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Preface. 

ThiS paper contain s the results of a scient ific exped i tion to the seal ing 

field off Newfoundland in  1 941 , as well as some of the results of 

a scientific  winter expedition to North East Greenland 1 939-40. 

Due to war  conditions it .has not been possib le to publish these 

data at an  earlier date, and for practical  purposes, the results -

although sl ightly d ifferent  in nature, have now been included in the 

same publication.  

The purpose of the fi rst mentioned expedition was to examine the 

vitamin  A contents of Arctic seaIs .  The work was carried out during 

the tenure of a full-time  grant from the Royal Norwegian Government, 

to whom the author wishes to express h is  gratitude. I am also i ndebted 

to Dr. Thomas Moore,  Dunn N utritiona l  Laboratories ,  Cambridge,  for 

his ready assistance and encouragement  throughout this work , and to 

Mr. Alan Davies for his valuable technical  assistance during the expedition . 

My thanks are also due to Mr. John Giæver, for h is  great in terest and 

help during the planning of the exped ition .  

The ch ief  purpose of  the expedition to N orth East Green land in  

1 939-40 was to study the presence of vitamins in  Arctic flora and fauna,  

and to undertake a d ietary survey among Norwegian trappers i n  Green

land .  My thanks are due to AlS Arktisk Næringsdrift, Oslo, for placing 

facilit ies at the trapping station Revet, N. E .  Greenland ,  a t  my  d isposal 

during the expedit ion .  Furthermore my thanks are due to the fol lowing 

Scient ific Funds : Det Medisinske Fakultets Videnskapelige Fond ,  N ansen

fondet, Norsk Varekrigsforsikrings Fond ,  and Freiafondet, - with whose 

assistance the expedition came in to existence. 

I am greatly indebted to Professor dr. med .  Einar Langfeldt ,  H ead 

of  the Institute of Physiology, Un iversity of Oslo, for h i s  help in  planning 
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the expedit ion, for furnishing laboratory faci l i ties for the cont inuat ion or  

this research , and  for h is  valuable advice and criticism during the pre

paration of this pa per. 

Finally I wish to express my sincere gratitude to Norsk Polarinstitutt 

for gran ting me the necessary funds to enable me to complete th is  work. 

Institute of  Physiology, Oslo, N ovember l st 1 948. 

Kåre Rodahl. 



I. Vitamin A in  Arcti c Se aIs. 

A Repo rt on t he Results of t he Exped i t ion to the Seal i n g Field s 

E ast of Newfoundland and Lab rador 1 94 1 . 

Introduetion. 

During an expedition to North-East Greenland in 1 939- 40 a large 
num ber of specimens of Arctic mammalian organs were col lected by the 
author for a survey of the vitamin con tent and for the study of the 
toxic effect of the I ivers of certa in  Arctic an imals ,  i n  particular polar 
bear and bearded sea!. After the invasion of N orway in 1 940 this 
material was brought to England where the author was given the ne
cessary facil it ies to continue the research at  Dunn N utritional Labor
a tories, Cambridge. 

I nvestigations carried out on these specimens showed the liver of 
polar bear (Ursus maritimus) and bearded sea I (Erignathus barbatus) 
in particular to contain a h igh vitamin A potency .  (K. Rodahl & T. Moore : 
"The Vitamin A Con tent and  Toxicity of Bear  and Seal Liver". Biochem.  

j. , 1 943, 37 ,  16 6 ). In  two sam ples of  polar bear  l iver 1 8 000 I .  U .  
vitamin A per gram l iver  was  found ,  and  the two samples of  bearded 
seal l iver contained 1 2 000 and 1 5 000 I. U. respectively. A later investig
ation of the l iver of a th ird polar bear collected by Com mander Ul lring 
showed a vitamin A content of 1 3 000 I .  U. per gram liver. 

A sample of seal l iver oil was examined with regard to the content 
o f  vitamin D, and was found to con tain 6 0 I .  U. vi tamin  D per gram ,  
while l iver oil from polar bears conta ined no vitamin D.  

Further investigations  of the I ivers of other Arctic mammals showed 
a relatively h igh vitamin A potency ,  such as l iver of ringed seal (Phoca 
hispida) ,  wh ich contained 2 000 I .  U .  per gram liver, and  it was considered 
Iikely that I ivers of other Arctic seals such as Greenland seal  (Phoca 
groenlandiea) and hood seal (Cystophora cristata) might have a com
paratively h igh  vitamin A reserve. 

Although the habits of seals are not yet ful ly understood , i t  is 
known that they ingest large quantities of herring, cod and other marine 
organisms prior to m igration to the breeding grounds where I i ttle or no 
food is consumed. I t  appeared feasable ,  therefore, to assurne that a seal 
accumulates a h igh vitamin  A reserve and that the seal l iver might 
provide an  additiona l  source of vitamin A supply. 
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Approx i mate migration routes of seaIs. 

(From J. Col man,  The Polar Record, No. 1 6, 1 938.) 



M/S "Polaris" in the seal ing 
field. 

• 
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I n  view of the importance of obtaining new sources under the then 
existing war conditions when the supply of  whale liver was seriously 
h indered,  and to make a doser study possible, an  expedit ion to the 
sealing grounds off Newfoundland and Labrador was made during the 
period March Sth-May 19th 1941, under the auspices of the Royal 
N orwegian Government. 

Two of the Norwegian sealing vessels - "Polarbjørn" (commanded 
by Captain Marø) and "Polaris" (commanded by Captain Branda l )  which 
had  left Norway prior to the Germa n  invasion, were to partake in  the 
seal ing off  Newfoundland and Labrador,  and i t  was  a rranged that  the 
three members of  the scientific expedit ion , - Mr. John Giæver (The  
Government representative), Mr. Al an  Davies (technica l  a ssistent) and 
the author (Ieader) should establ ish a laboratory on board one of  the 
vessels - "Polarbjørn" - where the investigations cou ld be carried out 
during the seal ing expedit ion. 
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We left the Uni ted Kingdom on February 9th 1 941 on board the 
Norwegian  merchantman M/S " Dagrunn" and reached Nova Scotia in  
Canada on February 22nd 194 1 .  

The necessary scientific equipment was purchased i n  Montreal while 
the vessels were being prepared for the expedit ion . 

On the evening of March 5th , we sailed from Hal i fax proceeding 
northwards a long the coast of  Nova Scotia. Already the fol lowing day 
we met drift ing ice from the Gulf  of St .  Lawrence. The ice became 
more packed as we proceeded and at midn ight on March 6th we 
were forced to turn southwards and came out of the ice belt on 
March 7th . 

In spite of  the heavy seas we com menced the preparation o f  the 
laboratory on board the sh ip. This work cont inued with severaI inter
ruptions caused by rough seas and heavy gales, unt i l  March 12th when 
the laboratory was com pleted ,  and the equipment was found to function 
sa tisfactoril y. 

The laboratory was installed in the ship's saloon and conta ined the 
necessary equipment for the determinat ion of vitamin  A by the Carr
Price method . Specia l  racks were made for the glassware to avoid 
breakage in  heavy seas, but actual laboratory work could only be carried 
out whi le the sh ip  was in th e ice . .  

As much ice was expected that year ,  the original  plan o f  the seal ing 
capta in was to proceed northwards ,  east of the icebelt ,  and to penetrate 
the ice at  the lat itude of  Bel l  Isl and where the largest breeding grounds  
are  usual ly found.  I t  was  d iscovered ,  however, that there was  very 
l i t t le  ice that year so we continued to sai l northwards along the east 
coast of  Newfoundland .  

As a result of various reports, Capta in Marø decided to turn south
wards in search of  the young seals on  March 14th. That day we sighted 
three of the Newfoundland sealers and later on  the same day we 
communicated with the Norwegian sealer " Polaris" which was appro
aching our posit ion.  The fol lowing day we went s ide by s ide with the 
four  Newfoundland sealers, SIS " Eagle", " Neptune", " Terra Nova" and 
" Ranger". We penetrated th in  new ice approach ing the Bay of  N otre 
Dame ,  where seals were observed in the  water and on the ice at  gre at 
d istances. 

On March 1 6th the Newfoundland sealers proceeded towards land , 
where seals had been observed in  large quantit ies from the shore. 
Captain Marø did not flnd i t  advisable, however, to go further i n  as  he 
feared to be caught i n  the pack ice, wh ich was steadi ly moving towards 
land by an easterly wind .  He decided to sai l  northwards ins tead , hoping 
to find newborn seals on the breeding grounds off Groais Island and 
Bell Island .  The ice was j amrned and we were caugh t severai t imes in  
the pack ice .  The fol lowing day we continued northwards in  scattered 
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Seal catch in scattered ice. 

ice and the fi rst family of hood seals were shot that day and the l ivers 
were examined.  

In the afternoon the first catch o f  newborn seals took place. I t  
was a large gathering of white-coats and  all avai lable men went on the 
ice. At nigh tfa l l  we had 300 seals on  board but the  pelts were m ostly 
of a poor quaIity. 

Livers from practically al l the k i Iled an imals were collected in  the 
following manner: 

The I ivers were quickly removed as the animals were skinned on 
the ice .  When the seal was skinned on one side,  the abdomen was 
opened , the l iver was grasped with the left hand and removed with a 
knife in  a single ·cut. I t  was then either thrown into heaps together 
with the fur and  blubber, and later picked up  by the sh ip ,  or  carried 
in  special can vas bags prepared for this purpose. 

It has been suggested that the col lecting  of  the I ivers might inter
fere with the transport of the pelts from the place where the seal i s  
kil led on  the ice to the sh ip ,  and that it ,  therefore, m ight be imprac
ticable to collect the I ivers from the seals skinn  ed on  the ice. This is  
not  i n  accordance with our experiences on this expedition ,  where I ivers 
from nearly 1 0,000 seals were collected by the two vessels. 

In a l l  c ircumstances, the l ivers were kept together with the rest 
of  the catch during transport on the ice. The bags containing the l ivers 
were attached to the hook on the rope by which the pelts were d ragged 
across the ice,  and gathered in heaps where they were later collected 
by the ship .  



- 1 2 -

I n  the case of the young seaIs, their l ivers were smaller and  a 
larger number of  l ivers could consequently be transported i n  the bag. 
When only a single seal was transported over the ice, the l iver was 
simply hooked onto the rope, It is main ly l ivers from the  old fu l ly 
grown seals that  are worth collecting, whi le l i vers from baby seals are 
of less va lue from the standpoin t  of  vi tamin A .  I t  is , therefore,  of  less 
importance that al l  l ivers from these animals shou ld  be collected .  

The origina l  plan for preserving the collected seal l iver  had been 
to keep it frozen .  But owing to the unusally h igh temperatures en
countered that  year ,  this was found impossi ble without a refrigeration 
plant. We succeeded i n  keeping a small quantity of l ivers frozen for 
a short period i n  wooden barreIs, but  during  a few days of mi ld  weather 
tbe ice melted .  It would probably have been possible to keep the l iver 
on  ice in large double-walled zinc-l ined ice chests, but as no material 
to bu i ld such chests was available we were forced to preserve the l i vers 
i n  brine. The livers were placed in smal l  tanks in the ho ld ,  with salt  
sprinkled l iberally between each layer and  at in tervals brine was added .  
Although this method preserved the l i ver successful ly ,  i t  is probably not  
to be recom mended,  as i t  hardened the l iver to a marked degree, 
i mpairing the d igestion  for solvent extraction .  

On March 1 8th weather was bad wi th snow and rain .  The seals 
were found  in seattered patches and only 300 an imals were caught in 
the course of  the day.  There was a heavy swell under the ice which 
made the laboratory work d i fficult. The following day a considerable 
number of  hood sea Is were caught o n  seattered ice, includ ing an  unus
ual ly  large male hood seal measuring 267 cm . 

Analysis of  the vitamin A content of  the l ivers of severaI hundred 
hood sea Is and Greenland seaIs, both fully grown and baby seaIs , were 
carried out. S imultaneously an unsuccessful  attem pt was made to extract 
the fat from the l ivers on  a large scale. The l ivers were m ineed , 
0 ,5 % KO H was added un til the m ixture had  a p H  of 8 to 9. The 
mixture was treated with l ive steam under great pressure 30 to 90 min .  
The mixture was then kept  at a tem perature of  approximately 450 C 
in  48 hours during wh ich t ime the o i l  should have gathered on  the 
top , but owing to the l ow fat content  o f  the l iver (2,5 to 1 0  Ufo) the 
amount  of oi l  was practica l ly negl igible , nor  d id we succeed in  breaking 
down the l iver t issue completely wi th this concentration of  KOH .  The 
yield of oi l  was ,  therefore, much less than the fat percentage o f  the l i ver .  

Later on  other methods were applied , by which we succeeded in 
extracting 80 Ojo of  the fat con tent of the l iver ,  and the oi l  was found  
to contain approximately 600 000 I .  U .  vitamin  A per gram .  

The  fol lowing  days we  had rough weather with snow and  gale, and  
on ly  a smal l  num ber  of  seals  were caught. During th is  period essays 
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The laboratory onboard "Polarbjørn". 

of vitamin C con ten t  of the organs  of the seals were made,  and samples 
o f  seal l ivers were procured for check tests of  vitamin A content  by 
biological methods. Furthermore, organs  of  seals were preserved for a 
later determination of the content of vitamin BI, and n icotinic acid.  

During this t ime, a com paratively large num ber of  hood seals were 
killed . According to Captain Marø it is unusual to Rnd so many hood 
seaIs on this particu lar seal ing ReId .  The proper breeding grounds for 
hood seals are not known , i f  any such exist at a l l .  Some hood seals 
whelp in  scattered groups off Newfoundland and some in the Gulf of 
St .  Lawrence. Captain Marø was of  the opinion that the majority of 
the hood seals have their breeding grounds somewhere north of  the 
coast of  Labrador, and that the famil ies of hood sea l  we found east  of  
Newfoundland were on ly sca ttered groups of seals i n  tJlte periphery of  
the proper breeding grounds.  

Shortly after whelping (3 to 4 weeks) the ful ly grown hood seals 
leave the Newfoundland seal ing grounds and migrate to the straits be
tween Greenland and Iceland where large gatherings of  hood seaIs ,  
mostly older animals, are found in  the early summer. 

It is remarkable that practically al l  the hood seals found at  the 
Newfoundland seal ing Relds are ful ly grown .  Thus for instance, 3 years old. 
hood sea Is are seldom seen at this particular sealing ReId. I t  is generally 
believed that the young hood sea!s are to be found further north along 
the coast of  Labrador in  the Baffin Bay and in the Davis Strait .  

From our observations  in  1941 i t  was apparent that the houd seals 
whelped later than the Greenland sea Is. 
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We continued to sai l  northwards hoping to find the main patch of 
baby seais ,  but the chanee of finding valuable pelts became less as the 
days passed towards the end of March . 

We came out of  the ice,  which at some places only forrned a narrow 
l ine along the coast. One day we had a heavy gale, and twice the 
sea broke over the sh ip  and a num ber of  pel ts and a considerable 
quantity of l iver was lost . Some of  the  laboratory glassware was 
broken ,  but considerable damage was avoided ,  thanks to eager assi· 
stanee from the crew. 

On March 22nd we reached Cape Bauld,  but no  seals were sighted. 
I t  was decided to turn south wards again to search the area round  White 
Bay. That day we passed two Newfoundland sealers which were sai l ing 
northwards. The  weather was favourable, and  we could see how the ice 
was smashed against the rocky shore i n  the heavy seas .  

The foI Iowing day we continued to sa i l  southwards i n  heavy snow 
and h igh sea .  An easterly wind pressed the ice against  the coast, and i t  
was  necessary to go out towards the edge of  the  icebelt i n  order to preven t  
being carried ashore.  

On March 28th we reached the mouth of White Bay where a large 
num ber of  various types of  seals were ki l led, thus furn ish ing us with 
a most valuable material for our laboratory investigation s .  For the fi rst 
t ime a great num ber of old Greenland seals were examined . The ice 
was very seattered and the seals were caught from the boats. 

In the foI Iowing days a smal l  num ber of seattered seals were shot .  
The sweI I  was constantly high and the  ice consisted of  seattered but 
hard winter ice. The tem perature was invariably above freezing point . 

We then proceeded northwards again i n  bad weather and only 
200 to 300 seals were ki l led dai ly .  On April 4th i t  was reported from 
the radio station at  St. Johns that a large num ber of seals were sighted 

on the Bay of Notre Dame,  and it was decided to go there. We were 
met  with heavy pack·ice, however, and i t  was impossible to penetrate 
the edge of  the icebelt. Two of the Newfoundland sealers were caught in 
the ice, and we could see that they had ki l led a large number of  seaIs .  

We sailed along the edge of  the icebelt i n  heavy seas and a strong 
easterly wind . I t  became colder and the temperature dropped to - 1 00 C. 

I n  the foI Iowing days a few hundred Greenland seals were ki l led 
daily, and on April 9th the removal of  the blubber from the skins was 
commeneed .  

At that  t ime we were in  the ice off BeI le  Is le ,  and  much ice had ,  
i n  the course of  a few days ,  come from the north ,  and on April 1 7th 
the ice bel t  was so broad that open water could no t  be seen from our 
positiori. We had at  that t ime 3800 pel ts and 7500 kg. blubber on  board 
M/S "Polarbjørn». 
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The l iver is removed .  

During the days April 1 9th  to 25th up  to one thousand seals were 
killed dai ly.  A large num ber of  l ivers were examined, as  well as  other 
o rgans of  the seais . The stomach content  and the general condit ion of 
the seals was studied i n  an endeavour to tind an explanat ion of  the 
observed considerable individual variations of the vitamin  con tent of  the 
l ivers, and the variat ion i n  relation to age and sex.  

At the end of  Apri l  and the beginn ing of May, we had constantly 
bad weather with rain ,  snow and gale, which made further work im
possible. M/S " Polaris" was considerably damaged by

· 
the sea.  

From May 4th a small num ber of  seals were ki l led daily a few 
m iles off  Groais I sland . The weather was stil l unfavourable and the  seals 
were scattered .  For severaI days we were drift ing along in  heavy fog, 
and when the fog l i fted on May 6th we discovered that we were close 
to shore, but the exact position could not be determinect. We sailed 
NNE, and in the evening of  that day we sighted Beile  Is le .  

On May 7th the weather improved and we sai led south of  Beile 
I sle, but met heavy ice in  the strait  which could not  be penetrated .  

On May 8th ,  i t  ra ined again, but i n  spite of  this, we sai led north
wards along the coast of  Labrador in  a last attempt to tind seaIs, as  we 
had only little provisions left. The weather became gradually worse, 
h owever, and made further attempts impossible .  

On May 1 2th we reached Battle H arbour on  the coast of Labrador 
and 300 seals were kil led that day. On  May 1 4th the catch was dis
continued, the total  number of  seals being 7 1 50 on  board " Polarbjørn". 
The laboratory experiments were completed and i n  the afternoon we 
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sailed for Can ada t h rough the Strait of  Beile Is le and the Gulf of 
St .  Lawrence . In the afternoon of May 1 7  we sighted Nova Scotia and 
on May 1 9th we reached Hal ifax with approximately 12 tons of  seal  
l ivers on board the two vessels. 

