DEPOSITOR f
COLLECTION,
» N%;mnw
Dep. Col, KEN
Thesis
Ho

TaATIon U DRI oL

F. B. HUIT, B.S.h. |

WS 3

THE URIVERSITY OF MaxtTogs
; LIBRARY

o o




An inwa%iga*gi@n of }}zsgfiﬂh ;@ﬁ, a8 a Sourse of

Inbreduction

The dogfish %2 a source of trouble and loss in ﬁiéﬁzﬁeﬁﬁ where
fishing is an important industry. Unfotunately its flesh is valucless
for food, and it has been diffiecult to find azzy marketing ehannel
suftieiently profitoble to warrapt its destruction on & commereial scale.

With the incrensing knowledge of vitaming and of their re=
gquiremenis by various animals, there has come into general use the
?&éﬁ%iae of feeding ced liver 21l Lo fowls anéi chieks kept in confine=
ment.. The advantages of s¢ doing bave been so well estublished that
crude cod liver oil is sold by the cavload in some of the commereial
poultry sections in the United States and in vapidly inersasing
guantities in Canada. ‘

It seemed nossivle *E;E:mt ‘dogrish oil mizht serve in the same
capacity as cod liver oil as a source of the desired vitanins. To
determine 4f this were so the experiments described hereunder were
carried .ma:ﬁ-a | |

| The nutritional value of cod liver oil, #o far as is known at
present lies in its content of vibamins A and D.

It has been shown by immett and Peacosk {1923) and Hart,
Steenboek, Le;akwsky and Halpin (1924) that iﬁze young chick reguires
vitemin A for norunl development. Adult fowls starved of vitamin A
for upwards mﬁ::,‘%}:zzf% months develop a diseass deseribed by Beash {1924)
generally known as nutritional voup. Its disgnostic cherackors inelude

inflammation of the conjunctive, swelling of the eyelids, waiewy

sceration from the eye and caseous pustules in the pharynx and cesovhagus.
The oprhthaluia or the pustules may oceur alone or iosebther. Bither is

»szﬁfﬁe:éa&%ly recognizable 10 permit dissnosis of vitemin A &Efieiamy




Vitamin A esn be obitainsd For poulitzry in yellow corn and several green
feeds as well as in cod liver oil. |
Vitamin D, the sntirachitic factor, is neeessary for the

assimilation of caleiwm. Iis importance for growins animals bas been

iemonstrated by meny resent writ ers, and Hart, Halpin and Steenboek {1922)
heve shown that the chick is partieulerly sensitive %o viekets. On

wations lasking Vitenin D, laying hens show their inability %o a2psimilate
ealeium by laying thin shelled szgs, snd often by leg weakness or somplete

san lies in the low hatehing

parvalyeis. Ths greatest loss to the pouliw

pewer of ez

s from hens starved for Vitamin BD. Yesdhan (1925) has shown
thet from the 15th day of incubstion on there is nowmally & vepid
incresse In the oeleium content of the embryo end that this must come
from the ghell. The carbon dioxide given ofF ‘ia;g,? the anbryo scts on the
caleiun carbonate of the shell fo Tomn ealcium bicarbonate, which, being
soluble, can be utilized by the enbryo 12 vitanin D be present. Hess
{1923) has shown thet the ege possesses distinet antirechitie proverties.
However, if thehen has suffered from leck of vitamin D the sgg will be
low in the same substancs and the developing &wry& will be unable to
assinilate the ealeium hicarbonate. The result is sither a weak chick
oy & dead one. ?Tm% number of chicks dying during the last week of
im@’%miw ig uvsunlly high eayly in the hatehing season snd vepresents
one of the greatest soureces of loss with which the vpoult ryman heg to
conbend. Though cod liver o0il is high in vitamin D, it has not yvet

been definitaly shown how the vitamin D content of ezgs Prom hm Ted
ood liver o0il comnaresn wi i’ that of egmgs from hens deprived of the
antirachitic faclhor. Holmes { 926} and others have ponclusively &ﬁa«@ﬁ#
%m%eﬁ, hewever, that feading the 0il resulss in mueh betber ?a‘seh%&

