has been wnentioned before, the extraction of the
rdeaiccatad naterial was ver& erratic, especially in the case of
1 viscerg,containing a lot of water. Cn the other:hand, pepsin
digestion of this inaterial always went smoothly. | Again, with
livers and particularly viacera containing only a small per-
‘centage of oil, the working up of sufficient waterial to get
. endugh oil for subsaguent analyais (at least 6—10 g+ ) was
. far siupler by pepein digestion than by desiccation.

The pepsin digestion method'has been ahéwn to give a
| quantitative recovery of vitamin A and unsaponifiable matter
| generally and hence aluost certa;nly‘vitamin D. 'The yield
+ of 01l obtained by this method differs very little. from that

obtained by the more tedious desiccation technique. Fepsin

digestion followed by ether extraction is therefore rccoﬁmended
in all cases such as the present where the rapid and routine



estlmation and extraction of oil in a suitable condition for
subseyuent vitamin studies is desired.

The alkali digestion technigue has also beeu shown to be
very suitable for work of tils nature. It has the advantage
over both the desiccation and peypsin i,estion smethods in its
rapidity of extraction. 1t is, however, less suited to the
application to visceral tissues in which considerabie poste-
wortem nydroiysis occurs than is the pepsin digesaticn wethod.

For this reason it was not used in the present studies.
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III. METHODS_ QF. EXAMINATI( . OIL S .
' The iodine value was deterwined by the Tije method, the
time of contact being one hour (30)e ’

onification Value.
This was determined by the A.0.A.C. method (86).

’_

aponi patter.
The procedure followed was that recoumended by the
*Society of Fublic Analyate eub-committee on the determination
of unsaponifiable matter in fats and oils (216).

‘Vitamin A

E.’ . The vitaain 4 content of the oil was estiuated spsctro-
:graphically using a Ellger E3 quarts spectrograph in con-
.junction with & seotor photometer.  (yglo-hexane was used

fas a solvent. The deternination was carried out on the:oil
ldirectly and not via thegunﬁapohitiabl? matter, since in all
;but.a few cases the vitamin‘a.cbntent of the oil was so high
:that_extraneoub’dbsbrptionvat'328 m could be ignored.

; The results are expressed as Eiﬁn.328 @a. In view of the
‘wide differences of opinion as to the correct factor for con-
'vérting'Ei5 into I.U. per gm., this procedure was conszdered
:most satisfgctory. vwhere it was wished to calculate the actual
'percentage of vitamin A in the o1l (for example in the calcu-
jlation of the ratio vitamin A : total unaaponif;abie-matter),
'use was made of the convention E%ga.aza mu = 1600 for pure
vitanin A (page 14). '

The vitaruin D content of the oils was estizated biologically
.using the 'line test' method. The procedure described by
Coward (48) was followed. The rachitogenic diet used was
‘Steendock 's No. 2965 (232). - The length of the preparatory
perdiod ﬁas‘al days, while the actual test pericd was 10 days.
The anicals were not dosed daily, but were given the completé
dese at the beginning of the curative period. . A. small



FIG. 2. Failure of Line Test.

Rats which had been reared on
University Stock Diet A.

The rats were all from one litter. The doses
of vitawin D given were: A control, B 1.15 I.U.,
¢ 2.3 I.U., D 4.6 I.U., E 9.2 I. U., F 18.4 1I. U.
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.. togification ivn 'mtrdancﬁ in the treataent of the bones for
the reuﬁing-ét’ the Jine test. Tae radius and the ulna
were not separated and cut as descrived by s‘.'.‘um. Instead
| ‘both bones were cut lnngimdmllyvm one opu'aumi (Fige %)«
jﬁiﬁ procedure was found o be tiuplor than Coward‘'s while the
~ssctions cbtained in tiie ux Kuve exactly the saue picm
on developaent.

- The normal etocs diet of the rat colony of t.bt
aoparmant. of ?hyaielox:, (Stock Diet A) has t.ho following

| 'eo&pwit.iom |

Sussex ground oats - 32k
Lucerne meal = 64
sneaten br&n'. . B%
Pesnut mesl - -
Linseed meal : &%
Fiah meal . 10% |

oat germ meal 2%
Bons aweal ,,lﬁk
Cod liver oil . 2%

| (Ca = 1.23%, P= 0.84%, CMP z-auo = 1-46:1)
A3 this dist eenuma 2% of cod liver oil, it was pmbabh
that 1t wum bs too rich in vitamin D for uss 63 & stock
- diet for anm required for vitasin O wssays. Eethneuu-,
for the 3aue of ecmmiem and sisplicity m the mansgement
of the rat houu, a pmliuw;r atteupt was m to use ymmg
rata reared oa this dut for asaay pnrpuau. The test was
carried out as described above and in 811 8 1itters, (48 ﬁt-_)
were used. Figure 2 1s t:pic'al of the results ebjained for
the line test in this series. It mould'b: noted that the
- control shows moderatsly severe rickets. In no case, however,
‘was & 'line' observed. Inst}ud, zoat litters siowed & pz;o—
- gressive narrowing of the rachitic setaphysi:z with inereasing
- dosege of vitamin D. B | |



-0 -

- -3tetler rasulu bave besn reported by many workers. “Por
sxanple, in an early accaunt. of tae iine test, Gnnard (49)
states 'If the degyee of ricmt.s hu bnn SEVEre —wew- e&lei-
ficution ranges frou a very :m-row iine across the setaphysis
" of the rat on the lowest dose of vitasin U to a thicker 1ine
- on the highar doses w———s n_m.ﬁa&w_m

rurt.her mproﬁnnas ceuera lucida drmtmp of & line test ot’
tnis type aud these form & series which closely ressubles

that qbtm 1n the prasait studies. Bourdillon et al. (87) |
also report ssssntially the oaae prtrici;cl and they tGo strass
that 'this is only cowwon ia 1ittars where the development of
~r1eketa prior to dosing has been imperfect'. The faijure

to get a aatiat‘actory 1lice test iu m.ta prclmimry trial may,
therefors, be directly attributed to the high vitamin 0 content
of stock ddet A«  The viteain D Teasrves of the young rats
‘wers tgo high and conseguently, although they domopid rickets
after thres weeks on ths rachitogenic diet, it was not ssvere
enough, for, as Melolium @t al. {178) pointed out inm their
original description of the lins test, it 1s essential at the
ond of the preparatory peried t.hﬁi the epiphyseal cartilage |

and metaphysis should be caleiua frea, i.e. it is mot sufficient
. mrvaly to proﬁuct r:l»:xew, an exagxura'ccd Torm of ncr:ld rickets
vmst be cavsed to develop withous fail. |

_ As stock diet A was thus unsuitable tor the pressnt tork
mv alternative atock diet for the rats rcquxrcd for vitemin D
agsay had to be found. ?ortmtoly this lraa Bot ru- to seek.
The Biological Cnnml Labaramr}.u of the Union Health Depari-
aent, Cape Town, have been carry:lqg out vitm D ssaays for a
nusmber of years and have developed a satisfactory stock diot.,
the eofmyoaiuon of whieh is as fouéﬁz
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Rolled cuts - . 63%

Cadein  20%

Bird seed 108
| Dried yesst 5§

2alt mixture h 2%

(Sumboek ‘s No. 40) ‘ .
This diet. (st.aex diet B) m, t.hurcroro, used for Iurumr worke.
Aoctually 1t was not found meguary to rear a separate colony
of rats férbazsny purposes. " Thic wae a considerable advan-
't.agi as the rats dred far batter im di,et.ﬁ than on diet B.
Young rata are not born with large reserves of vitemin O evens
if the mother's dist is rieh in the v!uﬁm (21)s Vitamin D
is u-anatmed somewhat more readily via the auk, but even |
frox this source he .xamtity is not sufficient to affect 'ehe
developuent, of rickets later { 118),  The young first begin to
build up éigniﬁeant reserves of vitasdn D duriag tas latter
- balf of the auckling pﬁribd_ when they start to eat their
mother's food (117). The procedurs adopted, thersfore, was
| ™ folloin.. | Fam_ld rate brcﬁ i’oi‘ /EBAY PUTPOSES were fed on

. alet & Quring pregnancy and for the firat 14 days of lactation.

At thig tt.agt, i.e. ,jti;sit.' before the young open their eyes,
diot B was aubatitﬁto&.' - After weaning the young rats were

,_ céntinuod on diast B unul t,hoy were heavy enough to be put on
to the rnchitagenic dut. Using this technigue, severe
rickets developed in 3 wesks and a satisfactory line test was
alvays obtained. It has been founﬂ By other workers in the
-' Dwmm of Phyale:lm that a nthtmtory lins test can bo
obtained in rats reared on Stock Diet & 1if the preperatory
perioa is txtondtd t0 4 weeks. Under these conditions, thc‘

3 vimin D reserves of the young rats become delutcd and severe

rickets dwclopa. The trestaent described abovn, 1.6, the
introduction of diet B and the use of & 3 weeks' preparatory
p::ibd, is shorter ani was, thersfors, preferred in the preseat
work, | ‘ |
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_ '&s cltogether shout 20 ﬁt&m L asaess were contewplated
ard as, in most cases, the approxivate ragg;e of pbbﬁnej* of the
oils wng kmosn, scohony of labour and of anma}.s vas effectad
by ccnswuctin,, a t:o:.e~res,onse ourve. Fer this purposa 1l
thl"ﬂw of rats were us&a, one ra.t. in each litter recsivins
0, 2.5, 5, 10, 20 an2 30 I.U. of vitezin D respectim.ly at the
bezinning of the test periocd. The curve ebtained is reprodnced
1in Fig. 3, wiile me da.t.a ‘on which 1t.i_n based m sussarized

in Table 8. This ccrvs was then used in &1l the assaye in
‘the manner &eaaribc& by Coward {48). > ' |

Average value of degree of healing of rats receiving

one dose nr viw&in a

- . e N

utw No dose 2.5 L.U. § 1.0. ‘m .U 20 I.U. 30 I.U.
48 - e . - 3 4 4 |
49 o 1 4 1%, 4 3
50 0 o 1 2 g 3
5L © o %, 1y 3 3
&2 o o w4 3 84 3y,

8 o oz 1 4 4 4
& o 2 3 8 3 4
& o0 1 2 2 4 3
61 © ' tYA 3 2 3
62 ° 1 I V7SR LY A 5 3/
& _o 2 3 & 3 4

Average 0 0.82 1.88 .68  3.92  3.45

Proof of the relisblilty of the results of the vitsuin
asgays carrisd out in the prasent studies wis obtained by
" the co-operation of Dr. H.A. Shapiro of the Union Health
Department who kindly consented to check the assays of
certain samples. B -



o - The stockfish is very x,c'louly related to the North N

Atlint_id hake (.mriuceius- volgaris)s @ilchrist (87) con~

- siders that the ito cpoeiu ars Mﬁaii, but according to

' Norman {200) they diffar in uura_l jmportant mrgh_alogtcai
_eharacteristics. 'm stockfish is also lllhd to Merlucelus
gay! wnich is known us the 'Zngiish' hake in New Zealand and

© the pascada in Chile. | o |

From the cmreial point of vin, the ¢wakﬁnh is m

moet important species of fish landed in the Union. Oa the

. averags, sbout 20 million pounds of atockfith' are landed svery

. year. The a@tﬁﬂ. figures for the years 1935-1938 are giﬁn.

below (Table 10){ owing to the war later statistics are hut.

. evailable. o o :

1936 18,700,230 1b. £124,644

1836 20,337,128 1b. £132,446
1937 22,686,300 1b,  £151,759
1938 24,006,742 1b. £165,320.

