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1. INTRODUCTION 

Today, with increased emphasis on nutrition by the 

individual, by governments, and by the medical profession, 

the need for reliable, comprehensive food composition 

tables has become imperative. Food composition tables are 

used by dietitians and nutritionists in the drvelopment 

and Evaluation of diets for both normal and therapeutic 

purposes. 

Food composition tables, however, are far from 

complete. One area particularly lacking is the composition 

of many animais found in northern Canada. These birds, 

fish and mammals form a major portion of the diet of 

Canadian Eskimos and Indians. Without the necessary 

information it is difficult for dietitians and nutrition­

ists in the north ta carry out their work. 

The abject of this study, therefore, is ta provide 

information on t~e composition of northern Canadian birds, 

fish and ~a~mals. Thus, values obtained for the content 

of 2~ino acids and saveral mineraIs of so~e of these 

tha data uill ~e ~nccr~oratad intc exist~n~ food c~~~c~i-
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Usually there is little con cern regardi~g the amino 

acid content of high animal protein diets such as are 

consumed by Eskimos and Indians in northern Canada. 

However, as stated by Stegink and Baker (1970), the 

incidence of inborn errors of amino acid metabolism may be 

high in Eskimos. Therefore, knowledge of the amino acid 

make-up of the foods ingested is necessary to treat some 

types of inborn errors of metabolism. 

Data involving the mineraI content of foods is also 

useful in the calculation of diets, and the determination 

of dietary adequacy in both health and disease. Sodium 

values are used in the calculation of low sodium diets for 

cardiac and renal disease. 

Scott and HelIer (1964) indicated that iron 

deficiency occurs among Eskimos in southeast Alaska, 

making knowledge of the iron content of northern animaIs 

necessary. 

As weIl as sodium and iron determinations, 

magnesium, potassium and copper determinations were a130 

attempted, because of available time and equipment. 

It may also be noted that the consumption of 

northern ani~als is no longer confinsd to ~~sidsnts Gr 

northern Canada. Foods such as arc~ic char ChGDder, 

2rctic whitefish, uhite ~hale ~eat and ~uktu~ ~r~ nou 
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appearing in canned form on supermarket shelves throughout 

the rest of Canada. 

This research has been supported in part by a grant 

from the Department of National Health and Welfare, through 

the minist~re de la Santé, Québec. 



II. REVIEW OF LITERATURE 

2.1 FOOD COMPOSITION TABLES 

The objective of national food composition tables 

is to pro vide values representative of foods on a year-

round, country-wide basis (Mayer, 1960; Watt and Murphy, 

1970). Although the composition of any food will be 

influenced considerably by climate, botanical variety, 

storage, processing and environment (Chatfield, 1949; Watt 

and Murphy, 1970), the values obtained f~om composition 

tables are used extensively by nutritionists and dietitians. 

Because of continuaI advances in nutritional 

knowledge, improvements in analytical methods and pro-

cessing, food composition tables need to be revised 

periodically (Watt, 1964). Missing values, and values for 

foods not previously included, have ta be added (PQul and 

Southgéte, 1970). The need for additional information i3 

élways present, especially déta on foods used by certain 

i:: th n i c, cul tu r al, and rel i 9 iD U S 9 r 0 u p s (w 2 t t ::; n d !~i u r ph j , 

~970), ~nd for faods grown end prDcess~d in specifie ~:e~s 

( l'l" 1 ~-,- 1 s:::L~) __ u ..... ~I.':}, __ "'..) • 
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In particular there is a lack of information on the 

composition of the animaIs of northern Canada and northern 

United States. The availab1e food composition tables 
('fb3 

(U.S. Department of Agriculture Handbook No.8; Nutrition 
J'. 

Division Department of Health and We1fare Table of food 
,Q61 

values recommended for use in Canada; Nutrition Division, 

FAO, 1970; Harvey, 1969; Church and Church, 1966) contain 

little information. 

Some values for northern meats have been reported 

by HelIer and Scott (1967); lYIann et~. (1962); Rodhal 

(1954); and Farmer and Nei1son (1967, 197~. These hava 

yet to be included in the major food composition publica-

tions. 

Currently much emph~sis is being placed on the 

determination of amino acid values for foods, not only 

because of protein quality investigations (Orr and Watt, 

1957; Todhunter, 1960), but also because of the increased 

interest and knowledge of inborn errors of amino acid 

metabolism (Watt and murphy, 1970). 

Also needed is more infor~~tion on the sodium, 

potassiun and magne sium content of focds (~att and ~urphy, 

1970 ) . SGdi.ur~, especiél.l.y, is c·f ;:-~::::' ::'ï·~O=·t::::,!ce te 

di:::t'::. 
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manalo and Jones (1966), in a comparison between 

analyzed and calculated values of food composition, found 

that laboratory analysis gave significantly different 

results for some nutrients. This in no way invalidates 

food composition tables, however, because in most cases an 

approximation is adequate. Indeed, this is the purpose of 

food composition tables. 

2.2 PROTETN REQUI~EmENTS 

2.2.1 Report of a Joint FAO/WHO 
Expert Group 

The FAO/WHO Expert Group (1965) states that there 

are two components which combine to make up the protein 

requirement of an individual: a basal amount of protein 

below which normal health and growth cannot be achieved, 

and an additional amount to provide for stress. Also to 

be considered are the extra demands necessitated by major 

injuries and disease, and the further addition made to 

allow for individual variability when the requirement for 

a group or a population is being estimated. 

The diet must supply adequate protein for mainten-

ance (to replaca obligatory 1055 in the urina, facas, skin 

and ~Enstrua~ blaod), far crouth in chiljran and p:agn~nc/, 

and for lactation. 
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The Group uses the factorial approach, and thus has 

determined separately the component protein requirements. 

2.2.1.1 Obligatory Nitrogen Losses 

Nitrogen is excreted in the urine and feces and 

through the skin. Urine is the most important excretory 

route quantitatively. The body can adjust its urinary 

nitrogen output to balance a wide range of nitrogen intakes, 

to maintain nitrogen equilibrium. Below a critical level 

of nitrogen intake adjustment becomes impossible, resulting 

in negative balance. Nitrogen excretion at this level is 

ter m e d 11 end 0 9 en 0 us" nit r 0 9 en and m e a sur e s ab 0 u t 2 mg N p e r 

basal kcal, or 3 9 N peI' day in adult man. In infants, 

however, the ratio is not considered to be applicable. 

Infants apparently have the same basal urinary nitrogen 

loss as adults, but their basal (resting) calorie output 

peI' kg body weight is greater. Therefore, in infants, the 

ratio is decreased to l mg nitrogen peI' basal kcal. 

metabolic Fecal nitrogen is derived mainly From the 

secretions and sloughed-off cells of the digestive tract. 

The Group has chosen a figure of 30 ng N peI' kg body weight 

DEI' day as an estimatE of ~etabolic feca~ nitrogen. 

10:os fsr adu':"t: -:::':"E'O tG j::; 2= -..J'; ;::;sr!<; ::e:Cj '_:::.:..;n!.. 



The same figure is applied to females as weIl because the 

lower skin losses in women are offset by menstrual blood 

10 ss. 

2.2.1.2 Nitrogen Requirements for 
Growth 

The Group uses the figure 2.9% for the nitrogen 

content of the weight gained du ring growth for children 

over one year of age. The efficiency of formation of 

protein during growth is taken to be 100%, because the 

requirements are expressed in terms of the FAO reference 

protein (whole hen's egg), which is defined as being 100% 

utilized. 

8 

The same considerations have been applied to deter-

mine the requirements of pregnancy. 

2.2.1.3 The Effects of Stress on 
Protein Requirement 

The Group recommends a 10% increase to cover the 

increased protein requirements imposed by minor stress. 

In populations not free from endemic disease, and not 

living in a favorable environment, the protein requirement 

may be increased ~ven further. 

2.2.1.4 lndividu~l Variability 



as a reasonable approximation to one standard deviation, 

and 20% as a rough Equivalent of two standard deviations 

within which 95% of the population would fall. 

2.2.1.5 Calculation of Requirements 

Protein requirement is theoretically best related 

9 

to lean body mass, an estimate of which can be calculated 

by determining weight raised to the power 0.73. However, 

for practical purposes the Group considers the use of body 

weight adequate as the loss in precision is made insignifi­

cant by the range of individual variation. 

Thus the calculation for determination of protein 

requirement can be expressed by the following Equation: 

where, 

R = (Ua + Fa + S + G) x 1.1 

R = 

= 

= 

the requirements of nitrogen per kg body 

weight per day 

the basal urinary nitrogen loss per kg body 

weight per day 

the basal fecel nitrog8n 105S per kg body 

~eight per dey 

S = the nitrogen lost Fran the ski~ per kg body 

~si9ht ~~: d~j 
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1.1 = an addition of 10% for stress 

R x 6.25 = the requirement in terms of reference 

protein (g per kg body weight per day) 

The protein requirements defined in terms of the 

reference protein (whole hen's egg) ara given in Tables 

2.2.1.5.A and 2.2.1.5.B. 

TABLE 2.2.1.5.A. Protein requirements in terms of reference 
protein 

Age (years) 

Children 

1-3 
4-6 
7-9 

10-12 

Adolescents 

13-15 
16-19 

Adults 

9 per kg body weight per day 

Average 

0.88 
0.81 
0.77 
0.72 

0.70 
0.64 

0.59 

-20% 

0.70 
0.65 
0.62 
0.58 

0.56 
0.51 

0.47 

+20% 

1.06 
0.97 
0.92 
0.86 

0.84 
0.77 

0.71 

Additiona1 allowance for pregnancy = 6 g per day in 
the second and third trimesters. 

Additiona1 al10wance for lactation = 15 9 per day. 

TABLE 2.2.1.5.8. Dai1y ~rotein raquir8~ants of infants 

,clga (~onth::;) 

0-3 
3-5 
E-9 
9-2. 2 

2.3 
_.C; 

, -- . ~ 
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The upper level (+ 20%) is expected to meet the 

requirements of almost the total population. At the lower 

level (-20%) aIl but a small proportion of the population 

will Experience protein deficiency. 

2.2.1.6 Factors Affecting Protein 
Requirements 

According to the Group, arctic conditions do not 

seem to necessitate an increase in protein intake although 

calorie requirements are increased. However, heavy work 

and certain conditions may do so. 

2.2.2 Dietary Standard for Canada 

To calculate the protein requirement for Canadians 

(given in Table 2.2.2.A), the Canadian Council on Nutrition 

(1964*) followed the outlines established by the FAO/WHO 

Expert Group (1965). The Council used whole hen's egg as 

the reference protein, and the same formula as the Group, 

except that a factor of 1.3 was used to allow for individual 

variability, and an additional factor of 1.43 was used to 

bring the requirements ta the terms of the average Canadi~n 

die t. 