than are obhtained without ik,
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In summer, the equivalent of vitanin D is supplied in abundance
by the ultra-viclet rays in sunlight. In the fall and winber months
there i not ﬁﬂiy 1%& suniight but *%;}:e amount of activating ai‘bm-fﬁa}.aﬁ
rays in winter sunlight is & dmbtfaa quantity. In Canada, hens are
usually eonfined during the winter and conseguently, since the rays are
Filtered out by window glass, r%ai&f% no ultram~violet light whaltever.
Some poultzrymen use a guartz mercury vapdr lamp %o gensrale ulbra-vielst
ngig%zizf for irradiating the heuns, but the expense of such sguipnent is too
graai& o0 permit its general sdoption. Some green planis eontain eonsid-

erable amounts of vitamin B. AlTalfs is one of ihe beshb. Hughes, Titus
and Withan {1925) found thabt even 10% of fresh green alfalfa had less
antirachitie velue than 0.5% of eod liver oil added to e same basal
ration. Bethke, Kennard, and Kirk heve shown thet gyeen red clover fed
2t a level of 187 {on 2 dry weight basis) delayed the onsesb of leg
weakness but had less value than sne-hall houy ﬁai}y of dirveet suniighi.
The general practiceadopted by voulbty men has besn t5 »ely on cod ,i,iwaz'
oil as & source of vitamin D.

The discovsry of the vitonine 67 cod liver 0il was preceded
%F many yeavs of general wecognition of iis medle inel value. There iza
ne such history for dogfish cil. Holmes and Pigsott (1925) found that

rats made 8t %éy crowth vhen thely deficient ralbion was supplemented
with 1 mg. of dogfisn oil deily and very rapid growbh on & supplement
of 4 mg, dally. This indicabes that the oil used econtained vitamin A
but is ne guide Lo its coumbent of vitenin D. |
«3?1“3%Y§;Yﬁ€3§’3’§3$ ware carried ocub with saluve stock and growins

ehicks.



On Hovanher 3 5%@9 1926, 79 3

7hite Leghorn pullets were divided
inte five sguel lots, houssed in identical pens and Tad the Tollowing
basal retion.
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This rotion is 1%1{13:%& in vitenin D and very tew in vitamin &e
It iz slso o be critieized, because it doss not eon tgig sncueh kinde
of protein to provide the hest balance of smino scids. Sush 2 ration
wonld be expected to induce %m%;ﬁw egg production and distinetly batter
hatehes if ,ti’%s were supplenented with skiw milk oy bulttewmilk. The
former wap not zvailsble and the laiier was not used because it migh‘%s

contain sufficient vitanin 4 %o influ venee the results.

fsfuzapl@mm:.s to this ration were fed in the five pens as follows:

Pen 1.  Crude cod liver oil (Vits Brard), 2% of the mach, pmvﬁéﬁng
vitemine £ ané D.

" o2, LTrude é%‘?fi?ﬁ’é oil, 22 of the masgh,
B3 CGabbose, one hoad every crf;}wfa day, providing vitemin A
® 4, He supplenent. :

¥ 5. Cod liver ofil, serated at 100° €. for 20 hours; 2% of the mash
providing vitamin D,

YeCollum {1925) states that cod liver oil meratel at 1002 o,

for 12 %o 20 hours loses its vitamin A content while its antivachitie value
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is only sl ichtly affected. It will be aaw that the sbove mantionasd
supplements provided controls o indiecate If the dogfish oil fed gonteined
both & and P, A 2loneg, D slons, ’m‘f nalther. The reguiremets of vitamins
B and 2 were adeguately met dn 211 vens by the besal ration. The supply
of fsé»zzfia%mgﬁa ::*miﬁﬂ?:}le was erhavsted by Februnry 1st end thereafier Pen 3
pocsived no suprlament.

A11 birds were weighed individuslly every two weeks, and tzap
nested for the duration of the experimont. The aversge body weight for
each ven FTrom Hovember 15%h to Anvil 11t%h i shown in {‘%m 1. A number
of %he birde in some pens wora viebims of @fmémﬁ{es of infectisus
bronehitis, chickonpox nrd canker, which swent ths colleze plant, ~ Fer

this vesson the opo production woso recorded for each two wadk period as

e

the persentege oFf the poseiblc production for the nurher of birds in the
pen abt the end of the two wesk perisd. This date iz shown srevhieslly
in Chart.2.