Results of Observations. 

Technique. For the determ ination of vi tamin A in organs  of seais, the 
Carr-Price Method modified by Davies ,  ( 1 933) was used . 5 grams tissue 
was taken ,  digested with 5 % potash,  and extracted by ether and alcohol .  
The fat was taken up in  chloroform , 2 ml .  ant imony trich loride was 
added,  and the vitamin A was determined colorimetrical ly using a Lovi
bond tintometer (Briti sh Drug Houses) . This method was compared 
with biological methods prior to the expedition .  

Al l  determinat ions were carried out i n  the laboratory on board the 
expedition ship.  

Some dupl icate samples were conserved i n  toluene (or in brine 
water) for check tests after the return of the expedit ion. Larger sam ples 
of the salted l ivers were extracted by various laboratories in Canada, 
U. S .  A .  and England and the vitamin A content was determined for 
control (see pages 24-26) . 

Hood Seal (Cystophora cristata) .  A large number of  l ivers from 
hood seal were weighed and assayed in  March and April with the resu Its 
shown in Tables l and 2. 

T a ble l. 
A verage Liver Weights. 

Age and Sex 

Baby seal - approximately 7 day s . .  . 
Fe male - fully deve loped . . . . . . . . .  . 
Mal e  - fully developed .. . . . . . . . . .  . 

IMe�n Weightl Variat ion In gm s. 

1 494 1 000-2 1 00 
2929 2200-3750 
4 1 36 3600- 5000 

From table 2 it appears evident tha t  the vi tamin A reserve in the 
males  is h igher in March than in  April and generally h igh er than in 
the females at this t ime of the year. The females show a h igher reserve 
in  April than in March. 

The individual variat ion in the vitamin A is considerable ,  however,  
as is evident from our observations .  A much larger material is therefore 
necessary to decide whether the observed sea sona I variation in  the v i t
amin A con tent might  be accepted for seals in  genera l .  

There i s  certa in evidence wh ich seems to ind icate that  the vitamin 
A reserve varies at the d ifferen t breeding grounds.  A further i nvestigat ion 
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T a  b l e  2. 

Vitamin A COl1tent of Liver of Hood Seal at Different Stages 
of Development and at Different Periods of the Breeding Season. 

No. Mean Vitami n  A Reserve I. U. 
Spee i men  o f  Ani mals per g Liver 

Examined I March & April March April 

Baby seais. 

Foetus . . . . . . . . . . . . . . . . . . . . 1 120 - -

1 hour after birth . . . . . . . . .  l 150 - -

7 days. (approx. ) . . . . . . . . . .  1 300 - -

14 days. (approx.) . . . . . . . . . .  4 1500 - -

2 1  days. (approx . ) . . _ . . . . . . .  9 - 300 -

Young seals. 

l year . . . . . . . . . . . . . . . . . . . . 2 - - 2400 
2 years . . . . . . . . . . . . . . . . . . .  2 - - 1200 

Fully developed. 

Males above 4 years . . . . . . .  26 5180 4320 4934 
Females above 4 years . . . . .  14 1370 2742 2110 

o f  a larger material should therefore be  earried out at other breeding 
grounds and at  other periods of  the year. 

The reason for the higher eoneentration in Mareh might be explained 
by the faet that the seal on arrival at the breeding grounds at  the end 
o f  February has spent a considerable t ime on the fishing banks ingesting 
large quantities of  herring, eod and other marine organisms rich in vit
am in A or earotene, thus aeeumulating a h igh vitamin A reserve. I t  
i s  interesting t o  note that from this t ime t o  the e n d  of the breeding 
season there i s  evidenee of l i ttle or no food being eaten . This points 
to a eontinuous decrease in  stored body fat and a rapid dissipation of 
vitamin A from the l iver during the months of Mareh , Apri l  and May.  

Following the birth of the young, mating takes plaee.  A few weeks 
fol lowing mating the animals show a marked loss of ha ir  and , according 
to sealing captains of  many years' stand ing, i t  i s  not unti l  a fter th is  
period that the sea l begins  to look for food. 

The females show a lower reserve in March , which i s  the month 
when the majority of them bear their young. I t  is particularly notiee
able during the lactation period .  A considerable amount of vitamin A 
seems to be transmitted to the young through the mother's mi lk. As 
a point of interest, a sample of mi lk col lected from a female with a 
baby sea I one or two weeks old had a potency of 1 0  I .  U .  per gram .  
The  vitamin  A content in l ivers of  newborn seals seems to increase during 
the fi rst two weeks of laetation, reaching a maximum at the end of the 
second week. During the third week the young a re left and h ave to 

2 
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util ize the reserve accumulated from the mother's milk .  This seems 
to explain the lower reserve found at  the age of  three weeks. 

The vitamin  A content of  the l iver of  females was found  to be 
h igher i n  Apri l  than in  March . Jf l ittle or  no food is  consumed by 
the  females during this period an increase of the vitamin A reserve of 
the l iver seems unl ikely, and the d ifference in the vitamin con ten t from 
March to Apr i l  migh t therefore depend on a coincidence, as  th e figures 
refer to 1 4  an imals only .  

The oi l  content of the l ivers of Cystophora cristata up  to the age 
of three weeks is  usually around 9 per cent. After this age the oil 
content remains fairly constant at  approximately 2.4 per cent .  

There is  reason to believe that seasonal variation  in  the vitamin  
A reserve takes place i n  most types of seaIs. I t  is  known that the seals 
in  al l  the more important seal ing fields, such as the Whi te Sea , the 
edge of the winter  ice to the east and north of  Jan Mayen ,  and New
foundland are fattest in  the months of  March and lose weight unt i l  the 
end of May. In this period the seal takes l i t t le or no  food .  Later the 
sea l  increases i n  fatness i n  the course of  the Spr ing and Summer.  I t  
is  therefore to be expected that  the vitamin A reserve of  the l iver should 
be generally on a h igher leve! i n  l ivers of  bood seals which are caught 
i n  the Greenland Strait i n  the months of  J une, J uly and August. A similar 
condit ion may be found i n  l ivers o f  bearded seal  caught off  Svalbard 
during the Summer months. 

Greenland Sea l (Phoca groenlandiea). During the period March 
1 2th to May 1 3th a s imi lar investigation was made on the above type 
of seal to com pare the findings with regard to hood sea!. 

T a  b l  e 3 .  

Average Liver Weights. 

Age and Se x IMean We igh t
· 

V . f 
in gms. a na lon 

Baby Seal 
Newborn . . . . . . . . . . . . . 36 1 
8 -- 1 0  days . . . . . . . . . . . 814 

Young Seal 
Males -- l year 
Females - l year . . . . . 

Fully developed 
Male . . . . . . . . . . . . . . . . . 
Female . ' "  . . . . . . . . . . . 

1 1 42 
1 050 

1783 
1681 

769-- 1 600 
900- 1 200 

1 600-2250 
850-2 1 80 
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T a b l e  4. 

Vitamin A Content of Livers of Greenland Sea l 
at Different Stages of Development. 

No .  of  

Age and S e x  Ani mals Mean Vi tami n  A 
Variati on E xa ·  I. U. per g L i  ver  

Newborn 

Foe tus . . . . . . . . . . . . . . . . . . .  . 
8-10 days . . . . . . . . . . . . . . .  . 
28 days (appro x imately) . . . . . 1 
Young seal 

Males - l year . . . . . . . . . . .  . 
Females - l year . . . . . . . . .  . 
Females - 3 years . . . . . . . . .  . 

Fully developed 

Males above 4 years . . . . . . .  . 
Females above 4 years . . . . .  . 

mined 

2 
6 

10 

24 
23 
10 

47 
23 

2400 
340 

3000 

1620 
1560 
5000 

6570 
2542 

I 

120- 600 

600-4500 
600-1800 

13000-12,000 
600-- 4,500 

From table 4 it wi l l  be seen that the vitamin A content of  the 
l ivers of Greenland seals is of the same order as that of hood seals 
and similar variations with age and sex are found .  

T a b l e  S. 
Age and Sex in Relation to the Fat Content of the Liver. 

Se x Age I Mea� % Fat Variat i on  

Females . . .  Above 4 years 3.2 3.0-4.5 
Males . . . . .  Above 4 years 2.8 2.0-5.0 
Males . . . . .  2 years 3.6 
Males . . . . .  l year 3.4 2.4-4.4 
Fe males . , .  1 year 2.3 2.0-3.0 
Females . . .  8-10 days 10.0 

Table 5 indicates the mean fat conten t  of al l  l ivers examined during 
the per iod of i nvestigation . I t  wil l  be seen that the fat content is  h igher  
(lO %) i n  very young animals un t i l  reaching maturity, at  which time 
the fat per cen t  appears to remain fai rly constant .  

It wil l  be seen from table 6 that the vitamin A reserve in the l iver 
from a normal Greenland seal examined on May 4th was only moderate 
and below the mean value for this type of  sea!. Under these c ircum
stances only small amounts were detected i n  the retina ,  kidney,  lung 
and subcutaneous fat .  The pancreas gave a positive reaction but the 
concentration of  vitamin A was too small to perrnit an accurate deter
mination being carried out .  The figures are i n  agreement with s imi lar 
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T a  b l e  6 .  

Distribution of Vitamin A in Organs of a Normal Greenland Seal 
Killed May 4th, 194 1 .  

Organ s 

Li ver . . . . . . . . . . . 
Kidney . . . . . . . . . 
Lung . . . . . . . . . .  . 
Spleen . . . . ... . . 
Pancrea s . . . . . .  . 
Te st ic \es  . . . . . . .  . 
Mu sc \e . . . . . . . . . 
Cerebel l u m  ... . . 
C erebru m . . . . .  . 

I. U. per g. Organ s I. U. per g.  

2400 H eart . . . . . . . . . . O 
6 Thyroid . . . . . . . .  O 
3 Epid idymi s  . .  . . . O 
O Subcu t aneou s fat 12 

trace Ly mph gl and . . .  O 
O Corpus vitreu m . O 
O Len s cry sta l ina . . O 
O Ret ina . . . . . . .  . 4 
O 

findings in  organs from bearded seals (Erignathus barbatus) collected 
during a previous expedit ion to North East Greenland .  The resuIts 
were as follows : 

Liver : 1 2 000 I .  U .  vit .  A. pr. gram 
Subcutaneous fat :  7 I .  U .  --»-

Meat : 
Kidney: 

o 1. U .  
9 1. U .  

--»>-

-»-

Distribution of Vitamin A and Its Relation to Physiological Factors. 

Distribution in the Liver. Vitamin A was determined in samples 
from d ifferent parts of  the l iver. 

(I) lobus hepatis dexter 
(2) lobus hepatis s in ister 
(3) lobus caudatus 
(4) lobus quadratus 

No variation in  vitamin  concentration could be observed i n  parts deter
mined and it is therefore suggested that the vitamin  is even ly d istr ibuted 
throughout the l iver. 

Distribution of Vitamin A in Organs of Seal Preserved in Toluene. 
Vitamin A was determined i n  August 1 94 1  in organs of hood seal 
(Cystophora cristata) and Greenland seal (Phoca groenlandiea) gathered 
in the seal ing fields east of  Newfoundland in the month of April 1 94 1 .  
The organs were preserved i n  toluene. The sample was weighed before 
being placed in  toluene. It was found by later experiments that some 
of the vitamin  A was removed from the t issue by the toluene.  In  order 
to keep with in  the l imi t  of  experimental  error ,  the tissue was weighed 
and a proportionate vol urne of  toluene preservative was added to the 
test sample .  
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The pelts are hauled to the ship .  The l ivers are kept i n  canvas bags 

as shown in the
. 

photograph. 

Ta b l e  7. 

Distribution of Vitamin A in Organs of Seal Preserved in Toluene. 

l .  U. Vitamin A per  gram 
Organs 

Cystophora cristata Phoca groenJand ica 

MuseIe " . . . . . . . . . . . . • o O 
Brain  . . . . ... . . . . . . .  . O 
Kidney . . . . . . . . . . . . . .  . 9 traces 
Udder . . • . • . . • • • . . . . . .  traces 
Spleen . . . . . . . . . . . . . . . . O 
Subcutaneous fat . . . . . . 1 2  
Cerebrum . .  

' 
. . . . . . . . . • O 

Cerebel lum . . . . . . . . . .  . O 
Liver . . . • • . . . . . . . . . . . .  1500 

I t  wil l be observed that the figures shown in  table 7 are in  agreement 
wi th the findings made in  the laboratory on board the ship during the 
expedition (see p. 20) . 

Vitamin A in Relation to Physiological Factors. On the d ays o f  
April 1 9th and  26th a series of  speeimens o f  l iver from various batehes 
of Greenland seal wer� taken and supplied with an index card showing 
information regarding age , stomach contents and th ickness of subcutan
eous fat, together wi th any abnormalit ies observed .  I n  al l  cases the 
stomach was found to be empty. The resuIts of the investigations are 
shown in  the following tables: 
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T a  b l e  8. 

Vitamin A Content of Livers from Greenland Seals with Reference 
to Physiological Conditions Observed April 1 9th and 26th, 1 94 1 .  

Sex 

April 19th 
Male ....... 

- . . . . . . . 

- . . . . . . . 
- . . . . . 
- o • • • • • • 
-- .. . . . . . 
- .. . . . . . 

- . . . . . . . 
- . . . . . . .  
-- , 

- . . . . . . .  
Female ..... 

- . . . . . 

- . . . . . 

Male ....... 
- . . . . . . . 
- . . . . . . . 

- . . . . . . . 

Female ..... 

April 26th 
Male ....... 

- . .. . . . . 
- . . . . . . . 
- . . . . . . . 
- . . . . . . .  
Female . .  , . 

- . . . . .  
- . . . . .  
- . . . . .  
- . . . . .  
Male ....... 
Female o • • • •  

- . . . . .  

Male .... ' "  

- . . . . . . .  
Female ..... 

- . . . . . 

I 
Age I �lubber Stomach In cm. Contents 

Above 4 years 2.5 Empty 
" 4 " 3 . 5  » 

» 4 , 3 . 3  " 

» 4 » 2.3 » 

» 4 " 3 . 5  » 

» 4 » 3.4 » 

» 4 » 2.3 

1 
» 

» 4 » 3.5 » 

Approx. 4 years 3.8 » 

» 4 » 3.5 » 

» 4 » 3.5 » 

» 4 » 4 . 2  » 

» 4 » 4 .3 » 

» 4 » 3.8 » 

» l year 1 .8 » 

" l » 3 . 1  » 

» I » 2. 1 » 

» l » 2.5 » 

" l » 2.5 » 

» 5 years 3.2 » 

» 5 » 3.3 » 

» 5 » 4.3 » 

» 5 » 4.0 » 

» 5 » 2.8 " 

» 5 » 3.5 " 

» 5 » 3.8 » 

» 5 » 4.5  » 

» 5 » 3.0 » 

» 5 » 4 . 1 » 

» 2 » 3.0 » 

» 4 " 2.8 " 

» 3 » 4.8 » 

» 1 year 2.8 » 

» 1 » 2.3 » 

» l » 4 . 4  » 

» l » 3.0 » 

Liver
l 

O/o 
Wt Oil 

1 9 00 3.0 
1900 2.0 
1 800 2.8 
1 800 2 .8 

- 2.4 
- 2.0 
- 2.0 

21 00 5.0 
2250 5.0 
1 500 4 0  
2250 3.6 

850 4 .0 
1 850 3 .0  

- 3.0 
1 250 4.4 
1 250 2.4 
1 600 3 . 0  

- 4 .0 
1000 2.0 

1 750 2.0 
1 900 2_0 
1 750 3.0 
1 700 4.0 
1 600 2.0 
1 750 3.0 
1650 1 2.0 
1 500 3.0 
2000 4.0 
2000 4 . 4  
1 250 3 .6 
1 350 3 .0 
1 450 3.6 
1 000 3 .6  
1 350 3.0 
1 1 00 3.0 
1 200 2.0 

Il.U. per g. Live. 
l.U. per 

I
Totall.u'in 

g. oil Whole Liver 

750 25.000 
3.000 150.000 
3. 000 1 04.300 
1 .800 64.300 

750 3 1 . 250 
300 1 5 . 000 

1 .500 7 5.000 
12.000 1 240.000 
15.000 300 000 

240 6.000 
1 .200 33.500 
2.400 60.000 
1. 500 50.000 

900 3 0.000 
900 20.450 

1 .200 50 000 
240 8.000 
750 18. 750 

1 . 500 75.000 

1 .500 75.000 
1 2.000 600.000 

1 .500 60.000 
2.400 60.000 
1 . 200 60.000 
3 .000 1 00.000 

750 37.500 
1 . 200 40.000 
1 .200 30.000 
2 . 400 54. 54 5 

300 8.333 
1 . 200 40.000 

900 25.000 
2.400 66.000 
1 .500 50.000 
3.000 100.000 

600 30.000 

1 .425.000 
5.700 .000 
5 .400.000 
3 . 240.000 

-

25.200.000 
33.750.000 

90.000 
2.700.000 
2.040.000 
2.775.000 

-

1 . 1 25 .000 
\. 500.000 

384.000 
-

1 . 500.000 

2.625.000 
22.800.000 

2.625.000 
4 . 080.000 
1 .920.000 
5.250.000 
1 .237.500 
1 .800.000 
2.400.000 
4 .800.000 

375.000 
1 .620.000 
1 .305.000 
2.400.000 
2 .025.000 
3 .300. 000 

720.000 
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T a  bl e 9. 

Showing Average Figures of Previous Table. 

I I 
Vi tam i n  A I. U. 

Sex Age Blubber Liver 0:0 
i n  cm Stomach Wt. Oil per g per g Whole 

Liver O il Liver 

Male  ... . ... 1 Approx. 5 years 3.2 Empty 1 820 2 .7  3208 1 1 5 1 . 588 7.975.000 
- . ..... . 
- .... . . .  

» 4 » 

» l » 

3.3 » 

2.4 » 

2000 4 .2  5480 1 1 3. 1 66 1 2. 1 46.667 
\ 090 3.4 1 1 65 39.023 1 .486.800 

Female ... . . » 5 » 

I 
3.8 » 1 780 3.3 1 7 1 0  52.309 3.097.500 

-

-
. . .. . » 4 » 4 . 1 » 1 350 3.3 1 600 55.000 2.407.500 
. . . .. » l » 3.3 » 1 1 00 1 2.3 1 700 68 333 1 1 .840.000 

No dist inet correlation could be found i n  the vitamin  content of 
the l iver and physiological factors observed .  

l .  
l .  
3. 
4 . 
5. 
6. 
7 . 

T a b l e  1 0. 

Oil Con tent of Greenland Sea l and Hood Seal in Relation 
to Vitamin A Potency. 