The atockfish is found all around the Semth African coast from

© Walvis Bay on the #ast cosst to Natal on the Bast. The sost
isportant fishing grounls are those on the ‘ﬁipt coast where
unlimited quantities say bs procured at 21l times of tha year.
A1l the material exsmined in the present studies came from thess
| g:oﬁnds. In add:.ti_on, considerable quantities of stockfish
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are also taken on the Agulhas Bank and off East lLondon. The
amunt caugm. on t.he Jatal coast, howevar, 1a negligible.. By
m- t.ha greatest proport.ion of the fish landed is caught by
thc trawlers operating at a dapth of 40 - 300 fathoma. 1In
| the pre-war years ihe landings of trewl caught fiah showsd a
steady increass year after year as a result of the gradual
_growth of the trawling fleet. Ths inshore fisheriss only
aecount for about a millfon pounds of atcckriuh\ a year ard these
are mauy swall flgh. | , | _ ' o
| ﬁscaau of its eomrcial hporunu, a atudy of the |
ofl eentent and vitauin A and D potency of both the liver and
intestine of the stockfish was one of the first objects of the
pr?aent work. A chort atudy of the sessomal variations in
the yield ang vitemin A potency of the liver oil had already
~ boen wafe by lolteno end Rapson (190). This work has been |
repeated here and extended to include information on the vimﬁt
D pot.ency of the oﬁ.s; 3 completo ansml m:ay of the intas~
t.zm oils has alsoc been made.

lem _
The uvu-a and inmatinaa examined were in &ll casges

taken from fish caught onm the west mut. The fish were
gui‘.m on board the trawler snd the livars or viscera were
placed in 4-gallon tins and kept on ice until they were
delivered at the University. A4s the trawlers operatirng on
these grounds are only away from port for 3 days at & 't.:l.m,
the material arrived in excellent condition. Ths livers wers
fresh and firm and the viscera, Al_t.hcmgh ‘they tended to underge |
autolysis more rapidly then the livirn, were nevertheless alse
4in a ,umru.tory‘ state of preservation. For the examination
‘of the intestinal ofl, the total viseera,excluding the liver
~ were brought to port and the intestines were removed, freed
| from wdhering ,»E_O!lnt.-ry and cleansd ér their gont;mt_c at the
- .univnrsify. ~ In the st,oekrm, thcvpylor;le casca m,a in |
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nmbeﬁ ang m sresent op irer:; suall outgrowths of ‘the pylorie
_anﬂ\'oi_‘ the intestine. 1In the sresent work, ihe ‘'intestine'
T tharefore, togen to include both th_e oyloric caeca and the
int.est.me proper. | | |

Por smplea obtﬁinaﬂ in this vay, no information was
‘available as to the weigh';. and condition of the figh cone
cerned.  The livers akamined thrun&hout these at-udiéa  however,
were vory unifom in sixe ao that the size factor has little
influence on the rasults. In the case of t.he mmatinaa, '
a wider variut.ien was encount.ared, but this was reduced by
| elacting &5 tar aa poasible only the mtest.inw of the
, larger £ishe ' - '

in ordtr to atudy the influence of the size of the finh
on the vitsain A potency of the oil, and alsc to deteruine |
‘the percentage by' weight af t.h'e‘ &ifferent organs in the fiah,
a nuuber of fich were brought ashore 'tmguttea'. . Unfortunataly
1% was found t.hat. under these circunstances t‘he. viscera,
including the liver, tenled to undergo autolysis auch more |
rapmly than usual and the experimnt ‘had to be repeated
several tiues defore the inffarmuion reguired could be obtain&d.
 The reason for thic behaviour was not clear as kingklip handled
 in exactly the saue way arrived in péi'feet'conéition.

By the courtesy of Dr. CiJ. Moltemo, a ausber of sazples
of 1liver oil were also obtained which had been extracted in
a pilot plant from 100 - 300 1bs. of liver

Wﬁlﬂc

- For the extraction of the 1ivera at the Universitj cither
at.her ‘extraction or pepa:ln digestion was used. The saigles
: obt.aingd froz br. dolteno were extrac ted by alxeli digeation
followed by centrifuging. The asthod of extractien is vnot.
considered bo have eny influence on the results obtaineds
it has been shown that in cases such as this, i.e. where the
‘materisl 1s fresh and the oil content is high, all three
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sethods give the same ressits within the limits of experimental
errors
Unless ptherwise stated, the intestinal oils were all

gxtractad by pepsin digesticn.

Blending of Oils for Yitaain U Assay.

1% was oot pussible tu Ao vitemin D assays on #ll the
olls exiracted as neither the time nor the aniuals wers
available. It was, therefors, necessary to blend the aaxples
of several consecutive months for each amsay. For this
purpose the olls were grouped as far as possible on the basis
‘of their vitamin A content on the assumption that seasonal
variations in the vitaulin I potency of the o0il would de
parallel to changes ia the vitamin Ay the oll content of the

livers was alac tsken into account, Thia procedure was
| followedynot only in the ceae of the stoekfish, but in all
the other fish as well. shere, as in the case of the stook-
tish and kingklip livers, the variations in the yield of oil
were saall, equal weights of the different samples were
blended., In fish such as the snoek, on the other hand,
- where the iifferecces in the 0il content of the liver are
relatively far greater, the amount of each oil taken was
proporticnal w the yield. By working in this way it was
hoped to getl & fair picture of the average potency of the
cil over & given period.

Zassunal Studies of Ctockfiab. Liver
and.intestinal Cila.

A considerable amount of. information about the seasonal
changes in the yield and vitaain i potenty of stockfish liver
oils is now available. The figures which have bean obtained
Qover the greater part of the last 5 years. The work of
¥oltene and Hapson (loc. cit.) extended from NHarch 1938 to
karch 19394 the present studies cover the period Septesber
1839 to Decssber 1940, and, lastly, since September 1941
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FIG. 5. Stockfish Intestinal Oils
Seasonal changes in the yield of oil and the
vitamin A potency of blmonthly samples.
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complete data on the yisld of oil and the vitamin A content

of 211 the stockfish livers landed at Cape Town are available
from the racords of Massrcs. Vitaadn Oiis (Pty.) Ltd. 1In
spite of the comprehansivencss of these studies, or perhaps
because of it, a clear picture of the seasonal changes in the
liver 01l is still lacking. Information about the intestinal
oils of the stockfish ig far less canplet; and the figures
given below (Table 12) are sll that are available.

The results obtained in Lhe present studies wili be
considered first. The Jata for the liver and intestinal oils
are stamarized 4o Tabies 1l and 12 respeciivelyy the relation-
ship between the Z value of the oils and the iodine value and
percentage unsaponifiable matter {s skowa in Fligs. 6 and 7,
The seasonal changes in the o1l content and the vitawin A
potengy are shown graphicsally in Figs. 4 and §, where mean
bi-monthly valuea have been plotted in order to get souewhes
ssoother curves,

It will De seen that the changes in the oil conteat of
the liver are not great. Novertheless a definite seasonal
cycle was observed, thé yield of oll being at its lowsst from
Septeamber to November, iising o a maximun in June and tien
falling off again. The vitamin A potenoy of the liver oil
shows a similar trend, but in the opposite direction, i.q.
the higheat values were recorded from jovember to January and
the lowest from April %o June. As far as the vitsmin D
potency of the o1l is corcerned, no seasonal trend ia obvious
from the figures in Table 1l. The results, as far as they
g0, seom to indicate that, «s in the case of the cod (20),
the vitaain I content of the oll remains more or lessa constant
throughaut the year, but more work om this aspect of the aub-
J¢Ct is necessary before any definite stateaent can be made.
The study of the intestinal oils was not undertsken during
the same year as that of the liver oils, but the seasonal
changes cbserved were essentially the same &8 those described
above, 1.e. the yield of oil was at its lowest and the
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Unsup.
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!l

‘Date  Total wk. of _ % 011
_ ampla {kge) . sxtraction value  valus aatter -
i . . ﬁ 1&& IOU-'/"&'

16. 9.39  Bulk sample mna digestion  cado i@ - 2.40 4.8 ] 170
10.10.3% _ A : ca 46 i56 186 “a77 7.8 ' )

6.11.39 " ' ' r 3640 if2 186 Gdeds 14.2
5e18.39 e A . 3640 161 - 186 o277 1l.4 5
- 20.12,39 e ' - ca 40 148 - - .83  B.B | 150
T Be 1.40 . A S ca 40 162 186 3.68 id4.1 '
18. 3.40 - Coere : vy ca 40 163 - @66 B.6 1
' ~e 340 ' o e 169 183 2012 Jed ]

- 1de 4.40 1.8 ' &mfﬁ&3m¢ ‘3 164 - 166 1.76 3.8 | .

- 19. 6.40 3.3 , _ 48 138 176 o Reld 3.4 130
280, 6.40 4.8 e B0 180 170 £.28 - 4.0 o o
18, 7.40 Sed $s - 45 149 178 K38 S.1
29y 8.40 3.9 v 39 153 181 ged6 6.8 ]

23. 9.40 5.4 $4 158 1886 2.71 11.7 7

14.10.40 - 79 Popsin digaotxon 38 137 189 2.98 - &.8 380

7.8 *7 135 183 " Sel) B8 |




,V.'Ihu Welight of ‘son Todins Unsap. Vitamin A Vitamin D

ey . veue  datter Bl LU/

14.10.40 1800 2.6 182 g8.8 - 18 |
28.10.40 1700 Z.8 161 227 13
11.1.40 720 &3 14 224 282

 10,12.40 760a Z@ - - 336

16 141 900 k6 160 @7.8 . 228

 3.2.41 9%0e 26 - - 8 | motaore
8. 3.41 1070 5.0 178 28.6 265 |  than
10, 4.41 1700 3.1 16 19. 108 | 8 1.0./gm.

§. 6.41 1360 4.0 136 104 41 |
10, 7.41 2060 %0 161 0.6 17

165, 8.41 1360 5.0 165 140 7%
18. 9,41 1850 8.7 197 281 17
18.10.41 1760 3.2 182 26,6 176
17.1..41 1080 3.5 161 4.z - 188

e samples sther extracted. All other samples pepsin aigeated.
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'ﬂm A potoney at its hmut auring m suxues mntha
while the reverse was true darinz the winter. o
~ The tigml obtagned during 1941 and 1942 by Messra. v:ltaaiu
011s also fit into thias picture and the uritcr is nry auch
| indobt.dd to Dr. E.R. mﬁx for peraission to consult his records
ani discuss his ruult.i. Ny The monthly averages are glven
‘below {Table 13) are based on t.ho n-i-nekly qu-act.iou of |
at least 2000 m. of uvcr. -

 Zept. 1941 23 0 7.8

Octe <o  28.0 9.1
Bove .. 218 10.6
DeGe +s 23.3 9.6
Jan. 1M2  26.8 9.2
Feds oo R7.4 N A
Ear. .. ®I 7.4
april .. 3L1 7.0
My .. 308 7
June o, 388 - 66
July .. N T 8.8
Ag. . 826 @ 6.0
Septe . 2.6 IS.G

@e"& | e . ; 26-0 . : 10.0 |

“The greatest part of this material came from the 'morth
groumis?, i.e. from the saus fishing grounds as the livers
studied Dy the writer, hut‘fixfuris for livers from the

. Agulbas Bank were also included in the monthly averages &s
‘they showsd sxactly the sage range of values. The livers
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were extracted by alkali digestion followed by centrifuging
' and £n all cases the yleld of o1l was 80-50% of the theorstieal.
The E value of the oil was deternined by a Hilger vitazetsr A«
Here again the oil content of the liver was at its lowest
" during the early summer nént.h_n. and at ite highest during the
winter; as before, the revarse was trus for the vitazin A
potency of the oil. The chief difference bstween these
results and those obtaimd by the writer is that in 1942 the
lowest values for the vitamin potency of the oil - &nd,
éanversgly, the highest figures for the :ribl.d ef o1l ~ were
recorded from ngé to Angun'.'; 1.0, rather later in the yoar
_than in 1640, Differences of this naturs, however, are o
. be expected, for in no two years are the snum exactly the
game. This has Been cbserved not only in the case of the
atoekfish but also in all the avther.lpeeiu handled in m .
~ present work, B |
The results of Wwlteno ana Rapson, on the other hand,
" are far mors Aifficult to £1t into this picture. Their
data on the ofl conteant of tbe 1iver are rather seattered
and do not ahow any definite trend, but the vitamin A content
of their oils shows a well-defined measonal cyels. These
suthors, however, record the lmnut values for the vimin
content of the oil during February and karch, while the most
potent oila were obtained.:‘rm May to June. In other words,
their experience was almost ‘t.he'..szeru of that deseribed
above.  This difference cannot ba accounted for by w'
© giffersnces in the fishing grounds or in the age group of
the fish as the livers examined alsc came from t!u north
grounds and the tish ﬂn of ﬂu sane size group as those
handled by the writer. xcimr 48 it likely that it 1is dae
to any ssapling errer as the siss of their esmples [6-80 kg.
(188)] was, on the nv-ra.ge, considerably greater than those
examined in the pressnt work. These results must, t.h.ufort,.
~ be taken to be represeatative of the w:anr of ths stockfish
on the west coast during 1938 and the early part of 1939. -
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o exphmt.imi of the esasonal changes in t.ha liver o1l
of the stockfish can ba offered at present. It does mot

appear 1likely that the sexual cyele plays an important part
_m'mu‘changn. Aceording to Barnard (10) the stockfish

spawn from July to Qctober and the figures for the landings

,'or ripe roe by the trawlers aupport t.his views The oil

content of the Mvnrs, howevar, rucma a minimus rather later
in the year than this, so t.hnt. it i difﬂcult to cxplnin
the resuits anuz_'aly in t;rms of the effect of spawning on

- the ﬁt resarves of the fish. Farther, the rsaults of Roux

and of the writer indicate _t.hat there is an incresse in the
vitamin A content of the iiver, as dietinct from tae liver

_ oil, during this pericdy this i alnc difficult to reconcile
~with the effects of apntning. mnru:mlus, it is possible

that the sexual cycle dou» havg some influence on the oil
content and um’poum;-_y of tie 1ivers, but is overshadowsd
by some other factor. | o |

It i;a also not poasible W sny hat fdz- the scaacnal

changes 1n the liver 011 are ralut.cd to tue food cyale. ‘l!ho
_dioi' of the larger fish coneists ch'iiefly. of rat tails
(kacrurus spp.) while the young stockfish feed mainly on

'krill' (Buphaueids), Hothing, however, is known of the
ssasonal variations in the abundance of the food supply,

nor are any data on the ofl cént,q;it. or vitimin potency of
 these speciea availablu. - Further studies on tae stockfish

are thus nscesssry. Fart of the information needed will
be auppnea within t.h. naxt 3 or 4 years from the records

" of the 01l content and -vit.mn potency of the livers processed
by kessrs. Vitaais 011s. From these figures it should be

poasible to get a fair jdea of the differences in the seascaal
changes froan ycar to year. | At the same time work on the

- abundance, fat co:zunt,'vitam content, etc. of the food

aupply should be undertaxsn. Thea when completa data on all
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the different aspects of the éub.;ect kre available, it w

be posgible £o buila u;, a satisfactory picture of t.he ianfiuvence
of the various fact.ors on the oil content and vitanio pomncy
of stockfish liver and intestizal oilae

The influence of tbe size of the f1ish on the weight of
" the livers and the yleld of oil ani vitasin A is given in

" Table 14. Tha fiah examined héra were all.cmight in the
sazg haul. Jhey wers 'mdgnt, ashors ungutted anﬁ wers
weighed and cleaned at the University. | -

Sise group. Ho. of  Av. wt. % 041 u vitamin A
, fish. livers. o la. reservesd
0= 1 1b. a7 12 gm. 0.3 2.2 - 7axg.
l]ed.. 29 24 ase ‘103 ‘ 3.4 21 ..

