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THIS REPORT CONCERNS . ...
the value of arctic plants as a source of food for man.

ITISFOR THEUSEOF....

physiologists, autritiorists, and persoanel concerned with arctic
survival and arctic liviag.

ITS APPLICATION FOR THE AIR FORCE IS. ...

to know the availability of local vitamin resources in the case of
arctic survival, ‘
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PRECIS

OBJECT

It 18 well lmown that plants have bsen used by man for food in
northern countries from times immemoriaml. Very little exact informatior
is available, however, regarding the actual nutritiaal value of arotic
plants. The purpose of the present study is therefore briefly to
evaluate the significance of arctic plants in human nutrition.

SUMMARY AND CONCLUSIONS

On the basis of the available informetion, the nutritional value
of arctic plants has been discussed, and the vitamin C catents of 69
species of arctic plants from Greenland and Alaska have been reported.
On the basis of the reported findings it may be concluded that vitamin
C is well distributed through the more common artic flora. When the
natural resources of this vitamin are properly utilized there should
be no reason to suffer from vitamin C deficiency in arctic regioms,
aven without supplies of special antiscorbutic substeances from more
tempsrate zones. As a source of calories for man, the arcotic flora is
of little importance.
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VITAMIN CONTENT OF ARCTIC PLANTS AND
THEIR SIGNIFICANCE IN HUMAN NUTRITION

It is well known that plants have been used by man for food in northern
countries from time immemoriale. Certain plants and the stomach contents of
herbivorous animals formed an important part of the diet of the Stome-Age
mane In Norway, angslica, scurvy grass,_mountain sorrel and roseroot were
eaten as invigorating foods from the earliest times, end have been used as a
cure for scurvy (Reichborn-Kjennerud, 1936). According to Bhrstrom (1933),
the Lapps eat berries, sorrel, angelica,and scurvy grass. A great variety
of plants as well as seaweeds played an important part in the original
Bskimo diet, although the use of plants as food has steadily declined in the
Eskimo communities since the contsct with the “hite man. Thus, as early as
in 1770, only half a century after the arrival of the first missionary, the
use of plant food was markedly reduced in West Greemland (Bertelsenm, 1911).

Agcording to Hgygaard (1941) nearly all land plants and berries are still
eaten by the Angmagssalik Bskimo, but only a few species which grow abundantly
are eaten in sufficient quantities to be important as a source of food, such
as orowberries, roseroot, willow, mountain sorrel, thyme, saxifrage, harebell,
dandelion, scurvy grass,and angelica. These plants may be eaten when colle cted
in the field, or they are brought to the house or tent where they are eaten
with blubber or dried meat, or stored in blubber bags ("Imigarmit") together
with dried meat, boiled seal flippers, boiled narwhale skin, fat, and dried

marine algaee
Marine algae are consumed in gquite large quantities by the East Greenland

Eskimos, who most often eat them raw after rinsing them in fresh water., Sometimes
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they are dipped in boiling meat stock until they taeke a greenish color, or they

are eaten with blubber oil. Alaria pylaii and Khodymenia palmata are the
more important species. The use of Rhodymenia palmata as human food is
well kmown in Iceland, and this alga is repeatedly mentioned in the sagas.
It is also known that marine algae have been used as food in Japan, China,
and Hawaii (Hgygaard, 1941).

The Eskimos on the North West Coast of Greenland no longer consume
berries am plants to any extent of nutritional importance. Small quantities
of tmpetrum nigrum are eaten on rare occasions in the fall., The same applies
to the Oxyria digyna and the bark from the willow roots. Cochlearia is no
longer eaten_  nor is the stomach content of herbivorous animalse.

2 the Disco Island district large quantities of Empetrum nigrum and
Vaccinium uliginosum are still consumed raw. The same applies to the
Julianehaab district, wherse the kajak hunters also occasionally consume
marines algae mixed with blubber during the hunting in the summer.

According to Porsild (1945) the Canadian Eskimo today obtains a very
insignificant part of his food from the vegetable kingdom, although some
plants are normally consumed, such as the liquorice-root (Hedysarum borealse )
which they sometimes obtain by robbing the winter caches of the mice and
lemninge.