Group 

.. . . . . . ... . 

o . ·  . . • • •  · ·  . 

o • • • • • • • • • •  

. . ........ . 
o • • • • • • • • • •  

o • • • • • • • • • •  

.......... . 

g Oil per 
\00 g Liver 

2.0-2.4 
2.5-2.9 
3.0-3.4 
3.5-3.9 
4 .0-4.4 
5.0-5.4 
9.0-9. 4  

Number 
Animals 

20 
3 

\O 
4 
7 
8 
8 

I 
Mean I.U. Vitam i n  A Mean I .  U. 

per g Liver per g Oil 

3675 1 34 .687 
2000 1 04.300 
1 459 5 1 .444 
1 200 53.374 
1 470 38.500 
6900 270.000 

300 

Table 1 0  shows, with one exception ,  a d istinet relationship between 
the am ount of  oi l  in  the l iver and vitamin  A potency. It appears evident 
that  the lower the oi l  content the h igher the potency of  the same. 

Vitamin A Content of Seal Liver Oil. 

Potency Yield and Appearance of Oil. From a representative sample 
of sea I liver (52 I ivers of  various kinds) oil was extracted by solvent 
methods.  The oi l  had a mean potency of  25 1 ,600 I .  U. per gram ,  
varying from 30,000 to  375,000 I .  U .  per  gram.  I n  a few cases o i l  of  
a potency of  600,000 I .  U .  per gram was obtained,  but as th is  was from a 
few Iivers only ,  the va lue could not be considered as fu lly represen tative. 

The Effect of Preservatives on the Vitamin A Content. A 5 gram 
sample of l iver was  assayed March 1 8th from a who le  l iver taken from 
a young Greenland sea!. The remainder of the l iver was pl aced i n  
saturated brine and assayed at 1 4-day intervals over a period of  1 30 
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days. N o  deterioration took place. Although th e salt prevented deter
ioration i t  hardened the l iver tissue, thus impairing the d igestion to a 
slight extent .  

In l ivers preserved i n  dry salt a marked hardening of the tissues 
was observed and i t  i s  therefore not to be recom mended. 

During the expedit ion dupl icate samples were also preserved in  
to luene for later control purposes. The samples were taken at  in tervals, 
weighed and kept in toluene i n  sealed bottles . I t  was later found that 
part of  the fat and the vitamin  A was di ssolved in to the toluene.  I n  
o n e  case more than 5 0  % of  the vitamin  A content of the l iver was 
transferred to the toluene.  

Check of the Carr-Price Method. Before leaving Cambridge, 
England,  the figures obtained from the determination of vitamin  A in 
l ivers of  polar bear and bearded seal were checked against biological 
tests. The results agreed favourably.  

After the return of  the expedition a representative sample. of  seal 
l iver from  the various types of  animals was extracted on August 7 ,  1 94 1 .  
The oi l  was exa min ed and found to contain 1 87,500 I .  U .  per gram. 
The remainder of  the  oil sample  was equally divided, and  n itrogen 
bubbled through each sample. One sample was sent to Dr. T .  Moore, 
Cambridge, England ,  and a dupl icate sam ple was sent to Dr. Young, 
Professor in biochemistry, Dalhousie Un iversity, Hal i fax .  

Assay was made by Dr. Moore on  August 26th ,  by the Carr-Price 
method,  and he reported the result  1 60,000 I .  U. per gram .  

The  same o i l  was determined by Dr .  Young at  t h e  Department 
of Biology, Hal i fax, by the spectrophotometric method on August 30th 
and by this method he found 1 50,000 I .  U. per gram .  

Another assay was made b y  u s  i n  Toronto o n  the  same  o i l  returned 

to us by Dr. Young on October 1 6th ,  and 1 50,000 I .  U .  per gram was 
found ,  showing a slight deterioration during the period from August 
7th to October 1 6th .  

Sea l Liver Oil Extracted and Checked by Various Other Laboratories. 
Representative samples of salted seal l iver collected during the expedit ion 
were sent to various laboratories for extraction and check-tests. The 
results were as fol lows : 

I .  J uly 1 0th 1 94 1 .  Marden Wild Corporation .  
Oi l  extracted by Centrifugal Method .  The results were unsat is
factory regarding percen tage recovery . .  
Results from 70 lbs .  l iver : 

Total fats . . . . .  . .  2 .06 % 
Free fatt y acids . .  28.99 % 

Potency 59,400 U. S. P. units per g. 



The pelts and livers are col
lected in heaps on the ice, 
where they were later collected 

by the ship .  
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2. J uly 1 2th 1 94 1 .  Ayerst McKenna & Harrison Ltd . ,  Montrea l ,  Que. 
Liver extracted with cold acetone. Acetone extractions ftltered and 
distil led in  vacuum and oil cIarified by centrifuging. Oi l  dark brown 
in:colour.  Yield 2,2 % .  

Potency 57,000 I. U. per g. 

3 .  July 1 5th 1 94 1 .  Marden Wild of Canada Ltd . ,  SommerviJie Stat ion ,  
Boston , Mass .  U .  S. A .  
Oi l  extracted from l iver by digestion with potash and extraction 
with ether. 

Potency 50,460 U. S. P. units per g. 

4. July  1 5th 1 94 1 .  Marden Wild of Canada Ltd . ,  Sommerville Station , 
Boston , Mass. U .  S. A. 
Extracted by digesting the l iver with potash and extracting with 
ether in  the ptesence of alcohoI .  

Potency 253, 100 I .  U. per g. 
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5.  ju ly 28th 1 94 1 . Collett Corporatiun ,  New York . 
Oi l  extracted by solvent method but no information avai lable re
garding the solvent used .  Yield 4 .5  % .  

Potency 55,000 U. S. P. units per g. 

6. july 30th 1 94 1 . Disti l lat ion Products I nc . ,  Rochester, N ew York. 
Method of  extraction not stated. 
Yield of oi l  approximately 3 % .  

Potency 1 18,000 l. U. per g. 

7. j uly 1 94 1 . Dunn N utritional Laboratory, Cam bridge, England .  
(Dr .  T. Moore). 
Oil extracted by solvent method.  

Potency 100,000 l .  U. per g.  

8. j uly 1 94 1 .  Glaxo Laboratories, England . 
Oi l  extracted by solvent method.  

Potency 260,000 l .  U.  per g. 

I t  wi l l  be observed that the average potency of the oi l  is  approxi
mately 1 00,000 I. U .  per gram .  

Simultaneously one barreI of  seal l ivers was  sen t to  Crooks Labo
ratories, London,  England.  Operating on two selected l ivers from which 
500 grams were taken for -each extraction ,  the oil present was found 
to be 1 ,5 0;0 and 1 , 8 % respectively .  The potency of  the oil in  these 
two samples was 230,000 I .  U. A .  and 1 90,000 I .  U. A .  respectively .  

The whole barreI  o f  l ivers was then processed i n  a smal l  works 
plant from which 5 I bs of oil was obta ined.  ( 1 ,8 % ) . The oi l  was of  an 
excel lent qual ity and had the fol lowing characteristics : 

Unsaponifiable matter . . .  50,4 % 
I od ine value . . . . . . . . . . . 1 9 1 ,7 
E .  value . . . . . . . . . . . . . . 1 1 6,0 ( 1 95,000 I .  U . A.) .  

Extraction Methods. 

I n  an attempt to ascerta in the most suitabl e meth od for extraction 
of  the l iver ,  severaI experiments were carried out .  

A lkali Digestion Methad (1 ) - ( Carried out an baard ship) . Aqueous 
potassium hydroxide, 0,5 %, was added to the minced l iver,  the p H  
adjusted t o  8 t o  9 a n d  the whole transferred t o  a conical  vessel con
structed by the ship 's  engineer. The solution was then treated with 
l ive steam for 30 minutes and a l lowed to cool . The solution was kept 
at a temperature of approximately 45 o overnight .  I t  was observed that 
the l iver t issue had not com pletely broken down and l ittl e cream had 
r isen to the  su rface. The solut ion was then treated with l ive steam for 
a further 60 m inutes and al lowed to cool .  The tem perature of the solut ion 
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was kept at 45 ° overnight. The following morning a negligible amount  
of cream appeared on the surface. This was skimrned off and sepa
rated by the addit ion of  alcohol and water. The amount  of  oil obtained 
d id  not correspond reasonably with that  found by the chemical solven t  
method and the procedure was  abandoned.  

Alkali Digestion Method (Il) .  Minced l iver was digested by adding 
5 °. '0 aqueous KOH and heating in  a steam oven unti l  complete sol
ut ion had taken place. The sol uti on was then extracted with ether i n  
t he  presence of  alcoho!. The  aqueous layer was d iscarded and  t he  ether 
layer, a fter washing and fi ltering through a sintered glass funnel con
taining anhydrous sodium sulphate, was evaporated off on a water bath . 
The oi l  obtained was deep yellow in  colour and solidified on cooling .  
I t  appeared to be partially saponified .  

Soxhlet Extraction ( 1 ) . Minced liver was ground with anhydrous 
sodium sulphate, transferred to a soxhlet th imble and extracted with 
ether i n  the usual way. The liver was extracted for 2 hours.  The oil 
obtained was dark brown in  colour but proved palatable. 

Soxhlet Extraction (I I) . Minced liver was dried in  a steam oven 
at  a temperature of 1 00 °  C. The dried l iver was then ground to a fine 
powder and transferred to a soxhlet thim ble and extracted for 3 hours 
with ether. The resultant oi l  was dark brown as in  the sample above. 

Centrijugal Method. Minced l iver in  the presence of  5 0/O aqueous 
KOH was digested by heating i n  a steam oven.  The solution was 
then centrifuged at  2000 R .  P. M. No oil was obtained. 

Peptization and Centrijugation. A method for the production of  
oils from fish l ivers of  low oi l  content  described by Brocklesby and 
Green was tried on salted seal  livers. The I ivers were minced and 
diluted with an  equal volurne of  water and sufficien t 25 % HC l added 
to reduce the pH to between 1 ,22 and 1 ,5 .  The p H  was mainta ined 
with in  th is  range during the d igestion process. Com mercia l  pepsin to 
the amount of  0,05 % of  the weigh t of  the l ivers was added . The 
mixture was then maintained at a tem perature of  1 1 0- 1 20 °  F.  for 36 
hours during which time i t  was occasionally stirred .  At the end of  this 
t ime a quantity of  saturated sodium carbonate solution was added and 
the m ixture heated to approximately 1 75 0  F.  [or five minutes. It was 
seen that the l iver tissues had not completely broken down . A quantity 
of the solution was centrifuged but no oi l  was visible. In view of the  
low rating of  the  centrifuge available - 2000 R .  P. M .  - it  could not  
be sa id that  the m ethod had altogether failed . 

Steam ing and Centrifugation . At a later date, oi l of good appearance 
was obtained by digestion with alkali and passing the resultant  solution 
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through a Sharples cen tri fuge ( 1 5 ,000 R .  P .  M . )  a t  Vitamin  O i l  Producers' 
p lant in Port Saxon , N ova Scotia . 

The I ivers were chopped and treated with l ive steam for 30 minutes .  
Alkal i  was added (2 to 4 0io) and the mixture steamed for a further 
30 to 60 minutes unti l  the com plete solution had taken place. The p H  
was adjusted t o  8 a n d  the l iquid passed th rough a Sharples centrifuge. 
The 'sludge' which was of the consistency of  rubber was redigested and 
run th rough the centrifuge a second time .  The c 1ar ified oi l  had a bright 
yel low colour and contained no free fatt y acids .  

Statistical Outlook. 

The following tables a re taken from official Norwegian  statistics : 
" Undersøkelser av nye fangstfelter " .  N ovem ber 1 936, by Thor I versen .  
The calculat ions are based on  these statistics and the observations from 
the  Newfoundland seal ing grounds,  and may only be regarded as rough 
estimates ,  as condit ions found at the Newfoundland sealing grounds may 
not  be s imi lar to those of other seal ing grounds .  

(A )  Sealing Fields. Approximately 500,000 seals are caught annual ly .  
We know a t  the present time three main seal ing fields in  the drifting ice : 

( 1 )  White Sea. The only type o f  seal caught in  th is  a rea is Green
land seal (Phoca groenlandiea) .  The catch takes place during the breed
ing season ,  at  the end of  February and the beginn ing of March to 
May. The majority of  the catch consists of baby sea!. Usually Norwegian 
and Russian sealers take part in this catch .  (The last statement applies 
to cond itidns prior to 1 936 as at  present Norwegian sealers do not operate 
in  the White Sea) . 

(2) jan Mayen, where both Greenland seals and hood sea I are 
present i n  l arge quantit ies . The catch takes place during the  m onths 
of  March to May.  On ly  Norwegian ships used to take part in  this catch .  

(3) Newfoundland and Labrador (Gu l f  of  S t .  Lawrence) .  80th 
Greenland seal and hood sea I are present ,  but the hood seal is in  the 
minority. The catch starts on March 5, and goes on to April and May.  
Seals  are not k i l led on Sundays, according to a Newfoundland law. 
Unt i l  recen tly only Newfoundland sealers have taken part i n  the catch . 
Since 1 937 some Norwegian sealers have also been takin g  part in  the 
catch , and there is reason to bel ieve that  the number wil l  i ncrease in 
the future, as the  prospeets are favoura ble .  

The Norwegian sea Jers also fol low the seals on their  wanderings 
during the summer t ime,  in  the dr ift ice aroun d  Spitsbergen ,  and in 
the strait between I celand and Greenland .  

Spitsbergen Area. The catch consists ma in ly  of  Greenland seal , 
but hood seal , bearded seal , fj ord seal ,  walrus, and polar bears are 
also hunted .  
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Denmark Strait. Mainly old hood seals are caught i n  this area 
by Norwegian sealers during the months of  lune and july.  In recent 
years a combined catch of seal and Arctic sharks has taken place here.  

(B) Output of the Sealing Industry. During the period 1 928-36, 
489,323 seals (434,022 Greenland seals and 55,30 1 hood seaIs) were 
caught annually from seaI ing vessels in the seaI ing fields mentioned above. 

The annual catch of seals from the shores of Newfoundland,  Labra
dor ,  Greenland and Russia is  calculated at 1 00,000 or 1 50,000 seaIs . 

Figures showing the annual  catch from seaIing vessels from d ifferent  
countries and at d ifferent areas are given i n  tables below. The figures 
are taken from officic1l Norwegian statistics ( I versen , 1 936) . 

(C) The Sealing Fleets. (1) Newfoundland. The Newfoundland 
sea I ing fleet  consisted on an average of  10 ships during the period 
1 928-36, with a total tonnage of  5 ,8 1 0  net  tons. The average num ber 
of  crew total led 1 ,643 men .  

(2) Norway. Norway had during the same period an average of  
85 seaI ing vessels, wi th a total net  ton nage of  4,0 1 5  tons .  The average 
number of  crew totalled 1 ,245 men .  

(3) Russia. Exact figures are  not available. I n  1 932 twelve ships 
were operating i n  the White Sea . Total tonnage was 3 ,674 tons , and 
the crew was 982 men.  

(D) Variations in the Seal Catch. There a re marked annual  vari
at ions in the sea I catch from  all the seaIing fields .  

(1) Newfoundland. During the period 1 906-36 the h ighest figure 
was obtained i n  1 906 (342,000 an imals) .  The catch was gradual ly dec
reasing unt i l  1 920 (34,000 animals) .  There has been no decrease in  
the catch during recent years. 

T a b l e  1 1 . 

Showing the A verage Number of Seals Caught per Ship - 1 928- 36. 

Year 

1 928 . . . . . . . . . .  . 
1 929 . . . . . . . • • . .  

1 930 . . . . . . . . . . . 

1931 . . . . . . . . . .  . 
1 932 . . . . . . . . . . . 
1 933 . . . . . . . . . .  . 
1 934 . . . . . . . . . .  . 

1 935 . . . . . . . . . . . 
1 936 . . . . . . . . . .  . 

No .  of Sh ips E per Sh ip  

1 2  1 8. 9 1 9  
1 4  1 4.4 1 8  
18 1 3.402 
1 0  &787 
4 1 2. 1 53 
6 29.3 4 1  

1 0  22.739 
l O  14 .303 

8 22.96 1 

(2) Norway. The num ber of seals k i l led annual ly increased from 
1 906 to 1 925 (59,000-409,000) . 
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(E) Vitamin A Obtainable from Seal Livers. 

T a  b l e  1 2. 

Approximate Liver Weight and Vitamin A Content (Estimated) .  

Animal 

Greenland Sea l 
Baby seal . . .... . . ... . . 

Young seal . . . ....... . 
Old seal . . . . . . . . . . . . .  . 

Hood Seal 
Baby seal & Young seal 
Old seal . ... . ..... . . .  . 

Liver Weight 
in g 

1 000 
1 000 
2000 

1 500 
4000 

T a  b l e 1 3. 

J . U. vitamin A 
per g Liver 

2000 
3000 
5000 

1 000 
4000 

Number of Seals at D(fferent Sealing Grounds for the Period 1 928-36. 

Phoca groenlandiea Cystophora cristata 
Seali ng Ground Total 

Baby Seal lYoung seal l Old Baby & Young l Old 

White Sea .... 1 06 .3 1 4  37.324 92 .434 - 236 .072 
Jan Mayen . . . 23. 027 2 .5 1 7  4 .547 20.852 7 .69 1 58.634 
Denmark Stra it - - 7 .274 1 6.594 23.868 
Newfoundland . 1 39.76 1 1 9 .498 8.600 2 . 066 824 1 70.749 

Total . . . . . . . . .  I 269 . 1 02 I 59.339 1 1 05.58 1 I 30. 1 92 25. 1 09 I 4 89.323 

T a b l e  1 4 . 

Million l. U. Vitamin A Obtainable from Seal Livers A ccording 
to Figures in Table Il (Estimated) .  

Phoca groenlandiea Cystophora cristata 
Seal ing Ground Total 

Baby Young I Old Baby & Young l Old 

I 
White Sea . . .. 2 1 2 .628 1 1 1 .972 924 .240 - - 1 .24 0.840 
Jan Mayen . . . 46 .054 7.55 1  45.470 3 1 .278 1 23.056 253 .409 
Denmark Strait - 1 0. 9 1 1 265. 504 276.4 1 5  
Newfoundland . I 279.522 58.494 I 86.000 3 .099 I 1 3. 1 84 440.299 

Total . . . . . . . . . I 538 . 204 I 1 78.0 1 7  ! t .OS5.7 1 0  I 4 5.288 I 40 1 .744 I 2 .2 1 9 . 963 
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T a  b l  e 1 5 . 

Average Annual Distribution of the Seal Catch , 1 928-36. 

Phoca groenlandiea Cystophora cr istata Total 
Country N umber 

Baby Young ! Old BabY & YOUng ! Old of A n imals 

Norway . . . . . . .  78.977 23. 1 7 1  35.280 28. 1 26 24 .285 1 89.839 
Russia . . . .. . . 50.364 1 6.670 6 1 .70 1 - 1 28 .735 
N ewfoundland . 1 39.76 1 1 9.498 8 .600 2.066 824 1 70.749 

Total . . . . . . . . . I 269. 1 02 I 59.339 I 1 05.58 1 I 30. 1 92 I 25. 1 09 I 489 323 

T a  b l e  1 6. 

Distribution of the Vitam in A from the Sea l Catch , 
Million I. U. Based on Table I V  (Estimated) .  

