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T h e world war and the national de
fen. e program have created an in
creaeed demand for Vitamin A . Th .. 
vitamin . beeau.e of It. parhcu lal'" nutrI 
tional and therapeu~ic propertie., is an 
especially vital .upplemental factor in 
the d,et of both civilian and mihtary 
populat io n . The urgency for domest ic 
source. of Vitamin A hal been further 
heIghtened by dllruption of former 
channel. of vitam in trade. and con 
I,derable IOtereat II being .hown al to 
the extent of domestic lupply and the 
adequacy of Vitamin A re.ource, to 
meet the requlremenll of the nalion. 
both for consumptaon 'V,thln Its borders 
and In giving aUlitance to other couo
tr ie. 

The demand for Itamln A has led 
to pronounced .tamu lauon in the utdl
zatlon of dogfi.h hvera. particularly o n 
the PaCIfic Cout Becauae of thl. fact. 
and the eVident nec.eulty for maxImum 
vllamln recovery from eXI.tlng re
.o\!r ~c: t he F .. h 4"J WIldlofe S~rvice 
hal Initiated a stud\' of the efficiency of 
VIHIOUI methode for extracting Vitamin 
A applocable to t h,a ty pe of lover ma 
terial. The accompanYlng data h ave 
been obtained dUTlng a cunory survey 
of the problem. and wh,le they muat 
be con'ldered ae bemg only preliminary 
in nature It I' believed that a lufficient 
num ber of pOint of Interelt have de
veloped to warrant a report to the In 
du.try fo ~ their further con"dera tlon . 

Procedure 

The information auembled in the 
1 t ompanylng table represent. the r e 
a , '. , of leven aenes of expt'"'rrmenta on 

Merent Iota of dogfiell livers obtalncd 
t :om local fishing veude landin g mar
ket fi.h on Seattle. during the perlod 
Apnl to June. The com pollt lon of lh<.' 

raw matcna!' give n in the firat column 
of the table. wal determ ined from a 
r eprese-ntatlve sample of each lot of 
Ilve-ra, the e ntir e lot having been ground 
and thoroughly mixed before the sam 
p le wa. taken The individual test lots 
Within each .erle. were made o n alt · 
quots {no: less than two pounds each' 
of th ~ t:ntlre lot. after grinding and 
thorough mixing . 

The general experimental procedure 
waa baaed o n pilot plant technique. in 
volVing semi -co mmercia l grinding, coo k p 
ing and centTifugal equipment. In the 
ca.e of st'"'r1el 5. 6 and 7. the c .... ld 
.eparation wa. made by cen trifu ging 
th e entire lot of ground raw livt!r rna · 
t~Tlal in an Irnperforate baske-t centTl 
ruge . Th.e r e.idual liver pulp was then 
thoroughly mixed and diVided into 
equal portions for aubsequent proceu
iug. suffi c ient raw material havin~ been 
used initially to permit at lea.t two · 
pound te at samples of the relid ue . All 
cooks wen" made with live steam , the 
cooking time be n g of tc n minutes dUfa · 
tion . The perce ntages or alkali (sodium 
hydroxide) or and (sulfuric acid) 
show n under ·Method·· are based o n 

the weight of the liver charge. and 
where the term "a lkali then aCid." or 
Vice ver~a. IS used. it .. meant that the 
mIxture obtaaned by the alkali or acid 
cook was partially or totally neutral 
ize d. Ot'" carned past the neutral pOint 
before being centrifuged. 

The oil content of the livers (Column 
I) was determIned by cold ether ex
traction of equal portions of a com
posite sample o f ground liver and an
hydrou. sodium sulfate. Vitamin A 
was determined by the antimony tri
c hlOrid e reaction. absorption of the 
blue color at 610 mu . bemg measured 
by photoelcctnc co lOrimeter. The con
Vf"fliOn factor for calculating to Inter
national units was based on comparable 
data for a number of the oil sample. 
auayed with a Helger ultraViolet spec
trophotometer , in which case a factor 
of 1650 for E( 1 ' : . 1 cm) (328 mu .) 
was used . Excellent correlation be 
tween E ( I ', . 1 cm) (328 mu .) and 
E (l '; . I cm) (610 mu'.) wa s ob
tamed. thus o bviatin g any qu estion of 
th ~ vItam," data being IOAu enc( d by 
abnormalities 10 the color reaction. 