*;'~th:Jugh the last. -aj:::- :-::;Ji~ic;~i C1i t.he; 5':.2'-,::::;:-::: 
~~~ i~ 19~~, the ~:::t.ein :-e=~~re-~rts ~e~e re-0~2~~::;~e: i~ 
~ f""\ - .­- '" ...... --' . 
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TABLE 2.2.2.A. Daily protein requirements for Canadians* 

Age 9 protein per kg body weight 

Both sexes 

1-2 
2-3 
3-5 
5-7 
7-9 

Boys 

9-12 
12-15 
15-19 

Girl s 

9-12 
12-15 
15-19 

male adults 

Female adults 

1. 30 
1. 2lJ 
1.10 
0.97 
0.93 

0.86 
0.82 
0.73 

0.86 
0.80 
0.74 

0.67 

0.70 

*Total Canadian requirement = Cu + F + S + G) x 
1.3 x 1.43 x body weight in kg. 

Allowance for pregnancy = the 
plus 8.6 9 per dé y. 

Allowance for lactation = the 
plus 22.9 9 per day. 

2.2.3 U.S. 23commended Daily Dietary 
;;llow;:;nces 

normal requirement 

normal requirernent 

The U.S. Recom~ended Dietary A!louénces of the 



13 

nitrogen balance technique which had been used in the past 

was discarded, and the 1968 allowance is based on average 

protein requirement plus 30% to cover the needs of most 

individuals. 

The efficiency of utilization of pro teins in the 

United states diet is 70% of that of the ideal protein. 

The ideal protein requirement for a 70 kg man is taken as 

35 9 per day, although the complete derivation of this 

figure is not given. Including the 30% for variability, 

which gives a figure of 45.5 9 per day, and the 70% 

efficiency of utilization, the allowance comes to 65 9 

protein per day, or 0.9 per kg body weight per day for a 

70 kg r.lan. 

The recommended protein allowance for infants is 

derived from the protein content and efficiency of 

utilization of breast milk. 

2.3 AmINO ACIO REQUIREMENTS 

2.3.1 Historical Background 

Using the nitrogen balance technique, the original 

~o=k on the determination of requirements of original 

~~ino acids ~as ca=ried out by W. C. 
e 

Ros, and his ~ssoci-

b Y :=. -,- J Ci Il es, ::: n d the i r -; 5 SCie': a t:.; s , f CI r w 0 ~ 0 n . 
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Rose and his associates first established the 

essential amino acids, valine and methionine (Rose et al., 

1950), threonine (Rose ~ ~., 1951b), isoleucine (Rose ~ 

al., 1951a), leucine~ phenylalanine (Rose ~ ~., 1951c), 

lysine and tryptophane (Rose ~ al., 1954), before going 

on to de termine quantitative requirements. 

The essential amino acid requirements for men, as 

determined by Rose and his associates, are summarized in 

Table 2.3.1.A. AlI values were obtained using diets con-

taining the eight essential amino acids, plus sufficient 

extra nitrogen to allow the synthesis of the non-essential 

amino acids. 

TABLE 2.3.l.A. 

Amino acid 

L-tryptophane 
L-pheny1a1anine 
L-lysine 
L-threonine 
L-methionine 
L-leucine 
L-isoleucine 
L-valine 

The amino acid requirements of young men 
(Rose~~., 1955) 

Range of Tentative Definitely 
requirements minimum safe 

observed value value 
9 per day 9 per day 9 per day 

0.15-0.25 0.25 0.50 
0.80-1.102. 1.10 2.20 
0.40-0.80 0.80 1.60 
0.30-0.50 0.50 1.00 
D.BO-l.1o b 1.10 2.20 
0.50-1.10 1.10 2.20 
0.65-0.70 0.70 1.40 
0.40-0.80 o.au l. 60 

shol:Jn 
(Ra se 

aValues do not include tyrosi~e. Tyrosi~e h2S baen 
to spare the çheny~alanine req~ire~ent by 7Q ta 75% 
et a':"', 1955a). 
bValues do not inc~ude cystins. Cy=tine he':. bean 
ta spare the nethioni~e :equire~ent Of 5: ts ~~~ 

(Rose et: 21.., 1955b). 
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Rose ~ gL. (1954) determined for each of their 

subjects, the smallest amount of each amino acid which 

would allow a positive nitrogen balance, and then 

designated the value for the individual with the highest 

requirement as the '''tentative'' minimal need. To define 

the "safe" value they multiplied the minimum value by two. 

Theil' values, thus, are probably somewhat high (Hegsted, 

1963) . 

The essential amino acid requirements for young 

women are summarized in Table 2.3.1.B. 

TABLE 2.3.1.B. The daily amino acid requirements of young 
women (Rose, 1957) 

Amino acid 

L-tryptophane 
L-phenylalanine 
L-lysine 
L-threonine 
L-methionine + 
L-cystine 
L-leucine 
L-isoleucine 
L-valine 

Range of Tentative 
require- minimum 
ments 

recorded proposed 
mg mg 

82-157 
120-220 a 
400-500 
103-305 

350-550 b 

l 70-620 
250-450 
465-650 

160 
220 8 

310 

é20 

650 

Reference 

Leverton et al. (195612) 
Leverton et al. (1956d) 
Jones et al. (1956) 
LevertOn et al. (1956c) 

Swendseid et cl. (1956) 

LE:verton et al. (1956c::) 
Sl!JendSfÜdandDunn (1956) 
Leverton et al. (1956b) 

BVc:::ues detsr~ined l!Jith diets ccntaining 900 ~g 
tY:-G::ine. 

~ , ,,', .... _', u "'.' ~., ' ':: ï :.,' -, ,-,', 1.' ,-,. '-, 'd LJ' 1." r- n' 1 .-1,:,....;....- r r .- .;....,- : r- ..: ,- ;1 v'_ -:..::" ~= ...... -::::_ "-= v U.!.·~I ... -:; ....... ...J,I· ... ::;~il..LI:':; 

cystir,:;. 
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In contrast to Rose, Leverton ~~. (1956c) 

designated the minimum requirement as the smallest intake 

of each amino acid which maintained all the subjects in 

nitrog~n oquil'brium. I\Jitroger! ['qclil ibrium was dRfined as 

the zon::::: in ;Jlhich ~i-::._'::gen excrbl:ion ill cc:: :ilÏthin 95-105% of 

the intake, rather than at the point where Excretion and 

intake were numericqlly equal. Thus, their requirements 

are considerably lower th an those proposed by Rose. 

Hegsted (1963) used the above data of Leverton, Swendseid 

and Jones to calculate amino acid requirements for young 

women, by determining the regression between nitrogen 

balanCE and amino acid intake, and arrived at similar 

estimates. 

Rose (1957) and Hegsted (1963) both conclude that 

the differences in estimates for men and women are 

probably due to the methods used, and that there is probably 

1ittle difference between sexes, for protein requirement, 

except that caused by difference in lean body masse 

~lthough endogenous nitrogen excretion is re1atively 

constant (Calloway and margen, 1971), a~ino acid require­

ësnts a0sng individuals are highly variable (Hegsted, 19é3). 

C 2 l 2. c ~ 2 yan d :.~ a r 9 En ( l 9 7 1) :::1:0 0 s ta t eth a t pro vi de d th 'C: 

s~22.1 a-ounts of essential 22in= acids required fG~ 
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acids taken to meet the remainder of the nitrogen require-

ment is of little consequence. 

Hegsted (1968a) comments that amine acid require-

ments have been obtained while feeding high levels of 

total protein, and that perhaps values are different under 

conditions of low protein intake. Fisher ~ al. (1969) 

found the requir~ments of tryptophane and lysine to be 

lower than those previously reported, when a low level of 

nitrogen was fed. 

2.3.2 Report of a Joint FAO/WHO Expert 
GrGup: the Reference Amino Acid 
Pattern 

Because amine acids form many complex inter-

relationships, and many compete with one another for 

transport, it is misleading to define absolute require-

ments for an individual. However, the FAO/WHO Expert 

Group (1957, 1965) recognized the need for a pattern of 

essential amine acids in protein, based on the require-

ments of man, to which the amine acid pattern of foods and 

diets could be compared. The Group (1965) chose the amino 

acid pattern of whole hen's egg (Table 2.3.2.A) to be ussd 

as the reference pattern becausa 8gg protein has a biolcgical 

value similar to that of brsast milk and i~ al~ost totally 

digested, and utilized when Fad under appro~ri2te cGndition~. 
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TABLE 2.3.2.A. Essential amino acid patterns for whole 
henls egg 

A/E ratio: mg E/T ratio: mg 

Amino acid per 9 of total amino acid 
essential per 9 

amino acids total nitrogen 

isoleucine 129 415 
leucine 172 553 
lysine 125 403 
total "aroma tic" 
amino acids 195 627 

phenylalanine 114 365 
tyrosine 81 262 

total sulphur-containing 
amino acids 107 346 

cystine 46 149 
me thionine 61 197 

threonine 99 317 
tryptophane 31 100 
valine 141 454 

total essential 
amino acids 3215 

The Group, when expressing the amino acid reference 

pattern calculates two factors: (a) the A/E ratio, and 

(b) the E/T ratio. The A/E ratio is the proportion of an 

individual essential amino acid to the total essential 

amino acids, and can be expressed as mg essential amino 

acid per gram of total essential anino acids, or as 

9 nitrogen from a specifie amine 2cid per 9 of nit!Gg~n. 

Total essential aGino acids ineludes cystine and tJrG~in~ 

tG an amount net Exceeding that prGvided by ~Ethionin~ and 

phenylalanine rEspectively. 
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The E/T ratio is defined as the ~==~ortion of 

essential amino acids to the total nitrogsn. It is ex-

pressed as mg of essential amino acids ps= g of total 

nitrogen or per 9 of conventional protein (~ x 6.25). 

Both essential and non-essential a~ino acids must 

be accounted for. It must be remembered ~na~ although 

major emphasis is placed on the need fcr sssential amino 

acids, it is possible for the amount of r:G~-essential 

nitrogen to be the limiting factor. 

2.4 EVALUATION OF PROTEIN QUALITY 

2.4.1 Chemical methods 

With amino acid values availabls f=r ~any proteins 

it is possible to use chemical methods tG sstimate protein 

quality. Chemical methods consist of co~~aring the amino 

acid pattern of a test protein with that ~f a reference 

proteine 

Although the amino acid pattern ~r a ~rotein ls 

c10sely re1ated to the quality of the =~=~e~~, it must 

also be remembered that the nutritive ~a_~e ~s dependent 

on the availability of the amine aci~s ~: ~~e a~i~~l ~s 

~e1l (Carpenter, 1958; ~orrison, lSe L ; ~i~e a~j 2:o~n, 

1967). Severe heat, - - .-- - --

eva~oration and sterilization ~rGCeSSES, =a~ =ecrE~se th~ 

availability of sc~e a~ino aeits. 
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containing amino acids are particularly susceptible 

(National Research Council, 1963). mild heat, such as is 

used in home cooking, however, generally has little effect 

on amino acid availability (Schweigert ~ al., 1949; 

Cuthbertson, 195B; Blum et ~., 1966; Liu and Ritchey, 

1970) . 

As weIl, usually only the essential amino acids are 

considered, although the total nitrogen content is 

important. Thus the non-essential amino acids and non­

protein nitrogen may contribute to give higher biological 

values than would be indicated by the essential amino acid 

pattern alone (Block and mitchell, 1946). 

2.4.1.1 Chemical Score 

Chemical score was devised in 1946 (Block and 

Mitchell, 1946; Mitchell and Block, 1946) to evaluate 

protein quality without having to feed the test protein 

to animals. The content of each of the essential amino 