Phoca groenlandiea Cystophora cristata 
Coun try 

Baby Young ! Old Baby & Young ! Old 

Total 

Norway . . . . . . . 1 57.954 69.5 1 3  352 800 42. 1 89 388.566 1 .0 1 1 .022 
Russia . . . . . . . 1 00.728 50. 0 1 0  6 1 7 .0 1 0  - - 767.748 
Newfound land . 279.522 58.494 86.000 3.099 1 3. 1 84 440.299 

Total . . . . . . . . . I 538.204 I 1 78.0 1 7  !LOS5.8 1 O  I 45.288 I 40 1 .750 I 2 .2 1 9.069 

Summary. 

Vitamin A was assayed by the ant imony trich loride method in  
l ivers of  hood sea l  (Cystophora cristata) and Greenland sea l  (Phoca 
groenlandiea) during the breeding period March unt i l  late May, 1 94 1 .  

Throughout this period the concentration o f  vitam in A i n  the l ivers 
of  the male animals showed a h igher level than those of  the females 
in both  types of seal studied and higher in  o lder an imals .  

The l ivers of  the  males  had a h igher  concentration of  vitamin  A 
i n  March than i n  Apri l .  

The lower the yield of  oi l the higher the concentration of vitamin .  
No  correlation could be found between the amount  of subcutaneous 

fa t and vitamin  potency o f  the l iver. 
The viscera of severaI hundred animals  were examined during the 

breed ing season and found to be devoid of food .  
The maximum concentration of  vitamin  A observed in  the l iver of  

hood sea I was 24,000 I .  U .  per g, the  mean va lue being 3,000 I .  U .  per 
g. A s imi lar observation on  Greenland seal showed a max imum leve! 
of  1 5 ,000 I .  U. per g and a mean value of 3,400 I .  U. per g.  

/ 
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The oi l  con tent o f  very young animals  was high ( 1 0  % ) , the l ivers 
of  mature an imals remaining fairly constant  (3 ,0�4,0 Ofo) , 

From a representative sample of seal l ivers, o i l  was extracted by 
a rough method of semi-com mercial  sca le and found to have a potency 
of 25 1 ,000 I .  U. per g. 

Only very smal l  amounts of vitamin A were found in kidney, lung, 
retina ,  su bcutaneous fat and other t issue. 

Methods for extraction of the salted l iver have been investigated.  
Of the various methods tr i  ed the centrifugal method using a very 

h igh rotation gave the oil of best appearance . 
According to official  statistics, approximately ha l f  a m il l ion seals 

are caugh t annually � corresponding to an amount of  vitamin A of m ore 
than 2 bi l l ion I .  U . ,  assum ing that the condit ions found at  the N ew
foundland seal ing grounds are s imi lar to those of other sealing grounds. 
Of  the total  amount of vitamin  A avai lable from the sea l catch , 50 per 
cent would ,  under normal condit ions,  go to Norway.  

Referenees. 
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Il .  Sources of Vitamin C in Arctic Regions. 

Introduction. 

In  a previous paper ( I )  i t  has been shown that vitamin C ( I · ascorbic 
acid) is  well d istributed through the more com mon Arctic flora .  The 
fact that no  vitamin deficiency is  known among the East Greenland 
Eskimos,  who for a greater part o f  the year are l iving entirely on the 
organs of  Arctic animals ,  indicates that these animals contain sufficient 
vitamins to satisfy the normal requirements of these people. Stefansson , 
(2) who first d irected attention to this fact, cured three cases of  scurvy 
with fresh meat. In view of this, and as an extension of  the previous 
work, an investigation was carried out during the period from j uly 
1 939 to August 1 940 on an expedition to North East Greenland .  This 
paper conta ins the results of chemical determinat ions of  ascorbic acid 
in  organs of  the more common types of Arctic an imals and birds, as  
well as the more important European foodstuffs . consumed by the 
trappers i n  N.  E .  Greenland .  

Observations and Discussions. 

Technique : For determination of vitamin C in animal  organs a 
modification of the method of Til lman 's  (3) was used . 5- 1 0  grams o f  
the  organ were ground i n  a mortar, adding sand and 10  010 tr ichloracetic 
acid for extraction of  the ascorbic acid . The l iquid was fi ltered through 
a Buchner funnel  and the colourless solution t itrated against 2 ,6-
dichlorophenol-indophenol to a faint pink colour. I n  some cases the 
method of Emmerie and Van Eekelen was used (4) .  (After extraction 
with tr ichloracetic acid the l iquid was neutral ised with calcium carbonate, 
mercury acetate was added, and the extract was fil tered th rough a Buchner 
funne\ .  The solut ion was saturated with hyd rogen sulphide and a l lowed 
to stand over night. The hydrogen sulphide was removed by bubbl ing 
n itrogen through the l iquid and the colourless solut ion titrated against 
2,6-d ichlorophenol . indopheno\ . )  A series of  an alyses was carried out 
on each specimen . 

3 



• 
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The t rapping station and the laboratory at Revet, N orth East Greenland, 
lat. 74 ° 3D' N .  

The laboratory a t  Revet, North East Greenlan d .  
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N arwhaJ e at Myggbukta. (Photo : E .  Bird.) 

The techn ique mentioned above required a rather well-equipped 
laboratory, which had to be established in  the Arctic .  For this purpose 

· the trapper's hut at Revet, Clavering Is land,  East Greenland ,  l atitude 
74 o 30'N ,  was placed at  my disposal by the Norwegian Corporation 
AlS Arktisk N æringsdrift, Oslo.  The room was built  with double panel 
walls and covered with.tarred wall-paper. The outside waIls were protected 
by earth from the grourrd to the roof. Speci.al equipment  suitabie for 
the  Arctic condit ions had to be made,  such as hand centrifuges ,  hand  
pumps etc. The  ma in  d ifficulty was to  protect t he  chemicals and  soIutions 
from the extremely low temperature in  the m iddle of  the win ter (sometimes 
-50°C), when the room tempe

'
rature a t  t imes went down to-25°C 

during the night .  
The resuIts are tabulated as foIlows (tables 1 7, 36-38) . 

Arctic Mammals and Fish. 
From table 1 7  i t  is evident that of the organs examined ,  such 

in ternal organs as l iver, brain and k idneys of  the Arctic mammais, which 
constitute the main source of  food supply i n  the Arctic, m usk oxen and  
seals were rich in  vitamin C .  

I t  i s  in teresting to note  tha t  some o f  the organs  which are eaten 
by  the Eskimos but not by the European trappers, such as testicIes o f  
m usk ox a n d  fjord seal ,  h a d  a relatively high c o n  tent of  ascorbic acid .  
(TesticJes o f  niusk  ox 1 4�20 and testicJes of  fjord seal 9-30 mg 
ascorbic ac id  per  1 00 g) .

' 
I t  was  found tha t  the  ascorbic ac id  was 

unevenly d istributed throughout the organ ,  the central part of  the te
sticJes being richest in ascorbic acid .  
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T a b l e  1 7 . 

Distribution of Ascorbic Acid in Organs from Arctic A nimals. 

Animal 

Musk ox 
(Ovibos 
mosehatus) 

Ringed seal 
( Phoea 
h i sp ida) 

Organ 

Muse/es, fresh . . . . . . . . . . . . . . . . . . . . .  . 

stored 3 months, frozen . . . .  . 

"gassed" . . . . . . . . . . . . . . . . . .  . 

salted ( In brine  40 days) . . . .  . 
Cooked meat, roast leg . . . . . . . . . . . . . .  . 

boi led meat . . . . . . . • . . . .  

boi led meat eakes . . . . .  . 
Mi l k, fresh . . . . . . . . . . . . . . . . . . . . . . . . . 

H eart m u seie . . . . . . . . . . . . . . . . . . . . . .  . 

Diaphragm museie . . . . . . . . . . . . . . . . . • .  

Oesophagus . • . . . . . . . . . . . . . . . . . . . . . . .  

Tongue . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Bra in  t issue . • . . . . . . . . . . . . . . . . . . . . . . .  

Peripheral n erves from plexus brach ia l i s  
Liver, fresh . . . . . . . . . . . . . . . . . . . . . . . .  . 

- stored 1 2  days, frozen . . . . . . . . .  . 
- fried . . . . . . . . . . . . . . . . . . . . . . .  . 

Kidney, �esh . . . . . . . . . . . . . . . . . . . . . .  . 

Spleen . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Udder . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Testic les . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Epid idym is  . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Lymph gland . . . . . . . . . . . . . . . . . . . . . . .  . 
Thyroid gland. . . . . . . . . . . . . . . . . . . . . .  . 

Panereas . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Adrenals . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
B i le  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Lung t issue . . . . . . . . . . . . . . . . . . . . . . . .  . 

Eye, whole organ . . . . . . . . . . . . . . . . . . .  . 

Ventrieie wal l  . . . . . . . . . . . . . . . . . . . . . .  . 

Smal l  i ntest i ne  . . . . . . . . . . . . . . . . . . . . .  . 

Content of ventrieie . . . . . . . . . .  . 

Content of smal l  i ntesti ne . . . . . . . . . . .  . 

Suet • . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . .  . 
Subcutaneous fut . . . . . . . . . . . . . . . . . . .  . 
U terus wi th  foetus . . . . . . . . . . . . . . . . .  . 

A m n i otic flu id  . . . . . . . . . . . . . . . . . . . . .  . 

Fluid from foetal bladder . . . . . . . . . . . .  . 

Penis,  pars cavernosa . . . . . . . . . . . . . . .  . 

Liver . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Museles . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Large i ntest ine  . . . . . . . . . . . . . . . . . . . . .  . 

Smal l  i n testi ne  . . . . . . . . . . . . . . . . . . . . .  . 

Con tent of smal l  i ntest ine  . . • . . . . . . . . .  

Blubber . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Abdominal  blubber . . . . . . . . . . . . . . . . . .  . 

Axi l lary lymph gland . . . . . . . . .  , . . . . . . 

Kidney . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Test ic les, average . . . . . . . . . . . . . . . . . .  . 

central part . . . . . . . . . . . . . . .  . 
Testicles and  epid idymis . . . . . . . . . . . .  . 

Mg Ase. Aeid per 1 00 g 
Substance 

Max. Mi n .  Mean 

l .S 0.4 0.8 
0 3  0 .2  0 . 3  
0 . 0  0 . 0  0 . 0  

0 . 0  
1 . 2 0.4 0.8 
18 0.6 1 . 4 
0.0 0. 0 0.0 
3 .4 3 . 4  3.4 
1 .5 1 .4 l .S 

0. 4 
0.5 0.4 0 .5 
1 . 1  1 .0 1 .0 

1 3 .9 1 1 .6 1 2.8 
0.0 

1 5 8 5 .7 1 0.4 
8 . 2  

1 1 . 7  6 .9 9 .3 
8 .3  4 3  5 .9 

1 1 .4 3 . 1 6.0 
5. 1 5 .0 5 .8 

20.5 1 4 . 8  1 8. 2 
8 . 1 2 2  4 . 2 

29.2 1 6.3 20.7 
3.8 

6 . 1 4 .9 3.9 
39 .2 

1 3  0.6 1 0  
1 2. 1  5 .4 8. 1 

0.8 0.5 0 . 7 
2 . 3 2 . 1 2 .2 

7 . 4  
0.7 0. 2 0 4  
3.5 1 .3 2.4 
0 0  0 0  0.0 
0 0  0.0 0.0 
7 .0 7 .0 7 .0 

0 . 4  
0.0 
1 .3 

1 5.0 9 .7 1 \ .9 
0.9 0.5 0.7 

10 
6.4  0.8 3.3 
2 . 7  1 .8 2 1  
0 .0  0 .0  0 .0 
0.0 0.0 0.0 

1 5 .8 
2 .0 2.0 2.0 

9 . 4  
30.4 

7 . 6  



Ani mal  

Ringed seal 
(Ph .  h ispida) 
(con!.) 

Bearded sea l 
(Erignath us 
barbatus) 

Hood seal ' 
(Cystophora 
cristata) 

Greenland 
seal l 
(Phoca groen
landiea 
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Organ 

Epid idymis  . . . . . . . . . . . . . . . . . . . . . . . .  . 

U rinary bladder . . . . . . . . . . . . . . . . . . . . .  . 

Sk in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

B rai n substance . . . . . . . . . . . . . . . . . . . .  . 
Musele,  tru n k  . . . . . . . . . . . . . . . . . . . . . .  . 

Heart m useie . . . . . . . . . . . . . . . . . . . . . .  . 
Liver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
K idney . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Kidney,  glomerul i  . . . . . . . . . . . . . . . . . . .  . 

Lung t issue . . . . . . . . . . . . . . . . . . . . . . . .  . 

Blubber, subcutaneous . . . . . . . . . . . . . .  . 

Eye, crystal l ine  l ens  . . . . . . . . . . . . . . . .  . 

- vi treous body . . . . . . . . . . . . . . . . .  . 

pigmented ret ina . . . . . . . . . . . . . .  . 

Liver (of baby seal) . . . . . . . . . . . . . . . . .  . 
Liver (of adult  fe male with baby) . . . . .  . 
Liver (of unborn seal) . . . . . . . . . . . . . .  . 

Meat (muscles from neck) of baby sea I . . 
Meat (museles from neck) of adult females 
Milk from udder . . . . . . . . . . . . . . . . . . .  . 

Udder . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

I 
Brain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Heart . . . . .. . . . . . . . . . . ... . . . . . . . . . . . . 
Diaphragm . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Kidney . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Spleen . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Panereas . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Ventrieie . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Thymus . . . . . . . . . . . . . . . . . . .. . . . . . . . . ' 1  
Liver (of baby sea!) . . . . . . . . . . . . . . . . .  . 

Meat (muscles from neck) . . . . . . . . . . . . 
Heart . . . . . . . . . . . . . . . . . .  , . . . . . . . . . .  . 

Diaph ragm . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Brain : cerebrum . . . . . . . . . . . . . . . . . . . .  . 

cerebel lum . . . . . . . . . . . . . . . . . .  . 

Kid ney . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Spleen . . . . . . . . . . . . . . . . . . . . . . • . . . . . .  

Panereas . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Lung . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Testicles . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Epid idym i s  . . . . . . . . . . . . . . . . . . . . . . . .  . 

Eye : lens crysta l l ina  . . . . . . . . . . . . . . . .  . 

corpus vitreum . . . . . . . . . . . . . . . .  . 

reti na  . . . . . . . . . . . . . . . . . . . . . . . .  . 

Snow hare Museles,  neck . . . . . . . . . . . . . . . . . . . . .  . 
(Lepus varia- Liver . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

bi l i s  glacia l is) Kidney . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Shark 
(Somn iosus 
m icrocep. 
hal  us) 

Content of  stomaeh . . . . . . . . . . . . . . . . .  . 

Liver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Meat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Mg. Ase.  Acid per 1 00 g .  

Max.  

2 . 0  

1 6. 8  
0.6 

1 4.4 
4.0 

0.5 
0.0 

5. 1 

1 3.4  

3.2 
0.3 

Substance 

Min .  

1 .8 

4.3 
0.4 

1 4.1  
3 . 6  

0 . 5  
0 . 0  

4.4 

7.7 

2.5 
0.2 

Mean 

1 .9 
1 . 9  
1.0 

1 0. 6  
0.5 
0.9 

1 4 . 3  
3.8 
2.9 
0.5 
0.0 
2. 1 
3.5 
6.3 

2 1 .0 
7 . 5  
8 . 5  
0 . 9  
0.5 
5.0 
2.5 
9.0 
I . l  
1 .0 
9 .9 

1 2.9 
28.4 

3.0 
4 . 7  

26.6 
0.3 
0.7 
0.4 
8 .0  

1 2.0 
3 .9  
4 .6 
7.4 
1 . 1  

24.4 
7.2 
1 .8 
3.0 
7 .9 

1.3 
4.8 
2.9 

1 0. 6  

2.9 
0.3 

I Two spee imens  of hood seal and G reenland seal were d eterm ined in  the seali ng 

field east o f  Newfoundland i n  the spring of  1 94 1. 



A n i mal 

Narwhale 
(Monodon 
monoceros) 

Salmon 
(Saimo sa lar) 
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O rgans 

Epiderm is  - "Mattaq"  . . . . . . . . . . . . . .  . 
corneus layer . . . . . . . . . . . 

L iver . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Roe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Meat  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Meat  sa l ted ,  bo i led . . . . . . . . . . . . . . . . .  . 

Mg Asc.  Ac id  per  1 00 g 
Substance 

Max.  

34.0 

9 .2 

1 .4 
0 0  

M i n .  

29.5 

8.7 

1 .3 
0 0  

Mean 

3 1 .8 
1 4 .5 

8 .9 
25. 1 
1 .4 
0.0 

Spleen and Iymph glands from musk ox and seals which are eaten 
by the Eskimos , but careful ly avoided by the trappers who con sider 
them inedible, contained up to 29 mg Ola ascorbic acid . 

I t  was found that  fresh meat of musk ox , which forms the most 
i mportan t  source of food supply to the European trappers, contained 
approximately 1 mg  % ascorbic acid . When stored or salted, the  meat 
lost i ts v i tamin C content ,  whi le fresh meat of musk ox cooked i n  the 
usua l  trapper manner ,  m aintained i ts  vi tamin C content .  When fried 
as meat cakes the meat was found to contain no ascorbic ac id .  

Heart m useIe and the tongue of  musk ox and seals had approxim
ately the same ascorbic ac id  content as ord inary trunk muscle. 

The liver of musk ox and seals contained an average of approxim
ately 1 0-25 mg ascorbic ac id  per 1 00 g. I n  the case of sea Is ,  the  
baby seals had a higher vitamin  C content  than adult seaIs .  A sl ight 
deterioration of the v i tamin C content of  the l iver of musk ox to ok 
place when fried or stored frozen during a period of 1 2  days. 

Of  the other internal organs ,  the adrenals were rich i n  v i tamin C ,  
whi le on l y  small amounts were fou n d  i n  the rest of the internal organs. 

I n  the stomach  con ten t  of musk ox consisting of grass and buds 
of Arctic willows, on ly smal l  amounts of ascorbic acid  were detected 
(0,5 mg % ) . Stomach con tent of snow hare conta ined approximately 
1 0  mg Ojo ascorbic acid . 

" Mattaq " ,  - the epidermis of narwhale, wh ich has long been known 
as an  excellent  antiscorbuticum among Arct ic  people ,  contained approxim
ately 30 mg ascorbic ac id  per  1 00 g .  I t  is  frequently eaten by the 
Eskimos , who keep i t  stored in seawater. 

The li ver of Arctic shark (Som niosus microcephalus) contained small 
amounts of ascorbic acid and on ly traces could be found in  the meat, 
wh ich causes d iarrhæa when eaten raw by men or dogs. 

Of the organs of salmon , the roe was found  to be rich in  ascorbic 
acid (25 mg % ) . 

From ta ble 1 8  there is no evidence to suggest any definate seasonal 
variat ion i n  the ascorbic acid content of t issue examined .  
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T a  b l  e 1 8. 
Comparison of Ascorbic Acid Content of Organs of Arctic A nimals 

at Different Seasons of the Year. 