Re.ult. 

Generally .peak,ng. lovers of hi gh oil 
content •• uch as those obtaine d from 
co d . shark and dogfish. are assum e d to 
respond readily to vitamin and ot! ex· 
trachon. The prelIminary results ob
tained in the present Itudy, however. 
raise somf" doubt an this behef . When 
extractions were made on fresh livers. 
efficient 0.1 re c overy did not ne c essanly 
~Ive rffi <"len l Vltdm m A extra c tion . 
Alkali c ooks gave oil recovenes ap
proximating 80( ·~ to 90 (k of the total. 
ytt Vlta mm A extraction was bu t 28 C/o 
to 35' ~ eRicient. Water cook. gave 
("'qual 0.1 recovt'" ri es and about 50 0/0 to 
60 r, extraction of Vitamin A . Process
InJ,! of the frl"'sh liver in a mll~ , acid 
medium. on the other hand. facdltated 
Vitamin A extraction. leadmg to re
covery of approx im ately 80 17'0 of the 
vitamin In about 90 % o f the oil. 

Freezing apparentl y leads to a physi· 
ca l change in the liver tissue, facilitat
ing Vitamin A extraction . WIth froze.n 
liven alkali, water and aCid co~ks did 
not give wide variation in effectiveness, 
The re.ult. obtained by the three proc· 
elllOg methods were similar with re· 
epect to both oil a n d vitamin. rec~very . 
The efficiencies of oil and VI tamin ex· 
traction wt;re closely comparabl e and 
r . lat ive ly high. i.e .. 80 ,/e t o . 95 7'0 of 
the oil extractin~ a nd removIng 780/'0 
to BY rlr of the vitamm. 

Broc kl esby and his assoc.iate e at . the 
Fisheries Experiment Stallon, Pnnce 
Rupe rt. B. C . . have demonstrated that 
adsorption of Vitamin ~ by the. formed 
.oaps incident to alka!. proce~smg ma.y 
lea d t o low vi tam in recovenes. Thu 
co nd ition may account to some extent 
for the poor Te.u1ts obtained in the 
alkali cooks on fresh liver since con-
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siderably greater em ulsion dlm L~ .' ~ :r· was 
encountered with the fresh material. 
The frozen liver ex perime nte suggest 
also that cJ{ange ca n be effected within 
th e hver, inRuencing the availability of 
the vitamin for extraction. Thus. the 
low results on fres h livere are no doubt 
due to a number of factors. This ques· 
tion is being subjected to investigation. 

During the course of the experi
mental work It was observed that oil 
breaking naturally from the livers was 
of considerab ly low e r Vitamin A po 
ten c y than that of the composite lam
pie.. This suggested the po.sibility o f 
a de gree of Rexib.Jity 10 processing 
high -oil -content liv ers, leading to re
moval of part of the oil without ap
preciab le vitam in ext raction and re 
covery of the vitamin remaining in the 
liver residue in more concentrated 
form. 

Economic A.pech 

Dogfiah livers are utilized primari ly 
in fortifying poultry oils with Vitamin 
A a nd in the preparation of Vitamin A 
concentrates. In the latter case. oils 
of hi ghe r potency are preferable since 
the volume of material required in the 
preparation of a given amou nt of con 
centrate will be less an d a higher d e
gree of concentration may be possible, 
F or this and other reasons the price 
paid per million units of Vitamin A in 
dogfish oil increases with the potency 
of the oi l ; thus a gallon of one lot h av
ing. for example. four times the vitamin 
potency of a gallo n of another lot of 
oil may ha ve much mo re than four 
limes the moneta ry value . 