acids of the test protein is expressed as the percentage 

of a standard protein and the lo~est percentage is taken 

~s the chemical score. Egg protein was chosen as the 

r0ference protein because it is a:nost completely utilized 

jy the gr~8ing rat and by ~an (Slack and ~itchell, 194E). 

Th0 :;~inc, :::cid ~'ith tl~E lCi~est sc=:-~ is ::::lsc ccn3i.d;·;~Gd :~ 
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Block and mitchell (1946) found a high degree of 

correlation between chemical score and biological estima­

tion. 

mcLaughlin ~~. (1959) suggested a simplified 

method of chemical score determination whereby only three 

amino acids (lysine, methionine and cystine) are measured. 

They were able to demonstrate a high correlation between 

lysine concentration and protein efficiency ratio (PER) 

and between methionine plus cystine concentration and PER. 

The FAO commonly uses chemical score to evaluate 

protein quality (Report of a Joint FAO/WHO Expert Group, 

1965). The FAO chemical score is calculated as follows: 

First, add up the contributions of aIl the essential amino 

acids, together with those of cystine and tyrosine. Then, 

calculate the percentage contributions of the potentially 

limiting amino acids to the total. Finally, compare these 

percentages with the corresponding ones for the reference 

protein (egg protein). 

2.4.1.2 Essential Amino Acid Index 

The essential a~ino acid (EAA) index 2S proposed by 

Oser (1951) 15 basad on the contribution of 211 thE 

Es=ential a~ino acids te protein quaiity, rathe: than Just 

the ~ost li~iting a~ino acij, aS in che~ica~ score. 
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Egg protein is used as the reference protein, and 

the assumption is made that no essential amino acid is 

present in less than a concentration of 1% of that found 

in egg protein, so that the index will never equal zero. 

The EAA index is defined as the geometric mean of 

the nutritional egg ratios where the egg ratio is as 

previously d8fined by Block and mitchell (1946) (Oser, 

1951). 

EAA Index = n / IODa 100b 
a x-b-x. 

e e 

where n = number of amino acids; a, b j = the 

per cent of each of the essential amino acids in the food 

protein; and a , b 
e e = the per cent of the 

respective amino acids in the standard whole egg protein. 

Amino acid contents are usually expressed on a nitrogen = 

16 basis. An example of the calculation of the EEA index 

can be found in Oser (1959). 

mitchell (1954) found that the EPA index correlates 

weIl with biological value and chemical score. 

2.4.2 Biological methods 

Biological evaluation i5 the only reli2bl~ method 

for detern~n2tion of protei~ quality, beS2U3e biologiccl 

methods, unlika che~ic21 ~ethDds, account fer the ~bilitj 

of the protein te be absorbed cnd u~ilizEd by the bodj. 
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Usually growth or nitrogen balance methods are used, 

although more recently methods involving plasma amino acid 

levels have come into being (mcLaughlin, 1963). Although 

growth and nitrogen-balance methods are often considered 

to be separa te from one another, Bender (1958) points out 

that there is actually no distinction between the two 

because nitrogen balance measures the protein tissue laid 

down by the animal, and this is related to weight increase. 

2.4.2.1 Biological Value 

Biological value (BV) is determined by nitrogen 

balance, and was defined by Thomas (1909) as the percentage 

of absorbed nitrogen retained in the body. mitchell 

(1924a) applied the method to growing rats, and thus the 

present definition is as follows: BV is the percentage of 

absorbed nitrogen retained in the body for maintenance and 

for growth. It can be expressed mathematically as: 

= 100 x 
l - (F F) - (U - U ) m e av 

where l is nitrogen intake, F is fecal nitrogen, F is 
fii 

~etabolic Fecal nitrogen, U is urinary nitrogen, ênd U is 

endogenous urinary nitrogen (Bender, 1958; Pike ênd Brown, 

i 0::: 7) - -' . ....) . ~etabolic fecêl nitrGgen and endogenous u~inary 

nitrogen are both ~52sured ~hEn the subject is ~~intain~t 
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The protein being evaluated must be fed at or below 

the level needed for maintenance in order to achieve 

maximum efficiency of utilization (mitchell, 1924b; 

Sheffner, 1967). 

to supply energy. 

Above this level the protein may be used 

Oser et al. (1960) recommends a 10% 

dietary level for proteins of good quality, and a 15% 

level for those of lesser quality. 

One criticism of BV is that it does not include a 

correction factor for incomplete absorption (Sheffner, 

1967). 

2.4.2.2 Protein Efficiency Ratio 

Developed by Osborne ~ al. in 1919, protein 

efficiency ratio (PER) correlates weight change with 

amount of protein ingested in the growing animal. As 

originally proposed, food proteins were compared by 

determining the maximum ratio of gain in weight to protein 

ingested when foods supplying different percentages of 

protein were fed. To simplify matter s, it has become 

customary to give protein at the 10% level (Bender, 1958; 

Block and mitchell, 1946). PER is thus defined as the 

gain in weight in grams / grams protein ingested. PER has 

b E en cri tic i z e d b Y f': i t che li ( l 9 24 c, l. 9 44 ), 8 l 0 c k 2: n d 

;'~ i t che Il ( l 9 4 6 ), BEn de:: ( l 95 f. ), 2. l ~ i son (1 <;- 5 5 ), " 0 r ris 0 n 

C ,,(,qrr.) ... ' ........ ., (.~~r) ::: n d z -; p b e 1. 1. .:. , cu, E: na,': ~ a u.~ e t. 0 n ~ ~. 1. ';f cu. 
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No allowance is made for maintenance requirements of the 

test animal. Not aIl the protein will be used for growth; 

some will be utilized for maintenance. Results vary with 

the total food intake and with the level of protein in the 

diet. Good quality proteins will show reduced PER values 

as the protein content of the diet is increased from 10 to 

15%, whereas the reverse is true for pro teins of poor 

quality (middleton ~ al., 1960). It is assumed that the 

gain in weight is composed entirely of protein; however, 

this is not the case. Also, proteins which do not promote 

growth cannot be measured. Other factors causing varia-

tion include the deviation of the experiment, the age of 

the animais and the sex. Females tend to give maximum PER 

values at lower dietary protein levels than do males 

(morrison and Campbell, 1960). 

PER is most commonly used in feeding experiments 

with small animaIs and infants (Sheffner, 1967) and its 

main attribute i~ simplicity. Because of the many sources 

of variation it is questionable as to its accuracy. 

2.4.2.3 Net Protein Uti1izatinn 

The net protein utilization (NPU) ~ethod for the 

deter~ination of protein qua:ity was devised by Bender and 

nitrcgi::n 

ratained by the j~dy divided by the nitrogen intake. 
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Thus NPU is equivalent to biological value times 

digestibility, and measures both the digestibility and the 

biological value (Pike and Brown, 1967). 

mathematically (miller 3nd Bender, 1955): 

Expressed 

NPU = 

body N of test group - body N of non-protein group + 
N consumed by non-protein group 

N cqnsumed by test group 

miller and Bender (1955) used carcass analysis to 

de termine nitrogen retention; however, in the C3se of 

humans, where carcass analysis is impossible, nitrogen 

balance data is used, and the formula is expressed as 

follows (Pike and Brown, 1967): 

NPU = 
l - (F - F 0) - (U - Uo ) 

l 

where l = nitrogen intake, F = fecal nitrogen, 

U = urinary nitrogen, Fa = metabolic fecal nitrogen 

Uo = endogenous urinary nitrogen, when subjects are on a 

nitrogen-free diet. 

Bender (1956) found a close correlation between NPU 

and PER 50 long as food ~ntake was adequate when PER was 

deterrr;ined. He mained that PER correlaGes closely with 

food intake; whereas NPU is independent of food intake. 

th~t while 

\/:::lues obt:::':'ned by ::PU, by PE? :::nd ;;PP (nEt :J!'otEin Letia) 
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were similar, there was much greater variation observed 

between replicates of an NPU determination than in PER ahd 

NPR determinations. 

2.4.2.4 Net Protein Ratio 

Net protein ratio (net protein retention), 

abbreviated NPR (Bender and Doell, 1957), is a modifica-

tion of the PER method of protein quality determination. 

NPR attempts to account for maintenance requirements, and 

thus is able to permit Evaluation of poor proteins which 

do not promote growth. NPR values are calculated by 

feeding one group of rats a diet containing 10% of the 

test protein, and another group no proteine After ten 

days the algebraic difference between the weight gains is 

divided by the protein intake of the protein-fed group. 

Given mathematic21ly (Bender, 1958): 

NPR = 
Weight increase of animals on test protein 

weight loss of non-protein group 

weight of protein consumed 

According to ~orrison (1964), NPR has some 

advantage over ~ER in that it glves a more accurate 

esti~ation of the slope of the ragression line; however, 

~PR values cG=res~ond 50 closely with PEF values (~orrison 

:~~t the~e ~ay be littie advantage in using 

i'! PRo ver P ::::= • 
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2.4.2.5 Net Dietary Protein Value 

Net dietary protein value (ND-pV) is obtained by 

multiplying NPU by the dietary protein concentration 

(nitrogen in the mixture assayed x 6.25) and was proposed 

in 1958 by Platt and miller. ND-pV is said to represent 

the utilizable protein in the diet and is a function of 

both quality and quantity. 

2.4.2.6 Liver Protein Utilization 

Liver protein utilization (LPU), as proposed by 

mokady ~ al. (1969), is analogous to NPU except that it 

uses liver nitrogen content rather than total body 

nitrogen content in order to indicate protein quality. 

The method is based on estimation of changes in nitrogen 

content of the liver in relation to nitrogen consumption, 

and it introduces a control group to account for nitrogen 

consumption for maintenance. The authors found a highly 

significant correlation between LPU and NPU and recommend 

LPU as a simplified method. 

2.4.2.7 Relative Growth Index 

Relative Growth Index (RGI), or slope-rctio 

technique, llJ2S proposi;d by Hegsted end Chang (1.9652:, 1965b), 

who questioned scanderd bioa3sey procedu~Es which d~ net 

use a standard. PCI is defined as the s~ope of the 

regression between dose and response expressed as a 
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percentage of the slope obtained with a protein of maximal 

nutritive value. The standard protein used by Hegsted and 

Chang was lactalbumin. 