In Alaska close to one hundred various plants have been used as food by
Eskimos and lndians through the ages. Since the contact with the #hite man
the use of native plant food has rapidly been rsduced also in Alaska. However,
some land plants and berries are still being ussd today in most settlements
along the Arctic Coast. Of greatest importance are tho different berries, such
as the blueberries, cranberries, crowberries, and salmonberrias. At Gambell,

)

Ste. Lawrence Island, the willows are gathersd for the edible root bark and
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occasionally for the tender leaves, as well as the Sedum roseum
("Nonavook"), Petasites frigida ("Kongwak") and Saxifraga punctata
("Amslokruk"). The roots of various other plants are also gathersd
for food, particularly when found in the underground cache of field
mice, where according to Geist (1936) more than half a bushel of
choice roots sometimes may be found in a single cache. At Gambell
the plants to be prepared for winter use are usually gathered by the
women in the month of July. The plants inocluding stem and leaves are
usually washed prior to being placed in wooden barrels. Fresh water
is added, and heavy weights are placed on the tope The barrel is left
standing until the plants becoms slightly sour, and when the frost
appears in the fall, most of the water is discarded. The plants are
then stored frozen to be consumed in the winter together with meat

and blubber.

Of other plants still being consumed at varicus settlements by
the natives in Alaska, the following may be mentioned: Hedysarum
alpinum (Eskimo potato), Spilobium latifolium (broadleaf willowherb),
Oxyria digyna (mountein sorrel), Angelica lucida (seacoast Angelica),
Cochlearia officinalis (Scurvy grass), Rumex arcticus (Arctic sorrel),
and Ledum palustre (Labrador tea)s Of particular interest is the
"Eskimo icecream™ prepared in the following way on the west coast of
Alaskas Leaves of a mixture of plants including Arenaria peploides
(seabeach sandwort) are ground and thoroughly mixed with seal oil,
walrus oil,or caribou fat, whipped, and left in a cold place to freeze.
Sometimes berries are addede The "icecream" is eaten by itself as a

dessert.
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As pointed out by Porsild (1951), the wild plant life in the

arctic regions is generally too sparse, dwarfed,and poorly developed
to make any major contribution to the food suply of man under the
pressnt olimatic conditions. Only a few of the arctic plants produce
edible and nourishing roots, stems or edible fruits. It is thus
obvious that plants should not be depended upon as a major souwoce of
food supply in arctio survivale Nevertheless, arctic plants have been
used as food supplements by arctic travellers and are mentioned in
their reports.

This is also trus in the case of lichens, which produced the
Biblical "rains of manna" of the Isreelites (which appear to have been
the lichen Lecanora esculenta, which according to Llano (1961) is still
eaten by desert tribes), and which were used as emsrgenoy food for many
weeks by the marooned party of Sir John Franklin in the region northwest
of Hudson Bay. They lived on the dry, black, tough lichen of the genus
Gycophora (Tripes de Roche), which grows on precambrian rock. (Fernald
and Kingey, 1943). When dry it is hard and brittle, but in damp weather
it beoomes soft and ocartilaginous and is then easily collectede It
sontains an acid (lichen acid) which is bitter and which may cause
intestinal irritation. According to Porsild (1945), this acid iz materially
reduced by adding small amounts of allmli to the water in which the lichens
are soaked. Following the soaking, the lichens are dried until brititla.
after which they are made into a powder by rubbing or poundinge The
powdered lichen is then soaked in water overnight, and when boiled, a jelly

is formed which i8 rich in staroche.

In his diary Sir John Franklin describes how this lichen saved

his party from starvation until the lichen became so frozen that it
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could no longer be collected, when he wrote in his journal: "The
trips de rochs had hitherto afforded us our chiel support, and we
naturally felt great uneasiness at the prospect of being deprived of
it, by its being so frozen as to render it impossible for us to gather
it."

According to Llano (1951) lichen has not only been used as a last
resort in the face of starvation, tut also as a delicacy, such as the
use of Cetraria islandica (Iceland moss) in Iceland, Norway and Sweden.

Vory little exact information is available regarding the actual
nutritional valus of arctic plants. Hgygaard (1941 ) reports that the
marine algzae (Fucus sp., Alaria pylaii, Rhodymenia palmata and
Ascophyllum nodosum) contained on an average 81-85% water, l.6-~2,4%
protein, 0.1~0.4% fat, 9.6-14.9% carbohydrate, 117-189 mg calcium,
26-60 mg phosphorus, and 1330-1580 mg sodium chloride per 100 g.

Sedum roseum contained 93.9% water, 2.1% protein, 0.4% fat, 2.5%
carbohydrate, 70 mg calcium, 22 mg phosphorus, and 131 mg sodium
chloride per 100 g. The figures for orowberries (Empetrum
hermaphroditum) were: 89.2% water, 0.2% protein, 0.1% fat, 10.0% car-
bohydrate, 8 mg calcium, 7 mg phosphorus per 100 g and very small
amounts of sodium chloride. Vegetables stored in blubber bags for
winter food contained 63.9% water, 1.1% protein, 23.7% fat, 10.5%
carbohydrate, 98 mg calcium, 32 mg phosphorus, and 162 mg sodium

chloride per 100 g.