It will be noted that changes in egg proeduction closely
peralleled chanzes in ihe body weisht. In.all lob eoxcept Pen 5, 2 deel iﬁ@
in body weight and egz production is evident Quring the Tirst monih of
the experiment. This can be atbributed %o the sudden change frem their
former yation to that of the m@ézmeﬁ% and in partieular to thelr being
deprived of the milk vhieh they had foraerly had. Pen 6 had g higher
body welght and lower ¢gg produstien than the other pens, and therefore

was less affected by the change. A second decline in weight and ege

production in the latbter half of Januanry was due %o prolonged sub=zers
weather, by whieh Leghorns, belng smaller in weight, are more affepted
than heavy breeds. Following this, all lots gained in welghi and epe
production except Fen 3, which suffered more from eanker and ¢hickenpox

then any other pen. The decline in ezz production in Pen 4 in ¥areh was
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due to nubritional woup, which offected 10 out of the 12 birds remaining
in the pen. This conditlon wos gradually overcome by feeding twe ounces
of dogfish nil per day % *he pen, arnd the ssp vroduchinsn inersassd ¢ wom

2,

167 in the last two wesks in Baych bo £5% in the firs st two wesks of April.

it

Tollowing s Tairly gond produetion in Havch 57 gwezza} birds in Pen 5 %fwme
affected with nutritional voup early im Avpvyil, and the production of that
pen dealined.- Only one case of nubritional rous was obzerved in the
dogfish il pen, end thet in o sraller bird which wes versistently e“wfgﬁé
away from the nessh ?}353}:3};%3‘-‘ Wy the rest of the floeck.
A sumsery of ez production, morbsli 4y, and the ocecurrence of
zmﬁfi“smaal 3‘?@%9 is ;:*:WM; in Tgbhle &

Table 1. Susmary of

gonbained enough vitamin 4 to proteet the hens against %%m nutri ‘%:imaal

rouo by ?ﬂ!iﬁn the nens not %mmwmv 0il were affected:  The smaller
occurrence of the defici eney disease ‘m '?:’@}'3 3 is probably due "hﬁ; the fact
that the birds had en amply supply of vitamin A ia thelr esbbage t111
I@‘@amary ist, and slso had less drain on their reserve becauss of their
lower egg production.  The egg production of both cod liver oil snd
dogfisgh oll pens Is significautly higher then in the other penge  The high
mortality from eanker and infectious bronchitis im the cod liver oil pen

iz difficult bo explain, -andéd may be due Lo chance. -
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One male bird was 131&&% in saeh pen on Fabmary 15%h, amsther
was ’m@% in reserve, and ench was neved from a@aa pen to ths next every
two days. ZHggs from esch pen wore incubated in three separats lobs get

ing, all the eggs were pubt in

C,“”

EE ER A i R S LI Ao % XY
on Hareh ?%@, 16 and 2Y%h. At soeh seb

from ezekh pen. Tabs on the fer %ui"ay and hetehebility of the eges is

presented in Tahle 2.

Table 2. Dats on Feztility avd Hetchability of Boos

Pon 1 1 Pen 2 | Pen 3 | Pen 4 I Pen &

€u5+0.| Dosrish | Csbbage |To -sup= /| Aevated
 SRNSEN S - S fpiement 1. G L. O

Eggs set - 69 | 67 35 ; 53 I ‘54
Infertiie 0 | 0 ‘ 3 L
% Fertility I 100 86.3 ma : 94,1 B 98 1
Dead germs 27 | 32 15 {22 i 21
Hatched 20 i0 | 1 | 9 o 12
% hatch of S T | o -,

| total ezgs | 29. | 149 | 41.7 | 17, 22,2
% hateh of : I 5 e ‘

fertile eggs | 29. 17.5 41.7 | a8, : 22,3

% hateh of eggs ~ ‘ _ 1 L
alive at 15th day| 47.2 40, - | 71.4 32.1 ] 37.5
m}.y fTormed - R ] -
dead .| 3 | 4 2 g | 6
Folly formed al:{vag' 4 | 1 '  § ‘ { 3

R

Hatches from all lots except Pen 3 were low bubt quite in line
with vwhat eould be expected f‘?&mv}z?&‘na confined indoors and net receiving
milk in their vation. The higher hatching power of eges From Pen 3 was
probably due te the -fa@t that the esg g;:’e&ducti@ﬁ ef the pen had been
practically nil during Februazy, and at the time the eggs were taken it
was gteaézz.y immasmg, a sanﬁiﬁim usually associsted with strong gamm
in aﬁ,}. pens the nma‘iaer of dead germs eaearﬁzzg up 6 Pifteen days of
incubstion was unduly high: YNot enough is known of causes of enbryonie
‘moriality to give a definite reason for this, but it seems possible that