3 ~b6 .. - 8 €8 . ! 380‘_ R 7% § . B&. .
5-10.. 9 93 .. 383 4.8 107 ..

7 221 s e | 37‘3 ) 7-2 . 3?2 0.9 .

10-16 ..

~ These results indicate that the size of the fish
bas little influsnce on the oil content of the liver.
On the other mm&, the vit.uin A potaney of the on tands
to mcroaaa with ineruu in thn weight of the fish. 7This
is in agrnmnt. with the findings of other workers, for |
example Lovern llﬁ?) and Pngslcy (211) with the hn:lbut,
| McPhu'son (182) with the Newfoundland cod and Fugsley (210) .
_ with the British Colusbis greyfish. The increase in
the vitamin A reserves of the livers of the bigger stok
fisgh 1s very strikim &nd i.ondl o 'aﬁppert the theory that -
the vitazin 4 in fish livers fs the result of the gradual
‘accusulation of ihe vitamin present in the food.



The production of htoékfiﬁh.iinr oil in 3outh Africa.
is of very consideradle coui_rei;l importance. M say be
acan frow Table 15, the livers constitute roughly 43 of the
waight of ths fieh ae landed, i.e. &headod snd gutted.

Head S 16,78 22.7%
Liver BT 4.3
Intestine : 2.08% 143
. Stemach  2.4% 3.3
" Gonsds | 1.6 2.2%

 Prom thess figurel it may be calcolated umr. nearly a mm:\.on
| peunda of awcsﬁsh uvera are availablc for exu'act.ian
annnally. The potcnuﬂ. oil Meuon is thus in the
neighbourhood of 3&,@00 gall_.ox‘nva year. The oil, which
| e extracted by alkall digestion of the livcirs,: is of good
colour and has only -3 siighm,y‘ :_tishy'mte‘ in vim:ln A
- potency it is far supgrwr_“t.o the average cod liver oil;v |
but 1ts vitaain o content is relatively low. In the
_raunicipal clinics and ulfm centres in this country, 510CKk=
fieh liver oil haa replaead Mmad cod liver oil. The
bulk of the 011 pm&necd, howavar, is exported anc much of
1t goes to smerica where u. is usna for the mnfacture of
concentrates. |

S far no Atwupt, has besn made 't.o ‘extract the 1ntesiinal
ofl. 7This cdnt.ains, on the average, 260,000 I.U. of vvitanh’i
A per gram and is a tury pozmt source of thu vitaaing the
vitaumin 3 content, on the et.hnr hmd, is neglistblc. ' Bcema ‘
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'uf- their low oil contént; the extraction of the intestines is
: é‘ siatier of soue sitiiculty. The best method of treatssnt

- would probably consist of alkali digestion followed by the
_adéiuon of a @olvent oil such ms peanut oil.  Alternatively,

‘the Livers &nd intestinss could be worked up together, the

'livalrv 0il &éting a3 a Bolvent for »the.vit.a_min A of the
iatestines. By tals weans the ﬂtéuin A poteacy of toe

~ liver oil could be incraased by at least 60% and its value
more than doubled. | | -
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It is conveénlent o consider the kiagklip naxﬁ, for',

. not only does it reseuble the 'etncxt‘issh in ite habita, but the
livers of the tuo syecies ure alac véi'y similar in their oil
content and in the vimin 4 4nd 2 potency of tae oils

| The kingxlip belanga't.d the fawily Ophidiidae. iccor=

4ing to Barnard (10), it i3 very siallar to Genypterus

- blacodes (Bl. Schn.) which ia fom& in .ustralia, Nev Zecland

and Chile and & detailed comparison ot ‘t.i‘xe tso species might

prove thes synonomous. The kingklip 1s one of the tinest

food fishes of the o.,apa and 18 ot‘ cousiderable cowercm

 importance although the annusl landings (rable 16) are far
 emaller than in tne case of the at.ocxfiah- It i cd‘ugat-

aloost txcluaively by the tmlars, particolarly by those

operating on the weui coast.

935 1,025,268 1b. £12,118

1836 1,117,353 1b. £12,666
1937 1,068,794 1b.  £12,006
1938 1,182,109 1b. = £13,234

A brief uﬁway of the seascnal changes in the yiald
'and vimin A poteney of ki.ngkup livar oil was wade by
~ Eolteno and Hapson (190). | ?hu work bas mow Lean rapeated
and exwmm 10 ircclude informatian o the vitegin I potensy
of the oils. 4 short study of the inmsunax oils has also

b“n aades



_ 'B*Ior seampling of tue material and the extraction and
analyais of the oil, the same procedure was followad as was
described in toe case c;f the stockfish. |

I ma,y be seen froz rig. B and froa the aata prasmm’
'in Table 17, the liver oil of the kingklip sho'wé,_ no marked
séaaopél changea. I‘ha J18la of oil varies very little from
month to zonth and most of the values lie between 30 ana 40%.
The sambl#a tollected at the énﬁ of 1939 are exceptional,

bot meag 855 -3 extracted on a geul-comnerceial séala and it
s possible t.‘nat t."ne recovery of the oil was not complato.

~ The varistions in tne o1l content &re rather irregular and
it is not posaible w detect any seagonal trend from t.heu
results. <¢n the other I}and., the changes in tl'w vitamin A
potency of the oil are rather more marked and here thers are

: finﬂiehtim of a aaf;’.n'ita geasonal trend. The hizhest
jvaluee wers obt.ained quring the susmer wonths while the Louest.
| £igures were recorded from June to iugust. The vitain D B
: cantem: of’ the oil apparenuy remaina ccaatant. t.hroughant the
Fear. - B
ﬁnfortunaﬁtoly in the kinaklip it has not been poasibi.

to follow up these results. o couplete record of the oil
content ami vitamin A potency of the livers wxtracted by
iessrs. Vitsmin Oils is ovailable ss there was in the case of.
the stocifish. The figures, as far us they go, dowever, m
~on the whols in agreement with those discusaed above. Again,
the variations in the yield of 04l were irregular. s Mdrc,
the wost potent 0ils wers obtained in S’ebiuary, but t.ho loifut.
values were rocorded somewbat later in the yo&r, nauely ‘
Guring Jeptesber and Octobers | |
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FI1G. 8. Kingklip Liver Oils
Seasonal changes in the yield of oil and the
vitamin A potency of bimonthly samples.
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FIG. 9. Kingklip Liver Oils
Relation between the E value, iodine value
and the unsaponifiable matter.



Date

Total wte of

" Fathod of

W.L&!m

. : % 041 - Iodine 6‘39. Unsep « Vitamin A Vimin D
sazple (kg.) = extraction _value value watter 3 1% |
s : o ' . % o lem, Ibﬁc/ﬂc
20.11.33  Bulk sa;ple  Alkall digestion  ca 30 186 184 PRI 8.6
23.11.3%9 ' . _ 1520 158 - 188 S04 26.4
8.18.3% ve | By 10-156 156 - )83 J.46 26,7
20.12.39 ' e 1016 159 0 182  3.83 21.9 130
12. 1.40 ’" ve | 10-32 163 168 3.66 12.6 - |
11, %.40 ‘e , i : ca 36 188 1838 3.25 11.56 _
6. 6,40 8.6  Ether/Negily 45 182 177 3.49 6.8 e
13. §.40 1. | i 45 156 175 2,08 3.8 |
26 9.40 5‘.’. : L 36 155 184 BT 8.0
- 148,10.40 6.9 - Papein digeation & - 150 - 187 .68 -
4,11.40 B.2 o ' 40 166 183 ZeB 6.3
32.12.40 2e4 " 30 147 183 3457 11.0
- 13. A4l 8.1 ‘e 36 344 183 e 77 9,9!-
17. 3.41 7.8 e 26 1d4 - lde Je 37 13.4 :
17, 3.41 G.8 I a6 143 182 - Hed?7 10.0 | &8
28, 4.41 dulk senple M&ali ﬁigeatirm . ca 30 140 3200 236 8.6
4. 6.41 ve : ' al 163 184 3.78 10.7
1. 6.4 " . 163 183 10.1

- %8 -
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ﬁisse_ resulte ars vory aiﬁilér to those obtained in the
stockfish.  The yield of vil, the vitamin A and D potency
and the analytical figures all fall within the sawe range in
both llpe;_ciu_-. Further, the two fish show the.m- generali
se-a_lonal trend, i.e. in doth éisu the vitamin A content of
the oll 1s &t ita: lowest durin,g the winter and reaches &
'- maxm in thée sumier months. The fact that the maxima do
‘ not coincide exactly does not detract from the general siuilarity
of the t'eanlt.s as the wo studies do_aot écwor exaotly the |
same period and, as has already besn pointed out in the case
of the stocifish, the seasoral changes vary slightly from
| yoar to year. | ‘l‘hi_# giailarity betwesn the liver oils of the
stockfish and the kingklip 1s interesting becauss the two
‘ species are not e;l'os'ely related. * The stockfish belongs
to the family Gadidas of the divieion Anaeanthini while the
. kmxkltp belenga to the division Pmamrphi and is more cloaoly
‘related to the snoek, mljau, aic. t.han o the atacxﬁah. o
- On the other hand, the two Bpecies are verj similar ia their
‘habits. - Boih are deep-sea f'ish mﬂ, in the casse of the o
© livers examined here, both wers c&_ught on the same grounds.
Thi.s. a&ggects,t.hab'tha e‘ha_ngu in the vitanin A potmy af . the
liver oil may be related to some change in the environmeat
or the food supply which affects both species. _' Unfortunately
nothiab ia known ebout these raatnfé and ull that ¢an be donu.
is 'to point to this as a éoaeib]:é line of appmae_h for fﬁt.nre
- research. e | | a
- In thia connmtion 11'. 18 uleo mmreauw to nut.e that

in the case of the kingklip the results of olteno and ‘aapson
(loc. oft.) bear the same relation to those of the writer as
they 'did in the cuse of the 'stoektinh. These workers found
that the vitamin A content of kingkiip liver oil remained

gore or less constant throughout the year except for two |
 sanples examined during Junuary where, contrary to the results



- 96 ~

of the present work, the potency fell sharply. The slig~
nificance of these results is difficult to assess. On the om
hand, ths two saxples in juestion are rﬁﬁur isolated and there
is an interval of nearly 3 months before the next samplegy this
wakes their significance rather doubtful. On the other hand,
& similar fall in the vitasdn A potency of stocikfish liver

oil was observed during that particular period. This lends
further support o the suggestion that in dboth fish the

vitamin A content of the iiver oil is influenced by the saune
factor or factors.

It 18 aleo of intersest to compare the liver oils of the
kingklip with those of the closely related New Zealand ling
(Genypterus blacodes) which has been studied by Shorlend (.58)
(231) (238).

Kingkllp  30-40 140-160 Z-4% 5-13 100 L.U./gA.
Ling (233) 86 137163 2-4% 8-12 500 I.U./ga.