Ability to concentrate the vitam in 
in a smaller vo lume of the oil in the 
livers would also be of advantage when 
the vitamin pote"nCY of the total oil 
runs below the value normally accept 
able for concentration. The raw or 
bled oil of lowered pote ncy n eed not 
be of definIte loss because such oils 
may still be fortified with V,tamin D . 
natural or synthetic. for ,ale in animal 
feeding. 

The poorer availability of Vitamin A 
in fresh livers makes this material 
preferable to froz.en liven for c oncen

p 

tration of the vitamin. The d egree of 
mechanical disintegration influences the 
rapidity with which the low-vitamin oil 
separates out. and this in tUTn in· 
Auences the degree of vitamin extrac- .. 
tion by the Taw or bled oil. Coarsel~ 
ground livers required se~eral da,Ys 
aging for the oil to break In quantity. 

Cold centrifuging removed 75 '70 and 
73 % of the total oil present in the 
livers carrying but 34 % and 31 % of 
the total vitamin. respectively. Such 
a p erio d of aging, however. leads to 
unfavorable changes in the quality of 
the liver and oil and can not be recom
mende d. FlO e disintegration of t~e 
freeh liver , on the . other hand,'yer~l.ts 
immediate separation of the r("w 011 In 
grea ter quantity and with less vitamin 



RESULTS OF EXPERIMENTS ON DOGFISH UVERS 
r- 011 Ind ,"Jt,lmln R«Ofer)' (rom 

('nJ1lpo~1t ion of Raw 
:l1"lerlal . 

S. rl •• 1 
r"rf~h 1: ,-ers 
Oi) l'onCenl-;3~ 
Oil potencY-16.600 IU I gm 
LI"er potenry-5.48 million 

It:' per lb. 

S er le. 2 
Frozen live rs 
nil ron tent-65% 
all potpncy-13.400 IU/ g m 
1,1\'" pOlOnr)"-3 .95 millio n 

Il' per lb. 

S. rl .. 3 
FrO Zf'11 liver!' 
011 rontent-64'" 
Oil potenry-16,IOO IU Ig m 
L i\' er p o tenry-4 .6i millio n 

IU per lb. 

Seri .1 4 
Fresh lI"er8 
all content-i3% 
all potenry-IO,500 IU / gm 
Liver potency-3. 50 m l11lon 

IU per lb. 

S.r l .. 5 
Fresh livers 
Oil rontent-72% 
011 potencr-H,IOO lU / ,m 
LI ver potenry-4.62 mill io n 

IU per lb. 

Seriel 6 
Frt'sh Hvers 
0,1 conlent-66% 

~::~ ,~0 r;o"t~~-;I.!.:~~t71~{I~I~n 
It: plr lb. 

Seri • • 7 
Fresh ltvers 
Oil content-72% 
(1I1 potency-5,060 IU/ gm 
!-,,' er potency-1.66 million 

11' per lb. 

I'1"E)t l'£'Rtment . 

Fresh liven" ground through 
meA t ('h opper, thoroughl y 
mix ~ d Rnd divided in t o c om· 
pOEl-ite sam ples. 

Jo"'r ozen liv e l's (1 5 days) groull d 
t hrough m e"t r h opper while 
f roz E- n o thorou arh ly m lxfd I\1H1 
divided Into composi t e samples. 

F roz pn livers (15 r1R~'8) grounn 
t hrough meat rh opper whll~ 
f rozpn, thorough Ty m ixed and 
<l i v )cl ect i nto composite sRrnple~ 

l-TE'sh liv er~ ground t h rnugh 
meat (' h opper, thor o ughl y 
ml x~d "nd divi ded In t o com
p osit. snmples . 

OnElO.hnlf of ;\hn\'~ f rou'll ntter 
grinding "nd held 5 d ay s . 

Fre.h II\'~.. !tround t hro ul<h 
me",t chopper, thoroughl y 
m ixed and divided Into com
l.o.lte sample • . 