= 8 =

it may have been due to an imﬁ%ﬁ%@ balance of amine seids in the
bassl ration. Needham {loc.eit.) and Burke (1925) have shown that
there is only a very slishit ineresse in the caleium eontent of ithe |
anbryo up to 14 days of incubation and that the most rapid inerease comes
~ thereafter. It is doubtful, therefore, if the larger number of dead
gerns before the 15%th day can be aﬁiﬁz’ﬁm?ﬁaﬁ to any laek of vitamin D.
The cod liver vil and dogfish pens did hateh a higher percentage of
chicks from eggs with live embyyos at 15 days than did Pen 4, which had
no supplement, and Pen 5, which had aserated ced liver oil, but the
nummbers of eggs and the difforences ave Loo small o warrant sny
ﬁafin:zia eoncliusion an %;rs the vitenin D content of the dogfish oil,

In the latter rart of %féé@ sud the first veek of E&;x;sz‘ii@
from 25 to 43 eges from each pen wers welshed ’t«m the mornine after
they were laid. Dried eanpby shells of infertile eges from sseh nen,
| token from the incubators after one week's inecubstion, were slss

weighed. The rosords ave given in Tsble 3.
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The smaller waighis of eggs and shells from ?aﬁ 4 sre in all @2&&9%&133?
due to the lower egg produstion of that pen. The weight of esc graduaily
increnses s the leying cyele dvences, and the other pens had therefore
an advantage over Pen 3. Hart and co-workers (1925) reported that the
weights of shells of eggs from irradlated hoens wes distinetly higher than
from non-irradiated hens. In this experiment, the data does not show any
migﬁ%f%ﬁ&aﬁ difference sither in weight of whole sgg 5? of egg shell
bebween the different pons.

Chicks batched Prom eech pen were killed, cubt open, dried at
80% ¢. for 48 hours, burned under s hood and ashed in an electrie fumace

at 550° €. #or 12 hours. The data obtalned is recorded in Table 4.
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These records show ih -f&i; the chicks fron the Pens 1, 2, and §,
{receiving ofl} were hasvier ﬁh an *32'* :w%*ﬁ f‘*ww pens not receliving ai:;,, The

chicks from Pen 3 would be expoeted to %ws ﬁmail “iza:sﬁ,uge the cogs zmm

smell. The euggs from Pau 4 weighed q*g%&m* loes thon those Prom Pen 3,
but more fhan these from Pen 2, end one would thorsfore cxpect the chieks
4o welgh as well. iy is possible that betler development of the c¢hicks
f’:mga the pilefed vens was due to the vibamine supplied but the number of
ek icks is rather sma 511 to permit s definite conciusion. The ash content
of the ehicks does not show the d1ffsrence betwoen cil-fod pons and
@@;*&‘2&'&1% that would he exposted. Vhars the antizachitic factoy Is present,
‘bma :?m%m'%;im:; in §f;:.., snbEyo ﬁ az”*“a%azs normalily and the ngh content of
the shick ia dj@m«k iy b ﬁg“w {;E mn in chiel s from sops mw in *i:%%s antie=
rasnitic faotor. Uarh sud co=workers (3, 305} fﬁ%’iﬁ that the ash of chicks
from frvvadisted ham averagsd %:u?’p’*?;?., grams aud the agh of zzwwiwaéi%@ﬁ
‘hens only {h 310 grans. The dats rvoeorded dn this expevimont shows ne
difference ag great ss this. The osh of chicks from eod Liver oil and
dogfish aﬁ.‘ pens aversged 6.55% am} 0.552 gyems respectlvdly. The agh
from Pen 5 wae 0.535 grems per chisk and fwa thowe not veceiving oil
€.501 ang 0.519 grams, On th ¢ bagis of ifa,,fhf’fs figuzes #11 the chicks
were normal.