As may be seen from Table 1B, the jield of cil, the analytical
figures and vitamin A potency are sismilar in the two species.
It ie surprising therefore tc find that the vimih D contant
of kingklip liicr coil is only one-fifth of that of liag liver
oil. This, however, xay be a general feature of the olils

of the two ecountriesj it will be discussed further under the
stonedbass. The ling, ilxe the kingklip, shows no aajor
seasonal changes in the vitamin 4 content of the liver oil.
According to Shorland (231) the highest values are also re-
corded during Jaamusry and February and the lowest during July
and August. In the ling, the changes in the vitaain potency
of the oil are apparently related to spewning when the vitamin
A ressrves “"~ used Gp to a greater extent than the oil.
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Eﬂr far this is aua true for the xmnp it 18 not possible
t.c S8y &8 no mrormat.ion or the spawning habits of the latter
are available. ' ’

The Intestinal Oils of the Eingkiip.
A short stuy of the intestiﬁa; 0i1ls hag been made.
" In tae kingklip the intestine is long and muscular and the
pjlﬂ»rie.eaeaé. which uhuan;;' nmbar 7 or 8 are smally as »m’
the stockfish, the 'intestize’ was taken to include both the
_ ;‘utntino proper ma the pyléric caeca. Aé amy be sesn from
' Table 19, the {ntestines are of 1ittle use either as a soures
“of ofl or of vitamin A. In view of the sicilarity of the
- 1','11var oils, the contrast butui'n the vitemin A content of the
intésti-nnl oils of the 'ki::gkﬁp" and those of the stockfm ”
1s very striking, Noreover, 17 it is Shown Uhat the vitamin
4 content of the liver oila is related to the food supply, )
this difference should be of caﬁsidembla mpomnco. |

Dats ﬁ&wn sou ﬁ:n LY. Do
3,341 >2kg. L1 85 176 18.5%
30,641 26.. LT 85 176 1415
13,1041 - L3.. . 18 48 M1 Mg
16.12.41 . 13.. 08 161 - =

The influsnce of the size of the £ish on the vitsain A
reserves of the liver and intestine is shown in Table £0. |
In the xingklip, as in the 1ing (231), the vitamin A content
of the liver oil shows no ralhuomhip ¢ the age of the fish.
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m:é i8 rather unusual and has been attributed, {n the eiuu

of the ling, to the high vitauin A contmt. of the dist whieh

whkes very little accusmulation of vitamin A nmueary

profuce & uver rich in the vn.uia Cn the other hand,

. 1f the yfeld of oil ie taken into account, ft {e found that
the concentration of ?uam-é in the Liver does increass
with the pize of the fish. mmmiér, the percentage of nvef

© in the fish also rises sharply. Consequently, in the kingklip,

a8 in Lost other fish, the vitauin A reserves of the liver sre
propartiemtaly fer greater in thc big rieh than in the smaller
onss. - The saue 18 true of ,t.lie inteotinel vitamin A

8110 Ho. of  Av. wt. AV, Whe ’Lj.'” AV. wtse % Int.

grovp fiah tish liver  in fiah inteemnl in fish
cEIW. 17 BHlb. g 1.3 Den. 1.9
101, B 7 ..  B7 .. 2,7 64 .. 2.2
10-20 .. 10 141/ .. 215 .. 3.3 186 .. 1.9
Sise SO 1% Vit. Afn % ou ,15 Vit.A in
group Elea, liver lom, intntim.
<81b. 15,6 8.7 98 0.7 3.3 1.4
| 6-10 1b. 36.3 6.5 14 0.8 %10 6.6
10-20 .. 3.6 78 172 08 160 8.6

| "?r_hu »111»02‘ oils of the kiagklip are of fair commercial N
mperum-thongh the annual péodnetion (about 1500 gallons)
‘i far less than 1n the case of the etockfish. Kingklip liver
011 1s very siailar to atbekﬂsh liver oil in taste and
.appuum as well as in viuli_n' A and D content and may
.in used to wpplmnt “th@ ‘supplies §t the vlaw_url.



S2 THE SNORK : THYRSITES ATUN (EUPHR,).

The snoek belongs to the group Scombroidei which
includes fish such as the mackerel, the bonito and the
tuna which are noted for the high vitamin A and D poteney
of their liver oils.

The sncek is found throughout the Southern Hemisphere.
The same species is known {n Austraiia and lew Zealiand as
the Dbarracouta and in Chile as the sierra. The snoek is
& truly oceanic fish and very little is known of its aigretery
hadits, even along the Jouth African coast. It first
appears on the west coast, in the region of ¥Yalvis Bay,
between Octoder and Jamuary. It arrives at poiamts further
south along the eoast later in the year. Tablie Bay is
usually reached in April or June and the season here lasts
till about the end of July. These datea very considersdly
froa year to year and the writer was extreaely fortusate that
in both 1940 and 1941 the snoek appeared in the vieiairy of
Cape Town unusually early and it was possidle to get data
extending over the greater part of the year. The saeek
exhitits a decided dislike for wars water and is therefere
not caught further east than liossel Bay or Port Xlisabeth.
shere the anocek goes to when it leaves these shores is
unknowng the whole questien of its aigrations will be dis-
cussed later in greater detail.

The snoek is rarely taken in the trawl. It is caught
almost entirely on hand lines and is the most impertant species
bandled by the inshore fisheries im South Africa. It is
highly prizsed as a food fish, especially by the Caps Coloured
community. The quantity and the value of the catch varies
consideradly from year to year depending on whether the season
is good or dad. 1In Table 21 are given figures for the landings
of snoek at Cape Town in the last few years.
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In the sboek, thc yler:lc casca are 8-10 in mulw and
axgend for about a third of the length of the intestine,

' _alt.asoum‘ they sake ap rather aox_-o than half ths total
weight of the 'intestinses’'. The amount of mesenteric fat
found asuciat;d 'dth the intestines varied considerably,
depending on the eanﬁiuoa of the fish. This was mnd as |
.'cnmpltuly u peas:lbh bafoﬂ tbc eil was sxiracted.

The oil was extracted either by ether extraction or by |
| Piplin digestion. Ether sxtraction was usei tisoughout the
| 1940 slmn, whersas m 1541 p:psin digestion was ueed in
111 cases sxcept in thc pcnvltmu saxmple which had been
preserved in formalin and which was ether extracted.

| It 1s wen-imown that the anoek vary great.ly 1a uuir

cond:lt.ion at diftamnt s of td‘n ym. In Tadble Bay and
False Baah the fish c&aght from Ayrn or June till the end of
.mly are fat am in prime ccnd.itmn. Those taken at the and

of the umn, howwcr, are 'nry lean ‘and are kaown mmt

_ ﬁsher:am as the 'paor' snoek. Aa is o bl upocud, the
. 11ur and mustinn show thc tm ehangn in oil canunt
as don the fish as a whole. ,
| t‘hc seasonal c!mxges in the liver and intauiml cils

have besn sunearized in Table 28. vTho liver oils were
studied for two seasons. The changes 1a oil content and
_vitamin A potu&ey #ro' expressed graphically l:ln Fig. 103 these
- show the same tendency in both yﬁru The intestines wers
 only studied in 1841 tut the results obtained fit into the
; gmarﬂ pict.uro alrnﬂy drm tar the 1liver oils. As can

be seen tm Fig. 10, ths urlint. noek ot the year have ,

- 1:lvu-l which contain rather lass oil than thoae caught later

on during the height of the 0‘&60!; . The vitemin A and D
potency of this 0il is higher mgn‘ that of the later samples
~ but there is spparestly little changs in the total vitaaina
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Date te of % OI1 Jodine % Unsap. Vitamin A Vitasin D

eamplc value - satter ¢ 13
(kgc B ’ de. 1-3-/@;

10 3040 0‘3 Bho ' 120 5.58 5208
28. 3.40 1.1 18.1 68 3..33 28.4
17. 4.40 = B8 - ' 17.6
26. 5.40 1.4 18.4 171 d.73_ , 16.0 500

17 6040 0.7 17,7 137 281 @2 - -
20. 6,40 2,6 17.3 158  2.82 . 19.0 = |
12. 7.40 1.D 13 118 - - 41.6 : :
18. 89.40 0.6 4-1 o - - o 5.2 .
CSe 1le4l 3.6 C Be@ 165 14.05 , 720

3. 2.81 8.7 8,6 136 6.67 . BG. 1700
4. 2441 1.6 g.8 140 . Be81 - 2644 '
24. 3,61 1.7 13.3 18 4,17 440
28. 4.4l 79 lﬁoﬁ 181 2.66 - ,= '

8. 6,41 3.6 17.6 158 2.50 13.3 860
16. G.41 , deg 154 148 R IL;EE i0.4 J - .
i1, 9.41 C.da 3‘7 “« - . €9.,2

Inteatipal Oils.
4. 341 0.7 8.0 A58 0.77 49 .

8. 5,41 >1.8 811 168 ‘ 4.86 £9
1. 5.41 1.1 13.1 162 4.53 27 80
16, 6.41 0.2 @ 88 167 6.88 34 :
11. 9041 Oha 802 .- - _- - 135

2.10.41 0«3 4.8 186 38.3 294 N

2. 6.42 1e6  1Bed 165  4.07 14

content of the liver.  4s the ceason aﬁvancu. m oil ccnt.ent
increases ateaduy nntn tho nvern contain 15-20% of ofl.

.&t the end of the season, when the poor snoek are caught,

' there 1s a dramatic change. . The livers are lean and dark red
in colonr in eontraat wit.h the lemon coloured livers of the
preceediny .onths. Ihe o1l conteat dropa auﬂdanly t 1-4%s
- The vitarin i pounc;f of the oil incresses, slowly at first and

- then more rapiuly. There is alsv an increase in the vitamin D

potency. The intestines follow exactly the same cycle as the

livers.



- 103 -

It 1s interesting to aote that the liver oil shows a marked
* ssasonal variatiom in vitssin D .potancy; -~ The snoek thus
Aiffers from the stockfiah ihtrt, &8 we have already noticed,
the vitamin D content of tae liver cil resains more or less
-.cbnlt;m through the ysar sven though thm 18 u detinite rise
and fall in the vitamin A potency. It has unfortunately aot
‘besn possibls to calculate uhct.hér th-r§ is any gain or 1oaa'
" of vitamin D in the liver o’f f.hl snoek durmg' t.ho gear. It
. 1s pfwmna that the vitamin n content of the uvsr &s & whole
~ resains unchanged, tut that infiltration of fat during the
- season results in _dj.lntion of the liver oil Auring this pertod.
~ On the other hand, as will be shown later, tbere is & definite
_ loss of vitemin A in.m-pu‘o.r sncek and the same B4y De true
. Lfor viwm{xi De  Bo uﬁéona_l at.ndy of the vitamin o pcumj
of the intestinal Q:l.ll‘tral’ made. | All the 1941 sauples were
- blended togethery the vitamin D eontant of the pooled oils
(80 I.U, per gl-) 1. eonliﬁu'nbly lower than that of the livers,
dbut the differsnce is nct as great as 1in the stockfish. =~
mdrq it i possidle to ulcnﬁ thess results further,

4% s nscessary to consider the migration of the snosk slong

~ the South African coast in greater detail. This matter has
been Gealt with fairly fully by Biden (16), and the following
aiaemion is min lamly from this scurce. | The enoek '
which viait the iut; coast are all mature ﬁ.sii. Young suoek
leas than 24 inches {the legal liait) are ewpﬁwnuhu e
visitors to 'thisé shores. m}f snosk, 4-5 inches long,

are sometimes found in the stomachs of the fully grown rish
caught in the walvis Bay region, but the young of this size

~ Texain for_ ths most part mors than 100 miles out to ses and
are éery seldom observed within & sile of the shore. It s
popularly believed that the anoex whieh reach Valvis Bay
dDetween Roﬁmir and mey 1&:.-:- travel socutbwards ﬂons
the coast iouoﬂng the shosls of sardines which are their |
chief food. Aceording to ma thtory, t.ht carly or late
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miw;.l of the snoek at the Cape is largely influanced by
S,rrexniar' éﬁéﬁ currents betwasn Jalvis Bay and Table Bay
and by alternating winds - factors which are responsidble for
the ¢§1.rst of the sardine. |
o An alternative explanation for the fish's different
seasons on the west coast 1s-ﬂxat. dirferent shoals strike
inahoro frow the wouth »at.lantic, arriving at dltferent points
along the coast at different times of the year, 1.0. the
fish caught in Table Bay and Fulss Bay »&o not b»long to the
sage shoal ag those csught at salvis Bay. The gx?aﬂual
‘withdrawal of the shoals from the different eoan.ax. areas
‘may, according to Bidem (loc, eit.) ‘correspond with mn
annual change of currest to & south-weaterly direction and
incidentally synchronize witﬁ cuorrant influencea contmliinc
| ﬁu aigration of the sardine'. At present it 16 not
| possible to aay whieh of theu two thenx?its is eorreet.
Tagging of snoek bas boan carried out, but. of the thousands
of fiash vhznh were marked enly 2 or 3 were rccwered and th-u
fdm not throw any light on the probm. {(26). In this
conaeetion a seasonal study of the snoex caught in salvis
Bay would be of great interest and might supply an important
clue. | S

Zquslly little s known aboat the courss of the snoek
when they leave these shem.u It 1s popularly boueved
by the fishermen that they t.urn somewhere between Wosoel Bay
and Port Elizabeth and strike out to ses in & south-easterly
direction. This, hm_iw_irg is pure speculation. Froms
~ broader view of the &igration and mmg into account tae
fact that the fish vieits tae coasts of Chile, Australia
- and Wew ¢ealand, it has baen suggested thit the true migratory
course 1s circular - round the globe from west to sast ia
10: lat.ituﬁea. Here -bﬁn thete ié no evidencs o mpport
such a theory. It naulq, however, bc intere.ating to compare

\
]

h
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- the liver oils ot fm caught in different pérca of the world
froz this point of view. Unfortunately the onls'. other figures
available sre those obtainsd by Govies and Field (55) and
| Jowett und navies {133) for the auetraliun barracouta. These
_are glvan below (Teble 3}, Ths fish exacined ware 35+40 inchem
~ 4ia le'ngm,.-:l.e‘. ‘the saue sise as the tnogk ¢aught 1in Jouth |
African waters. Ihey were all lsan and most of thez carried
well-Gaveloped gonads. They #~¢sm1éd the poor snoek 4n
the size of the liver and the yleld of ofl, but the vitamin
| A potency of the oile ¥as Jower than the valuss obtained in
the present ‘studies. This would indicate that the Australian
fsh hava lower vitmin A reserves thas those emght. in south
Africa (emptm alsa i’able 2&).