Grot' net UVE'rs storpcl 40 o F ., 5 
da ye. 

1. Al kali t,'on k (1 r; ) 
2 \Vn u or ('ook 
3 A d d ' -fU, l\: l l~ 1":"0 ) 

fi, 
6R 

................ . .... 65 

Alk RIi rook (] % ) .... ... .... ... ..... ..•. 59 
WatE'r cook ............. .... ......... .... 53 
A d d Cnok ('h % ) ............. ~ ....... 57 

1 Alka li r ook (l % ) ....................... [,8 
2 Alkali ('(>Ok Ph %) .. .. .... ........... 61 
3 Alk ,, 11 r ook (J % ) then '>i % acid 54 
4 Alkali rook (I %) then '>i % acio ,4 
5 Alkali r ook 0 %) then'" % acid 61 
6 Wa IP r cook 5~ 

Alk ali rook ('>i %) fi :. 
'\Vat E'T ('ook ............. _.... ........ flO 
A r id rook ( 'h%) ... .... ............... 62 

4 A lk ali r ook Ph %) ...... fi4 
5 W a tor r oo k ........... .... 5 ~ 

Ar lrl rook ( 'h % ) fi4 

Alkali r onk ('>i % ) ......... ...... .. .. 56 
Water roo k ..................... ......... i>~ 
Ac I d coo k ('>i 70 ) .... .................. 65 

Cold centr ifuging ...................... H 

~I 
R? 
88 

( 'ol d ('entrtfuge Tf>8IdlH.'-trf> sh . 4R. Water c ook . , .................... ... .... . lS.fi :?:!.O 
4 + 4a . .. .... .... .......... ..................................... 69 .6 n 

\-,,101 (' ertlfuge rt·.ldllf'-fr p. "h . 4h Ari d rook p,r.) Ihpn Alk. 3% lfi .3 n n 
4 + 4b ;0.3 !IR 

('ol d (' entrlfu g e TP"ldue-frol.el1 4r WAtE'r ('ook 
2 d" yo. 4 + 4c 

Cold centrifuge re.ldue- fr nzen 
2 dRY • . 

4rl A lka li r nok (1 r; ) 
4 J· . d 

15. '; 2:! 
6!l . j !Ij 

F're~h lIv eT~ grou n d throu g-h a t
t rit io n mil l a n d h eld 40° Jo'. l 
days 

(~ () l d C' entrifugi n g _.......... ..... ........ 4S 

Cold ren trlfuge residu e th o r 
ough ly m ixed and d ivi d e d In to 
com posite sa mples . 

In A ri d rook ('>i%) then l'>i% 
Al k . 

1+1" 
15.4 
63.4 

Cold ce n trl f u g f" r e s idue-fr oz en I II A ci d ('oak ( 1 % ) then "% Alk . 13.0 20 
anrl helrl II days. 1 41b 61. 0 n 

Fresh livers RToun d t hrough a t
trltlon mlll-·prt1('ess E> u Immed
iately . 

Cold rent r lfug e r esid ue-(resh . 

("nld (" t>llt ri fllg'ing ..... . 

I " A lk ali rook 0% ) 
1+ 1. 

('uld c<'ntri f l.l g c T('sic1ul" rre~h th At'icl rook 0%) 
I+ l b 

9.1 
67.1 

so 

12.5 
92 .5 

9.7 13.5 
67 .7 ~3 . 5 

rol d rent r ifug e resi d ue-fr ozen I r Arid cook (I %) th e n 3% Alk . 11.4 15 . ~ 
6 days. 1+ l c ......... .... ................ 69 .4 95.8 

rold rpn lr ifuge r esi rl ue-froze n Irl W a t e r to 212 0 1". th e n 1% Alk . 10.5 14.5 
fi day.. 1 + 1<1 68.5 ~4 . 5 