The @E;i@zzgf used in this work were only those ¥at had sucesss=
fully soerged fvom the shell without asslstancs. They WIre kiiled when
they had besn cub ,iiiéf the shall 24 hours. Harils chicks ware taken ab
1 %e 2 hours sfier hatehing and his low ash delermainatlons wers mostly

made on chicks thel remsined alive %o 21 days, hub were unab: o geb

ie 1
out of the aﬁ%‘i‘h. The execellent hatehing pover of the eggs from Pen 3
tends to @hm*z thadt hens in this pen had not yet exhausted thelr reservs

of vitazin D, This would be expsebed from thelr pericd of low production




in the wi&%@g and wzzlzi lead one %o mwa% a faizﬁy nomsl ash content in

: " the a}zm}ma E‘ww%; o3gs :E’x?am %@;jz&- had the ;was% haﬁa&a’mi%y of any
pen, and chicks .tfi}*ffi %his pen would be expected to be low in ashe The ’ ’
average ash of these chicks was lowest of sny pen. The aversge ash of chicks
fzﬂséz‘ the sod liver oil flogk was 11. 8% nigher, from the dogrish vil floek
16:5% %zi{gmzs and from the serated clod liver oil Floeck 6.1% nigher than

' from this pen. These differences sre much smallsy than Haritts, bub do

méi@aﬁa a ‘iaz.ghez’ agh in chieks from all the sil=f2od pens such as would be

& nessivle

expected if the antirachitic Tactoy were in the m%‘;ﬁ;%m It i

4

that had the ash analyses been taken on c¢hicks whieh were uaable Lo gab out

&

of the shell; f{as were Hart's} thot rmove definite resulbds would have been
obtained.
Biometricsl anslysis of the sbove daia gives the followiug

statistieal constanis.
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Shandard
Deviation

‘g«ﬁ, 2? »

a@3@§
0314
¥ ﬁé‘gg

;‘11(:»
of 1

|
o

{3 '«3; ® @u’

Dogfigh :
Oabbage %
Yo Supplenent | X
Aerated C.10s in

e K

,Q§86
0092

i

o

T

PR

The diffarcuce hebwaan the meens of vens 1 and 4 is 0585 + 0122

o

Sines this dirfevence is 24.79 times ite ;{m@b&%ﬁ% srroy the odds are orep
700 Lo 1 azainst iks beinzg due %o chause {Pesrl, ?:945} and it is thereforve
distinetly siznificant.

The difference betwesn the meane of pems 2 end 4 is 0537 + 0178,
This diffevencs I8 only 2.9 timse its provabls ervey and hanse the odds ave
only 19 to 1 szainst Its being dus o chences This rvasuld is bardly

giznificsnts This is due ts e greator vanse in this gryoup naving ite

sreay of e mean higher than in

1

stendard deviztion and hance the probable

the cther group. A larzer number of chisks ghould zive a betber vesuite



’ ‘Sﬁzaa difference hetween the cod liver »il

2@%3?' signifiennt.

2. Chisks

bS

Fmporicent

One hundred and four chieke two Says o0}d

February 8th, into %wo lots of twenty and twe loss

gane fyow o croes of Hhode Island Nsd melss wilk Bovred Roek femslsa, and

aho

henes could bhe sepavated into cockerels snd pulld

@amizzg an souel number of male and Femnle ehicks In sach pen, any vari-
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A11 pene regelved only woter to drink. The orisinel plen was to
use Hartts zachitic ration, consisting of 97 pavie whibte corn, 2 of caloium
earhonate, 3 &‘? sodiuw ehlorids, wilk 284 Tivitum:  Skim miik

.
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AfHer thres weeks on the basal wvation, seven of the ranaining

twenty ghicks in Lot 4 {yeilow corn ration) were penned separately
{Lot 5} and fed as before with the addition of Eﬁwé iiver oil. 8ix
others were put in 2 sererate zun {Lot &) and fed 1Y dopfilsh oil in
their vation. It was expected thed 811 these chieks would make nomal
. growith because thelir vitenin A regulrenent was adeguately met by the
yellow eorn vub that al six or seven weeks' of sze, rickets would
develop in the conbzol pen and in the others unless vitanin D were in
the oils fed. | | |

The chicks were brooded under slectric hovers in the basenent
ef the ‘g&ﬁ&l%zﬁf puilding 2t the &grismzu vral Cellese. They reseived no
direet sunlight. Brosding conditions were not idesl in that the room
wes 8i7Ticult to ventilalte and often bepame too shulfy for the best
health of the ghicks. The chaicks had shevings for litter. Their mash
was fed foy ths first three weeks in hovpers 1eft b ei?’e% the echicks
eontinuously. AfLer that, a moist mash was glven thrice daily and the
hoppers yanoved.