W&M&M&Wi&@
Date | sft.. of . moul m  Total
‘ . 1fver , , 5 1 o, vitwnin &
2B 4.37 4 gm. 102 BB BB e
v g, 38 24 13.7
Yo egm. 50 2.2 3.8
. 165 gm. €7 177 12.8
0.L37 Al ga. 24 65.6  40.5 ¢
' 4B gu. 8.0 120 1044 *t
v Bl g . 10.2 8.0 260 1t
M Bogh 44 4.8 48O 't

30 far nothing has been aa’id, about 'uu apawning habits
of the ancek. Barnara (10) states that the ancex spavm in
eptesber ani in the present studies it x&s observed that

We poor saoex all had ullnaewlogg ronads. The condition
of these fish ig therefore _at.t.rihu e the strain ixposed

on thei by the decands of the maturing egge and sperm.
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"The _ls%,aonalvchmges in tie liver and viaéerﬂ' 0ils ure thus |
related to the sexual cycie. Iawt chidyes goour duriqg the
spasning "-perioﬁ which profoundly arfect Lie vitumin 4 content
of the liver o1l hus 1on& bean manua'. Ihe eod, for
example, eats little or no: fz‘oo& at such tises and ?.ho drain

‘on the fat regsrves incidental to fasting is increased by the
-ntﬂizat.ic»n'af 1&#@;& suantitics of liver oil 1n the developument
ot‘v 't.hé‘ ,gmiml products. . certsin wwount of v_it&mm & is
'wmwferréﬂ with this oid to'- the gonads i267) anu the total
vitauin reserves of the .Liver are dup.wud. '.Ehe encek
__differa froz the coa in t.hat. tne 1iver is mt. the sain

storage denoty the hmd, _f.or em;;h, By contain up to 20%
of oil, f.e. 4 or & tiues ithe total oiiv content of the liver. | _
He{re;rthelesa the effect of spswaning on lhe liver is spparently
- vér& emilai- o that bﬁuruﬁ in the cod. The figurea
obtalned (Iable 24) indicate that t.hera e & lose of

vitaxin & from me liver, but. winy, to lhie fact tn.u:. tae fat

‘;. reserves are dop}_.eud to ,a great.er ext.em. W:an those of the
 vitsmin, the resicusl o1l bus & higuer couvent of both

vitsaine 4 and D t.an the oil obtained when the fish ure fat.

Ing) £ 1 T e
Date Averqgo . 04l B J]L_%m. | .vi?& N
4. 5.40 80 gm. 19 7.6 168 mg.
12,740 60 ' L3 416 ‘BN
25,840 . 80 ' 41 84 8a 1
1. 9,40 cadd 't 4 75.2 | 78 1

24. 3.41 66 ' 13.3 2.6 13 v

It was unfortunataly net posaible to :-cp.at thess observations
- 1n 1841 or to extend w to include the ‘visceral' oils
| o
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as no 'samplés,dbuld be obtainad in July or Aﬁguat osﬂng to

" weather conditions. | The Lish exasined in Saptesber anl
Oct.éber %are‘ nut caugut in F&lse' Bay " Jauple ho. 19
{11.,8.41) consiuted of Lish caught at Gansdasi, some &0 milu
furtuer east along tue eoaat, winlle the last eawple (2.10.41)
'.fiha Lanell zw the trawulery - & very uausual occurrance.

Thess fish ara, thererure, not strictly cosparable with those
e’ugit earlier in t.he seuson. The 'figms_ obtained bj
'Efolten;’ (188), houwer, confirm these results. Ine snoex
he exazined were all caught in Falge Bay. The vitaain A
reserves of the livers (Table 26) have been cajculated

tron his data. - |

pate  No. of Av. wt.  $ Ol 1 Total
fish  of liver | lce, vitamin A
- RS 7 Snver.
26, 2.88 6 130 gn. 1 48 227 ag.-
28.7.38 2 2 76 % 3.5 61 101 1
28, 7.38 1 e zs 18 oz
9. 8.8 4 SL'" 35 46 37T
20. 8,38 2 40 %+ 3.8 18 170
24,838 3 68 49 M 78 "
10.3.39 4 95 't 17,2 &2 168 10
3 108 ZL7 7T 1030

4. 4.9

Again 1t s cbserved that the livers of the poor snoek
- contain less vltamin thun t.imu which are not subjecud

| 2 t.:ze stﬂm of apawning. Thore are ceriain excefyt.iont
but, as the nuaber of fish in each sumple is rather ewall,
these are probably doe to diﬁarances in the vitauin 4

_ reserves of the irndividoal ﬁm.

| The utilizaticn of the 1iver oil in m;a way dwing |
spuwning should give rise to a pesk in the patqncy curve

| -mmdiataly after spgming.- It was not paaam;l.c to observe

? .

-1
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this in the case of the snoe< as the fish are not caught during
this period. after spawning, the fish fay be expected to
atart to build up their fat reserves again. The oil content
of the liver inc#rea.:ses Lt the drop in the potengy of the

01l should be adtijated b, the fact that the fish is also
builoing up :it-a viWa‘in faserves.‘ Something of Lhis trend is
seen ic fleh caught ;in"t.ae aaij}.y- montns of 154l.  Here we
get a vst,eady rise in the oil cﬂnt.exit. from 7% in Janwy to
163 by the end of April and at the same tiue the vitauin i
poteney of the oil fau.a from an E v&lue of about 26 to an.

~ E value of 13. . ‘ , ‘

Tt 13 thus possible to explain the seasonal changes in
the liver and intestinal oil observea in these studies in
terns of the sexual cycie. Tt ahoum, however, bs wentioned
© thet cany of the fisherwen cocsider that the poor snouk are
ite dlstinct from the prime fish and only sppear afier the
- fat snoek have left thess shores. Biden (loc. oit.) dige
cusses thia tb&ory and adymen- the luggeﬂuoh that the

| ez;'iaciatad condition of these fish is due to parasitic infecton |
'-»and not to the etfects vo'r_s‘pnyning. How far t.shinv iz true 1is
daifeieult to say for, while it has been shown that the mi_x
. may become infacted ﬁi.th & unicelluar psrasite, Chloroayxus
wtaiua, uhich,atmm the muscle £ibres and causes the
f ifia.h to become 'pap' within 24 hours utur#nu:hiag (87),
proof that all the p:'mr gnoek are o chm is lacking.
The present. studies, aowevor, provide some mpport. for t.hu
‘ thaory. Ihe very auddcn drop in the oil contant of the _
 2iver obaerved beween June and *’nly fitas in bett.er arit.n :.n:uv |

g >'exp1mt.ian than with the idea of the y*aana;. ,gevelopuent ot

the gonads, It may a‘uo be that Lhe truth 'lies hali—ny
between these twe theories, 1.0‘ the ccndiu,on of' the poor
snoek may actually be dus to tha siiects of Aopa*min&; but the
fiﬂu way belong to a differant shoal whicn v&ait.a False Bay
after the earlier shoal has. lett. fhat tuae kr-ne txplanat.ion
~ s rezaing for future uuarah to decide. {;R\‘

P
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~ In the study of the s«:—;asos&l changes of the liver cil
of the snoek the relationship bat.we_m the vitamin 4 pottnei;
iodine value acd ;:et*centagé unsaponifiable natter of ths varibua
-, sacples is of consiﬁerable interest. This is shomz :'.n Fig. 11.
“ As wual, there 1is a close relnuonahip bet.waen the vitamin A
‘potency of the oil and the percentege unsaponifisbie matter.
The fodine value 15 for the moat part iovsrsely pro;mrtional
o 1be vitamin A contest ana e direct.ly related to tue
pcrcant.aga oil in the liver, This is clearly sh:wn in Fig.
- 12. The cxcept:lenany higb iodine valuo of aom of the hm
| potency oils aay possibly be explained by the high lodine
.valuc of the unsa,ponifiablc mtttr ( compare the stonebass
1iver oils). Thin relat.iemup het.ween ‘the an content of
zﬁe livei' and the iodine valuo fits 1nto the genemlpicm
already drawn for the oeasonal changes in the 1iver and intes-
| t:lnal oila. During their stay in False Bay the fish are
remng actively on a very fatty c:ief. whicn consists chiefly
of serdines (Jardinta spp.) but which &lso includes msasbankers
(Trachirus ttachumsf)', mackersl (Scomber colias) and uny other
small fish which cross their path. Sardines analysed by
 other msxbers of thie Daparisent éont«ﬁaw T.2% of oii, This
ofl, momvof, was highly unaaturawd, the iodine value being
| 210. The rise in fodins valie of the anoek liver oil betvesn
| ?ebmary and m is t‘.hus & feflection of the huhly unsaturated
- nat.ura of t.he dlafn m composition of m .,mpat. fates of
 any fish is normally characteristic of that Bpac:lu but,
as bas been shown in the case of the herring (165), when the
fish are fuéuag act.ivaly, the selectiva a&achan;m any be
tecporerily mn w cope with the siwation am the com-
position of the depot fat tends to approxizate m; that of the
aiet. - o e |

In the poor ano'e"x, ,tbe‘ tat reserves &re used ;Jp and the

iodine value of the iiver oil falla. A sieiler L%nﬂcmy has
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 sleo been observed in the head ofls (Teble 26) (216).

12.5.42 o182 - 158.5
16.6.42 . 18.8 L1621
- 7.8.48  10.8 1484

_rhe sace hus algo been reported in the case of the herrinc
| (168) and the geslbek (189). These results wll fndicate
| that,when u fish .ia; fasting or for any other reason 6rawi_tig |
on it.s‘ fat reservesy the aoﬁ Mghly unsaturated enn‘st.i\,tmnta -
of the fat are preferentially utilued. . |
In t.he ntudiss on the geslbak mnuemﬂ above, loltenc
unplon found that ﬂmm A wag transferrved frou the
 1dver to t.he 'vieeera"during m;e period of intensive feeding.
| Théy concinded that tﬁesc t?egult.s are in sccord with the
vigw that s’imm A .'mf aaaéc_inﬁﬁ with the process of vt‘a.t' |
asah&hﬁon in thia fieh. 1In the case of the anoek :tt‘ic

- nat. pnssible to meke a deﬂniu gtatexent on this point an

only a few analyses. of mt intestines were made. The msulu, '
&3 far as they go, do not, huum ahow any significant '
incrano of the total vitmm A c!’ the 1nt;e-t.&nn with an
1nereaso in the oil cenum.. It. 13 podsible that in the snoek
| any mh trengfer of vitamin A from the liver w the 1nuatmu
" wouls be completely uasked b:f the changes 1n vitasin A content
due to the spawning cyole.

Ihe :uur ani intestinal ¢ils of the snoek form &
vulu&mc scurce of vimin A and vitasin D. The eollection

and axtraction of the livers was; begun in 1941, and in 1942
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operaticas were extended o ficlude the lLutestines zs well.
The full utilization of all the materisi availadble, howsver,
has not yet been achieved.

Both the livers an? the intestines say readily be extracted
by the alkall digesticn proeesss and the oils obtained in this
way are ueey yollew ia colour and have ounly s slight fishy
taste. The vitauin A and T potency of the liver oil is of
the same erder as an aversge halibut liver o0il. Therse should
be & considerable damund for it for aedicinal purposes and iV
should be able to replace halidbut liver oil in the South
Africen market. Hecause of its relatively low vitawnin D
content, snoek intestinal oil is not as suitable for medicinal
purposes as is the liver oil. It is however & rieh source of
vitamin A and as such is very valusble, especially at the
present time when the dexand is ehiefly for high vitamin A
poteney oils,

The amount of oil which could be produced anmially is
considerable. Tlhe percentage by weight of the different
visceral organs in a sumber of fiah caught on 44.3.41 is
siven in Table 27. | The values for the liver und intestines
are somewhat lower in the poor asnoek, dut thess are relatively
unimportant from the coumercial point of view as by far the
greatest proportion of the fish are caught during the !'fat

suoek ! season.
IABIR 87.
Earsantags by ¥eight af the Yiscersl Organs
of the Soaek

Liver 1.86%
‘Viscera' 1.6%
3tomach 2.1%




‘The kabeljou is listed as Sciaena hololepidota (Lacep.)
hy.km (10) wad as Johnius bolelepidotus (Lacep.) by
sarenand (178); the latter nossnclatore is uasd in the
annual reports of t.ht Oivision of Fisberies but the tamr,
zore c.omm‘un one,is pntnn'od by the m*itcr.