According to Llano (1951) the nutritional wvalue of lichens
lies in their high content of lichenin (lichen starch). Some of the

lichens contain 3 times more sugar than potatoes. The lichen Cladonia

rangiferina contains 1~5% proteins.
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From these figurass it is obvious that plants, in the quantities
they are eaten by the Lskimos, are quite wwimportant as a source of
calories, since it would be necessary to consume approximately 10,000
g of fresh plant material to supply 2000 caloriese. It would take
4,000 g of seaweed or berries or 700 g of plants stored in blubber
bags to supply the same amount of calories. Hoygaard (1941) reports
that in Angmagssalik, Southeast Greenland, the native vegetable food
supplied only 2% of the total caloric intake of the Bskimo.

Compared with the animal sources of vitamin A available to the
Eskimo, the plants are of little importance as a source of this vitamin,
The vitamin B} content of the common arctic plants is also insignificant

(Rodanl, 1945).

On the other hand, determinations of the vitamin C content of
arctic plants by a modification of Tillmans' method (Rodahl, 1944)
have shown that several of the plants common in the Arctic, as well as
the mrine algae collected from arctic waters, are extremely rich in
vitamin C (Hgygaard, 1941, Rodahl, 1944) as is evident from table 1.
More recent studies have supported these findings (tables 2,3).

This is not surprising in visw of the fact that it has long been
known that many arctic plants have been used as a remedy agrinst
scurvy in the northern countries (Bartholin 1671-72), In Southeast
Greenland the kskimos obtain 50% of their total vitamin C intake from
plants and seawseds during the summer months (Hgyga&rd, 1941), and in
many cases it is obserwved that the plants which are preferred by the
Bskimo have the highest vitamin ¢ content. Furthermore, plants stored

in blubber bags in the Eskimo marmer have been found to contain
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considerable quantities of vitamin C even after having been kept in

this way for months.

There are considerable seasonal variations in the vitamin C
content of the plants examined (fig. 1), the highest values being
found jn the middle of the summer, at the time when the Eskimos normally
collect the plants for winter storage. It is interesting to note that
the Arotic willow, which constitutes an important part of the food
supply for the musk-ox and the ptarmigan, is comparatively rich in
vitamin C even during the winter. It may be added that the stomach
content of a musk-ox killed in Pearyland, Northeast Greenland,lat.
82° N,in August 1947 (mostly consisting of Salix sp.) contained 14 mg
vitemin C per 100 g.

Three various kinds of moss examined in Pearyland in August 1947
contained no vitamin C. Hgygaard (1941) found that frozen crowberries
contained no discernible vitamin C, and oconcluded that berries picked
up later than November are of no importance as a source of vitamin C.

In a previous publication (Rodahl,1944) it was pointed out that
the vitamin C content in plants from Northeast Greenland (lat. 74° N)
was generally higher than in the same plants from Angmagsslik, Southeas
Gresnland (lat. 66° N) examined by the same technique. This finding
was verified in 1947 when the vitamin C content in plants from

Northeast Greenland (lat. 74° N) was compared with the vitamin C

ocontent in the same plants examined in Pearyland, North Greenland
(late 82° N), by the same technique, as is ovident from table 4.

On the basls of the reported find‘inga, it may be conoluded that
vitanix; C is well distributed through the more common arctic flora.

When the natural sources of this vitamin are properly utilized there
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TABLE 4., SHOWING THE VITAMIN C CONTENTS OF THE SAME SPECIES
EXAMINSD AT TWO DIFFERENT LOCATIONS IN NLAND »

Mg Ascorbio Acid per 100 g =*
Species Clavering Isl, N.E,Greenland | Pearyland, N. Greenla
) Lat. 74° N, Lat. 82° N.

Alopecurus alpinus 40 170
Corastium alpinum 42 86
Eriophorum ocallitrix 17 | 36
Oxyrid digyna 96 119
Papaver radicatum 1 50
Poa glauoca 12 60
Saxifraga cernus 60 119
Stellaria loungipes 69 136

* The plants were oxamined at the same time of the year, and the figures repre:
the average of 10 plants or more. '

should be no reason to suffer from vitamin C deflciency in arctios
reglons, even without supplies of speoial sutiscorbutic substanoces
from mors temperate zones. As a source of calories for man, the

arctic flora is of little importance.

Ach:ovlodiw nts

The author is greatly indebted to Dr. Georgs W. Gaaser, Professor
emeritus of Botany, University of Alaska, for bis ldentification of
the Alaskan plants examined, and to Mp, ~K;jold Holmen, botanist of the
Danish Pearyland Expedition for the identification of the plants

exanined in Pearyland, North Greenland, in the summer of 1947.
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