Animal 

Musk ox 
(Ovi bos 
moschatus) 

Ringed seal 
( Ph .  h isp ida) 

Organ 

M uscles, fresh . . . . . . . . . . . . . . . . . . . . . .  . 

Liver, fresh .  

K idney, fresh . . . . . . . . . . . . . . . . . . . . . . .  . 

Spleen, fresh. . . . . . . . . . . . . . . . . . . . . . . . 

Testicles,  fresh.  . . . . . . . . . . . . . . . . . . . .  . 

Lung, fresh . 

Content of ventric le  

Liver, fresh . 

M u seles, fresh . . . . . . . . . . . . . . . . . . . . . .  . 

I Date Ki l led  

I 
Mg Ascorbic Ac id  

for Analysi s  per 1 00 g. Mean 

28.  9 .39 
7 . 1 0.39 
3.  1 .40 

2 4 .  5.40 

2. 9.39 
28. 9.39 

5. 3 .40 
25.  4 .40 

l .  7.40 

7 . 1 0.39 
23. 1 0 . 39 

5. 3 . 4 0  

7 . 1 0.39 
26. 1 0.39 

5. 3 .40 
28. 6.40 

7 . 1 0. 39 
5. 3.40 

28. 9.39 
1 2. 5.40 
28. 6.40 

28.  9 .39 
25. 4 .40 
1 2. 5.40 

1 8. 9 . 39 
3 1 0 .39 

1 1 . 1 0.39 

1 8. 9 .39 
6. 1 0.39 

0 .5 
0.6 
0 .8  
1 . 5  

9.9 
1 3 4 

5 .7  
l OA 
1 0.4  

4 .7  
8 .3  
6.0 

7 .7  
1 1 .4  

4 . 0  
3 . 1 

20.0 
1 8.2  

7 . 2  
7 . 0  

1 2 . 1  

0 . 5  
0.3  
0 . 7  

1 1 .2  
1 1 .2 
1 5 . 0  

0.6 
0 .7  

Content o f  smal l  i ntesti ne  . . . . . . . . . .  1 8. 9.39 1 . 8  
. . . . . . . . . . . 3 . 1 0.39 2.7 

From table 1 9  it wil l  be observed that the average-sized m usk ox 
( includ ing  i n ternal organs) provides approx imately 1 500 mg ascorb ic  acid .  

Of this amount ,  the in ternal organs ,  which a re al l  eaten by the 
Eskimos ,  provide 500 mg. 

Based on  a dai ly requ irement  of 25 mg  wh ich is bel ieved sufficient 
under Arctic condit ions  (Høygaard , 1 939) , the i n ternal organs alone 
would provide one man's ascorbic acid requirement  for a per iod of 20 
days. Of  the  in tern al organs ,  the European trappers ingest only the 
l i ver, k idney,  heart ,  tongue and some bra in .  The total  amount  o f  as
corbic acid obtainable from these organs ,  334 mg, would ful fil the re
quirement  of one man for a period of  1 6  days. 
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Salmon caught at Stri ndberg, N orth East Greenland.  
(Photo: E .  Bird . )  

T a b l e  1 9. 

Ascorbic Acid Available from Meat and Organs 
of one Average- Size Musk OX. 

Thyroid . . . . . . . . . . . . .  . 
Liver . . . . . . . . . . . . . . .  . 
2 kid neys . . . . . . . . . . .  . 
2 adrenals . . . . . . . . . .  . 
Pancreas . . . . . . . . . . . . 
Spleen . . . . . . . . . . . . . .  . 
2 test ic les . . . . . . . . . .  . 
2 epid idymus . . . . . . . .  . 
Tongue . . . . . . . . . . . . .  . 
2 eyes . . . . . . . . . . . . .  . 
Bra in  . . . . . . . . . . . . . .  . 
H eart . . . . . . . . . . . . . .  . 
Other  organs (approx.) . 
Muscles (approx.) . • . . .  

Total . . . . . . . . . . . . . . . . 

Weight of Organ IAscorbic Acid Content I Total Amount 
i n  g per 1 00 g (mg % )  Ascorbic Acid i n  mg. 

24 
2 500 

458 
8 

85 
385 
1 80 

4 0  
485 

32 
250 

1 000 

1 00 000 

4 
1 0  
6 

4 0  
4 
6 

1 8  
4 
1 
1 

1 3  
2 

1 .0 
250.0 

27.5 
3 .2  
3.4 

23. 1 
23.4 

1 .6 
4 . 9  
0.3 

32.5 
20.0 

1 00.0 
1 000.0 

1 499.9 
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Cotton grass at Revet. (Photo : Antonsen .)  

T a b l e  2 0. 

Comparison of Fully Grown and Young Musk Oxen 
in Relation to Their Ascorbic A cid Content. 

Organ 

Bra in  . . . . . . . .  . 

Adrenals . . . . . .  . 
Spleen . . . . . .  . 

Kid ney . . . . . . . . 
Liver . . . . . .. . . . 
Tru n k  muscle . .  

Mg Ascorbic Acid . per 1 00 g 

Young Musk Ox Calf 
(8 - 14 Days Old) 

1 2.8 
25. 1 

2.2 
1 .4  
1 .4 
0.4 

Fully Developed 
Musk Ox. 

1 2.8 
39.2 

6.0 
5 .9  

1 0. 4  
0 .8 

The figures for young musk ox refer only to one an imal  but are 
apparently lower, with the exception of  brain ,  than the figures for fully 
grown animals .  



- 42 -

Arctic Birds. 

T a b l e  2 1 . 

Distribution of A scorbic Acid in Organs of Arctic Birds. 

Species  of B i rd 

Rock ptarm igan 
( Lagopus rupestr is )  

Paras i t i c  jaeger 
(Stercorari us paras i t i cus) 

Glaucous·gu l l  
(Larus hyperboreus) 

Old sq uaw 
(Clangula hyemal i s) 

Loon 
(Gavia i m mer) 

E i der-duek 
(Somater ia  mo l l i ss ima) 

I 

Organs  

Breast muse Ie  . . . . . . . . . . . . . .  . 

Liver  . . . . . . . . . . . . . . . . . . . . . . .  . 

H eart . . . . . . . . . . . . . . . . . . . . . . .  . 
S mal l  i n testi ne  . . . . . . . . . . . . . .  . 

Bra i n  . . . . . . . . . . . . . . . . . . . . . .  . 
L iver . . . . . . . . . . . . . . . . . . . . . .  . 

Eye (who le  organ) . . . . . . . . . . .  . 

H eart musc le  . . . . . . . . . . . . . . .  . 
Breast musc le  . . . . . . . . . . . . . . .  . 
Smal l  i n test i ne  . . . . . . . . . . . . . . . 

Brai n 
Liver . . . . . . . . . . . . . . . . . . . . . . .  . 

Eve (whole 
H

'
eart 

organ ) . . . . . . . . . . . . 

Breast 
Sma l l  

Bra i n  

m u s e  l e  . . . . . . . . . . . . . . . . 
m uscle . . . . . . . . . . . . . . . 

i ntesti ne  . . . . . . . . . , . . . . . 

o · . · · · · . · . · · ·  . .  · . ·  . . . . .  

Liver  . . . . . . . . . . . . . . . . . . . . . . . .  

Eye (whole organ) o • • • • • • • • • • • 

Breast m uscles . . . . . . . . . . . . . . .  
H eart m uscles . . . . . . . . . . . . . . . 

Smal l  i n test ine . . . . . . . . . . . . . . . 

C rop. . . . . . . . . . . . . . . . . . . . . . . .  

Bra i n  . . . . . . . . . . . . . . . . . . . . . . . 
Liver . . . . . . . . . . . . . . . . . . . . . . . .  
Eye (whole  organ) . . . . . . . . . . . .  

H eart m uscle . . . . . . . . . . . . . . . . 
Smal l  i n test ine . . . . . . . . . . . . . . .  

Liver  . . . . . . . . . . . . . . . . . . . . . . .  

L iver, cooked . . . . . . . . . . . . . . . . 

H eart muscles,  fresh . . . . . . . . . 

H eart m usc les ,  cooked  . . . . . . . . 
Breast m uscles ,  fresh . . . . . . . . . 

S u b cutaneous fat . . . . . . . . . . . . . 
Sma l l  
Crop 

i n test i n e  . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . 

Eggs, new l a l d  . . . . . . . . . . . . . . .  . 
Eggs , bo i led ,  wh i te  . . . . . . . . . .  . 
Eggs, boi l e d ,  yo lk . . . . . . . . . . .  . 

Mg Ascorb ic  Acid 
per 1 00 g 

0.9 
2 1 .8 

1 .9 
1 5 . 2  

1 9 . 1  
1 2 .8 

2 . 1 
1 .4 

• 1 .0 
1 1 .5 

1 9. 4  
1 6 .5 

2.7  
0.9 
0 .5 
8 . 1 

8.2 
1 2 .3 

3. 1 
1 . 2 
1 .7 

1 7 .4 
1 .9 

29.3 
1 9 . 2 

2. 1 
1 . 1  
8.0 

30.0 
8 .7 
2 .3 
2 . 4  
1 .3 
0.0 

24 . 8  
2.6 
7 .0 
1 .6 
0 9  
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Snow hare. 

Rock ptarmigan in North East Green land .  
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T a b l e  2 2. 

Comparisan of Content of A scorbic Acid in Organs 
from Arctic Birds - Mg % .  

t: .... 
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Bra in  . . . . . . . . . . . . . .  I 1 9 . 1  1 9 .4  I 8 .2 29.3 
Live r . . . . . . . . . . . . . . .  2 1. 8  1 2.8 1 6. 5  1 2.3  1 9 .2 
Eye (who l e  organ) . . .  - 2 . 1 2.7 3 . 1 2. 1 
H eart museIe . . . . . . . 1 .9 1 .4  0.9 1 . 1  I . l  
Breast museIe  . . . . . . . 1 . 0  0 .5 1 .2 
Smal l  i n testi ne  . . . . . . I 1 5 .2 1 1 . 5  I 8. 1 1 7 .4 I 8.0 
C rop . . . . . . . . . . . . . . .  - 1 .9 

T a  b l e  2 3 . 

I 

Total Mg Ascorbic A cid Obtainable from A rctic Birds. 

Brain . . . . . . . . . . . . .  
Liver . . . . . . . . . . . . .  
Eyes . . . . . . . . . . . . .  
H eart . . . . . . . . . . . . 
Breast museIe . . . . .  
In testi n e  . . . . . . . . . . 
Crop . . . . . . . . . . . .  . 

Total . . . . . . . . . . . . . 

M g  ascorb ic  ac id  
per  g body-we ight 

I Paras i t ic  J aeger  I 
I 

0.50 
0.75 
0.08 
0.04 
0 .30 
3 .60 

5.28 

0.0 1 

Glaucous-gul l  Old-squaw 

0.76 0.40 
8.50 1 .86 
0 .29 0. 1 2  
0. 1 0 0. 1 0  
1 .69 2.00 

6.80 
0. 1 6  

1 1 .30 1 1 .44 

0.0 1 

� CI3 --;S U ._ E 
.g � ·Cil 

, Ol Ul � E ::: 
.- ° ° 
Lll � E  

-
30.0 

2.3 
1 .3 

24 .8 
2.6 

The resuIts of ascorbic acid determinat ions carried out on organs 
of Arctic b i rds  are g iven i n  Tables 2 1 ,  22 and 23 .  I t  wi l l  be observed 
that considerable a mounts of  ascorbic acid were detected in the l i ver, 
bra in  and in testines o f  the b irds exam ined .  Sma l l  a mounts were found 
in  other  organs .  

These find ings with regard to the d istribution of ascorbic acid i n  
Arctic fauna and flora ( I )  are i n  agreement  w i th  the  facts stated by 
Høygaard (5) that the East Greenland Esk imos secu re 50 % of their  
v i tam in C requirements from mar ine a lgae ,  the other 50 % being obtained 
from organs o f  mammais ,  birds and � fish .  

The  Arctic birds form an i m portant  food supply in  the spr ing ,  a t  
which t ime  scurvy used t o  be  m ost com m on among European trappers 
i n  the Arctic. 
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Bear cubs at Myggbukta. (Photo : E .  Bird .) 

The above stated figures for the vitamin  C content  in Arctic animals 
together with the resuIts of  determination of vi tamin  C in  the m ore 
important  Arctic plants ( I )  indicate that  when the natural sources of 
this vitamin are properly uti l ised there should be no  reason to suffer 
from scurvy i n  Arctic regions ,  even without supplies o f  fruits or other 
sources of ascorbic ac id from more temperate zones. 

In this connection i t  i s  of  interest to com pare the vitamin  C content 
in  natural foodstuffs with the European foodstuffs brought up to Green
land by the trappers. 

European Foodstujfs. The resuIts of  determ inat ion of ascorbic 
acid in  the laboratory at  Revet by the same method,  in the more im
portant  European foodstuffs consumed by the Norwegian  trappers i n  
N .  E .  Greenland ,  are given in  table 24. 

From th is  table i t  wi l l  be observed that a numl?er o f  the im ported 
foodstuffs used by the European trappers in Green land were seriously 
lacking i n  vitamin  C content ,  such as frozen potatoes, pickles, dehydrated 
traveIl ing provisions (pork and peas, pork and beans ,  and apple j am) ,  
m ixed frui t  salad, d ried patent food ( " Reserveproviant " )  and salted or  
dried meat  and fish . 

Other European foodstuffs consumed by the same trappers, such as po
tatoes and dried vegetables had appreciable amounts ofantiscorbutic v i tamin .  

Concen trated commercial l emon ju ice, which is considered by the 
trappers as a legal antiscorbutic medicine on winter exped itions ,  and 
i s  usually taken as such , had no vitamin  C content when examined after 
a few months storage in  Arctic condit ions. 
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T a  b l e  24. 

Ascorbic A cid Content of More Important European Foodstujfs 
Consumed by Norwegian Trappers in North East Greenland, 

as Determined by Tillman's Method. 

Potatoes, frozen . . . . . . . . . 
bo i led  . . . . . 

dr ied • . . .  ' "  . . . .  . 
- boi led . . . . . . 

Onion ,  frozen . ,  . . . . . . . .  . 

Dried vegetab les (j u l i enne) 
- cabbage . . . . . . . . .  . 

P ickles, on ion . . . . . . . . . .  . 

gherkins . . . . . . . .  . 

Pickled cabbage " . . . . . . . 

Dried spinach . . . . . . . . . .  . 

Fish cakes . . . . . . . . . . . . .  . 
Meat cakes, boi led  (musk 

ox meat) . . . . . . . . . . . . .  . 

Dried trave l l ing prov is ion  
pork and peas  . . . .  . 

-- pork and beans . . .  . 

- apple jam . . . • . . . . .  

-- pancakes . . . . . . . .  . 
Mixed fru i t  salad . . . . . . .  . 

Mg 0/0 
Vitamin C 

(ascorbie acid)  

0 .7 
2.6 
4 . 9  
1 .8 
4 . 5 
2.9 

42. 1 
0.0 
0.0 
0.0 

1 6.8 
0.0 

0.0 

0.7 
0.5 
0.6 
0 0  
1 .8 

Tinned pears . . . • . . . . . . . . 
- pear j u ice  . . . . . . . .  . 

Condensed m i l k, fu l l  cream, 
unsweetened . . . . . . . . .  . 

Lemon (frozen  for 3  mon ths) 
"C i tron al"  (ant iscorbut ic  

med ic i ne) . . . . . . . . . . . .  . 

Bu tter . . . . . . . . . . . . . . . . .  . 

Margarine . . . . . . . . . . . . . .  . 

Cheese . . . . . . . . . . . . . . . .  . 

Dried patent  foods  . . . . . .  . 

Biscu i ts . . . . . . . . . . . . . . .  . 

�al ted m eat . . . . . . . . . . . . . 

Smoked pork (bacon and 
ham)  . . . . . . . . . . . . . . . .  . 

Salted pork . . . . . . . . . . . .  . 

Salted sa lmon . . . . . . . . . .  . 

Salted herring . . . . . . . . . .  . 

Dried cod . . . . . . . . . . . . . .  . 

Salted cod. . . • . . . . . . . . . .  

Summary. 

Mg 0, 0 
Vitamin C 

(ascorbie acid)  

1 .0 
2.3 

3 .8 
1 4 .0 

0.0 
0.0 
0.0 
0.0 
0 .5 
0 .0 
0.0 
0.0 

0 0  
0 0  
0.0 
0 0  
0.0 

Employing a modification of the method used by Tillman ,  the 
vitamin C (l -ascorbic acid ) con tent was assayed in organs from musk 
ox,  various types of  seaIs ,  snow hare ,  Arctic shark, narwhale ,  salmon ,  
and a variety o f  Arctic birds ,  i n  a laboratory a t  Revet, Clavering I sland ,  
N .  E .  Greenland throughout the  who le  year. I n  animals of  mos t  im
portance from the view point of food supply, a l l  available organs have 
been exa min ed under d ifferent conditions, such as before and after 
cooking, frying, freezing etc. 

It i s  shown that some of  the in ternal organs of  these animals  are 
rich in  vi tamin C and when ful ly util ized they would form an important  
source of  vitamin C supply to the European trappers in Greenland .  

A number of  the European foodstuffs consumed by the Norwegian 
trappers i n  Greenland were found to be seriously l acking in  vitamin C 
content, whi le other foodstuffs,  such as potatoes and dried vegetables 
had appreciable amounts of  antiscorbutic vitamin when stored under 
Arctic condit ions. 
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Ill .  A Dietary Survey Among Norwegian Trappers 
in  North East Greenland.  

Introduetion. 

Problems of  Arctic diet have confronted us for many years, but 
l i ttle attention has been focussed on this all important  subject. Lack of 
proper knowledge regarding the presence of  vi tamins in the flora and 
fauna of  the Arctic regions has prevented the European trappers from 
ful ly uti l iz ing the natural resources. Consequently, even up to recent 
years, many cases of  vitamin deficiency d iseases, more nota bly scurvy 
and beriberi ,  have been recorded among the Europeans trappers in 
Greenland .  

During the  dark period of  t he  year,  November to  February,  the 
trappers general ly show a lack of  in it iative, and complain o f  feel ing lazy 
and show symptoms  of  debi l ity. I t  is  suggested that th is may be due 
to a mild form of  avitaminosis C.  

I n  a prel iminary work by H øygaard and Rasmussen ( l) who ex
amined the crew of a Norwegian hunting vessel ,  who had spent  the 
previous winter in  North East Greenland ,  i t  was found that the whole 
crew of  1 2  men suffered from avitaminosis A ,  and  10 of the men from 
hypovitaminosis C. The captain suffered from man i fest beriberi . The 
im portance o f  a sufficient supply of  vitamin A was emphasized , i n  view 
of  the fact that the abil i ty of  a hunter  depends upon the power of  n ight 
d istinction of  h is  eye. In a later work by Høygaard , Holm and Rodahl  
(2)  it was shown that hemeralopia occurred very frequently among 
navigators from our merchant  marine .  