In follow-up papers, Hegsted and Worchester (1967) 

used young rats to evaluate the technique, found it tobe; 

satisfactory, and gave suggestions to improve precision 

(Hegsted ~ ~., 1968). 

A similar method was proposed by Derse (1958, 1960) 

with casein used as the control proteine 

2.4.2.8 Plasma Amino Acid Ratio 

Howell (1906) and Charkey ~ al. (1953) noted a 

relationship between protein content of the diet, and the 

levels of free amino acids in the plasma. When a protein 

is fed, the plasma amino acid levels rise in accordance 

with the amount and amino acid pattern of the protein 

(mcLaughlin, 1963). An amino acid present in the diet in 

an amount in excess of its requirement will result in an 

accumulation of that amino acid in the blood, and an amino 

acid present in limited quantity will be found in 6ma11 

amounts (Almquist, 1954). 

[aking use of the above information, Longenecker 

and Houss (1959, 1961) developed the plasra arino acid 

ratio (p~; ratio) ~ethod For deternination of protein 

qU21ity. 
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in concentration for each PAA after ingestion of protein 

are divided by the amino acid requirement of the subject, 

and multiplied by 100 (Longenecker and House, 1961). 

PAA ratios appear ta agree weIl with chemical 

scores (Longenecker and House, 1961), however, other 

dietary constituents such as glucose or butter may 

influence PAA concentrations (mcLaughlin, 1963). 

Stocklan d ~ al. (1970) sugg est tha t their exper i­

ments with lysine indicate that a period of "metabolic 

adaptation" ta different feeding methods may be necessary 

ta obtain a useful relationship between the dietary amino 

acid level, and the response of the plasma amino acids. 

Because a deficiency of a particular amino acid in 

a protein is reflected by the low level of that amino acid 

in the plasma, mcLaughlin (1964) and mcLaughlin ~ ~. 

(1967) have suggested using the PAA ratio ta predict the 

limiting amino acid of a proteine 

2.5 DETERmINATION OF AmINO ACIDS 

Chernical methods of protein quality determinations 

and treatment of sorne inborn errors of metabolis~ de~end 

en kno~ledge of the a~ino 2cids present in food. 

There are sEveral ~ethods available te detE:~ine 

~~inc 2cid content of foods. 
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chromatography, electrical transport, counter-current 

distribution, spectrophotometric analysis, paper chroma­

tography, thin-layer chromatography, microbial assay, 

isotope dilution, and gas-liquid chromatography, of which 

this author will briefly mention microbial assay, column 

chromatography, and spectrophotometric analysis. 

2.5.1 Hydrolysis 

Before amino acid analysis, however, the protein 

must be hydrolyze~ to release the amino acids. Hydrolysis 

can be carried out using acid, alkali or enzymes. Regard­

less of which is used, hydrolysis giv~s more sources of 

error than does the analysis itself (Lillevik, 1970). 

When acid is used for hydrolysis, ammonia is 

liberated from the amide linkages of aspargine and 

glutamine, resulting in their destruction. Through the 

formation of humin, a complex insoluble black pol ymer 

(West ~~., 1966), tryptophane is a1so destroyed (Horn 

~ ~., 1953 ; Lill e v i k, 1970). There may also be limited 

destruction of serine, threonine, cystine, tyrosine, 

proline, aspartic acid, gluta~ic acid, lysine, and 

2rginine (Lillevik, 1970). 
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Enzymatic hydrolysis is used mainly when partial 

hydrolysis is desired (Lillevik, 1970). 

2.5.2 microbial Assay 

microbial assay (Snell, 1957) depends on the use of 

microorganisms with requirements for specific amino acids. 

In a basal culture medium with a known amount of amino 

acid, the growth of such an organism is proportional within 

limits, to the amount of amino acid present. Using various 

concentrations of the amino acid, the growth of the 

organism is measured. A standard curve is prepared, from 

which the amount of amino acid in the unknown can be 

determined. 

2.5.3 Column Chromatography 

Column chromatography as a method of separation and 

determination of amino acids was devised by martin and 

Synge in 1941. The method involves adsorption of the 

hydrolyzed protein (amino acids) on a column of sulfonated 

polystyrene resin which acts as a cation exchanger. Thos8 

amino acids with the strongest positive charge will be 

bound ~03t strongly, while those with a negative charge 

will Emerge first From the column. Other factors such as 

po':'arity or the side ch,;ins (W::::::t et e:l., 19E5) 8.5..2.2. ,::1.:;0 

influence the rate of elution. The e:~inc acio::: e:r0 sushed 

2long 
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supplies ions for the ion exchange. Some amino acid 

analyzers have two columns using different resins and 

buffers of different pH; one for acidic and neutral amino 

acids, and the other for basic amino acids. 

When the amino acids leave the column they react 

with ninhydrin ta give a col our which is measured on a 

recording photometer. The time of appearance of each peak 

on the record chart identifies the amino acid, and the 

area under the peak is proportional ta the amount of amino 

acid in the sample. 

An excellent and simple review of the principles of 

amino acid separation by ion exchange, and of the nin-

hydrin reaction is contained in the Theory Section, Beckman 

120 Field Service Engineering manual.* 

2.5.4 Spectrophotometric Analysis 

Spectrophotometric methods are based on the 

specific light absorption, exhibited by the coloured 

derivatives of the amino acids. Tyrosine and tryptophane 

can be directly determined by spectrophotometry without 

prior hydrolysis (West et al., 1966). 

*Obtainable from Eeckman Instruments Inc., SpincG 
Division, 1117 California Avenue, Palo Alto, California 
94304. 



2.6 INBORN ERRORS OF AmINO AeIO 
mETABOLIsm 

Oisturbances of amino acid metabolism (inborn 

errors of metabolism), although rare, are of great 

interest, and much time and effort have been devoted to 
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their study. Inborn errors of metabolism are the mutation 

of certain genes which result in abnormal structural (non-

enzyme) protein, or enzyme defects. The number of inborn 

errors of amino acid metabolism is large, and to deal with 

them thoroughly is out of the question at this time. A 

good review and summary by Rosenberg and Scriver (1969) is 

available. 

Oepending on the type of error, treatment may 

involve substrate restriction, i.e., dietary removal of 

foods containing the amino acid known to be accumulating 

in the body. If this is the case, it becomes necessary 

for the amino acid composition of the foods involved to be 

known so that their ingestion can be limited. 

Although Stegink and Baker (1970) found the serum 

cmino acids of northern Alaskan Eskimo infants and 

children to be normal, they indicate thct preliminary 

studies suggest c high incidence of inborn errors of cmino 

2cid ~et2bolisr: in Eskimo children. Those EIrOIS with 

high incidence o - kO 
~n ~s ~~os known 21recdy include ~seudo-

cholinGste~2se deficiency (Cutsche et ~~., 19S7), 
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hereditary methemoglobinemia (Scott and Hoskins, 1958), 

and salt-losing congenital adrenal hyperplasia (Hirschfeld 

and Fleshman, 1969). Although none of the above three 

requires dietary restriction it is possible that due to 

inbreeding in isolated areas, there may be other errors 

which do require dietary treatment. 

2.7 mINERAl REQUIREmENTS 

Requirements are given for five mineraIs: sodium, 

potassium, magnesium, copper and irone These are the 

mineraIs for which values have been obtained for northern 

meats. 

2.7.1 Sodium Reguirement 

The human diet always contains a certain amount of 

sodium, usually about 3-7 9 per.day, a large part of which 

is in the form of sodium chloride (Pike and Brown, 1967). 

The urine is the main route of sodium excretion, 

8lthough small amounts are lost through the feces, sweat, 

tears, and other body secretions. 

Except in p3thological conditions such as cardio­

vascular disease where an excess of sodium can be har~ful, 

and i~ severe heat or gastrOiGte2tinal dise~se Dnere the 

body i5 sodiu~ depleted, the dai1y scdiu~ intake is given 

Little consideration. 
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amounts. Thus, there have been no estimates, and there is 

little need to define sodium requirements for the normal 

population (Forbes, 1964; Pike and Brown, 1967). 

2.7.2 Potassium Requirement 

Although potassium is an Element essential to the 

body, no dietary requirement is specified (Williams, 1969). 

The average North American diet, which contains about 2-4 9 

potassium daily, appears to supply adequate amounts. 

Potassium is widely distributed in natural foods, and 

potassium deficiency is unlikely to occur as a result of 

suboptimal dietary intake (Guthrie, 1967). Potassium 

intake, therefore, is generally only considered in patho­

logical conditions such as hyperkalemia (elevated serum 

potassium) which occurs as a result of renal failure, and 

hypokalemia (low serum potassium) which can result From 

prolonged wasting disease or gastrointestinal disease 

(Williams, 1969). 

2.7.3 magnesium Reguirement 

The human body contains about 25 .g of ~agnasium, 

~3king it one of the 82jor ~ineral constituants of the 

'("d ' ("- -'-~d' 1Q::;1I\. 'n 1''''' -_. D·...) '] n"'gc .... "", _/...)~D/, ,Oc;Jt:Ve.:., the raquir0~ent for 

. ~ . .. . (. . 
3~t.IIC!rlL.le3 Lêverr.on, 



approximately 300-400 mg per day, which is the amount of 

magnesium contained daily in the average North American 

diet. 

In contrast, 5eelig (1964) maintains that 5 mg 

magne sium per kg body weight per day (300 mg per day) is 
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too low, and that the majority of the population may be in 

a state of suboptimal magnesium nutrition. After review-

ing the literature on magnesium balance, she recommends a 

daily intake of 6-10 mg magne sium per kg body weight. 

The U.S. Recommended Daily Allowances (1968) 

advocates an intake of 350 mg per day for adult men, and 

300 mg per day for adult women. These figures are based 

on balance studies and will maintain positive balance. 

Although magnesium deficiency has been produced 

experimentally in man, it is rarely seen under normal 

conditions. However, a deficiency can occur in man as a 

result of severe malabsorption or gastrointestinal disease 

(Pike and Brown, 1967). 

2.7.4 Copeer Reguirement 

Although copper deficiency is not unCOGmon in 