- Baguase

Growbh curves representing the gverage welghts of each 1ot
taken at weekly intervals up to seven weeks sre given in Chavrt 3. They
indicate that up to that time the only noticeabie difference between
the pens wes that the cod liver oil chicks averaged 193 grams, the doge
vigh il chigks 234 zyams, snd the remsining leots bebween 260 and 270
grams. The white comrn chicks regeivieg no @%3_‘ suppienent showed no -
laek of viltanin A compared with the ydilew corn chicks at seven weeks.
It is 4iffieult %o sse vhere enough vitanmin A could be found in the
basal mtion of the whibte corn chicks to maintain nomal g%«g@?’%ﬁ |

indefinitely. It is possible thet a longer time than seven wedks may

be necessary Lo use up the storsze of vitamin A zecelived by the shiek
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in the egz alihoush Hapt, Steenbock, etal iz.%%} and Heuser and Ferris
(1926) found growth of chicks on diets deficient in A to be cheeked at
five to sight weeks. The slover growlh made by the cod liver oll and
dogfish o3l pen is protably duc in grsater part to thelr guarbters being
more eramped than those of the other lots. It couild not be chserved
that the oils fad affected the avpetites of the chicks in any lot.
ohiek morbelity was heavy in all lots. Some ghicks in all
lots showed signs of leg weakness after three weeks on the experimental
diet. At Tour weeks of age there were two in Lots 1 and 2, and one in
cach of Lots 4, ¥ and 6. The sympboms were move those of polyneuritis
than of viekels and since 1% had ceeurred in all pens but one, it was
considered probably that the bhasal ration was too low in vitamin B,
Atcoordingly veasht was fed to the affected chicks and 207 of vheat
widdlings vas added to the waition of 211 chicks. This did not bring
sboul vecoveries sn’ severzl Turther pases %{J" urred. It iz possible
thet lsek of ventilation and cramped space may have been conbributory
fuetors to this condition. AL seven weeks of aoge the condition of the
diffevent pens wasg as follows;
Lot 1
Lot 2
Lot 3
Lot 4

Lot §
Lot 6

: %
8

&
v

{white gorn, Ul @,.; 7 e};ﬁ eks, 4 with leg weakness
L = # baﬁfiﬁk 7 bl
{white corn) 19
vellow ® )
E # g E 3 013 %0}

# ﬁngfis}z}

LR O A
ﬁsﬁ\%
R
ol L LR
woE R 8 %
R E R B
-

Under the civoumsianeces, and s‘imz@ eod limz:t: 0il chicks were
affected ss well as the others, it was Telt thet leg weskness was not |
of itself au asccurabe guide to the antirvachitic potencles of the oils
used. AL 47 days of age; five ghicks wers teken fyom easch 1ot for

analyses of the bones. Both tibio=tarsi of sach chick were dispecthed

out. One was anslysed Tor ath eonbent, the sther Pizxed in 107 Towmalin

and ¥ept for siliver nitrate test.



The bones ashed were dried at 130% C. for 48 8 nours, crushed,

extracted in 85% sleohol at 467 C. Tor 30 nours, dried 12 hours at 1107 €.,

waigiwé@ and ashed in an elestric Turnase ab ?ﬁ}%ﬁ C. for 12 hours. The

deta obtained is shown in Table 5

Table 5. Anelyses of Bones of Chicks

Chiek | Ration ﬂﬁﬁéit%ﬁn

White corn
% w4

3 2w !
# .
, 5 7
| Yellow *
~ A @z
8 @

I Normal

8 I
506 | Homual
:' @

A EREREEED )

# Hrror in dsteminations



Table 5. - Con.

Chiek

39-79] Fhxmal
1 o

{ Leg weakness
T Hormaal

i L.ec weakness
G354 %”’@%},

xﬁ@&@;@s@@s

The cod 1iver oil chicks hod 7.057 move, and the dogfish oil
chisks ???% more ash than the controls. The differences &m not great
but ind icate that caleification processes had been %@3’;:%@% i& poth lots of
il f‘aﬁ: chieks and suggest that vit mm D was provided iﬁ th e aéla but
'&aﬁ@iﬁg in the controls: The dopfish oil was evidently %@ry bit as rich
iﬁ vitamin D as the cod liver oile | A