The kabeljou has a world-wide Gistribution. It is
| fonud in the liortk and tue Jouth Atlantie, ia the miurrmm.
off dedagescar and saritive tn& e!t the east coast of Australia.
It is known in Hurope &s the maigre or ssagre and in justralis
~_as the jewfish. It is ovoryuhcti rcgmdod as a velpable food
£ish though large axssples tend to Decoms cearse.  Uafortanately
ne data on the iiver cﬂs _d xabsljou caught in other parts
of t.!m world are availsble for souparative purposes.  The |
 kabeljou belongs to the fasily Solmenidas which is also
npnnnm 15 South Africa by the geelbsk (Atraewnian
asquidens) and the baardman (m cspansias), both of which
ars of fair cosmarcial imorunu. ~ The Californian thiu
" sen bass (C‘Jmuion‘mbm‘) is also & memder of this family.
| After the stockfish and the snosk, the kabeljeu ia the
=ost important species bandled by the commereial fishermen
in South Afrieh. It is cuaght by both the inshore boats
and the trewlers and, as my be seen from Tsble 29, up to
1938, the ebnual landings wers considerable. iater figures
are not available but it is raported (223) that recently the -
© landings of trawl caught fish have fallen off very considerably.

| Mﬁ. howavar, say be only, g:'tmpéury deerease. ' The kabeljeu
is found an arcund t.ht"emt? from walvis Bay on the west to
Matal on the east, but it is caught chbiefly in the waters
betvsen False Bay aad Bast London. It grows up to 6 ft.
in length and 160 1b. in weightj the fish handled by the
- cwemm fisherzen, however, are usnally less than 30 iv.
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1538 3,881,986 1b. . £35,087
1836 . 3,021,906 1b. £34,483
a8y ﬁa,sm,?bs w. £33,478
1938 13,326,601 1b.  £57,264
Zxparimantal.

MWQ
m 1ivera stucied were froa fish uighirg about 4 lh.

canght. dy the trowlera epu:atms on the Agulbas Bank. The
f£iah were gutted on board the trawler and the livars brought
" mshore in tins iz the usual way. |

| The sarlier sasples (up till Octobar 1940) wers ether
' - extractsdy  all subsequent samples wars pepsin digested.

ﬁ’..ﬁ"l alm“. n‘ ‘!h ‘1 3“ :‘w Q‘]'

From the Capi to Ent. London, the season for kabeljon
1s from October to April, The trawlers, however, lend fieh
aors or less contiml: mougbo'ut the ,rcnr and the writer
 was able to get ngular mnt.hly samples for a paried of
168 mntm.
o As zay be nm from ﬂg. 13 w frou the data munud
in Tadle 30, t.h_c,re is & uu-dqrinnd, ssasonal variation in
both the yield and the viteain potency of kabeljeu livar eil.
"t‘ho oil content of t.hc livars u mmt during the of? season.
In October when the Tish become m sbundant, the yield |
begine u} riss and reaches va-qqim round about Jm,
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| after which it-tani off asain The vitamin A,»cannnvt. of
- the oil 1» mughly inversely ﬁropbrt.i‘oml to the yield. It
- rezaing .at a low level from Octabcr'to may or Jume and then
rises sharply in July, August end September. The vitemin D
| cqntant.» of the oil bshaves in't.hge saxe way. |

Dats #t. of % 0il Iodime % Unsap. us. A Vit. D

- sanple . value  matter i  {I.U./gm.
Ged SRR} T X e
1l. 3.40 C.3 129 1256 9.6 66
12. 6.40 3.6 - 74 113 n!’ ' 51-1 _ ‘
3l. 8,40 1.8 - Beb 138 17.8 120 4000
- 1a. 940 7.7 8.9 119 - 15.9 89
8.10.40 3.2 18.8 111. B S - N
7-11-"0 . 5.4 13:3 304 11.7 53 ‘ ,
16. 1.41 4.5 26.9 113 - 10.4 14 - 1700
10. 4.41 0.5 11.9 133 10.0 - 43
g, 5.41 1.1 14.4 1 c 101 314
16. €.41 0.7 10.2 133  12.% 74 ‘
21. 7.41. 1.0 12.9 138  15.8 107 €000
il. 9.41 1.1 9.2 143 - 36.9 v 76

6.10.41 1.6 26.5

These seasonal changes do a0t ,nppisr to ba related to
‘the sexual oyele. According to Barnard (10), the kabeljou
 spawn from October to December. It is Just at this period,
'm.vnr, that the oil cont.ent. of the liver buiu to riss. |
- The vitamin A canunt. of the 011 faus but that of the liver o
remding more or less constant. The drain on the fat Taserves
~ of the fish incidental to spiwning Wust, therefors, be emall,.
and, ms in the ease of the halibut (16?), it u appmntly
,conpltt.oly masked by the Mmmc of sther twt.ou. A%
preunf., the naturs of t.hna is not known. |
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 kolteno (158) has reported the results of a few analyses
of the livers of kabsljou caught by t.h§ inshore boats in
False .B&y. It 18 "1nt.erest.m'5 to com;-':m' these ﬁgurgs wit.hh
those given above. The £ish he hacdled were, on the whole,
bigger than t.hose studied by t.he 'rit.er, but the range of
values encounux'ed (Table 31) is essentially the saae as
that tor fish ca.ugm. on t.ho Agulhas Bank '

XABLR 21.

Date . Ko.of " Avewto. of - % 041 g5

| fish | fish lcm.
2.2.38 2 . .10 1. .. 6.8 pi-
3.3.38 .2 24 1b. - 8.0 26
2606038 g . 16 1b. . 9.5 T 69
£24.1.3% .4 3l 1b. - = 7.8 88
- Be2:50 6 1'/a1be  11.4 - 8.6

Commercis) Iscortance of XabelJjou Livar Oil.

¥ith the exception of kabeljou liver oil, South African
fish liver oils contain relatively little vitamin D. Kabeljou
liver oil is, therefore, particularly valuable as a source of
this vitamin. 1Its vitamin A content is also appreciadle
and {s superior to that of an average halibut liver oil.
The kabeljou is closely related to the white ssa dass (Cynoscion
nobilis), the liver oil of which has the highest chick D
efficiency ratio yet recorded (365 - 314) (83). Bo far,
nothing 1s koown of the ratichick ratios of the vitamin D of
South African fish oils, but if the kabeljou 1s found to
resesble the white sea bass in this respect, its value as a




~ The Stonsbass is & very zarg. despsea fish caught ,
exclusively byj‘_t.he trawlers. | It jrau to 7 feet in length
and weighs up to 160 1bs. The fish usually caught, however,
 weigh between 50 and 60 1b. It is of !'air commercial W
* 4n South Africa ﬂthough it 19 never landed in largo quantities.

| m:cordmg to the anmaal rapotu ot uxe mﬁuon of Fiamr:lu, .
ths landings of stonebass bcforzl the ontbraak of the war |

_were a8 given in Table 32.

193 27,0411b. . £263
1936 28,000 1b, ~ £366
1836 46,916 1b. £230
ws7 0 @2l . Q8
1028 41,876 1b. 364

_ "rhn',.itombus btionau to t.hc 883 bass tuil,r ‘smm..\
It is thought to be identical with the New Zealasd bass
(Pﬁl,yprion mricannl) (10) and is clossly related to the
- groper (P. exygcnioﬂ) thich is caught In cmmarabh |
'quantitdes in the Cook Straits (83). The liver olls of ths
latter have been studied in sose detail by Shorland aad
figures regorted are very similer to those nhuinm in the

1 preseat worc. Ihe at.ombnu is also sllled to the blaek ‘
Sed basa (Stereclepis zigu) of California and the fshinagi
© (S. ishinagl) of Japan. The smexbers of this tnauy are
noted for the high vitamin A contgnt of theu- n'ar oile. ‘_
Bflls et al. (23), for mpu, have repert.oa the vimin A
potaney af the liver o1l of ’thc black sea bnp: as 520,000 I.U.
psr graa. Tm Gifferent apqeiu of m:rpriym ars mt much

v_l’
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‘less potent. According to Shorland (a&:a) groptr liver ofl and
‘bass 1iver oil may centain up to 5% of vitemin & (126,000 I.U.

per gaie) and two aauples of stonebass liver oil exanined by

lolteno (188) contained 1ll.4 snd 13.5% respectively. It was,
~ thersfore, felt thut, in spite of its ainor comserciel im=

partance, Lhe 'nm oil of the stonedass wulfi reaply furt.hnr

‘study.  This bas indeed bsen the case, for,not only ere

the stonebass liver eiu the rtchut source o*f v:lt.win A

- yet paeounum in South Africa, ‘but they alss present sevaral

other features of muruﬁ .

,le

| Mcmmmmnbh:ia, thtm:rotlimin
each sazple is rather saalli. This was unavoidable as a
trawler seldom catches mors than 3 or 4 stonsbass in one

trip except at certaia times of the year. The fish wers
gat.m on board the trulor and at first ths livers wers
bro\uhe ashore in a tin in the usual way, but from lhrchml
onwards @ differsnt method of collsetion was adspted. It was
found that the Dulk of the etorebass livers landed at Cape

‘Town wére received by Nessrs. Vitamin Oils Ltd. included
- among the tt.oekruh and kingkup-nv-u. Thay wers ssparated ',

from the othu- uvnrn ap the h.tm were passed Mugh the
ninci.na machine. By the ¢o-operation of the ﬂm, repreaenta~
tive nlices of all the :tomhul livers obtained :ln this way

~ were set aside «nd allowed to accumulate for 2-3 um until

& reasonadle asmple could be obtained. During this peried

- they ware hard frosen im the cnnpw'c cold storage p).ant s0
"mtmafmaum thoyurq uunrmw mm

eondiﬁnn

: . . : 0
. N . : . . * «
. N N ’
v Wﬂ—wl . ‘

Kxcnpt where ethunriu dum f the uwun wan nxtracm

by papain digestion. In the case pf uae uiun, the method
B | _I |
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Fasent to relate thess chsnges in the liver oil to either
t.ho 1nﬂnmo npaming or to the food cyele, as no -
mfumtion about these subjecta is auﬂabh. ~ Again a
_ pln. must ba made for further work on the mc hiaterin

and feeding hadits of at least the more ingor&ant species
of South M’ricm fish.

Date Approx. %011 Iodine ¥ Unsep. ,sm..; ¥it. D.

no. of valus  matter gt
livers : lem. (I.U./gm.)
1.1.12.3 e m 183 21.6 227
12, 8.40 4 16.8 x 127  10.6 we
© Tell.40 35 11.7 187 38.6 4185 1 :
16) 1.41 2 20.3 : 98 606 . ‘2 h
13. 3.41 i3 1.4 220 6.7 80
26. 5.41 10 7.3 ' 116 8.6 8 S
12. 6.4) - D4 111 6.8 - 87 .
30. 6.41 2 - 17.0 123  ll.4 103 |
21. 7.41 1 16,1 12 6.8 85 -
18. 80‘1 : 10 17.4 1‘2 ' i5.6 166 -

.‘15-12'.43. 14.0 175 & .6

g Alkali Gigestioa
x Ether extradtion

, As may bs seen 'fi'ou Tabls 33, some indieation of a "
- osasonal variation in the vitesin D ‘potmy of the olls
was obtalmed but this was far less sarked than in the case
. of vitemin A, From thess rism’l;!.t seens probable that
~ the vitamin D content of the liver as a whole resains fairly
 constant througheut the year, but thet during the Autusa
and inter months the infiltration of fat resulte io a
‘ddlution of the liver o1l obtained durug this peried.
The rchnnly low vimin o eonuat of uu stambuu liver
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olls is noimmrth;r For mpls, it is only half as pount
as the 1iver oil of t.ha groper whieh, according to Cunninge
_ham (63), assays 2300 I.U. per gram. In this respect the
stonebass resexbles the kingklip which is alse far less
valuable a8 & source of vitasin D than 1ts New Zealand countar-
'paﬂ.; ihen further atudies have been eirriod out in both
 South Africa and Kew znlaui, it will be of ioterest to
eonpm the rig'aru for the vitaain D potensy of ulaul
speciu and to see to what sxtant this is gnmrnuy true at'

the oils of t.ho two countries and 1: posaibh to trace its
| -Nhumhip to other factors such as d:tru-nma 1a te |
' _vimin D content of Lhe plankton etc.

swnobau liver oih pnum sany tuwrn of interest
- and a further nt.udy of their caupouuon wnld be dnirnbh.
AR mAY bn seen from z?ic. 18, thm is a \m-y close
paralhluﬁ between thc vim A potency or m ol and the
io8ine valus and the pmnnuxo mpeniﬂnbh zatter. A
sizilar relat.iannhi,p is also found in the at.ocktuh intestinal
oils &n¢ the kabsljou liver oils (Pigs. 7 and 14 respactively)
_ but 1in neither of these cases is 1t as marked ss 1n the stons~
bass liver oil. The pmlhnu ‘betwesn the vitamin A |
content of the ou and the mmugc unsaponifiable satter
uwbcummmmen is bo nesd to comment om it
axcapt %o point. out t.hnt. the proportion of vitemin A in the
}maponiﬁabh sktter of stonebass liver 01_1 is very high. |
{n the average, the vitamin connumus 60% of this Yraction
- which wouz.d, thcutobe, ba & very suitable starting wuaterisl
for further gtudies on the pure vitemin.
| The alsost linear relationship betwsen ths 1cdine value
of the oil and 1ts vitusin 4 content (Fig. 17) is more intar-
| i_st.ins. A siailar relaticnship has Desn reported by |



Evers Jones and Snith (80) and Haines and Drusmond (§8) for
balibut liver oils. The lattsr anthors (96) have att;empttd
to axplain thcir results a@ follows: ‘'Cur wide axperienc-
of 0ilc derived from £ish caught in waters off lceland, |
'Greenland and Labrador leads us to thirk that in any one
large ares the composition of the liver oil us regards
- glyeerides fs u&aambly'unifqm. Therefore, because of -
the relstively large proportion gﬁcmt., variationsin the
| vitmin A content of the liver are reflected directly m m
aualytie&l ﬁgvzx'u for the oil itaelf ', 1'0 ust. this
hypothesis in the case ot. the stonebass liver olis, an
‘attempt has been sade to celculate the extent teo which
vitamin A (lodine value 356) is rnponublc tor the observed
- fodine value of the oilo.