ani~2ls, it has yet to be produced in man ( r.~ 0 "" - ; r:-,., fi. ~ n d 1'1 _ _ _ __ ~ 

r--ob:::;li 1963) "-JC;lll t ...... _-, - • According ta Ca~turight and Uintroba 

(1964), of the 2.0 to 5.0 ~g of cappar ing0stad daily, 

J.6 ta 1.0 ~g is ébso~bed. 



in the bile, and 0.01 ta 0.06 mg in the urine. 

The daily copper requirements, obtained by priev 

(1966) using balance trials, are given in Table 2.7.4.A. 

TABLE 2.7.4.A. Copper requirements 
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Age (years) Copper requirement (mg/day) 

6 months - 1 year 0.5-0.6 

1- 3 1.5-2.0 

3-10 2.0-2.5 

10-14 2.0-3.0 

over 14 2.5-3.5 

For girls 6 ta 10 years of age Engel ~~. (1967) 

recommends a copper intake of 2.5 mg per day, which cor-

responds well with Priev's data. The 2.5 mg intake would 

include the copper necessary for growth, skin loss, and a 

margin of safety. 

The Canadian Council on Nutrition (1964) states 

that copper balance in adults will occur with a daily 

intake of 2-3 8g. The Council, although indicating that 

insufficiant infornation is availabla ta dEtEr~ine copper 

re~ui=amEGts, :Eco~~End5 an intake of csp~Er 1/10-1/5 that 

Sf the recommanded iron al:o~2nca. 



39 

2.7.5 Iron Reguirements 

Iron is an element, the requirement of which has 

not yet been fully established because of the large number 

of factors involved. The human body contains about 4-5 9 

of iron, most of which is contained in the haemoglobin of 

the blood (moore and Dubach, 1962). The Excretion of iron 

is limited, and although small amounts are lost in the 

urine, in sweat and body secretions, and in the desquamated 

cells of the skin and gastrointestinal tract, iron balance 

is controlled by the rate of absorption (moore and Dubach, 

1962). Absorption is so varied among individuals, and is 

affected by so many factors, that a definite requirement 

is very difficult to establish (moore and Dubach, 1962). 

The average iron intake (obtained through sur vey 

data) appears to be between 10 and 30 mg per day (moore, 

1964). Of this, about 10-15% is generally believed to be 

absorbed (Pike and Brown, 1967). 

However, iron requirements have been estimated by 

various authorities. The recommendations of the American 

medical Association (1968) are given in Table 2.7.5.A. 

The U.S. Recommended Daily Allowances (RD~) 

are given in Table 2.7.5.8. 



TABLE 2.7.5.A. Estimated dietary iron requirements 
(AmA, Council on Food and Nutrition, 1968) 
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Absorbed iron 
requirement 

mg/day 

Daily food iron* 
requirement 

mg/day 

Normal men and 
non-menstruating women 

menstruating women 

Pregnant women 

Adolescents 

Children 

Infants 

0.5-1.0 

0.7-2.0 

2.0-4.8 

1.0-2.0 

0.4-1. 0 

0.5-1.5 

*Assuming 10% absorption. 

5-10 

7-20 

20-48 a 

10-20 

4-10 

1.5 mg/kg b 

a This amount of iron cannot be derived from the 
diet and should be met by iron supplementation in the 
latter half of pregnancy. 

b To a maximum of 15 mg. 

TABLE 2.7.5.B. Recommended daily dietary allowances, 1968 

Iron requirement (mg/day) 
Age (years) 

males Females 

Birth - 1/6 6 6 

1/6 - 1/2 10 10 

1/2 - 3 1 ~ _J 15 

3 - 10 10 10 

10 - 12 10 18 

12 - 18 15 18 

18 - 55 10 1 r, 
_C 

55 ' ~ 10 + .!.. 1-'-: 
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The RDA is based on 10% absorption of food iron, 

and for men is readily obtainable from a normal diet. For 

women, however, the recommended 18 mg per day will be 

difficult to obtain; however, if obtained will enable the 

women to store sufficient iron to make iron supplementation 

du ring pregnancy unnecessary (Sebre11, 1969). 

The RDA for iron have been criticized recent1y. 

Hegsted (1970), because of the great variabi1ity of iron 

absorption and avai1abi1ity, questions the va1idity of 

inc1uding iron in the Recommended Dai1y Allowances. 

Beaton ~~. (1970), on the basis of iron balance 

studies with menstruating women, recommends an intake of 

only 11-12 mg iron per day for women, rather than the 18 mg 

recommended in the RDA. In direct contrast, Hegsted (1970) 

has said that the RDA for iron for women should be higher. 

Iron intakes recommended by the FAO/WHO Expert 

Group (1970) are based on estimates of physiological 

losses of iron from the body, and of increments in body 

iron during growth. The recofT,rnended intakes are designed 

to ~eet the dënands of 95% of the population, and are 

expressed ~n terms of three types of diet according to the 

content cf anir',21 foods. The types of diet, uith rélo::t:::d 

iron absorption percentagas ara givan in Table 2.7.5.C., 

and tha iron raquiranents thE~salves in Table 2.7.5.D. 



TABLE 2.7.5.C. Absorption of iron 
different proportions of foods 

Less than 10% of calories from 
foods of animal origin 

10-25% of calories from foods 
of animal origin 

more than 25% of calories from 
foods of animal origin 
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from diets containing 
of animal origin 

Assumed upper limit 
of iron absorption 

by normal individuals 

10% 

20% 

TABLE 2.7.5.D. Recommended daily intakes of iron(fAO/wHO,Iq,lO) 

Infants 
0- 4 months 
5-12 months 

Children 
1-12 years 

Boys 
13-16 years 

Cir l s 
13-16 years 

r:~ e n s t rua tin 0 
ll.Ior:;en b -

i'~ en 

Absorbed 
iron 

required 
mg 

0.5 
1.0 

1.0 

1.8 

2.4 

2.8 
~ q 
o..J • " 

Recommended intake according 
to type of diet 

Animal 
foods 
below 
10% of 

calories 
mg 

a 
10 

10 

18 

24 

28 

Animal 
foods 
10-25% 

of 
calories 

mg 

a 
7 

7 

12 

18 

19 

Animal 
foods 

over 25% 
of 

calories 
mg 

a 
5 

5 

9 

12 

14 

2=r~~st-feeding is 2ssu~~d ~o u= ~d~qu~t~. 

b For non-~enst:u2ting ~~-e~ the rsc~~-snded ~nt~~s~ 
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The absorbed iron requirement for the first half of 

pregnancy is about 0.8 mg per day; during the second half 

it is about 3 mg per day; and during lactation l mg per 

day. An additional 250 mg of iron is lost at delivery; 

however, the Group suggests that if the recommendations 

made for menstruating women are followed throughout 

pregnancy and lactation, the iron absorbed in excess of 

the requirement du ring the first half of pregnancy and 

during lactation could be utilized to cancel the deficit. 

The Group is also of the opinion that for women 

whose iron intake throughout life has been at the recom­

mended levels (see Table 2.7.5.0.), the daily intake of 

iron during pregnancy and lactation should be the same as 

that recommended for non-pregnant, non-lactating women of 

child-bearing age. 

The Group admits, however, that few women fall into 

such a category. 

The Canadian Council on Nutrition (1964) recommends 

the daily intakes of iron listed in Table 2.7.5.E. These 

intakes should cover body losses, which are very low, and 

negative balance should not occur, although there is a 

great variation in absorption of irone 
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TABLE 2.7.5.E. Recommended daily intakes of iron 

Iron, mg/day 
Age 

lYIales Females 

Birth - 10 years 5 5 

Il - 16 yea:.' s 12 12 

17 years onward 6 10 

3rd trimester of pregnancy 
and lactation 3 extra 



III. EXPERImENTAL PROCEDURE 

3.1 GENERAL PREPARATION OF SAmPlES 

The samples of meat, fish and poultry were collected 

From various locations in the Canadian Arctic, and were 

shipped frozen to montreal, where the y remained frozen 

until analyzed. 

The frozen samples were thawed, the inedible parts 

removed, and the edible portion ground and mixed three 

ti~es in an Electrolux grinder. A weighed portion plus 

additional water required to bring the moi sture content 

to about 30% was homogenized in a Waring blendor. The 

samples ~ere th en freeze-dried as described by Farmer and 

~ailson (1967), making the samples easy to store and to use. 

The freeze-dried samples were stored in individual 

sc~au-to~ glass jars in the freezer. To prevent moisture 

u~t~ka, activatsd alumina in terylene mesh bags, sur­

~c~r.d=j by plastic, was added to each jar as describ8d by 

- =:~-=~ :::nd ":eilson (197Ge). 
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The samples of arctic hare, white whale meat and 

white whale liver were classified as ftdog food." However, 

as other samples of the same animaIs were unavailable, it 

was decided to analyze the dog food. It was felt that the 

values obtained would be similar to those of the same 

animaIs considered fit for human consumption. 

3.2 CRUDE PROTEIN DETERmINATION 

Protein was determined by macrokjeldahl* (A.O.A.C., 

1965) on the samples of pintail duck, snow goose, common 

loon, arctic char, losh fish, lake trout, arctic hare, 

muskrat, reindeer steak, bearded seal, white whale and 

arctic ground squirrel; and by microkjeldahl (A.O.A.C., 

1965) for partridge, beaver, caribou, moose, snowshoe 

rabbit, ringed seal and walrus. 

3.3 AMINO ACID DETERmINATION 

3.3.1 Hydrolysis of samples 

The freeze-dried samples were hydrolyzed in dupli-

cate with 6 N HCl as outlined in the Instruction ffianual 

1 
for the 8eckman ~odel 120 Amino Acid Analyzer,- with the 

followi~g modifications. Samples of 100 ~g, and 10 ~l of 

+Cër~i5d out b, technicien. 

-5;:':'nc~ Di ...... 'ision, 3~C~~2~ In~::-:..n-.~r,:'= ~Iiu., P~l:. 

-~:~, C~:if~~ni2. 
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6 N HCl were used. The tubes were sealed in an oxygen-gas 

flame, but were not evacuated. Nor was nitrogen bubbled 

through the samples. It was felt that these steps were 

unnecessary for food samples destined for food composition 

tables (Anastassiadis, 1970, personal communication). 

The samples were hydrolyzed at 1100C + 10 in a 

2 Fisher Isotemp aven. After cooling, the hydrolysates 

3 were evaporated ta dryness with a rotary flash evaporator. 

The residues were washed out of the flask and dissolved in 

5.0 ml of pH 2.2 citrate buffer, and filtered through a 

millipore Filter,4 into screw-top glass jars. The samples 

were then stored at _6 0 C. 

Before analysis, the samples were diluted with 

pH 2.2 citrate buffer by a factor of five. 

3.3.2 Column Chromatography 

The protein hydrolysates were analyzed by column 

5 chromatography on a Beckman 120C Amino Acid Analyzer, 

2Fisher Isotemp Oven, Senior model. Fisher 
Laboratory Appliances, montresl, Quebec. 

3 ,- d . '-'2 R' ,.... - 1 l!!O el r ..... , ~otc;ry r l.éGK duchnGr 
Instruments, Fort L:::e, U.S.Ç-. 
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according to the Instruction manual, with the exception 

that PA28 resin
6 

was used in place of AA15 resin. 0.5 cc 

of sample was applied to each column. 

3.3.3 Tryptophane Analysis 