5.900 
10.700 
11.40U 

12,900 
13,60n 
13,100 

15,300 
14,700 
14,900 
15,100 
15,100 
15.300 

4,170 
; ,330 
',620 

32 
1)1) 

til 

1.77 
3.30 
3.3& 

S.H 
3.20 
3.40 

4.0R 
4.08 
3.64 
3.69 
4.1 5 
4.08 

1.24 
1.9~ 
2.73 

9,050 i6 2.65 
!l .550 i -l 2.5!) 
~,550 RJl 2.Rn 

4,nM 
' , 6~0 

12,70n 

6.450 

30,ROO 

26.600 

33.Rno 

31 .300 

;,8~0 

32,200 

37.900 

I .R'O 

8,060 

J5 .200 

15,200 

13.500 

----

~ I 

39 
;0 

40 
;1 

20 
49 

41 
~O 

47 
;6 

1.27 
2.56 
3.14 

1.58 

2.18 
3.76 

1.9, 
3.53 

:! .4n 
3.nR 

2.22 
3.80 

1.;3 

2.17 
3.90 

2.24 
3.97 

0.48 

0.33 
0.81 

0.68 
1.16 

0.78 
1 . ~6 

39 0.65 
6Q . 13 

• 
elltracllon Under t h e .e c ondition • • 
eo ', 01 the total o il c arrying only 
29', of the- total Vitamin wa. removed 
by colrl extraction . 

by alkali , water, and acid cook., re
.pectively . Fine mechanical di.intelra
tion followed by cold e"traction per · 
m itted .ub.equent recovery of 47 '7r of 
the total vitamin of the liver in I S.8 'i'~ 
of the oil or ilJinally pre..,nt . 

gave quite comparable results with 
frozen liver.!. effecting efficient extrac
t ion of both oil and Vitamin A . 

In the- lamlted work h e rein reported . 
Ihf' e-fficlency of recove r y o f the c on 
centrated Vitamin h a. b e-fO n con.lder 
ably below the theoretical ma]( lmum . 
It I. be"eved . howevu. t ha t furth " r 
. t udy w.1I lead to refi nement. malClnl 
poaolbl., an approac h to t h .. v alue . The 
pOlent.althe. of co n c entra t ion . never 
the-Ie • •• are readily ap p arent . In one 
In.lance. 52 r ; of the total Vitam in wa. 
concentrated .nlo and r e c overed In but 
22'; of the tolal 011. wh ic h , wh"n 
con.,der"d WIth th., c o ld ""tract"d oil, 
made a total of 97'~ 0 11 and 81> '; 
Vitamin A recovery fro m t h e laver • . 
The- concentra t e d Vit am in o il h.d a 
potency of 33 .800 IU p e r gram , a. 
compared to 4,980 , 9 , 1> 9 0 , and 12 , 700 
IU per !tr a m for t he lot a l 011 removel 

Summar., 
In aummary, the followinlJ poinll ap 

pear worthy of mention : 
I . In the te.II made, hi,h oil re

cov"ry from freah dOlJfi.h liv"ra wa. no 
Kuarantee of efficient Vitamin A ell
traclion . 

2. Within the "mill of the te.t con
dition • • Vitamin A wa. not a. readily 
e.tracted from fre.h liver. a. it wa' 
from hOEen liver •. 

3 . Alkali d i lJeot ion of freoh liver. I"d 
to poor vitamin recovery. while an a Cid 
cook facilitated vitamin e.traellon . 

.. . Alkali, plain water and acid cook . 

S. When fresh liv~r' were mec.hanic
ally di.integrated, the greater propor 
tion of the total oil pre.ent could be 
removed by co ld centr ifuging, leaving 
t h e greater prqportion of the Vitami n 
A in t he re.idu .. 1 liver ti .. ue, lhue per
m ittinf( ,ub,equent extraction of the 
vitamin in more co n centrated form . 

6 . Becau,e of the significance of 
these findlnF' with re3pect to more ef
ficient and Aexible utiliza t io n of dog
fi,h livers in the production of Vitamin 
A oi l, a further and more detailed .tudy 
9'f the problem is n ow being under 
taken . 
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