~ Harh, Steenbock and Lepkevsky (1925] £mmd the ash content of

tikis fmm conbrol enicks to aversge at 42 dsys 38.8% ash in one 1ot and
40.3% in another. Tibiae from their dricks fad eod 1iver ol zz‘mmgsé

f’z’ﬁfﬁ 44.8% to 47.6% ash in five lots, and one lot had an average of 50.17.
These bones were extracted in "het 957 "&&ﬁ@ﬁa}ﬁ and would have hed a

- more gomplets ex%m%imz ef fat than éid the bones used in %‘& is experiment.
_ Trhis would aceount for the hﬁg}w*@: pereentages of ash obtained in their
expeviment in both nsm&‘i and aan‘tz‘az ehicks than were found by the

writer. Hughes; Titus and Withan {1se.cit:) showed that the ether extraect
of bones from rachitie chicks was less than half of that from nomal
ehicks. This means that if the fat be not amwle%%ly extracted the

difference in ash content between bones of normel and rachitic ehicks




wﬁ’i be iess ﬁé@m@i&.?é%%%a ‘and would sceount Pov he feet that in this
,maﬁ;m@z% the ﬁiff&%m e between the percentage of ash in ths bones of
oil Ted and comtrol chicks was meb guite so grest as wes reporied by Hars,
Steenboek and Lepkoveky. | | ‘

Houser and Norris (1927) found the ash eont sm of fakefres
bones of control ehicks o be 33.9% and of bones Ffrom ghicks veceiving
god liver ¢il to be From 35.027 %o 44»4%?}39 varying with the grade of oy
us ed. ' ‘o

It was considersd possible that a move ﬁaaxﬁfm%;a fat extraction
would make the difference between ash content of bones From aﬁwf’aé and

control ehicks move distinet. The only bones svailable were the shafis
of Liviee Trom which the distal and proxinel ends bhed been renoved Tor
, silver nitrate test and nicrossopicsl axaminsiion. Sevenbeen of thase
were extracted with other for 356 hours and ashed in an clestric furnace

a% ?&@% G. The resulits are presented in Table 6.

Table 6. Anlyses of Nthe Nxtrocted Pomes

Chisk

S

| 60.02

62«43 ‘

? ?g {  Avermage ash Content
I 57.57 | 86,63%
61,01 |

2291 1 e ATAL

22@@’3 ) '9@3@6
22318 1 +5554 {
2216 ‘, 5155 i




Table 6. = Con.

Chisk ' Bone
' __ABh

2260 | 6500
22?% ' ‘ ngég‘@
:;,U 2 f 1.1171
2251 -9566
3??% 7892
2267 i aﬁzz?

33;»23
58.31 | Average ash Con-
. 55,76 | tent

i ’;)gaé*y
| a“z.,,; of 6 - 5@ 1@%

The agh content of the shafis of the bones was much higher as

SRR N i

iR
i

Fe

was Lo be expected when the ends, vhich contain most of the eartilage of
the bone were ramoved. One ghiek in the contrel lsh had an extirencly dow
ash content but even if this one be not mm%:iﬁe%ﬁ& the aversge ash content
67 the remalining five samples was only 53.92% which is sisnificantly lower
than ﬁzss average Tor the other two Labs.

Biomeirical a;za&yﬁm of the two sets of data obtained from the
ash analyses of the bonee yields the sbatistical constants recorded in
Table 7. | |

Tablie ?n

Anslysis of Date on the Ash Content of Jeonss

Difference
Jfrom Control

g {‘:aé iivw ol 16 | & 384 | 38 42 & @3@ 2:53 =70 | 3.6
© Dogfish oil i 9 | =320 |38.48 + .95 | 279 =492 1 3.3
Gontror i 1o i+ 2:72 35 .89 + ;58 ‘

Other Hxtyacted ?Bm@:sé | 1
é + 1.73 59,61 + 47 | 569 1 8.2
g | o+ 2.92 g 5? 17 + .08 | 3,25&0{23, H - 3.2
§ + %aé&g g 2 *x= oé\? 3 2

Cod liver oil
Dogfish oil |
Contenl 1
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Sinee the differences are not less then 3.2 times thelr *;g}wm%a}.a
errors they may safely be considered o significant. It is therefors
reasonably cariain that vitamin D woo present Iin the dexfish oi1l used as
well as in the cod liver oil. Thea mere pipnificant differvense bhetween |
the eod Liver oil lots and the contyols, coupled with tha greater
variability in the dopgfish oil 1ots terds to indieste thal go far as the
samples unsed were concerned, the cod liver oil wes smﬁa i1y superilor %o
the dogfish oil.