Tryptophane is destroyed by acid hydrolysis and 

therefore could not be determined by automatic analyzer. 

Thus tryptophane analysis was carried out by the photo-

metric method of Shaw and mcFarlane (1938). Sample size 

of 25 mg was used, with l ml 10% NaOH. To read absorbance 

7 a Coleman Hitachi 124 Double Beam Spectrophotometer at 

550 mu was used. 

3.4 DETERmINATION OF SELECTED 
mINERALS 

3.4.1 Hydrolysis 

The freeze-dried samples (250 mg), in beakers each 

covered with a watch glass, were heated with 10 ml con-

centrated nitric acid, until the solution became pale, 

clear orange in colour, according to the method of Hoffman 

(1970). The samples were then cooled, and the watch glasses 

68eck~an Custo~ Pas8arch Rasin. Spinco Division of 
30ck~2n In3t~u~ents Inc. Pa:o ~lto, C2~iFDrni2. 
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rinsed with distilled wate~ into the beakers. The watch 

glasses were replaced, and the samples reheated until they 

turned a pale yellow colour. After cooling, the samples 

were washed into large test tubes, brought up to 50 ml 

with distilled water, covered with Parafilm,8 and stored 

at room temperature. 

3.4.2 Atomic Absorption Analysis 

The prepared samples were analyzed by atomic 
C, 

absorption spectrosRPY for copper, iron and magne sium 

9 using a Uni cam SP90 Atomic Absorption Spectrophotometer, 

as outlined in the Unicam Atomic Absorption ffiethods. 9 

3.4.3 Flame Emission Analysis 

The samples as prepared above were analyzed by flame 

Emission photometry for sodium and potassium, using the 

Unicam SP90 Atomic Absorption Spectrophotometer,9 as out­

lined in the Uni cam Atomic Absorption ffiethods. 9 

8ecause the samples were high in sodium and potassium, 

the necessary dilutions were made and accounted for 

z:ccordingly. 

;;':"Ir,i::'ô:~ IÎlstru;-~nts Linited, '{Grk Str:c:::c::t, C::C:0.bridg:.::, 
~Ggl2Î1d. ;v~il~ble f:c:- C~n2dian Labora~cr/ Su~~liEs 
:"':'-·it:.~c. 



IV. RESULTS AND DISCUSSION 

4.1 AMINO ACID DETERMINATION 

The samples analyzed for amino acids are described 

in Table 4.1.A, and the amino acid content, expressed as 9 

of amino acid per 100 9 of protein, is given in Table 

4.1.8. One sample of each animal was analyzed in duplicate. 

Values obtained for the tryptophane content of the 

meats are very low, and therefore are not included in 

Table 4.1.8. They are giveQ in Appendix Table 1. The low 

values probably are a result of interference of the dark 

col our of the samples with the colorimetric readings. 

Values for cystine are also unavailable. A peak 

for cystine was not recorded on the recording photometer 

of the amine acid analyzer. As explained in the Literature 

Review, cystine is particularly sensitive to acid 

hydrolysis, and therefore probably was destroyed during 

hydrolysis. 

8ecause the amino acid composition of many meats i3 

still unknown, or unpublished, co~parison3 ~f data obtained 

with published data are fairly general. The values taken 

fro~ the literature and used fer co~parison are çiven in 

~p~endix Tab~2 2. 
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Duck, pi.nLd,l 

(;llll~;(', ~~nulU 
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[11.11', dT'cl.Lc 
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II'DUl., L,lkl' 

1;1.111111\'11 ~; 

[ll',l \/1' l' 

r.ll"ibuu 

11,11"1', ,ll"ctic 

j"lillll :;1' 

(L.il1 LI' cl1nl.inlJ[,d) 

TAOLE 4.l.A. Samples analyzed for amino acids 

Scicntific name 

A nd~, ClCU ta 

Chen hyperborea 

C,'lvia imrner 

AIcctoris graeca 

S~lv8linus alpinus 

LoLI Iota 

Location Description* 

Inuvik entire bird 

Kendall Is. adult bird minus head and 
9 izzard 

Mackenzie delta whole bird minus sub­
cutaneous fat 

Tuktoyaktuk 

entire bird minus skin and 
lungs 

full Y dressed 

centre section, including 
entrail s 

Salvelinus namaycush Tuktoyaktuk entire fish, including 
entrails 

RdnQifer arcticus 

Lopus americanus 

Aicus <.llces 

Baffin Is. 

Starnes Fiord 
N.W.T. 

thigh section 

large piece of dark red 
muscle 

dark red meat (dog food) 

muscle 
Ul 
1-' 



r rI! HJ {). 1 . 1\. ( con tin u cd) 

Cl1l1ll:lUn n,1I111' 

[,1.1111111~1l ~; (con t. ) 

r,llJ : ; k r ,1 L 

Scil~nUfic name 

Ondatra zibothica 

1!,lhlli.t., ~;"I)UI!;ho{} Lopus amoricanus 

HI' i "cI!'I'I' 

:~I', 1 L, Li!'; Il' rlr'rI, 
111 L', 1 t 

:,1,;11, lW,II'c1I!d, 

! L \1 l ' l' 

:,1',11, l' LnIJI'd, 
1111',1 t. 

flangifer tarandus 
grocnlandicus 

ErignaLhus barbatus 

PU~d hispida 

:;qlli 1'1'1'\, ,II'cLic CiLul1u~ p;lrryi 
IjI'llLJl,d 

111,1 1 Ill:; 

1111',11 l', li/Iii 1.1 1
, 

Iii l', d, 

\111,,1 1 l', lil" i t. l' , 
1 i \1 l ' 1 

lI/h,III', \\J/li t.I' 

Il Il (J Lw nu !; l' 0 DilI" l' U S 

/)1) 1 pld.rlllp llll'LJlJ 

11!LJI:d!' 

Location Description* 

mackenzie delta muscle 

Tuktoyaktuk 

Tuktoyaktuk 

Spence Bay 

Sachs Harbour 

Sachs Harbour 

Va Va River 

Igloolik 

St<ll'llrJn Fiord 
N.IU.T. 

S L,Il' n (J Ll Fi II r d 
N.W.1". 

entire rabbit 

rump steak 

meat 

liver 

pel vic area 

ontire animal minus ono log 

bück 

mont (do!] fooe!) 

liVlll' (doQ food) 

cannod 

~111~l'tlrl~ brling freDze driod Qll inedible portions were removed 

U1 
N 



T/\nL[ Il.l.El. Arnino ucid content of northern Canadian birds, fish and mammals 

(grums amino ucid per 100 grams edible protein l ) 

cr! Aspartic Glutamic ;0 Alanine Arginine Glycine Histidine Protein acid acid 

[1 i. r cI~; 
Duck, pLnl.di.l 23.7 6.73 6.73 11. 26 16.27 5.08 2.69 
COn~;l! , ~;1l0W 23.1 6.16 6.22 9.00 14.86 6.34 2.78 
l.nCln, CCll11l1l0 n 22.4 5.71 6.26 8.80 13.47 5.47 2.61 
Poil' t. l' i rig fJ 4 L~. 3 5.99 6.61 9.07 15.34 5.21 5.65 

F" 1. ~; h 
~, ;Il'C l.ic 20.8 6.41 6.62 10.60 14.57 6.34 5.23 
L LJ ~~ Il fish (burbot) 24.9 6.97 7.13 11. 94 18.06 6.87 2.22 
Iruutz l ~ 11< l! 22. L. 6.37 5.99 10.32 15.05 5.99 3.35 

l'\l; Illlllld L !, 
Ill';IVt'l' 21.3 5.85 6.90 9.27 16.42 5.04 4.48 
C,II'.UH1U, r;llIJ 26.1 6.48 6.54 10.53 16.72 5.09 3.93 
Il.11'1' , drcLic 7 24.6 5.58 5.89 8.71 14.03 5.38 2.77 
1l1Ull:;1' 23.4 6.58 7.37 10.72 18.45 4.99 3.84 
Illu !;I, l' <1 t. 19.9 6.68 5.41 10.07 14.63 6.47 3.39 
!\.lbh il., ! ; n Cl UI ~, ho l! 21. 9 6.23 6.17 10.27 15.85 5.70 4.21 
fil' intll't' l', ~; l:l! .. \ k 20.7 6.94 7.35 10.36 17.22 6.02 3.59 
~; t'; 1 l , l1t':lrdt!d, ln 1'~1 t 28.4 6.25 5.69 9.34 15.09 4.70 7.57 
~ll '. 1 l , 1.1 t'; Il' dl' cl, .livl';r 22.8 6.86 4.80 9.78 13.24 6.01 3.16 
~.; 1 • ,t.l , l' inq .. 'li, IIIl) <J t: 3 23.2 7.20 6.08 9.12 15.19 8.32 3.84 
~1 Il LI L l' l'\' l , qrnund 21.1 . 5.99 5.87 9.28 15.53 5.74 2'.96 
llJ.d l'lI!; 26.0 5.81 6.30 9.30 16.88 5.38 L •• 77 
lU!l;1l t', whi LL', InL!d t 2 27.8 6.09 5.11 8.9& 15.02 5.47 5.32 
ll/I1.1 1 t' , udü tt" li vc'r 2 25.2 7.15 5.81 9.71 12.27 6.74 4.07 
ll/ILI 1 t' , wilL t,I!, c<lnnpd 29.9 5.63 5.41 8.61 14.73 5.90 5.46 

( t .. I111 1 ' CLIn l..LI1Ul!d) Ul 

( !; t' l' fL1(ltll(ltt)~~ :lt ond of tuble (p.55)) LN 



HUl Ll- Il. l • Ll • (continued) 

% Isoleucine* Leucine* Lysine* !YIethionine* 
Phenyl-

Protein alanine* 

IIi. rd:; 
Duck, pin LIU 23.7 5.08 9.36 8.81 2.75 4.71 
I;()() :;t~, :;nDW 23.1 4.71 8.39 7.91 2.42 4.23 
LOlJll, C OIlIfliD Il 22.4 4.20 8.32 8.48 2.38 4.36 
P"l'tl'id~l~ 44.3 4.48 8.96 9.13 2.80 4.42 

r i ~;ll 

~, ;\ l'C tic 20.8 4.04 8.44 10.18 3.00 4.39 
LO!ih f.i.~;\l (IJurbot) 24.9 5.12 9.24 9.66 3.43 4.75 
lruuLz. Ld<l~ 22.4 4.45 8.13 9.17 2.91 4.39 

flLIIIII1l;I.l S 

IlI>dVL'l' 21. 3 4.98 9.21 10.70 2.61 4.60 
C,lrihou, 1':llli 26.1 5.32 9.84 9.89 2.31 4.86 
ILl 1'1>, ;1 r ct i r. 7 24.6 4.25 8.09 7.89 2.41 4.00 
Illou!'!.> 23.4 5.48 10.05 10.35 2.92 4.93 
Illu ! :1<1'; 1 l. 19.9 4.45 9.22 9.01 1. 91 4.67 
ILlblliL, ~) n 0 lU :.; Il () C' 21. 9 4.81 8.96 8.67 2.08 4.51 
Ill> intll'OI', s tt'~\k 20.7 5.18 9.69 9.28 2.51 5.01 
SI1.\l, Lll',1J'clt'd, ,nout 28.4 4.92 10.72 10.84 2.16 5.14 
~; l', Il , hl';1 r cil' cl, liver 22.8 4.62 10.14 9.05 2.00 5.65 
~1 1>, Il , r i n~ll: li, I1lflC1t 3 23.2 4.48 9.91 8.32 2.24 5.12 
Squil'I'lll, (J round 21.1 4.45 8.38 8.31 2.51 4.38 
Ill" l ru:; 26.0 4.83 9.97 11.13 2.51 5.20 
\lltl,dl' , wlli.I.t:, !nuat 2 27.8 4.75 9.96 10.43 1.19 4.65 
HlIl,III>, llIhiLt', livor 2 25.2 3.66 11.45 8.43 1. 74 5.76 
\llh, Ill' , \u Il i t [.) , cClnned 29.9 4.30 9.33 9.88 2.15 4.58 

(Jl 

~ L \ b 11' con tin u l~ d ) 
~ 

~'l' \' f Ll \.1 t-. n li t.t~~; ; 1 ton d 0 f ta b 1 e Cp.55)) 



TI\HLL Il.l.n. (continuBd) 

% Praline Serine Threonine* Tyrosine** Valine* Protein 

1 Li. l' li ~_i 
Duck, pin Ltil 23.7 4.59 4.22 5.14 3.92 5.45 
1;(l(J~il!, ~,n () w 23.1 4.83 3.99 4.47 3.20 4.89 
Loon, cOfllfllon 22.4 4.83 3.96 4.44 3.09 4.04 
Pdrl.l'idq(! 44.3 3.81 3.86 4.76 3.69 5.54 

r i ~;h 
r: Il; 1 r , '\rel.ie 20.8 4.25 4.18 5.02 3.49 5.58 
L 11 !ih f i ~;h (burbot) 24.9 4.70 5.18 5.23 3.80 5.39 
TI'ouLz l ;d.: C' 22.4 3.84 4.06 4.72 3.51 5.05 

fI1;lIllflli\l~; 

11f',)VI'l' 21.3 4.29 4.04 4.54 3.48 4.85 
C,11'.ibL1u, l' ; \ lU 26.1 4.40 4.11 5.15 3.76 5.50 
!Id l'l' , '1I'cLic? 24.6 4.35 3.48 4.25 3.23 4.35 
rtltl(J~'" 23.4 4.63 4.08 5.24 4.20 6.21 
1) l LJ ~; k l' d L 19.9 4.77 4.35 4.88 3.07 5.30 
ILlhtJ:i.I., !3nOlU~3horJ 21. 9 4.81 4.04 4.99 3.50 5.34 
Ill! inrjl'I~r, ~; l. C!; d< 20.7 4.76 4.18 5.01 3.76 5.77 
~i l'. Il , lll' d l' cl 1 ! d , lI\e~1 L 28.4 3.59 3.65 4.26 3.04 5.03 
~i l ',\ l , bl!.II'dl'd, li V l! l' 22.8 5.28 4.62 5.04 3.83 6.20 
~) f' ; 1 l , rinqf!d, 111 L~ ~î t 3 23.2 6.24 4.48 4.48 1. 92 5.28 
~;quil'l'l'l , urLlund 21.1 4.45 4.00 4.51 3.35 4.71 
UI; t.1 ru !_; 26.0 4.40 3.79 4.65 3.30 4.40 
WIl" 1 l' , luhiLt" 11ll'<)t 2 27.8 3.72 3.30 4.08 2.89 4.39 
1l/1l.1 11' , lUhil.t" livcr 2 25.2 5.23 5.17 5.06 3.78 6.74 
\li h.\ 11' , whih', C ;Ifln lJ d 29.9 4.41 3.31 3.92 2.92 4.03 

1 
v.dUt':; ,11'1' roprcsent3tive of the entire edible animal 

., U1 

. t:l ,I!;:;ifil'd ilS dog food *essential amino acids for man U1 

:5 1ll1i .1 l' li **semi-essential amino acids for man 
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Values obtained for the essential amino acids of 

pintail duck compare favourably with those for domestic 

duck (Orr and Watt, 1957). Protein content is also 

similar, being 21.4% for domestic duck and 23.7% for pin-

tail duck. The values for domestic duck were probably 

obtained using microbial assay. Pintail duck is higher 

than whole hen's egg (Nutrition Division, FAO, 1970) in 

leucine and lysine, but lower in methionine, phenylalanine 

and valine, on a 9 amino acid per 100 9 protein basis. 

However, on edible portion basis, pintail duck, which 

contains 23.7% protein, is higher in all the essential 

amino acids than is hen's whole egg which contains only 

12.4% proteine 

The amino acid content of snow goose, on 9 amino 

acid per 100 9 protein basis, compares favourably with that 