Sasple Bn.'_ 2 5 - IoQine Valus ZIodine vdu

Vitasin A Unsap. - of Oil. of acn~vitanin
-3 6.8 - 20.B : 127 110
4 21.5 - -36.0 . 170 . 180
5 ids8 = B2.4 136 ' 103
6 35.9 38.6 - 187 . 128
7 2.68 6.5 13 91
8 4.44 8.7 - 108 91
9 4.87 - Bl7 ‘ 131 | 110
10 726 il.8 123 106
1 . B39 - Bel 32 - 127
8 . 6427 8.6 » 116 . 102
13 420 SN - 'S & o 300
14 - 6.48 1.4 23 107
15 3.45 = 6.8 ne 104
17 13.4 21.7 168 128
i8 4.6 2240 160 t 127
é% v dBed 36.9 181 132

168 2.6 1 1%

1

The results an mthep nixniﬂcant... is ey be um in Table 34,
the fodine vdlua of tf.;b pon-vitemin A rru-tion of 'the oil shows

far leas vnrxat.ion ,t.hhri thai of the oil as & :nalé_.
\ ] \ ' N v b
L o

kv
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. Eordmicr the observed variatlons, in particuler the higher
| degree of unﬁaturatian of some of t.ha mere potaat oils, may
be accounted for to & certain extent by vardations in the
parcafnt.ego‘ of un;éapaniﬁme mgtter other than vitamin 4e .
In this coanection it 1a of interest to note that in the case
of tie kabeljou (Fig. 11) there is @ closér parallelisu between
‘the loline value of the livér,ou ang the pércmtage unsaponi«
fiable catter than bétwm the iodine value and the E value.
This 1ls easy to undenm gince kabeljou liver 01l contains
- & high proportion of unsajonifiable mﬁbter of which only'aos
is vitamin 4. 1o both these specieal'smﬁiaa. of the iodine
value of tie unsaponifisble matter, on the lines of the
work of Lvers and Saith (loc. c.it.}, would mbablg yield
valnable results. '

_ It. io alsu mtereat.ing o cox.para the stonsbass liver
0ils with thoase of the groper. Here, a0, the Sodine value
of the oil is relat-.eé't‘.o' the vitasin A contemt. For ez:mph,
- the spring olls which contain 0.5% of vitanin a i}&va'an lodine
vaiue of 82 waile the wiater oils contuin 5% of the vitamin
anf bave an fodine value of 122 (233). Ihese figures are
very similar to those for stonebéss liver oils of a siailar
~ potency, & podnt which is particularly interesting since
shorland and tiilditcn (&33) have examined the component tatty
- acids of groper liver 0il wﬁ found that mw differ in mw
ra_apecu from those of a typical sarine telecstean. (One of
~ the ubnorual features of groper liver oix ig fiw high conteat
of aturated acids (4.4 - 28.8%) as compared with the usual
values of 15_-‘ 20%. (164).: In addition, the glycerides are
~characterized by a low pro?ortian of Cae a.nﬂ Caa poly-sthenoid
&c¢ids and an unusualdy high content of palnitic and hexadecencis
aclds. These featnrés, eq‘pec:zally the Lirst two are Mscm-
in the low fodine value of tha e,ring ofls. ince the fodine
valuas of stonebass .‘Li.var oﬂle are similar to those of the groper
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ont. it 4 probablc that thay will alsa show thess anpmnru
from the normal range of composition.

'ﬁ! “Ih!-ill Hedd_ .:‘ Visceral Oile.

In the ct:me&us the liver is not the mn fat depot.
¥ost of the oil is stared in the head, chiefly in the bone
mitua. The pyloric earca and intestines alse contain a

certajn aaount af oil, dut these dapot.a are uas {zporiant
thsn the liver. A better appreeiation of the relative impor-
tance of the different fat aépou 18 obtained if their sisze h
taken 1nt6 consideration. In Table 35, therafore, are given
the average figzurea for the ;rcperuom of the different
crglnn in 9 fish which vers brougm aghore ungutted on the
10.11.41.

. istuslwt. s percemtage of

Whole fish 18.8 kg. -

Heal s s
Liver - 288 ga. 1.5
. Pylorie casea 280 ¢ 1.43
Intestine 250 1.38
Stomach 688 00 3.2

Goneds 206 **  1.13

| Very -1:lt.tié wWork was aam‘ on the head oils. A semi-
~ quantitative extraction of one of the smallest beads of the
£iah emmeq ;;n Table 38 ytelded lp;m{mimul.;r 7% of _01-1.
a figure which 18 in good agrsement with the valus 6% reportsd
by Shorland aad .iil:litch (233) in ﬂu case of the groper.
This oil did not. give & blus eolour v&th the wr-Pricc reagent
and it was m:st tudied further. 'm;{ results, hovever, do
T T

R - : ‘
i '
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show the relative importance of the liver and the head s fat
depots since the livirs of thess fish only contained 10% of
~oil, {.6. the amount of oil stored in the head was more than

) 10 times that stored in the liver.

A fow ‘'spot' analyses were made on tbe »m from the |
pyloric cueca and the inteatine. Thess are given in Tadle 38.
The resulte indicate that the inteetins is of very iittle
;lntorht d_t’.hcr as & sourcs of oil or vitanin 4. The pylorie

| eueﬁ, on th& ‘other hand, contain quite an appreciable amount
of vitasin A and their oil content wmm winter sonths 18
high enough to make their extraction worth whils.  They would
appsar, therefore, to de worth further itud;r. -

Date  Material Ho. of fish. 30il. g8 % LV.

12. 6.41 pylortic 2 9d 8.6 676 187
ohecae 00 0 - ' ’ .

10.11.41 LI '. . 3.8 7%.8 v 16.63 160

10.11.41 ‘intestine  ® 1.8  10.8 16.2 161

awhébnss 1ivars have been collected and extracted since
the middle of 1941. They 'aaaﬁin 10-20% of oil and so may
be readily treated by alkali or mnu. digestion. The cils
6bt§inid in this way are a deep orangs cdlow and are very
| vimﬁn. | The annual production of atcm’buo nm oil 1s
very auall, the pcunt.ial uutput. as ealeuhtod fron the
figuras in ‘!ablu 32 and 38, being lsss than 20 znuom a year,
The oil, hawvor, is very valm, espacially during the
apring and euaser months whes a Asturel vitamin A coneenirate
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is obtained. Zven during the winter mnnﬁs the étia have &
higher vitadn & poteady toan halibut liver oil, though the
- vttamm D content is relatively lower.
Tie pyloric caecal oils, too, are probably worth uploiting

but further work is re,uired defore the utilization of this
waterisl can be put on & aaum buh. B o



- 128 -

The studies oi’ the l;wir and visceral oils of the fish .
dealt with in this parf-. of the thesis are less eomplete than
| _tb.ou_ in Part I. The reauita,' however, ars givea brisfly
80 that some {dea m.ay'bl oﬁtunﬁd‘of the wﬁrt;mea cf these
 species as sources of vitamin A.  In adéition, the resuits -
- of ‘spot analyses' of the 1iver oils of & number of different
| _'.npaci.as are gi'ua. m: work was hrgaly of an sxploratory
naturs and serves to mdiett.n those spceun whieh ey be mth *
' furthcr ot.udy. '

The yellowtail balongs to the Jask family Carangidas.
It 1s very sisilar to thc ytiimuil,or mmm and New
Zealerd {Jeriola grandis) ued also to the Californian yellowtail
or subarjack {S. dorsalis). According to Barnard (10), 'it
. seams pramh that imy of the nominal opuciu- described by
' mlons suthurn vul be uniud when & mnicn of the nnua is
'Wm. | R - | L

- Io South Africa, the yellowtail is more or hu eonfined
 to the warw waters of u-nmmemm m largest

| eatehu are made in the False Bay area whers the fish appnr'
© from October to ipril. It is of minor commsrciel importance
and the %tal asmual :.mum do sot axcesd 300,000 1b. (178). R

The iivera examined were all from fish c&:«.ight in False

Bay. The oil waz extracted nltmr by etber ax’u‘aetion (mo)
or by papsin digest.ion (1941).



'D.a.tc_ So. of Av. wt. Av. wt. % Oi1 zi% $ IV

fish _ot(’ fish uux; , lu. Urmap.
2. 65.38 e 8 87 22.8 i3 - -
12.10.38 =] D =-26 120 7.0 118 - -
22.10.38 3 S £ { S o8 ,513 : 70 - 343
23._8.4& ) '4 : . “ ?-ﬁ . - 6.2 157
1. 3.40 2 20 & 3.3 29 19.3 176
15.3.40 18 gi/, 38 8.3 € 1.1
1. 4.40 3 2 @ 97 2.9 230 Z21.8 187
- BB+ 4.40 5. 8 - 2.7 186 4.4 144
31. 65.40 18 $-10 N - 12,38 20 3.6 1868
31& S.41 ca 100 - _ . - 11.4 ’ as 6.9 ligg
31. 3.41 4 320 102 18.1 78 9.7 160
' 5 6.6 5.0 4.5 163

3. 3.4

K
8

 In order tc maxe the Gata {n Table 37 more ccaplete,
the figures obtained by kolteno in 1938 (188) have besn included,
Fron this brief amay‘.' t.ha 1dvar 04l of the ysllowtail axxpnrr
to merit further aw&y rn- uriauans encountersd in thi
'- 'prcaent. aﬁxﬂy in the vim A content of the liver oil m
large and do no: show any seasonal trend. This oAy be du. to -
 the small size of most of the samples. On the other band, 1t
seems that the vitamin content of the u'ur oil 1a mﬂ.mnced
toa vsry considerable extent by the size of the fish. . As |
~ has already been pointed out, this il obaer'wd in most apeciu.
~ In further work on the yellmtdl, uxemfoﬂ, the various size
Eroups ahould be stndi:d separately. ,
| The viem and the vitamin A potency of the liver cil of
- the South ifrican yellowtail are similar to the values Npoma
by Wood and Tuched (264 for the Australian species, vis,s
Yield of 011 108 ” .
Vitamin A 42,000 LU. per ga. [x}’ .28
Vitaain D - ,wo x.u. per ga. - )

=
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| rht 1ivars of the yellowtail are wovt.ﬁ comcting-aml |
', 'cxt.rncting. The yield of 011 is low, but the vitamin A
_content of the 1iver ail, aapuiany in the case of tha biuar»
vfish‘, is appreciablq. The intseti.nea and pyloric caeca, on
the other hand, do not appear very prm.isim. The antity
of yenowtau liver ol wh&ch <can be produced in . Liouth Africa
1s =xall. . At certain -tmaa of the ycat, however, large qusn-
titigs' of the fisk are caught and {n the future it is probable
© that zueh of it will be canned. Vellowtail liver o1l ray, |
therefore, bacnm one of Lk e hyo-producw af‘ the cuaning
: induau_'y.
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| | N ﬁem&bmw -Salanga to the same fauily, Carangidae,

as the yellowtail. It is ‘a small fish and the biggest exauples ,-
‘do mot exceed 4 ibs. in weighﬁ. It is of fair conuercial
iﬁpoﬁ't.ance aug From 2 to & mliion péunds' of fish are caught
 anmually. It {8 caught chiefly by means of trekseine nets

| operutad from the beach or frou boate. In siditden, & suall
nnm‘néx? oi’ the larger fiah, up to 3 1b. in weight, are taken by |
‘the traelers when trawling for wore desirable species. -

| wum.awmm
| ALl the fiah exenined were eanght by trawlers oparaung
on the ust coust. The fish ware brought ashore ungntud
and they were nigm and t.he viscera wore removed at the
University. The !muatm_*‘m taken to include both
~ the intestine and the pylorie cases which are nuzerous and extend
for about one-third of the length of the intestine. The %otal
viscera' included thc uvur, the mmtm and the pylorie
casca, the stosach and the goneds; it did not include t.ht _
heart or gilln.