With a v iew to ascerta in ing to what extent vitamin  deficiency might 
apply to the health of  the Arctic hunters, a comprehensive study of  the 
diet  dur . ng four  periods of  the year was made by the author during 
a scient ific expedit ion to North East Greenland ( 1 939-40) , the chief 
purpose of which was to study the  sources of  vi tamins in  the Arctic. 
The su rvey was made among a group of  Norwegian trappers during 
the year 1 939-40. The expedition arrived at Clavering Island, North 
East Greenland lat .  74 o 30 ' N at  the end of  july ,  1 939, where a chemical 
laboratory was establ ished . Thirteen Norwegian trappers spent the 
fol lowing win ter at the coast from Kong Oscars Fjord to Peters Bay, 
divided into 6 groups. 
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The food supply in  each group was very s imi lar ,  and was secured 
by A/S Arktisk Næringsdrift, Oslo. A prel iminary investigation showed 
that the food consu mption i n  the d ifferent gro ups was fa irly equal ,  and 
this fact was verified by checking the total food consumption during 
the whole year at the d ifferent gro ups. A representative group of 
three trappers (including the author) stationed at our base was there
fore investigated during the four seasons  of the year (sum mer,  autumn ,  
winter and  spring). None of t he  individuals investigated suffered from 
any i l lness. 

Observations and Calculations. 

Method of Collecting and Calculating Data . During the surveys 
the author was l iving with the individuals examined . The food served 
a t  each meal was weighed before and after the meal and the ind ividual 
food intake recorded.  Corrections were made for edible and in edible 
wastage. In each period the food consumption was usual ly .recorded 
during two weeks. The data of  food consumption were calculated in 
terms of  the recognized nutritive elements - prote in ,  fat ,  carbohydrate, 
calcium ,  phosphorus,  iron , the v i tamins and energy value. The figures 
for the con tent of  prote in ,  fat, carbohydrate, calcium ,  phosphorus,  iron 
and .energy value of  the consumed foodstuffs were taken from "Tables 
o f  Food V alue ,  Canadian Council o f  N utriti on" . The figures for the 
vitamin C con tent of  foodstuffs consumed by the European trappers 
were obtained by own determ inations by a modification of  Ti l lman's 
method i n  the laboratory at Revet, North East Greenland .  

Results . The results of  these studies are given in  the fol lowing tables .  

T a  b l e  2 5. 

Nutritive Value of the European Foodstujfs Consumed. 

per 

Foodstuff 
Calories I Prote i n s  Fat 

Bread, wheat, average . . . . . . . I 265 9.3 
I 

1 .2 
B read , whole wheat 1 00 Dio . •  269 9.2 1 . 7 
Biscuits . . . . . . . . . . . . . . . . . . . 300 7 . 4  1 0.0 
Rice,  bo i led  . . . . . . . . . . . . . . . .  96 1 .8 O. l 
Oatmea l . . . . . . . . . . . . . . . . . . .  4 1 0  1 6. 1  7 .2 
Wheat, cream o f  . . . . . . . . . . .  368 1 1 .8 2.4 

Butter . . . . . . . . . . . . . . . . . . . . .  795 \ .0 85 .0 
M argari ne . . . . . . . . . . . . . . . . . .  -

M i l k ,  condensed,  unsweetened 1 45 6 . 9 8.2 
l. » sweetened . .  340 7 .9  9.0 
» d ried . . . . . . . . . . . . . . . .  372 37.7 1 .4 I 

Chocolate, swee t . . . . . . . . . . . . 568 8.0 35.0 I Cheese, goats . . . . . . . . . . . . . .  443 27 .6  34 .9 
» cream . . . . . . . . . . . . .  393 2.2 4 0 .0 

1 00 grams 

carbo- I I I hyd rates 
gms. Ca gms.  P mg. Fe 

52.7 0 .03 0 . 1 0  0.80 
52 .6 0.04 0. 1 6  1 .70 
4 1 .0 0.07 0.09 0 . 65 
2 1 .3 - - -

67. 5  007 0.39 4 .80 
72.5 0 .02 0. 1 1  

- om 0.02 0.20 
- - -

9 .9  0.32 0.24 0.70 
54 . 6 0 . 30 0.24 0 .60 
49.9 I 0 . 32 0.24 0 .70 
5 I . l  I 0.04 0 07 0 .36 

1 .3 \ .09 0.8 1 1 .20 
3.0 0.5 1 0 .4 0 1 .30 

4 



Foodstu ff 

Eggs, boi led . . . . . . . . . . . . . . .  
» dehydrated . . . . . . . . . . .  

Meat . . . . . . . . . . . . . . . . . . . . . .  
» salted,  smoked (beef) . . .  

Tongue,  fresh, p ick led . . . . . .  
Meat ,  sausage . . . . . . . . . . . . . .  
Tenderloi n . . . . . . . . . . . . . . . . .  
Ham,  smoked ,  bo i l ed . . . . . . .  
Duck ,  breast muscle  . . . . . . . .  
Sue t  . . . . . . . . . . . . . . . . . . . . . . 
L iver, grou nd ,  bo i led  . . . . . . . .  

A nchovy . . . . . . . . . . . . . . . . . . .  
Cod fish,  sal t  ed . . . . . . . . . . . .  

» » cakes . . . . . . . . . . . .  
» roes . . . . . . . . . . . . . . . . .  

Salmon,  salted . . . . . . . . . . . . . 
Sal mon,  smoked,  . . . . . . . . . . .  
Sard i n es ,  can ned . . . . . . . . . . . 
H erring, k i ppered . . . . . . . . . .  

Potatoes . . . . . . . . . . . . . . . . . . .  
» boi led . . . . . . . . . . . . .  

Peas, gree n  . . . . . . . . . . . . . . . .  
» dr ied ,  bo i led  . . . . . . . . . . 

Cabbage (dri ed  vegetables) . . .  
Beans . . . . . . . . . . . . . . . . . . . . .  
On ions,  fresh . . . . . . . . . . . . . .  
M acaron i  . . . . . . . . . . . . . . . . . . 

Cranberries  . . . . . . . . . . . . . . . .  
App le  sauce . . . . . . . . . . . . . . .  
Lemons . . . . . . . . . . . . . . . . . . .  
Marmalade . . . . . . . . . . . . . . . . .  
Rais i n s  . . . . . . . . . . . . . . . . . . . .  
Frui t salad,  m i xed . . . . . . . . . .  
Pears . . . . . . . . . . . . . . . . . . . . . 
L ime  ju i ce  . . . . . . . . . . . . . . . .  I 
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Calori es  I Prote i n s  I 
1 35 1 1 . 9  
570 40.0 

448 1 3. 3  
1 72 26 .4 
227 1 1 .9 
342 1 0.9  
1 98 1 8.9 
29 1 20 . 2  
252 1 8.3 
780 4.7 
1 74 26.7 

1 03 1 5 .3 
1 07 25.4 
2 1 3  7 .3 

- -

1 50 1 9 .5 
209 22.0 
278 23.0 
276 1 9 .8 

69 1 .8 
97 2.5 
57 3 . 6  
52 5. 0 
32 1.6 
57 3 . 2  
50 1.6 

367 1 3.4  

4 8  0 . 4  
1 02 0.3 
32 0 .7 

320 0. 4 
353 2 .6  
1 35 1.3 
52 0.5 
34 0.5 I 

per 1 00 gram 

Fat I carbo- I I hydrates 
gms.  Ca gms .  pl mg. Fe  

I 
9.3 0.06 0. 22 3. 1 3  

43 .7  -

42.3 0.0 1 0.20 3.00 
6 .9 - 0.02 0.32 6 .20 

1 9.2  - 0.03 0.23 6.90 
29.3 5 .9  0 .05 0. 1 2  

I 
1 . 98 

1 3 . 0  - -
22.4 - 0.0 1 0.22 1 . 70 
1 9 .0 - -

8 1 .8 - -

6.0 2 . 1  0.0 1 0.37 8.20 

3.6 1 . 7 -

0.3 - 0.03 0 .29 0.52 
1 5.0 1 0. 7 0 .0 1  0. 1 9  0 .40 

0.02 0.50 1 .60 
7 .5 - 0.02 0.25 1 . 20 

1 2 .8 - 0.0 1 0. 25 0 .90 
1 9 .7 0.04 0. 37 1 .80 
20.9 0.32 0.35 1 2. 50 

0. 1 1 4 . 7 0.0 1 0.05 1 .20 
0. 1 20 .9 -

0.2 9 .8 0.02 0. 1 3 2 .07 
- 7 . 7  0.0 1 0 08 1 .22 

0.3 5 .6 0.05 0 .03 045 
0 .3  9 .9 0.03 0. 1 3 2.40 
0.3 9.9 0.04 0.05 0.48 
0.9 74. 1 0.02 0. 1 4  1 .20 

0 .6 1 0.0 0.0 1 0.0 1 0 .44 
0.3 24 .0  0.0 1 - 0.34 
0.5 5.9 0.02 0.0 1 0 .60 
0.8 76.0 0.05 O.Q J 0.56 
3.3 76. 1 0 .06 0 . 1 3  2.99 
0.3 30.9 0.07 0 . 1 2 7.60 
0. 1 1 2. 0  0.0 1 0 .0 1 0. 1 5  

- I 7 . 1 I -

The above figures are taken from " Tables of Food Value ,  Canadian 
Counci l  of  N utrit ion " .  The i ngestion of prote ins ,  fat ,  carbohydrates and 
m inerals of  th e trappers was calculated on the bas is  of  figures set  out 
i n  the above table .  
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T a  b l  e 2 6. 

Ingestion of Proteins, Fat, Carbohydrates, and Minerals 
per Man per Day in the Period 3/ 1 0/39-18/ 1 0 /39 . 

Food stuffs 

Bread , wheat, average . . . . . .  . 

Bread, whole wheat, 1 00 °. 0 . . 
Biscu i ts . . . . . . . . . . . . . . . . . .  . 

Rice . . . . . . . . . . . . . . . . . . . . .  . 

Oatmeal . . . . . . . . . . . . . . . . . .  . 
G roats . . . . . . . . . . . . . . . . . . .  " 
Wheat, cream of . . . . . . . . . .  . 

Sugar . . . . . . . . . . .  " "  . .  , . .  . 
Coffee . , . , . . . . . . . . , , , . . , , . . 

Tea , . . . .  " . . . . . . " . " . .  , . , 
Pancakes . , . ,  . . " . . . , . . , . . . 
Butter . . . . . .  , . , . . . . . . . , , . , , 
Margari n e  . ,  . . . . , . . . .  ' . . . , . 
M i lk ,  con densed,  u n sweetened 

" " sweetened . , 
Chocolate , . . . . . , , " . .  , . , . • . 

Cheese,  goats ( I ) , . . , , . , . , . . 
» " (2) • , , . •  , . . , . .  
» }) cream . . . . · 0  • • •  

Eggs, boi l ed , . ,  . . . . . . . . . . .  . 
Musk ox m eat . .  " . , . , . .  , . . 

Meat cakes (musk ox) . . . . . .  . 

" can ned ' . .  , . . " . . . .  ' . . 

Ham, smoked . .  " " " . , . . . . 
;) salted . . . . . . . . . . . . . . .  . 

Sard i nes  . .  , , . . . . . . . . . , . , . .  . 

Salmon ,  sal ted . . . . .  , . . . . . .  . 
Cod fish cakes . , , . , . . . , , . .  . 
Potatoes . , , . . . . . , . . , . , . . . .  . 

Peas, gree n  , , . . . , . , . . . . . . . 
)} dr ied ,  boi led o • • • • • • • • 

Beans, brown . . . . .  , . . . , . .  , , 
On ions  . ,  . . . . . . . . . . . . . " " .  
Macaron i  . . . . . .  , . , . . . . . " , . 

Apple jam " . . . . .  , . . . . . . . , . 

Cran berri t s  . ,  . . . . . " . . , . "  
Lemon . , . ,  . . . . . . . . . . " " ,  . 
Rai s i n s , . .  , . . . , . . , . " , . . . , , 
Fruit  salad " . . •  , . . . . . .  " . .  
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0.05 
0.03 
0.0 1 

0.0 1 

0.0 1 
0,00 
0 . 29 
0.03 
0.00 
0 .45 
0,0 1 
0.02 
0.02 
0.0 1 
0.00 
0.0 1 
0.02 
0.00 
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0.00 
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0 . 02 
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0 . 00 
0.00 
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0.0 1 

<fl 
E 
OJJ 

0, 1 8  
0 . 1 6 
0.0 1 

0.04 

0.00 

0 .0 1 
0 .00 
0.22 
0 .02 
0.01 
0.34 
0.0 1 
0.0 1 
0.07 
0. 1 8  
0.05 
0.04 
0.04 
0 . 02 
0.01 
0.09 
0. 1 3  
0. 1 0  
0 .00 
0. 0 1  
0.01 
0.00 
0.02 

0.00 
0 .00 
0.00 
0.0 1 

1 .48 
1 .67 
0.Q7 

0.55 

0.0 1 

0. 1 4  
0.03 
0.64 
0.05 
0.02 
0.50 
0.02 
0.04 
1 .00 
2 .7 1 
0.76 
0.59 
0.29 
0. 1 5 
0.03 
0.3 1 
0.27 
2.48 
0.05 
0. 1 4 
0. 1 6  
0.02 
0 . 1 4  
0.00 
0.06 
0.04 
0.03 
0.78 

1 1 1 9 1  1 3 1 59 1 97 1 1 89 1 249 1 1 .00 1 1 . 79 1 1 5 .23 
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T a b l e  2 7 . 

lngestion of Proteins, Fat, Carbohydrates, and Minerals 
Per Man Per Day in the Period 31 / 12139-1 7/ 1 140. 

Foodstulfs 

Bread, wheat,  average . . . . . .  . 
Bread, whole wheat, 1 00 O/o • •  

Rice . . . . . . . . . . . . . . . . . . . . .  . 
Oatmeal . . . . . . . . . . . . . . . . . . . 
Wheat, cream of . ,  . . . . . . . . . 
Colfee . . . . . . . . . . . . . . . . . . . .  . 
Tea . . . . . . . . . . . . . . . . . . . . . .  . 
Butter . . . . . . . . . . . . . . . . . . . .  . 
Margar ine . . . . . . . . . . . . . . . .  . 
Mi lk, condensed, unsweetened 

» > sweetened . .  
Chocolate . . . . . . . . . . . . . . . . .  . 
Cheese,  goats . . . . . . . . . . . . .  . 
Meat, musk  ox . . . . . . . . . . . .  . 
Meat, sausage . . . . . . . . .  , . . . . 
Tongue, pickled . . . . . . . . . . .  . 
M eat cakes,  canned . . . . . . . .  . 
Ham,  sm ok ed . . . .  , . . . . . . . .  . 
Ham,  saIted . . . . . . . . . . . . . . .  . 
Sard ines  . . . . . . . . . . . . . . . . . .  . 
Cod fish roe . .  . . . . . . . . . . . . . 
Sal mon,  salted . . . . . . . . . . . .  . 
Cod fish cakes . . . . . . . . . . . .  . 

» ), dr ied . . . . . . . . . . . .  . 
Potatoes . . . . . . . . . . . . . . . . . .  . 

» dried . . . . . . . . . . . . .  . 
Peas, dried . . . . . . . . . . . . . . .  . 
Bean s . . . . . . . . . . . . . . . . . . . .  . 
Onions  . . . . . . . . . . . . . . . . . . .  . 
Macaron i  . . . . . . . . . . . . . . . . .  . 
Apple jam . . .  , . . . . . . . . . . . . . 
Cranberries . . . . . . . . . . . . . . .  . 
Fru i t  salad . . . . . . . . . . . . . . . .  . 
Lemons . . . . . . . . . . . . . . . . . .  . 
Marmalade . . . . . . . . . . . . . . . .  . 
Peas, can ned . . . . . . . . . . . .  " . 
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0.09 
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0.36 
0.02 
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2.14 
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0.0 1 
0.06 

1 85 1 
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2093 1 64 1 1 44 1 1 57 1 0.48 
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1 .20 1 1 2 .63 
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T a  b l e  2 8 . 

Ingestion of Proteins, Fat, Carbohydrates, and Minerals 
per Man per Day in the Period 28/4/40- 1 7/5/40. 

Foodstuffs 

Bread, wh ite . . . . . . . . . . . . .  " II Bread, whole  wheat, 1 00 0/0 . .  
Wheat, cream of . . . . . . . . . . .  . 
Coffee . . . . . . . . . . . . . . . . . . . .  . 
Tea . . . . . . . . . . . . . . . . . . . . . .  . 
Butter . . . . . . . . . . . . . . . . . . . .  . 
Margar ine . . . . .  : . . . . . . . . . . .  . 
M i lk ,  condensed,  unsweetened 
Cheese,  goats . . . . . . . . . . . . .  . 
Chocolate ' "  . . . . . . . . . . . . . . . 
Meat, musk ox . . . . . . . . . . . .  . 
M eat, various k inds  . . . . . . . .  . 
Meat cakes (musk ox) . . . . . .  . 
Ham salted, bo i led  . . . . . . . .  . 
Ham,  smoked . . . . . . . . . . . . .  . 
Tongue, musk ox . . . . . . . . . .  . 
L iver, ground,  boi led . . . . . .  . 
Sal mon , saI ted . . . . . . . . . . . .  . 
Potatoes . . . . . . . . . . . . . . . . . .  . 

» dried . . . . . . . . . . . . .  . 
Vegetables, dried . . . . . . . . . .  . 
On ion s  . . . . . . . . . . . . . . . . . . .  . 
Macaron i  . . . . . . . . . . . . . . . . .  . 
Cranberri es . . . . . . . . . . . . . . .  . 
Fru i t salad . . . . . . . . . . . . . . . .  . 
Marmalade . . . . . . . . . . . . . . . .  . 

>. 
.... '" 

. <1J "O 
c: 0. .... o <1J U "O o-. <1J  
rn E c: E ", '" 
Ol) Ul E 

34 
1 27 
60 
20 

l 
54 
30 
94 34 
7 
7 

228 
22 
1 0  
26 

7 
5 
4 

1 2 1  
8 1  
26 
29 
35 
1 2  
29 
20 

rn 
<1J 
.... 
o 
t; 
U 

90 
342 
2 1 9  

427 
237 1 37 1 49 

4 2  
3 3  

1 02 1  
75 
30 
77 1 5 
9 
7 83 

56 
8 

1 5  
1 30 

6 
40 
64 

1 
O 
7 
9 
1 
l 

30 
2 
2 
5 
l 
l 
1 
2 
l 
O 
O 
5 
O 
O 
O I 

O I 
2 1 

46 
25 
8 

1 2  
3 
3 

96 
6 
2 
6 
l 
O 
O 
O 
1 
O 
O 
O 
O 
O 
O 

Ul <1J 
0 -.o �  .... "0 "' >U ..c:  

'" 
u 
Ul 
E 
Ol) 

ai 
E Ol) 

1 8  
67 43 

0.0 1 I 0.03 1 
0.05 0.20 

- 0.0 1 

9 
O 
4 

O 

0 .0 1  
o m  0.30 
0.37 
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26 0 .0 1 
l 1 0.00 
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0.0 1  
0.0 1 
0.23 
0.27 
0.0 1 
0.0 1 
0 .46 
0.03 
0.02 
0.06 
0 .0 1 
0 .02 
0 .0 1 
0.06 
0.04 
0.0 1  
0.0 1 
0.05 
0.00 
0.04 
0.00 
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0.27 
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0. 1 0  
0 59 
0.66 
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0.03 
0.22 
6.84 
0.44 
0. 1 7  
0 45 
0.46 
0.4 1 
0.05 
1 .45 
0.97 
0.07 
0. 1 4  
0.42 
0.05 
2.24 
0. 1 1 

1 1 1 23 1 33 1 2  I 9 1  1 2 1 2 I 227 I 0.86 I 1 .60 1 1 8.77 
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T a b l e  2 9. 