of chicken (Nutrition Division, FAO, 1970) and turkey (Liu 

and Ritchey, 1970). methionine, glutamic acid and tyrosine 

are slightly lower, and may have been partially destroyed 

during hydrolysis. Methionine is unstable also during ion 

exchange (Li11evik, 1970). Protein content of snow goose, 

chicken and turkey is similar; however, snow goose contains 

nearly twice as much protein as does hen's who1e egg. 

ïhe~efo~e, on a 9 . . d 
a~lno 2C~ lOG 9 prctein basis, snow 

gaosE is lo~er in nost essentia: a~ino 2cid than i5 ~gg, 

but on 2 total ed~ble portion bas~s, snG~ çOGse ~s ~DrE 
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The essential amino acid pattern of common loon 

compares well with that of domestic duck; however, when 

compared with chicken and turkey, the loon is lower in 

glutamic acid, isoleucine and valine. Protein contents of 

the four are similar. On a 9 amine acid per 100 9 protein 

basis, Ioon is lower in most of the essential amine acids, 

but higher in lysine, than is henls whole egg. Like the 

other birds, the common loon is, ho~ever, twice as high in 

protein as is henls whole egg. 

Partridge con tains amino acids in amounts similar 

to chicken and turkey, although histidine is higher and 

isoleucine lower in partridge. Partridge, however, can­

tains a very high percentage of protein (44.3%). Thus, 

partridge, when compared ta henls whole egg on an edible 

portion basis, is very high in the essential amino acids, 

especially lysine. 

Arctic char and lake trout values compare favour­

ably with general values for all types of fresh fish and 

for Clupeiformes salmonoidel given by the Nutrition Division 

of FAO (1970). Compared to ~hole henls egg on a 9 amino 

acid per 100 9 protein basis, the t~o fish are generally 

lower in the ossentiai amino acids, except for lysine which 

is higher. On an edible portion basis, ho~ever, arctic 

char and lake trout are higher in the essential a~ino 2cids 

bec~use they contain considerably ~G=e ~:Gtein chan dD:~~ 
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Losh fish (burbot) values obtained, when compared 

to values given by Chur ch and Chur ch (1966) are generally 

higher in the essential amino acids except for isoleucine 

and valine, which are similar. A value of 24.9% protein 

was obtained, whereas Church and Church (1966) report only 

17.4% protein for losh fish. Losh fish compares to hen's 

whole egg in a manner similar to the other fish and birds 

previously mentioned. 

The amino acid pattern for beaver is similar to 

that of beef, pork and lamb (Kiernat ~ al., 1964; 

Nutrition Division of FAO, 1970), but is higher in 

histidine and lysine. Beaver is also considerably higher 

in protein than beef, lamb or pork. The pattern of 

essential amino acids, compared to that of hen's whole egg 

is similar to that of the birds and fish. Beaver is high 

only in lysine when compared on a 9 amino acid per 100 9 

protein basis, but on edible portion basis, beaver is much 

higher than egg in aIl the essentia1 amino acids, because 

it contains 21.3% protein, compared to 12.4% for egg. 

muskrat compares weIl with pork, lamb and beef, 

except that it is slightly lower in arginine and ~ethionine. 

~ethionin2, as ~entioned earlier, is easily destroyed 

during hydrolysis, and is unst~bl~ during ion exchange. 

!USk~3t c~~~ares tG hen's ~hG!e egg in 2 ~anner si~i12: ta 
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The amino acid pattern for caribou compares favour­

ably with that for beef, lamb and park. On a gamina acid 

per 100 9 protein basis, caribou is higher in lysine than 

whole hen's egg, the same in threonine, and lower in the 

other essential amino acids. Caribou, however, con tains 

26.1% protein, whereas hen's whole egg contains only 12.4%. 

Reindeer steak and moose also compare weIl with 

beef, lamb and park in amino acid content. They are, 

however, considerably higher in proteine Bath compare 

weIl with egg protein, although they are higher in lysine. 

Again, on an edible portion basis, reindeer steak and 

moose are higher in the essential amino acids than egg, 

because they are higher in proteine 

Caribou, reindeer and moose are probably higher in 

protein th an park, lamb and beef, because of less fat. 

The wild meat is not marbled with fat as is meat from 

domestic animaIs. 

The amino acid pattern of arctic ground squirrel 

fits well with those of the other samples tested, and thus 

would appear ta be reesonab1e. Arctic ground squirre1 

contains 21.1~ protein, compared ta 12.4% for egg. 

The values for bearded s8al ~eat end ringed zeal 

meat (cooked) align ~ell with thoss of the othe: 5a~p~8s. 

Pinged se~! ~e2t contains sO~8~h2t g:~at8r 2~ountz cf 
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alanine, glycine and proline than does bearded seal. 

8earded seal is high in histidine; however, according to 

Sirny ~~. (1950) the histidine content of the different 

meats varies considerably, and is low in beef. Ringed 

seal meat and bearded seal meat compare to hen's whole egg 

in a manner similar to the meats already mentioned. 

Although the ringed seal sample was cooked, there should 

be little effect on amine acid pattern as explained in the 

Review of Literature. 80th species of seal are consider-

ably higher in protein than hen's egg, being 28.4% protein 

for bearded seal and 22.8% for ringed seal. 

llialrus compares favourably with beef, pork and lamb, 

being high only in histidine. Walrus is, however, higher 

in protein than the three domestic animaIs. 

The amino acid content of white whale meat (dog 

food) differs considerably from some of the values given 

in the Nutrition Division of FAD publication (1970), which 

reports lower values for alanine, glutamic acid, glycine, 

histidine and lysine, and higher values for me thionine and 

isoleucine. A value of 8.50 9 isoleucine per 100 9 protein 

is reported for white whale by the ~utrition Division of 

C"" G' (i q 7:' ) 1 !""" 1 __ '/ U • This see~s high co~p2red to the isol~ucine 

content ~f Dthar ~ammals. ~lsG, the value obtained for 

f~: f:esh white whale, ~hich suooe=ts that the F~O Vé!U~ 



for isoleucine which was determined on a single sample 

may be out of line. 

considerably. 

The per cent protein also varies 
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The amino acid content of arctic hare compares 

fairly weIl with that of domestic rabbit (Nutrition 

Division of FAO, 1970) on a 9 amine acid per 100 9 protein 

basis, although arc tic hare is somewhat lower in aspartic 

acid and glutamic acid. Snowshoe rabbit is higher in 

glycine and histidine, and lower in leucine than domestic 

rabbit. Both fall into the same category as do the other 

meats when compared to hen's whole egg. Both are high in 

lysine and adequate in leucine. Again, both are consider-

ably higher in protein than is hen's whole egg. 

Amino acid content was obtained for bearded seal 

liver, and for white whale liver. Both contain more lysine 

than does beef or pork liver (Orr and Watt, 1957). Bearded 

seal liver contains less arginine and white whale liver 

less glutamic acid, but more histidine than does beef or 

p~k liver. Compared to hen's whole egg, both contain 

more leucine and lysine, adequate phenylalanine and threo-

nine and less of the other essential amino acids. Bearded 

38al live~ and ~hite whale liver are, ho~ever, considerably 

higher in prcte~n than is hen's whole egg. 



62 

In general, the values obtained for the amino acid 

content of meats, fish and birds from the Canadian north 

seem to agree well with those of similar species. The 

wild animals contain a higher percentage of protein th an 

do the domestic animals, probably because wild animals 

usually contain less fat. Northern animals have a greater 

energy expenditure than do domestic animals for several 

reasons. They use energy to se arch for food (which is 

scarce in the first place), to keep warm, and to escape 

from predators. 

Compared to hen's whole egg (Nutrition Division of 

FAO, 1970) on a 9 amino acid per 100 9 protein basis, the 

meats are generally high in lysine, adequate in leucine, 

and low in the other essential amino acids. The wild 

animals are considerably higher in protein than egg which 

contains only 12.4% proteine Therefore, on an edible 

portion basis, the meats would contain adequate amounts of 

the essential amino acids. 

It is unfortunate that no meaningful values were 

obtained for cystine and tryptophane because the sulphur­

containing a~ino acids (cystine and methionine) (Canadi~n 

8u11stin OÎI r:utrition, 1964) and tryptophane (Pike and 

2 r :J '.:J", 1 9 6 7) é rel i k e 1. y t 0 b eth e '-, 0 ~: t 1'::' ï,: i t i fi 9 2 rT: i n Cl 

2cid3 uhen cha~ica~ score is calculated. Houaver, in via8 

cf the fact that ~aats in gsnera: ara of high ~u21ity 
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protein, calculation of ch~~ic21 score is not necessary 

to conclude that the ~eats, fish and birds of the Canadian 

arctic are also of high qU2~ity proteine 

4.2 mINERAL ANALYSIS 

Values for sodium, potassium, magnesium, copper and 

iron were obtained. The s2nples are described in Table 

4.2.A, and the values, expr~ssed as mg of mineraI per 100 9 

edible portion, are given in Table 4.2.8, except for the 

iron values which are giv~n in Table 4.2.C. Five samples 

were done in duplicate, llihich correlated very weIl. 

Therefore, the remainder ~8~8 done singly. The values 

used for reference co~parisQn 2re given in Appendix Table 3. 

4.2.1 Sodium 

Values obtained fG~ sGdi~m appear to agree weIl 

with those for similar ani~a:s reported in the literature. 

The sodium content of ~a~~~~j;~, losh fish and ground 

squirrel seern to be so~~c..::-:at ~igh. Perhaps some salt was 

added at the time or ca=t~~=, aithough it seems unlikely. 

many factors, resultinç i~ j~screpancies, are involved: 

the time of year and the cf the aniffiél when killed, 

the loc:::tion, the ::::nd th", 

The canned rc~=s 



T A [3 L E LI. 2 • A • Description of samples analyzed for mineraI content 

r.ni1l1ll01l n;\lIII' Scicntific nallle 

Il i. T' cl ~; ---
Duek, pinL!il Anas acuta 

(;n()~;I!, ~;nllw Chon hyperboreCJ 

" 

" 

" 
" 
" 

" 

" fJ 1. z Z ~I r d 

Llll1n, COl1llllnn GZlvia immer 

P . \ r t. r i rll] L' Alectoris graeca 

(\"..\hll' cLlnLi..nuI~d) 

Location 

Inuvik 

Kendall Is. 

'11 

" 
" 
" 

" 

" 

'1 

lYlackenzie delta 

Description* as received 

entire bird received 

1. entire bird, minus 
gizzard 

2. entire bird, minus head, 
gizzard removed 

3. entire bird, gizzard 
removed 

4. entire bird, gizzard 
removed 

5. entire bird, gizzard 