For the silver nitrate test, bones were fized in 107 formalin
for several days, and washed irn water. The distal ends were gplit and

put for one minute im 1.9% silver nitrads soiution. They were then

removed to 1light Teft under water, and examined. Ten bonss from ecseh
dot were classified s follows:

fod liver vil lots folr
Togt ﬁﬁ}l ol ‘%g}%'w &
F

Control lobs

good

k.

o
g4

This aﬁa@ pification cen only he made in an ?%i%z‘aw ways

?’fwa @aﬂaie}@mé poor had not a sharply defined zone of galcification snd
had arvess of proliferating serbilapge greater then three millimetyes in
width: The gond bones had sharply defined vmm of caleif i@&%éaﬁ and
 parrow mounes of proliferating cartilege less then two miilimetres in widths
For misroscopieal exsminetion the proximal ends of ‘h%%& tibias
from each Lot wers cub From the shafis, after fizing In formal in, waghed,

; sfg}.i% open and é%’zmiig:if%;@i im a 107 %3“1&!@:%.&21 of nitric miﬁ in L’f?i%i" =
@3;&?”3%}., ehanged daily Por seven doyas., TFollowing this e bones weve
aebydrated in the ususl way, clesrsd In eoder oil and imbedded in neraffing
Sectiong cut at 10 %%iwe% wers st¥ained with | %ﬂiﬂh*g ?aa@mfaxyim and
%gm Examinstion ghawe& that the zone of i"&i@ifEE%‘%ii}ﬁ wae distinetly

ﬁm%eﬁ in the hones from chicks 'faé; eod Tiver oil, well mavlced in the




22 =

3\,}

bone from one dopfish oil chick and net in ihe other, bub poerly defined
in the eontwols. The latier 418 wvot hove a3 wids an ares af gwmﬁ*%mziﬁg
eartilage as misht bho expected in badly rachitle chieks, bul s 5&33’%’%“3%’:@
of & distirvet zone of saleification z2nd the pres sence of ostsoid ‘i’;if“?"ﬁﬁ

invading the eorbilage maedes then easily reety snizabls a8 abnommal.

Susmayy

i. Both eced liver il snd dozfish oil, e fed Lo meturs
fowls at the rate of 2% of the mash, eondained enough vitamin A to prevent
putritional roup which sccurred in contrsl pens.
2. The ash gontent of chicks Prom hens Ted cod liver oil was
33.6% higher than that 67 controls and was stabisbieally signifisant,

sh sontent of chicks from hens Ted dogfish oil was

uld
Y

tg!
&
?‘f

16,57 higher than thaelt of conbtrels and was dbarely significant.

4, Bones of chicks Fod eod Liver oil and Tyom chicks Fed doge
figh oil vere siznificantly higher in ash then bowes of controls.

5., Silver nitwvate bestr and micrvscopical examinaiion showed
that bone f‘am%ﬁm had been %:»emez:' in both lots of oil Ted chiecks than
in contyols.

The manbers of experimental animals invelved w%@ smalley than
miskt be desired but Trom 211 the evidencs it seems vessonzble to conelude
that dogfish oil containg both vitenmin A and vitamin D. The vitemin D
sentoent of the partisuiar sample of dogfish aﬁ_ used was silphtly less
than that of ths sod Liver o1l nsed.
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Fig. 1. THutritional voup in Pen 4 {no suppiement)
18 weeks after the experiment started.

Fiz. 2. Twe hens from Pen 4 showing orhthalmis due
' to vibamin A deficicney.

Fige 3. Ssme. Other henn.
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£
Lot
o
@

Fig. 4. 8Silver nitrate test o bonos fronm 4
ol end 1ivey oil. :

Fig. 5. Silver nibeate test on bones Trom 4 ohioks
fel dopfish oil.

Fig. 6. Silver nitrebe test on bones From 4 esonirel
ghicks,

?igﬂv ?; %g ?g lﬁ & Z§°

Photonleyegraphs of seetions of proximal ends
of tibiae. Nagnificalion 8.9 dismeters.

7. Ho. 2293 = Cod liver oil.

8. Ho. 2226 =« Dopfish oil.
9. Ho. 2221 = Dogfidh oil.
0. Ho. 2242 = {onhzel.

1. Ho. 2853 = Control.