Ingestion of Proteins, Fat ,  Carbohydrates, and Minerals 
per Man per Day in the Period 15/6/40-30 /6/40. 

Foodstuffs 

Bread, wh i te . . . . . . . . . . . . . . .  
Bread, who le  wheat ,  1 00 % • • 

Wheat, cream of . . . . . . . . . . .  
Oatmeal . . . . . . . . . . . . . . . . . . .  
Rice . . . . . . . . . . . . . . . . . . . . . . 
Sugar . . . . . . . . . . . . . . . . . . . . . 

Coffee . . . . . . . . . . . . . . . . . . . . .  
Tea . . . . . . . . . . . . . . . . . . . . . . .  

Butter . . . . . . . . . . . . . . . . . . . . .  
Margarine . . . . . . . . . . . . . . . . . 
Mi lk ,  dehydrated o • • • • • • • • • •  

» condensed,  sweetened . .  
Pancakes . . . . . . . . . . . . . . . . . .  

Cheese,  goats . . . . . . . . . . . . . .  
Eggs (eider duck) . . . . . . . . . . .  
Eggs, dehydrated . . . . . . . . . . . 
Chocolate . . . . . . . .  " . . . . . . . . 
M eat cakes . . . . . . . . . . . . . . . . 

» bearded seal . . . . . . . . . . 
» salted . . . . . . . . . . . . . . . . .  

Fat, m usk ox . . . . . . . . . . . . . .  
Breast museles, e ider  duck . . .  
Entrails . > . , . 
Breast muscles ,  c langula 

hyemal is  . . . .  ' "  . . . . . . . . . , 
Breast muscles,  loon . . . . . . . .  
Liver, ground,  boi led . . . . . . . .  
H am, smoked . . . . . . . . . . . . . .  
Anchovy . . . . . . . . . . . . . . . . . . 
Sard ines . . . . . . . . . . . . . . . . . . .  
Salmon, smoked . . . . . . . . . . . .  
Herring, salted . ,  . . . . . . . . . . . 
Cod fish,  salted . . . . . . . . . . . . 
Cod fish cakes . . . . . . . . . . . . .  
Potatoes . . . . . . . . . . . . . . . . . . .  
Potatoes, dr ied  . . . . . . . . . . . . .  
Vegetables,  dr ied . . . . . . . . . . .  
O n i ons  . . . . . . . . . . . . . . . . . . . .  
Pickles . . . . . . . . . . . . . . . . . . . .  
Peas, d ried . . . . . . . . . . . . . . . .  

Macaroni . . . . . . . . . . . . . . . . . . 
Salt . . . . . . . . . . . .  o • • • • • • • • •  

Lemons . . . . . . . . . . . . . . . . . . . 
Marmalade . . . . . . . . . . . . . . . . . 
Fru it  ju ice,  m ixed . . . . . . . . . . 
Fruit salad . . . . . . . . . . . . . . . . . 
Pears, canned . . . . . . . . . . . . . .  
Cranberries and apple sauce . . 
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1 1 275 1 33 1 1  I 1 23 I 242 I 303 I 0.92 I 1 .76 1 \ 8.07 
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T a b l e 3 0. 

Ingestion of Proteins, Fat, Carbohydrates, and Minerals 
per Man per Day at Different Periods of the Year. 

'" rn 
..,. 6 
� e �  rn en en '" 

Period 
ClJ c: , ClJ  U o... ClJ .- co::s co::s 0 --0 6 -0 .... ClJ .o �  t.L. o 

" u, ui o .... .... <;i .... -0 oD o ClJ ClJ .... <;;; "' >- 6 6 
t.L. o. o. U o... t.L. U ..c:  OJJ OJJ E 

I (October 3, 1 939-- I I I 
October 1 8, 1 939) . . . . . 1 1 9 1  3 1 59 97 189 249 1 .00 1 .79 1 5.23 

Il (December 3 1 ,  1 939-
January 1 7 , 1 940) . . . . - 85 1 2093 64 1 44 1 57 0.48 1 . 20 1 2.63 

1 I I  (Apri l 28, 1 940-
May 1 7 , 1 940) . . . . . . . . . 1 1 23 33 1 2  9 1  2 1 2  227 0.86 1 .60 1 8.77 

IV June 1 5, 1 940-June  30, 
1 940) . . . . . . . . . . . . . . . . .  1 275 33 1 1 1 23 242 303 0 .92 1 .76 1 8.Q7 

Mean . . . . . . . . . . . . . . . . . . . . .  1 1 1 1 0 1 2969 1 94 1 1 97 1  234 1 0 .82 1 1 .59 1 1 6. 1 7  

T a b l e  3 1 . 

Vitam in Content of Foodstujfs Consumed by European Trappers 
in North East Greenland. 

Most of the figures with regard to vi tamin C content were obta ined by 
own determinat ions .  The majority of the rest of the figures are tak en 
from Nutritional A bstraets and Reviews, Vol . 9, No .  4, Apri l ,  1 940. 

Foodstuffs 

Bread, whole wheat, 1 00 0/0 . .  I Bread, white . . . . . . . . . . . . . . . 

Butter . . . . . . . . . . . . . . . . . . . . .  
Egg, boi led . . . . . . . . . . . . . . . . 
Cheese, Goat ( I )  . . . . . . . . . . .  

Cheese (2) . . . . . . . . . . . . . . . . . 
Cheese , cream . . . . . . . . . . . . . 
Cranberries . . . . . • . . . . . . . . . .  

Apple jam . . . . . . . . . . . . . . . . . 

Trave l l ing prov is ions . . . . . . .  

Liver sausages . . . . . . . . . . . . . 
Biscu its . . . . . . . . . . . . . . . . . . . 
Mi lk ,  condensed . . . . . . . . . . . .  
Mi lk ,  dried . . . . . . . . . . . . . . . . 

Sard ine s . . . . . . . . . . . . . . . . . . . 

Anchovy . . . . . . . . . . . . . . . . . . .  
Mi lk ,  condensed, sweete ned . .  
Pancakes  . . . . . . . . . . . . . . . . . . 
Sugar . . . . . . . . . . . . . . . . . . . . . 

Lemon . . . . . . . . . . . . . . . . . . . . 

Own 
Figures 

Accord i ng to Available Literature 

V ' t  
. 

C V ' t  
. 

C Vitam in  Bl Vitami n  A Vitamin  D 
I am �n I am l

o
n I. U. I. U .  I . U .  

mg. /0 mg. /0 
per 1 00 gr. per 1 00 gr. p e r  1 00 gr. 

0.0 O 26 -60 I -

0.0 O 24 - 87 - -
0.0 O - 2000 36 - 54 
0.4 - 1 00 8800 220 
0.0 - O 1 000 -

0.0 - O 1 000 -
0.0 - O 2000 -

- 5 - - -

0.6 - - - -

0.5 - - 1 000 -
- - - - -

0.0 0.0 - - -
3 .8 - 1 0  300 2.4 

- - 300 -
- 30 800 - 6400 7000 - 1 4000 
- - - 3000 -
- - 300 -

0.0 - 1 - - I -
- - -

1 4 .0 - - - -



Table 3 1  (con t inued) .  

Foods tuffs 

Coffee  . . . . . . . . . . . . . . . . . . . . .  
Chocolate . . . . . . . . . . . . . . . . . .  
Marmalade, orange . . . . . . . . . .  
Tea . . . . . . . . . o • • • • • • • • • • • •  

Potatoes, frozen, bo i led . . . . . 

Vegetables, dr ied . . . . . . . . . . . 
Potatoes, d r i ed,  bo i led o • • • • •  

Tongue, musk ox . . . . . . . . . . .  
Meat, musk ox . . . . . . . . . . . . .  
Meat, sausage . . . . . . . . . . . . . . 
Meat, cake . . . . . . . . . . . . . . . . .  
M eat, salted . . . . . . . . . . . . . . . 

Ham,  smoked . . . . . . . . . . . . . . 

Fat . . . . . . . . . . . . . . . . . . . . . . . .  

Pork, salted . . . . . . . . . . . . . . . . 

Pork . . . . . . . . . . . . . . . . . . . . . . 

Salmon saIted . . . . . . . . . . . . . . 

Sal mon,  smoked . . . . . . . . . . . . 

Rice . . . . . . . . . . . . . . . . . . . . . . 
Ra is ins  o • • • • • • •  • • • • • • • • • • • •  

H e rring, saIted . . . . . . . . . . . . .  

Fish cakes . . . • . . . . . . . . . . . . .  

Cod roe, canned . . . . . . . . . . . 

Meat cakes, can ned . . . . . . . . .  
Cod, dr ied  . . . . . . . . . . . . . . . . . 

Peas, dried . . . . . . . . . . . . . . . . .  
Meat, gam e  . . . . . . . . . . . . . . . .  

Peas, gre e n  . . . . . . . . . . . . . . . . 
Cod, saIted . . . . . . . . . . . . . . . . 

Macaron i  . . . . . . . . . . . . . . . . . . 
Egg powder . . . . . . . . . . . . . . . .  
On ion ,  frozen o • • • • • • • • • • • • •  

Pickles . . . . . . . . . . . . . . . . . . . . 
Margari n e  o • • • • • • • • • • • •  • • • •  

Brown beans, dr ied . . . . . . . . .  
Fru i t  salad,  m ixed . . . . . . . . . . 

Pears, can ned  . . . . . . . . . . . . . . 

Flour, 
Oats 

wh i te . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . .  

Groats o • • • • • • • • • •  • • • • • • • • •  

"Citrona l"  ( lemon ju i ce) . . . . .  
Fru i t  j u i ce ,  m ixed . . . . . . . . . . 

I 

I 
I 
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Own 
Figures 

Accord ing  to  Avai lab le  L i terature 

Vi tam i n  B ,  Vi tam i n  A Vi tam i n  D 
V itam i n  C V i tam i n  C 

mg. 010 mg. 010 I. U .  I .  U .  l .  U .  

I per 1 00 gr. per I DO gr. per  1 00 gr .  

- - - - -
- - - -

2. 1 1 . 1 4 - -
- - - -

2 .6 5 - 23 30 - 60 - -
42. 1 - - - -
1 .8 - - - -
0.5 - 95 -
0.8 - - - -
0.0 - -
0.8 - - - -
0.0 - - -
0.0 - 357 O -
0.0 - - 80 -
0.0 - - O 
0.0 - - O -
0.0 - - 300 

- - - -
- - O -
- - 75 - -

0.0 - - 2300 · 6000 1 07 
0.0 - -

- - 300 -
0.0 - - -
0.0 - - -

- - -
1 .0 - 49 - -

- 30 - 1 70 40- 1 00 - -
0.0 - - - -

- - -
- - 1 0 - 900 -

4 .5  2.6 - 1 5  40 - -
0 0  - - - -
0.0 - 2000 30 
0.5 7.0 . 26. 1 1 5 - 1 20 - -
1 .8 1 .0 90 -
1 .0 - - - -

O - - -
- O 325 - -
- - - -
O - .. -
O I - - - -

The vitamin  in take o f  the trappers was calculated on the basis of  
figures set out  i n  the a bove tab le .  
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T a  b l e  3 2. 
Vitamin Ingestion per Man per Day in the Period 3/ 10/39 to 18 / 10/39 . 

Foodstu/fs 

Bread , whole wheat, 1 00 % • •  

Bread, whi te . . . . . . . . . . . . . . .  
Butter . . . . . . . . . . . . . . . . . . .  , . 
Eggs . . . . . . . . . . . . . . . . . . . . . .  

Cheese, goat ( I )  . . . . . . . . . . . .  
" » (2) . . . . . . . . . . . .  

Cheese, cream . . . . . . . . . . . . . 
Cranberries . . . . . . . . . . . . . . . . 

Jam, apple . . . . . . . . . . . . . . . . . 
TraveI l ing provis ions . . . . . . . . 
Biscuits . . . . . . . . . . . . . . . . . . .  

Mi lk, condensed . . . . . . . . . . . . 
" unsweetened . . . . . . . . .  

Sard ines . . . . . . . . . . . . . . . . . . .  
Mi lk , condensed, sweetened . .  
Pancakes . . . . . . . . . . . . . . . . . .  

Sugar . . . . . . . . . . . . . . . . . . . . .  

Lemon . . . . . . . . . . . . . . . . . . . .  
Co/fee . o . o o • •  o • • o • o • o • • • •  o • 

Chocolate . o o • • • • o • o o o • • o • • •  

Tea . . . . . . . . . . . . . . . . . . . . . .  

Peas, green . . . . . . . . . . . . . . . . 
Potatoes . . . . . . . . . . . . . . . . . . .  

Potatoes, dried . . . . . . . . . . . . . 

Meat, 
Pork, 
Pork, 
Rice 

musk ox . . . . . . . . . . . . . 

smoked . . . . . . . . . . . . . .  

salted . . . . . . . . . . . . o • • •  

o • • • • • • • • • • • • • • • • • • • • •  

Salmon, sa l ted . . . . . . . . . . . . . .  
Rais ins . . . . . . . . . . . . . . . . . . . . 
Fish cakes . . . . . . . . . . . . . . . . . 
Meat cakes, t inned . . . . . . . . . 
Peas, yel low . . . . . . . . . . . . . . .  

Macaron i . . . . . . . . . . . . . . . . . . 
Onion o . • • • • • • • • o • • • • • • • • • • • 

Margari ne . . . . . . . . . . . . . . . . . 
Beans, brown, dr ied . . o • • • • • •  

Fruit salad, m ixed . . . . . . . . . . 
Flour, whi te . . . . o o • • • • • • • • • •  

Oats . . . . . . . . . . . . . . . . . . . . . .  

Groats . . . . . . . . . . . . . . . . . . . . 

Consumed per man per day . .  

I 

I 

gms. 
consllmed V i tam in C Vitam in Bl Vitam i n  A Vitam i n  D 
per man mg. l .  U . I. U .  I . U .  
per day 

98 O 42. 2 - -

1 85 O 92.6 - -

72 O - 1 443 33 
3 1 0 . 1 3  3 1 .8 2800 70 
4 1  0 .00 O 4 1 5  -

2 0.00 O 1 8  
3 0.00 O 6 1  -

1 3  0 . 67 - -

I 0.00 I - -

I 
-

1 1  - - -

1 0  0 .00 I - -

- - -

9 1  3.45 9. 1 273 2 
2 - 0.5 58 1 79 
9 - - 26 -

2 0 . 00 - - -

3 - - -

7 0.96 - - -

43 - - -

9 - - - -

O - -

2 007 1 .6 - -

207 5 .37 93.0 - -

. · - - · 

90 0 .72 - - · 

1 7  0.00 60. 1 O · 

9 0.00 - O · 

3 · - -

34 0.00 - - · 

I I · 0 .9 · 

68 0.00 . · 

30 0.00 
I l  0 .08 
1 2  
5 0.3 1 1 .8 

1 5 0 .00 295 4 
7 0 .03 4 . 6  

1 0  0. 1 8  9 .2  
5 O 

1 1  1 4 .8 
6 

1 1 76 1 1 . 97 362 .2 5380 288 
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T a  b l e  3 3 . 

Vitamin Ingestion Per Man Per Day in the Period 3 1 / 12/39 to 1 71 1 /40. 

Foodst uffs 

Bread, whole wheat, 1 00 Ofo · . 

Bread, wh ite . . . . . . . . . . . . . . . 

Butter . . . . . . . . . . . . . . . . . . . . .  
Eggs . . . . . . . . . . . . . . . . . . . . . . 

Cheese, goat . . . . . . . . . . . . . . .  
Margari n e  . . . . . . . . . . . . . . . . . 
Cranberri es . . . . . . . . . . . . . . . .  

Jam, apple . . . . . . . . . . . . . . . . . 

Biscui ts . . . . . . . . . . . . . . . . . . .  
Mi l k ,  condensed, u nsweetened 
Sard ines . . . . . . . . . . . . . . . . . . .  
M i lk , condensed, sweetened · . 

M eat. sausage . . . . . . . . . . . . . . 
Tongue ,  musk ox . . . . . . . . . . .  
Marmalade . . . . . . . . . . . . . . . • .  

Sugar . . . . . . . . . . . . . . . . . . . . . 
Lemon . . . . . . . . . . . . . . . . . . . .  
Chocolate . . . . . . . . . . . . . . . . . .  
Coffee . . . . . . . . . . . . . . . . . . . . .  
Tea . . . . . . . . . . . . . . . . . . . . . . .  

Potatoes o • • • • • • • • • • • • • • • · . 

Potatoes, dr ied . . . . . . . . . . . . . 
Meat, musk ox . . . . . . . . . . . . . 
Cod roe . . . . . . . . . . . . . . . . . . .  

Pork, smoked . . . . . . . . . . . . . . 
Pork, salted . . . . . . . . . . . . . . . .  
Salmon ,  sa l ted . . . . . . . . . . . . .  

Macaroni . . . . . . . . . . . . . . . . . . 

Fish cakes . . . . . . . . . . . . . . . . . 
Meat cakeS, t inned . . . . . . . . . 
Rice . . . . . . . . . . . . . . . . . . . . . .  

Fru i t  sa lad , m ixed . . . . . . . . . .  

Cod, dr ied . . . . . . . . . . . . . . . . . 
Pears, canned . . . . . . . . . . . . . . 

Peas, yel low . . . . . . . . . . . . . . .  

Beans . . . . . . . . . . . . . . . . . . . . . 

Onions . . . . . . . . . . . . . . . . . . . .  

Oats . . . . . . . . . . . . . . . . . . . . . . 
Flou r, wh i te . . . . . . . . . . . . . . .  

Consumed per man per day . .  I 

gms 
consumed 
per man 
per day 

1 1 2 
46 
4 8 

2 
7 
1 
5 
-

92 
l 
4 

22 
2 
l 
-

8 
4 

40 
1 

43 
58 
86 
1 9 

8 
1 7  
37 
1 1  
1 5 
28 

5 
28 
1 7  
38 
9 

1 5  
4 
9 
'9 

852 

Vi tam in  C V i tam in  B, Vi tam in  A V i tam in D 
mg. l .  U. L U. L U . 