Exiractiecn of O1l. | |

~ The oils were all.extm't}'oa by pepain d:.g_uaunﬁ.;

o, .

4 short study has been made of the liver, intestinal and
wtal visceral oils of the baasbanker.  As may De seen from
Table 38, the 11#01* oils, eapecially in the case of the larger
figh, are very rich in vimin A. The potency of the intes-
t.inal ¢1ls is ulso high thanzh 11. is less than that of the
nvtr oils. Both the nvora nna tha musum-, hwevar,
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are au.&ll aad, oxcept durmg. the late sumser monthe, t.he

| "yiam of o:u. is low. [aere 1s little nml:lhoad, tk:arefor‘o,
“that 1t will be poasible in iuduat.rial -*raﬁt.ice to :sa,,,arate
these or.ang fros the rest 01‘ tue viseera unﬁ ,erocess thed -

separately. '

: . *.onaeziuent.ly*, fz'oaz t.he coumercial point of‘ vim s the t.ot.al"
'vieceral oils are of more :lntarest..

Jate  No. of . AVe Wt. AV. Wt. & O u $ IV

. f£ish fieh = liver - Blea. Unsap.
T 20. 541 13 1150 ¢ 5 ¢ 6.8 242 24.0 17e
3«74 0 X 900 v 7 vy 6.7 320 32.9 189
1i. S.41 14 48D ¢ g ¢t 6.9 72 - 171
1l. P.4l 16 6856 ¢ 79 7.7 Al ’13.1 9
29. 9.41 190 538 v+ & 1t - 5.8 143 -
- dhelledl 12 908 ¢ 16 6.2 180 80.6 17
12. 1,42 @ 33 1026 ¢ - 11.9 178 8.6 1638
22 1080 ¢ -

3. 8042 13.1 63 _ 7.4 ' m!

. vﬁau - Ko« 0f AVe wh. AV, Wt. ﬁ ofr 1% 3 , I.'fV'
' fish fish intestine . Tlom. Unsap.
. 20. 3.41 6 500 gm. aeq-. 16,0 10.6 3.6 150
- 20. 5,41 13 11650 ¢t g4 £:3 40,0 17.9 - 176@
3. T4l 30 800 ¢ 14 2.9 61.6 1€.0 . 161
1l. B4l 14 459 ¢ 8 " B0 . 47.7 - 136
1l. 9.41 36 €66 ¢ 8' 4.0 53.8 =~ 154
9. 9.41 18 838 "1 7 3.4 96O - 174
24.11.41 12 §02 '* 18 'r 2.6 ''48.0 2.2 187
¥ B A 23 ?f% &5 1R

| \ | \

f

e S
=~
—



- Tutal Visgarsl Oila.
- Date Ro, of Av, wl. Av. wt. £ 011 gl% v » Iov.
: fiah fish  viscars Tlcme Unsap.
4. B.41 7 ces o & ?.1 15,7 6.2 142
14. 8.41 - 19 1016 “'t 85 1t 4.3 Bl.sH @ 1P.4 164
29. 9.41 7 - 638 't 45 ¥ 2.8 .6 16.0 160
%'o_ 2.41 6 743 * 5o ¢ 3.6 40.8 2.3 1MW
©7.10.41 26 783 v L VY 2.9  70.3 6.9 183
21011.41 23 593 v 44 A 305 574 1804 130

A preliminary study of these was made Ly the writer. As say
‘be seen from Table 38, the vitamin A content of the total
visceral oil s lezs than that of the liver or intestinal olls.
This %s to be :xput.ed u the stomach and gonada contain 1ittle
or no vitamin A {ef. Pugauy (208)]. The fish were astudied
only during the winter months. During this period the ofl
content of the viscera was low. ‘In the ease of 't.he-biggar

fish (over €00 gws.) this vau?a;parmtiy rolaw to npnnini
which, Judging from the appenrance of the gonads, cccurred rmm ’
about Geptesber to November. During the late sumier and
‘sutuen months, the fish are in good condition and the oil
contant of the todal viscera may De as high u 25% (134).

" The work deseribed weu was part af a collaborative
atudy of the mb&z&cr. An Wﬂnn of the head mnd bod.y
oils was also m This work 1s $t1ll in progress and a
‘detailed study of both the saall ‘tyexked' fish and the
larger trawled fish is plasned. | |

-
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The vaalheal is & species of small shark which is comson
 on the douth African coast. It grows wp to 7 ft. in length
. and usually weighs 30 - 60 1b.  Until receatly it was of no
mrcial izportance tm‘l wAS rag&r&od as a anisance by both
the comuerciusl and the sport fishermen. | |
The vaaihaas is very claaoly related to the soupfin

" shark (Galserhinus unpurns) of ths Nexican and Californian
‘waters. In the last 6 or 6 years the latter has deen canght in
very large nusbers chiefly for its liver oil. At the present
tize, owing to the dexand for vxm A, soupfin shark livers
are eommmg rabulout prieua &s 20 other species of fish is
known from which 0 large & mm of mtum high potanqy il
" can be recoversd. It is estimated that to-3ay scupfin shark

| 1ivers srs supplying approximately half the vitamin A produced
1in the United states (205 An examination of the liver oil

of the vulhui was undertacen with & view to the dwalopunt.
of a similar industry in South Africa, and the figures reported
bare are the result of a pﬂlmwy; slt_.udy of this species.

- The fish sxamined were a1l cmght at Gansbaal by the
inzhore boats. The livers, usually aingle specimens, were
‘brought to the Univeraity and the oil was sbtainmed by ether
_ extraction. In sddition, a number of oil samples were
. anslysed which had been sxtracted by kr. C.K. Taylor at
Gansbasi by stesming.

As may be seen from Table 40, the vaslhaaf, like the

so'npﬂn'-lhtrtﬂ. is & valvable mu of vitamin A. The livers
constituts 7 = 10% of the total waight of tae fish and contain
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| froo 25 to ﬁeurly 5% of 'oil;. “he peteimy of ifhich’rang"u from
12,000 to 150,000 1.U. per ga. The proportion of liver und
the range of oil content are the aame in both the vaalhuai angd .
| »the souptin. "'ha vitamin A pote.ncy of the fomer, Ilwever,

is somewhat lﬁwer than that of the imerican species which
yields un o1 t.ont.«inin@ on the mreragu 70,000 - 100,000 I. II.
~pergx&(205). B : 7

¥salbaal Liver Oila.
Date . of Nethod of % 04l 1% % - Iodine
- fish axt.raauen - ek, Unsap. value, ~

- Ble G.40 5-10 ste . 82  41.86 - 4.38 178
- Be B.40 ¥ .- 8.0 1.58 196
3. 8940 ” E ,’ - 14b6 2.49 . 1.93
8, B.40 re v " - 7.8 - 1e88 ' m
40 9.4(3 ) 3 ’ te 37 21.9 3-07 191
21. 9.40 T ' B8O 8.6 1.54 188
3¢ 12.40 ca 80 steaned - 13.6 3.0 189
l. 12.40 1 - 1 - 91.2 - -
2e 2. 42 i 8 16.58 2.58 m

ether,/Nay 50,

 The results of this pi'cliwianry "e'tm_y ware auﬂiciont L2
indicate that the productiocn of vaalhaai liver oil would da &
very profitable dnterpriss. A study of the quantities of fish
‘available and the best method of catching t.h’m» w‘as. then under-
taken by the tiahmg intarests with thé result t.hh.t since 1941
3 cozpanies hawia been 6pnr‘am to produce vaalhaal liver ¢il.
Ko ff‘iguru ar'e availsble for the exact guantities of oil
‘produced at present, but it 18 1n the nelghbourkdod of 10,000
gallons & year. Further data on the tlncﬁnuona in the yit?ul
and the vitaain A pomqy of Wﬁ. nur oil ars deing |
collected and %ha uawm vari,nuanl at the airfarcnt. poian

o along the coast are btina maum.

.

.\‘



| Under this nesding are srdup-d together a nuuber of

sgecun waich are of ninor comuercial inporttnet though soas
of them, for mplu the domuh and the camen skate, are
caught in fuir nuabers mn trawnng for mors duirabh species.
Only one or two analysea of the liver oil of each speeim )

| have been Mt, but the nluu ars r.cordtd in order
. provide more data oa t.hs vit.ain A content of sonth African
run oils in gsperal. and also to indicate which cpcciu are
worth further etudy.. ' '

| Either cthor extraeuon, pepsin diﬁeaum or auauiug
was used. |
| Spcei‘uv - Date Ho. of lathoa of g% 3 IV
. o + fish  extractioa % 011 icm. Unseap.
Hound  2.12.40 2 stesxing ea 8 L4 200 188
Dogfish 4. 140 - ' ca g0 5.3 9.31 14
oo 2. 8,40 30  ether 43 3.2 7.3 163
 Common ekate 12.8.40 30 ' @B - 18- 2.49 180
 Glant skate 12.8.40 1 e 3@ 18 3.77 177
Peoort 174140 1 " 55 0.8 2.24 184
Blus shark 20. 1.40 3  steaming ce40 11.2  6.38 166
Butterfish 28, 7.41 12 pepsin 6.0 38.4 7.77 142
1 28.10.41 12 9,0 61.0 12.83 158
. Jacopever 11, 9.41  ca 1§ " 234 1444 13,80 160
' Red Stembru 8.5.40 i ‘ether 7.7 132 9.7 13
1

hite ' -.3.40 " 9.6 43,2 10.08 149




. K
Riscussion of Hesulis.

The hounds (sustellus 8pp.) are very similar to the vaal-
haai in gomm lppeu'anu and may easily Ve mistaken for the
.'latt.er. A casual amimt.ian of the ucth. Bowevar, serves as
& rapid and certain means of diuuaguuhim the two gmm. |
ehis is & point of some importance. The hounds are efuu
~ caught when fishing for vaslhaai and as the liver oil of uu
Tormer conmni very little viteain A (Table 41), it ie
. 6csirablo that t.my shall not be ineluded amongst the mnm
witn the resilting lowering of the vitanin 4 content of the
luttar. | ‘

‘The mpe dcgriah {Sqmlnl mt.ipinnu, Regan. } is very
 sisiler to the Pacific greyfish (S. Sucklld, mrnrd), ,
the yleld of oll and thnvimin 4 poteacy of the semples in
Table 4 fall within the sans rengs @s the values reportsd by
Pugaley (210) for the greyfish.  The dogfish is eaught in
 fair mwbor: when trmrling for more &lkMo spacies. It is
usually disposed of by Jumping. menuy, hmnur, the ‘»
_dwand for vitaain A has led to the collection and txtract.ion
of the livers on & sxall seale. It is to De h_opm that the
producticn of dogfish liver oil will be continued after the
wir; greyfisb liver oil 1is Vund to a luge sxtent as & source
“of vitamin A for poultry feeds and there is no reason why
‘dogfish liver oil should not be used for the same purpose.

Two species of skate have been examined. Thess are Lhe
cosmen scAte or thernybask (Raja clavats, Rond.) and the so-
called ‘glant skate's The actual eluamcauon of the
latter {s not certain as only the ;.nnr was brought akhere. |
It :!.é probably Raja marginata (’ﬁlclp.)' which, aceording to
_ sarchend (172),.’10 the hrgut species of sxats commonly
~ caught in Caps waters. Both species are taken incidentally

'in the trawl, the former in fair rusbers. Like the dogfieh
_ they are usually ducped. Feithar of them appears of much
interest as a source of vitamin A. .
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The blue shark (Carcharinus glasucus, Rond.) belongs to
the same family as the vaalhaai. It 18 occasionally eavght
by the line boats when fighing for vaalhaai or other species.
The liver oil is quite a good source of vitamin A, though it
is less potent than that of the vaalhaali. Since 1941, limited
quantities of blue shark liver 0il have besn produced.

The butterfish (Stremateus fiatola, Linn.) is caught
occasionally by the trawlers. It is considersd an excellent
food fish. The vitamin A content of the liver oil of the
sazples examined was high, dbut the yleld of oil was low and the
1livers were small (averags weight 18 ga.) ee that it is doudtful
whether the extractioa of the liver o0il weuld de & ¢ommercial
proposition.

The jaccpaver (Sebastichthys capensis, Gmelin) is used
sxtensively on the westi coast as & crawfigh bait., It is of
insignificant eommsrecial isportancs. From the sample examined
here, it appeared that it would merit further etudy ami a
detalled examimation of the liver and visceral eoils is in
progress.

The red and white steenbras deloag to the family Sparidae
which ia one ¢f the largest and mest impertant families in |
South African waters. Both fish ars ¢f fair commereial |
importance. %he red stsenbkras (Dentex repestris, Valen.) .
is caught chiefly en the Agulhas Bank by the lime boats. The |
specimen examined here, however, was caught in False Bay. It
weighed approximately 100 1da. and the liver weighed 928 gm.

The white steenbras (Pagellus lithognathus, Cuv.) is found

all arcund the coast and is caught irregularly by the trawlers.
The specimen examined weighed 25 1b.y 1t was apparently Just
about to spawn,. It was also caught in False Bay. The liver
0il of the red steenbras especially was very rich in vitamin A
and both species would appear to be worth further study if
regular samples could be obtained.
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