O 48 . 1 - -

O 22.9 - -

O - 968 22 
- - - -

0.00 O 1 9 -

0.00 - 132 2 
0 .05 - - -

0.03 - - -

O - - -

3.50 9.2 1 76 2 
- 0.4 42 1 24 
- - 1 1  -

- - - -

- 1 .8 - -

0. 1 1 - - -

- - - -

1 .06 - - -

- - - -

- - - -

O - - -

1 . 1 3 1 9. 5  - -

1 .04 - -

0.69 - - -

- 56.6 O -

- 27 .0 O -

0 00 - - -

0 .00 - - 1 1 0 
- - - -

0.00 - - -

0 00 - - -

- - - -

0.46 26.4 - -

0.00 - -

0.38 - - -

0.07 - - -

0.08 1 0 . 1  - -

0. 1 7 1 .5 - -

O 30.7 - -

- O - -

8.77 254.2 1 348 260 
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T a  b l e  3 4 . 

Vitamin Ingestion per Man per Day in the Period 28/4/40 to 1 715/40. 

Foodstu lfs 

Bread, w h o l e  wheat, 1 00 0,'0 • •  

Bread , w h i te  . . . . . . . . . . . . . . . 

Butter  . . . . . . . . . . . . . . . . . . . . . 
C h eese,  goat . . . . . . . . . . . . . . . 
Pork, salted,  bo i led  . . . . • . . . . 

Marmalade . . . . . . . . . . . . . . . .  . 

J a m ,  cranberry . . . . . . . . . . . .  . 

Tongue, musk ox . . . . . . . . . .  . 

C h eese . . . . . . . . . . . . . . . . . . .  . 

M eat . . . . . . . . . . . . . . . . . . . . . . 
Liver, canned . . . . . . . . . . . . . .  . 

M i l k  . . . . . . . . . . . . . . . . . . . . .  . 

C olfee . . . . . . . . . . . . . . . . . . . .  . 

C h ocolate . . . . . . . . . . . . . . . . .  . 

Tea . . . . . . . . . . . . . . . . . . . . . .  . 

Potatoes . . . . . . . . . . . . . . . . . . . 

Potatoes, dr ied . . . . . . . . . . . . . 

Meat . . . . . . . . . . . . . . . . . . . . .  . 

Meat cakes . . . . . . . . . . . . . . .  . 

Pork . . . . . . . . . . . . . . . . . . . . .  . 

Salmon . . . . . . . . . . . . . . . . . . .  . 

M acaroni . . . . . . . . . . . . . . . . .  . 

Vegetables,  d r i e d  . . . . . . . . . .  . 

Margari ne . . . . . . . . . . . . . . . . .  . 

Fru it sal  ad . . . . . . . . . . . . . . . .  . 

Onions . . . . . . . . . . . . . • . . . . . . 

Flour, white . . . . . . . . . . . . . . . 

Consumed per man per d ay . .  I 

gms.  
c o n  sum ed 
per  man 
per day 

1 27 
34 
54 
34 
1 0  
20 
1 2  
7 

7 
5 

94 
20 
7 
O 

1 2 1  
8 1  

228 
22 
26 
4 

35 
26 
30 
29 
29 
60 

1 1 22 

Vi ta m i n  C V itam i n  BI V i tam i n  A V i t am i n D 
mg.  I . U .  I . U . I . U .  

O 
O 
O 
O 
O 

0.42 
0.69 
0.03 
0.00 
0.06 

3 .58 

3. 1 4  
0. 1 6  
1 .82 
0. 1 8  
0.00 

1 1 . 1 4  
0.00 
0.53 
1 .32 

I 23.07 

54 .7 
1 6 .9 

6.3 

9.4 

54.3 

93.5 

26.5 
1 1 .8 

O 

273.4 

1 074 
335 

O 

283 

O 

597 

I 2289 

24 

2 

O 
1 3  

9 

48 
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T a  b l e  3 5 . 

Vitamin Ingestian per Man per Day in the Period 15/6/40 to 30/6/40. 

Foodstuffs 

Bread, whole  wheat,  1 00 %  · . 

B read,  w h i te o • • • • • • • • • • • • • •  

Eggs, e ider  duck  . . . . . . . . . . .  
Butter . . . . . . . . . . . . . . . . . . . . .  
Cheese ,  goat . . . . . . . . . . . . . . .  
Marmalade . . . . . . . . . . . . . . . . .  
Sal t  . . . . . . . . . . . . . . . . . . . . . . .  

Margar ine . . . . . . . . . . . . . . . . . .  
M i l k ,  dr ied  . . . . . . . . . . . . . . . . 
M i lk ,  condensed, sweetened · . 

Pancakes . . . . . . . . . . . . . . . . . . 

Liver  paste . . . . . . . . . . . . . . . . .  
Pork, smoked . . . . . . . . . . . . . .  

Sard ines  . . . . . . . . . . . . . . . . . . .  
Anchovy . . . . . . . . . . . • . . . . . . .  

Salmon, smoked . . . . . . . . . . . .  
Sugar . . . . . . . . . . . . . . . . . . . . . 

Lemon . . . . . . . . . . . . . . . . . . . . 
Chocolate " . . . . . . . . . . . . . . . .  

Coffee . . . . . . . . . . . . . . . . . . . . .  
Tea . . . . . . . . . . . . . . . . . . . . . . .  

Fru i t  j u ice ,  m ixed . . . . . . . . . . 

Meat,  sal ted . . . . . . . . . . . . . . . . 
Potatoes o • • • • • • • • • • • • • • • • • •  

Potatoes , dr ied  . . . . . . . . . . . . .  

Peas, yellow . . . . . . . . . . . . . . .  

Beef, bearded sea l  . . . . . . . . . .  
Meat cakes . . . . . . . . . . . . . . . .  

Macaroni  . . . . . . . . . . . . . . . . . . 

Fat . . . . . . . . . . . " . . . . .  , . • . . .  

Herri ng, salted . . . . . . . . . . . . . 

Vegetables,  dr ied . . . . . . . . . . .  

Onions  . . . . . . . . . . . . . . . . . . . .  

Pickles . . . . . . . . . . . . . . . . . . . .  

Eider  duck . . . . . . . . . . . . . . . .  
» l i ver  . . . . . . . . . . . . . . . . .  

Loon,  muscles . . . . . . . . . . . . . 
Clangula hyemal is ,  m uscles · . 
Cod,  salted . . . . . . . . . . . . . . . . 
Fish cakes . . . . . . . . . . . . . . . . .  
F lour . . . . . . . . . . . . . . . . . . . . . .  
R ice  . . . . . . . . . . . . . . . . . . . . . . 
G roats . . . • . . . . • • . . . • • . • .  o .  

Fru i t  salad . . . . . . . . . . . . . . . . .  
Pears, can n ed . . . . . . . . . . . . . .  
Eggs, powdered . . . . . . . . . . . .  

Cran berry and apple jam . . . . 

gms .  
consumed 
per man 
per day 

46 
1 35 

3 
70 
37 
24 
1 3  
25 
55 
47 
35 

5 
27 

3 
5 
3 

37 
1 8 
1 2 
34 
2 

1 2  
63 
7 1  
87 
l O  
38 
26 
22 

l 
1 0  

3 
1 0  

I 
68 

2 
1 0  
1 3  
1 0  
5 1  
25 
4 1  
6 

29 
26 
1 
3 

Consu med per m a n  per day . .  I 1 276 

V i ta m i n  C V i tami n BI Vi ta m i n  A V i tam i n  D 
mg. I. U .  I .  li . I . U .  

O 1 9 .8 
O 67 .3 -

- 2.6 4 6  
O 1 4 03 30 
O O 37 1 -

0 .5 1 -

O - O O 
O - 500 8 

1 65 -

- - 1 40 -

O - -

- -

O 96. 1 O -

0. 8 92 269 
- 1 54 -

- -

I 
-

- -

2.5 1 - -

- - -

- - -

- - - -

O - - -

O - -

1 .85 32.0 -

1 . 57 - - -

0.07 - -

0. 1 9  - -

0.2 1 - - -

- - - -

0.00 - l -

0 .00 426 I l  
1 .08 - - -

0.4 3 3.9 -

O -

1 .59 33 .3 -

0.08 - - -

0. 1 0  5.0 - -

0. 1 3  6.3 - -

0.00 - -

- - -

- O -

O -

- - -

0.53 26.5 - -

0.26 - - -

- - 3 -

0.09 - - -

1 1 .2 293.6 I 3300 3 1 8  
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T a  b l e  3 6. 

Vitamin Jntake per Man per Day at Different Periods of the Year. 

Food i ntake Vitam i n  C V i t amin  B, V itam i n  A Vi ta m i n  D 
Per iod per  man  per 

day gms. mg.  I .  U. l. U.  I .  U .  

I .  (October 3, 1 939--
October 1 8 , 1 939) . _ . . . . . 1 1 76 1 2 .0 362 5389 288 

I l .  (Decem b e r  3 1 ,  1 939-
january 1 7 . 1 940) . . . . . . .  852 8 . 8  254 1 348 260 

I I I . (Apr i l  28, 1 940-
May 1 7, 1 940) . . . . . . . . . .  1 1 22 23.0 273 2289 4 8  

IV . (J u n e  1 5, 1 940-

I J un e  30, 1 9 40) . . . . . . . . .  1 276 1 1 .2 294 3300 3 1 8  

Mean . . . . . . . . . . . . . . . . . . . . . 1 1 1 06 1 3.8  296 3082 229 

Calories. The figures presented in the previous tables i ndicate the  
gross-consum ption of calories ,  and represent  the max imum va lues .  In  
o ther  words, the  consum ption of calories, proteins ,  fat and carbohydrates as  
we l l  as m inerals does  not  exceed the figures stated i n  the previous tables .  

The average consum ption per man was 2969 calories per day,  vary
ing from 33 1 1  in the summer  to 2093 in the middle  of  the winter .  

I f  1 0  % i s  deducted from these figures as indigesti b le m aterial  ex
creted through faeces, the average figure for the n ett ealories i s  foun·d 
to be 2672 varying from 2980 in the summer  to 1 887 i n  the m iddle 
of  the winter .  

This result i s  surpris ing in v iew of  the faet that  man y Arctic 
travel Iers have suggested that  a t  least 5000 calories would be necessary 
under Arctic eonditions .  H owever, real hard work is  on ly done oc
casional ly ,  for i nstance, during travel l ing  by skis under d i ffieult eondit ions .  

During the dark period of the year ,  when the food intake and 
ealory consum ption  is  at  a very low leve! ,  the weather eonditions  usual ly 
prevent any exercise tak ing  plaee. At  t imes the  trappers are confined 
indoors for severai weeks, during whieh per iods they rest  in the ir  
sleeping bags for the greater part o f  the day.  They are adequately 
protected against l oss of  heat by well heated houses .  

In the autu m n  and  early spring the  trappers travel  by s ledge and  
dogs a long the fjord ice, and as t he  going i s  usual ly good , t hey  are 
able to sit  o n  the sledge during the journey, and they are wel l  protected 
by warm fur cloth ing .  

During the l ate spring when the fjord ice is breaking up  and  the 
snow is  mel t ing on  the land ,  the  trappers  are aga in  confined to the 
h ut .  I n  the sum mer, they usua l ly  travel by motor boats ,  which conse
quently does n ot en ta i l  h ard work. 

This may well  explain the surprisingly low calory consumption . 
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Proteins, Fat, and Carbohydrates. Compared with the Canadian 
D ietary Standard ,  the consum ption of prote ins  i s  s l ight ly h igher,  and 
of fa t ,  much h igher than the  standard .  The consumpt ion of carbohyd
rates i s  com paratively low. The trappers'  d iet  i s  m o re a fa t d iet  than 
a carbohydrate diet .  

Calcium, Phosphorus, and fron .  The average consum ption of  cal
c ium , phosphorus and i ron i s  higher than the Canad ian Standard .  

Vitamins. 

( 1 ) . Vitam in  A. Fro m the tables it wi l l  be observed tha t  the vi tam in  
A dur ing Period I was obta ined through the i ngestion of  eggs (50 % ) , 
butter (25 % ) , ch eese ( l O  % ) . mi lk  (6 % ) . and margarine  (6 %).  Based 
on the genera l ly  accepted da i ly  requ i rements of  3000-4000 I .  U . ,  the 
i n take of  v i tam in  A is  a bove norma l  requ i rements .  During the second 
period - m idwin ter - at which t ime there is  practica l ly  no  dayl ight ,  the 
i n take fa l ls  much below n ormal  requ i rements .  There i s  no consum pt ion 
o f  eggs, approxi mately 67 % of  the ir  v i tam i n  A in take i s  obta ined from 
butter, m i lk  and margar ine forming  the  o ther  ma in  sources . I n  the  
spr ing  and  sum mer ( Per iods I I I  and  I V ) t he  v i tam in  A consu m ption 
sti l l  remains a t  a low level . The  m ore i m portant  sources consisted a t  
that  t ime of  butter .  m i lk ,  marga r ine .  h e rr ing and cheese.  

(2) . Vitamin  B l .  If  400 I .  U. vi tamin  BI (as recom mended by 
Rose ( 1 933») i s  considered th e normal  requ irement  of  ave rage adu lts. 
the European trappers i n  Greenland are on  a B I -deficient diet during 
a l l  four  per iods .  Th is  may  expla in the  marked loss of appetite wh ich 
usual ly occurs in the course o f  the winter.  

(3) .  Vitam in  C .  The consum ption of  v i tam in  C during al l  four 
periods was l ess than t he  figures considered as normal  human  requi
rem ent .  In the  m iddle  of  the  winter the i n take was less than 1 0  mg. 
ascorbic acid per day per ind ividua l .  No symptoms of  man i fest scurvy 
were observed. These fi ndings are in  agreement  with observations  made by 
Høygaard (3 ) ,  who,  during sledging j ou rneys of long duration i n  the Arctic, 
su bsisted on  less than 1 5  mg ascorbic acid per day without any i l l  effect. 

(4) .  Vitam in  D .  Vitamin  D is  o f  less i m portance in  this connecti on .  
as  t he  European trappers in  N orth East Green land are a l l  ma le  adu lts .  

Discussion. 
Vitamin  deficiency i s  unknown a m ong East Green land Eski mos as  for 

the greater part o f  the  year they subsist  en ti re ly upon meat from Arctic 
an imals and birds. The m uscles and i n ternal organs of  these b i rds  and 
an ima ls  h ave been shown to conta in  an  adequa te  amount  o f  vitam ins  
and  when ut i l ized i n  t he  Eskimos' manner  fu lfi l  the ir  norma l  requ i re
ments .  Furthermore a n u m  ber of t he  more im portan t  Arctic p lants w h ich 
a re consumed by the Eskimos ,  were found to be rich in v i tamin C (4) .  
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A point  worthy of note is the fact that  a l l  the internal  organs ,  which 
have been shown to be rich in  ascorbic acid, are eaten by the Eskimos ,  
but  few by the  European trappers among whom ,  up  to recent  years,  
scurvy has been preva lent. 

A number  o f  the foodstuffs used by the  European trappers were 
seriously laeking in  vitam in  C content .  Other  European foodstuffs con
sumed by the same trappers ,  such as potatoes and dried vegetables ,  have 
appreciable amounts of  the antiscorbutic vitam in ,  but these d id not  furnish 
sufficient ascorbic ac id to fu lfi l  the a m oun t  hi therto cons idered by nu
tri tiona l  workers as a normal  human requ irement .  

There is  a marked decrease i n  the consumption o f  vitam in  C d uring 
the  dark period (December to j anuary)  attr ibuted to a decreased food
in take. Dur ing th is  per iod the trappers show a loss of appet i te ,  and  
inertia and l ack  o f  i n it i ative was observed.  

In this connection i t  is  i nterest ing to note that Dr .  H. U. Sverdrup 
relates (personal communication ) that  during the Maud expedi t ion they 
endeavoured to mainta in normal  appetite dur ing the  dark per iod of  the 
year by regular  and sufficient physical exercise. He a lso relates that  
in  the spring of 1 924 he had symptoms which he h imself  in terpreted 
as  slight scurvy, - but by consuming  1 to 2 tins of  condensed , un
sweetened mi lk  da i ly  the symptoms d isappeared wi th in a week. 

It was found that commercial  concentrated lem on j u ice i n  bottles, 
which is  considered by the trappers as a legal an tiscorbutic m edici ne  
on  winter exped it ions,  and  is  usually taken as such,  had n o  vitam in  C 
conten t  a fter a few m onths storage in Arctic condit ions .  

Practical ly a l l  winter expedit ions a re now provided with tablets of  
ascorbic ac id (50 mg per tablet) . The tablets are n ot popular  wi th  the  
trappers and are of ten  d iscarded.  I t  seems  advisable to provide v i tamin  
C i n  a more palatable form that  woul d be taken regular ly .  From the 
a uthor's experience, l emon ,  the a scorbic ac id  conten t  of which has  been 
shown to remain stable when stored i n  a i r-tight bottles i n  a cool place,  
p rovided an attractive source. By th is  m eans  fresh lemonade can be 
p repa red daily without loss of ascorbic acid con tent A lernon stored 

for three months  under Arctic conditions contained approximate ly 25 mg 
ascorbic acid .  A l emon  per  day should , therefore,  be  made  ava i lab le  t o  
each trapper. 

I n  view of  d ried potatoes and other vegetables being more con
veniently transported and stored without serious deterioration to the  
ascorbic ac id  content over a period o f  years ,  these  food com modit ies 
should be made avai lable i n  preference to can ned foods wh ich lose a 
considerable proportion of their  ascorbic ac id dur ing the cann i ng  proeess .  
The foodstuffs ,  in  a l l  instances, should constantly be stored be low freezi ng  
po in t  to prevent any deterioration occurring.  
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Summary. 

The vitam in  C content o f  the more com mon European foodstuffs 
consumed by the  Norwegian trappers in  Greenland was determined by 
a modification  of the method of Ti l lman  dur ing  a scientific ex ped i t ion to 
North East Green land 1 939- 1 940. A large num ber of these foodstufts 
were found  to have n o  v i tam in  C content .  

A d ietary survey was m ade among a group o f  N orwegian trappers 
duri ng four  periods of the year at  the trappers' stat ion Revet ,  North 
East Green land .  

The average dai ly gross consumption per  man  was 2969 calories 
varying from 33 1 1 i n  the summer  to 2093 i n  the middle o f  the win ter .  

Compared wi th the Canadian Dietary Standard ,  the consumption 
of  prote in  and fat was higher than the standard,  whi le the consum ption 
of  carbohydrates was com paratively low.  

The ave rage consumption o f  calci um ,  phosphorus and i ron was 
h igher than the Canadian Standard.  

The dai ly in take of  v i tam in  A was above normal requirements 
during the month of  October (Period I )  whi le  i t  was m uch be low norma l  
requ i rement  i n  December  ( Period I l ) .  I n  the spring and  sum mer 
(Periods I I I  and IV )  the v i tam in  A consum ption st i l l  rema ined at  a 
low leve! .  

If 400 I .  U. vi tam in  BI i s  considered the normal  dai ly requ i rement  
o f  average adu l ts ,  the N orwegian trappers in  Greenland are on  a v i tam in  
B l  deficient d iet  during a l l  periods of  the year .  However, when one  
takes in to considerat ion the relat ively h igh  consumption of  fat and  
prote in  by the trappers, the actual requ i remen t  of  v i tam in  Bl may be 
considerab ly lower than the above stated figure. 

The consumption o f  vitam in  C during a l l  four  periods was less 
Ihan the figures considered as normal  h uman requ i rement .  
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