removed, immature bird 

6. entire bird, gizzard 
removed, immature bird 

entire bird, boiled in 6 c 
H20 for 2 hr, gizzard 
included 

gizzards from 2, 3 and 4 

entire bird, subcutaneous 
fat removed with feathers 
and therefore is not 
included in the analysis 

two entire birds minus 
head and feathers 

t ~,' 

CJ\ 
~ 



TI\!lLL !1.2.A (continued) 

r.()1l11ll01l n;JIII(~ 

r i. ~;h 
Ch:\I', "l'cLic 

" 

" 
Lnsh (uuruot) 

l'rnut., 1,\kl~ 

Il 

" 
Il 

" 

" p;, s te' 

" b;,lls 

( t.. dl.\. C en n Li n LI (' d) 

Scientific name Location 

Salvelinus alpinus 

Monk Is. 

Lot3 lota Tuktoyaktuk 

Salvelinus namaycush Spence Bay 

Tuk to yak tuk 

Igloolik 

Igloolik 

Description* as received 

raw, full Y dressed, 
donated by Quebec United 
Fishermen 

1. half of above sample 
cooked for 35 minutes 
in 3 c boiling water 

2. Received boiled canned a 

entire fish minus entrails 

1. centre section, 
including entrails 

2. entire fish, including 
entrails 

3. centre section 

c~nned,a Ookpik brand, 
steak style, salt added 

boiled, mid-section 
including skin, bones, fins 

canned a with shortening, 
cereals, spices and salt 

canned a Cocktail Fish Balls 
in mustard sauce. Includes 
lake trout, shortening, 
cereals, wheat flour, water, 
mustard, salt and spices, 
Ookpik brand 0'\ 

en 



r A Il L L Il. 2 . A ( con tin u e d ) 

Cnlll111011 rl<JIIIF! 

f-i~;h (continued) 

\1111 L LI! r i :-; Il 

" 

1'11<1111111;11. ~; 

HL!<lV('l' 

C.ll'ibou 
" 

" 
" 

~1()n:;(! 

l)lu:;kl';ll 

" 
" 

" 

" 
il 

" 

(t..1111l' continul1d) 

Scientific name 

Coragonus 
clupe;lformis 

Costor canadensis 

Rangifor arcticus 

Alcas alces 

Ondatra zibethica 

Location 

Tuktoyaktuk 

Spence Bay 
Baffin Is. 

Baffin Is. 
Baffin Is. 

rYlackenzie 

rYlackenzie 
rYlackenzie 

rYlackenzie 

rYlackenzie 

rYlackenzie 

rYlackenzie 

Description* as received 

1. fillet 

2. entire fish, minus 
entrail s 

two thigh sections 

1. coarse textured meat 
2. meat, little connective 

tissue 
rump meat 
boiled meat, included 
cooking water 

meat 

l. entire animal, arrived 
partly thawed 

2. entire animal 
3. entire animal, partially 

thawed 
4. entire animal, partially 

thawed 
5. entire animal, partially 

thawed 
6. entire animal, partially 

thawed 
7. entire animal, partially 

thawed 
(J) 
(J) 



T (\ n L 1: LI.). {\ ( con tin u 8 d ) 

COIIlIllon n;jlllU SciF~ntific name 

~hlllll1dl!.J (continuod) 

mu sk 1';1 t 

.. 

.. 

ILdlbi t, :;notu"hoo 

HI> indl~l>l' 

SI> ; 1 l, Ll 1 > c \ !'llt~ d , 
L i. V I! r 

51>,11, l'inlJI~d, 

III [l dl. 

SI>,II., l'.i.nIJI~tI, 

1111' dL 

:11>.\1, r.i.nql~d, 

11\ (~ .\ t. 

Ondatra zibethica 

Lepus americanus 
(S88 also, hars) 

ILlng i f Br tarandu s 
grosnlandicus 

Erignathus barbatus 

Pusa hispida 

~l q 1.I .i. l'l' 1 ~.1, Ç] r 0 und Ci t 81 Lus par r yi 

\l!, Il r L1~; 

(t.,lb.1i 1 clllll.inUL)d) 

Odobenus rosmarus 
divergens 

Location 

lYlackenzie 

lYlackenzie 

lYlackenzie 

Tuktoyaktuk 

Sachs Harbour 

Sachs Harbour 

Hall Beach, 
N.W. T. 

Igloolik area 

Ya Ya River 

Igloolik 

Description* aS received 

8. entire animal, partially 
thawed 

9. entire animal, partially 
thawed 

part of sample l, boiled 
in water for 5 1/2 hr 

en tire animal 

three rump steaks 

no details 

1. sample from pel vic area 
arrived thawed 

2. rib section, high in 
fat 

boiled rib section plus 
cooking water, very lean 

entire animal, minus one 
leg 

back meat 

m 
-.J 



TrI! 1 L L (I.? 1\ ( con tin u u d ) 

ClllIllllOIl n:III1(] Scientific name 

~bnllll:II~; (conl.inuF·d) 

Wh: Il l~, whi t·~, Del phinap teru s 
,Ill!"\. leucas 

WIl.!lll, uJ!ü tu, 
1111 ': \ \. 

\lI Il : \ 1 l!, III h i LI! , 

fIluk Luk 

HlILI!.l!, whil.n, 
: ;, \ LI ~;, 1 ~ll! 

( L dJ 11' clin tin u El d ) 

Location 

Inuvik 

Description* as received 

Beluga (white) whale 

canneda with salt and 
water, Ookpik brand 

canneda (stew) in tomato 
sauce, with carrots, 
onions, tomatoes, flour, 
shortening, water, salt 
and spices 

1. canneda with salt and 
water, Ookpik brand 

Muktuk is the outer skih 
of the Beluga (white)whale 
which is about 1/2" to 
3/4" thick with about 1/2" 
of attached blubber 
(Heller and Scott, 

2. canneda muktuk Eskimo 
style, with added water 
and salt, Ookpik brand 

canneda muktuk sausage 
with minced head, skin, 
heart, flipper and mild 
salt and sage spice, 
Ilkalu brand 

en 
en 



TAULE ~.).A (continued) 

COII\111011 n;lIl1(~ 

DnfJ food 

UI!(!f, ~;h!llJi.ng 

[)(lq, [f;killlO ~;lL!d 

" 
fox, :ll'ctic 

ILll'I!, ;\l'ctic 

~lu!;k-DX 

~_ll ' ~ \ 1 , rinlJI!r\, 
livur 

Il III l);\ t 

llh 1. l'lJ:; 

HIIl,1 1 l' , lllh i t,p , 

liVI'l' 

Il Ille ~ \ t-. 
Il " 

" Il 

(LilI! l' cllIlUnul,d) 

Scientific name 

Alopex lagopus 

Lepus americanus 
(soo also, rabbit) 

Ovibos moschatus 

Pu sa hispida 

Odobonus rosmarus 

Dulphinapterus 
leucas 

Location 

N.W. T. 

Grise Fiord, 
N.W.T. 

" 
S . E 11 e sm e rel s. 

Starnes Fiord 
N.W. T. 
Starnes Fiord 

Starnes Fiord 

Starnes Fiord 

N.E.Devon l s. 

Starnes Fiord 

Starnes Fiord 
Starnes Fiord 

Starnes Fiord 

Description* as received 

1. rump meat From 5-month 
female 

2. meat 

leg and neck meat From 3 
faxes 

meat; little fat 

coarse meat, no bone, 
little fat, From cervical 
region of female 

meat, little fat, no bone 

rib section, coarse meat 
with mu ch gristle 

1. dark red meat with skin 
2. sample about 1/2" thick 

with flakey outer 
covering 

3. mixture of meat, fat, 
skin, liver, lung and 
intestine 

m 
'Ü 



I/\Iî L E Il.?. A ( con t .i nu f) d ) 

r.nrllll\Ofl Il,IfIIL) Sciuntific n:Jme 

DoC) fDOU (continu()d) 

\li 1 l , \ 1 l " UJ Il i t LJ , 

rd t 

\lIn 1 f' 

Dolphinapterus 
loucas 

C<.\ni~j lupufJ 

Location 

Starnes Fiord 
N.ill.T. 

Starnes Fiord 

Description* as received 

meat From hind limb 

S Ill'f'on) frCOZL)-drying, the inedible parts were removed 

;\ I~drlnud l1y C,lnddi:Jn Eskimos under the supervision of the Department of 
Nl1rLllt'lï"l Aff~ür:; Zlnd NZltur:Jl Resources. Donated by Quebec United Fishermen, 
'/ fi' / cl ( , Ill. \ r c Il u Cu n t r ~1.l, mon t r e 31 . 

___ 1 

CI 



T 1\ Il L 1. /1.:7. [J • f!li nu r (11 contant of birds, 
(mg mineral pel' 100 9 

Number of 
samples 

! l i l'CI ~; 

[)uck, pinLIi.l 1 

( ; 1 1 l1 : ; l' , :.' n (] \li , r ~lW 6 
boi.l(~d 1 
9 i Z Z~l r d 1 

LOlHl, COIIIIIlU n 1 

P;II" Lr.i.uljt> 1 

1""1 :;11 

Ch;11' , dl'cLic, rdlU 1 
bD i ll~ d 2 
cC1nncd 1 

l.(l :;11 ri: ;/1 (!turbot) 1 

1 1" (lU t. , l ,Ikl', r~lW 3 
bD il r!d 1 
c,mnud 1 
ILl f:; te 1 
lJ;ü l s 1 

1I1hi t.l'fi:;h, r ~llU 2 

(Llllit' cuntinupd) 

fish and mammals of northern Canada 
edible portion) 

Sodium Potassium lYlagnesium Coppel' 

78 331 27 

78 303 24 
87 299 23 
66 245 19 

80 261 24 

119 566 54 

80 345 29 
63 322 30 

566 285 31 

123 458 33 

67 401 32 
46 252 23 

457 349 24 
767 166 18 4.7 

1092 153 17 

52 421 33 

~ 
i-' 



li\ Ill. L LI • '/ • [l (continu8d) 

Number of Sodium Potassium lYIagnesium Copper samp1es 

IlL 1I11fl1;d. " 

lli~dVI~1' 1 51 348 25 

r,,11' ilJoLJ, l',IW 2 59 377 31 
l'ump, l'LlW 1 70 290 
boilud 1 94 460 44 

m{) u ~> 1 ~ 1 71 344 30 

fil LI ~;k r ,1 t , l',llU 9 82 276 22 
Il Cl i L L~ rJ 1 104 254 23 

H,dJld. t., ~; Il U lU ~~ h 0 L' 1 86 299 29 

Hi'intll'I'!' , ~; t l' ,11< 1 61 315 33 

SI'"J, Ill' ; \ r ct ( , Il , livor 1 132 279 24 2.5 

5 1 ~ ",\ , l' in(] ('cl, 11l0d t, rQW 1 47 349 29 4.2 
l'3W* 1 95 121 13 3.8 
boi1l')d 1 84 260 25 

Sql.lirrl'.l., gl'ound 1 103 304 24 

HJ.Ill'L1~; 1 76 401 30 

HIIl,lI l', \IIlliLt~, ml~,d·. 1 60 353 27 
1l11~ dt, c,mned 1 595 329 27 
~; tl.'W 1 144 331 29 3.4 
rnuktuk, cZ1nned 2 835 359 29 
lllukLuk, s3L1sage 1 380 362 25 

-J 
·lt Il i. (J Il in fd t. N 

( t. Il) 11 ' con li n LJ e d ) 



r 1\ f li.!: 11.?G (continuod) 

Number of 
samples 

Dilil food 

Il l' 1 ' r , ~;t.I!\uinq 1 

DI 1 ~l , L !;!< llll() !~ 1 l' d 2 

1- U :.; , .Ire Lie 1 

II. 1 l' l' , :II'Cl..i,C 1 

!llu !;k-IJ X 1 

SI,.I.L, rinCJI!d, III I!;J t 1 
li v () r 1 

UI. \ 1 l' LJ !; 1 

Ulh,1 li' , luhi. LI', Ill('" t 3 
l i v(~ r 1 
f ~1 t 1 

Ii/().lf 1 

Sodium Potassium 

62 300 

71 305 

106 292 

51 301 

70 283 

37 333 
96 333 

58 354 

89 287 
102 290 
198 139 

51 309 

lYlagnesium 

20 

22 

23 

27 

19 

30 
24 

21 

16 
17 
10 

25 

Copper 

3.4 

4.6 

-J 
lN 
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4.2.2 Potéssiu~ 

Values ~btained for potassium content are similar to 

those in the li~s~ature for similar animaIs, except for 

partridge ~hich is high. Any of the factors mentioned with 

regard ta sodi~~ could account for ~his, however the 

partridge séffipls ls high in dry matter (49.6%) which may be 

the reason. 

Potéssi~~ values for cooked or processed foods may 

be lower than fGî raw foods because potassium, which can 

occur in highly soluble form, may leach out into the cooking 

water (U.S.D.~. ;griculture Handbook No. 8). 

4.2.3 magnesic~ 

maonesiu~ values to use for comparison are more 

difficult tG ~jtain than those for many other mineraIs. On 

the aver~ge, r.~~sver, results obtained for the northern 

animaIs aJpsa~ ~~ be reasonable. Partridge, again, is high 

in magnesiu~. =a~ caribou and reindeer cont~in more 

magnesiu~ ~ha~ =~ raw beef, pork and lamb, but the caribou 

and reinde=~ ~a-=:=s agreG well with each other. 

ïhe s~-=:e =f stewing beef for use as dog food has a 

magnesiu~ ~~:~e =f 2= ~g, which CGrpares wall with 
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4.2.4 Copper 

Values are given for the copper content of only a 

few of the samples. meats are relatively low in copper, 

being often lower than l mg per 100 9 edible portion 

(Lindow, 1929; Hodges and Peterson, 1931), and the samples 

were not concentrated enough to give meaningful values when 

analyzed except where copper content was high. If carried 

out again, more than l 9 freeze-dried sample per 50 cc 

solution would have to be used. 

Published copper contents of meats are very few in 

number. However, the results obtained for bearded and 

ringed seal liver, and white whale liver are comparable to 

values given for the liver of other animaIs by Lindow ~ al. 

(1929), Hodges and Peterson (1931), and magny and Faliu 

(1967). 

Lake trout paste, ringed seal meat and white whale 

stew also appear to be high in copper. 

4.2.5 Iron 

The values obtained for iron are highly variable, 

and therefore the individual values are given in a separa te 

table, 4.2.C, réther than including ther: as av=:rég83 along 

Gith the avarages of the othe= ~inera:5 given in TablE 

a.2.S. 
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TABLE 4.2.C. Iron content of northern Canadian birds, fish 
and mammals (mg iron per 100 9 edible portion) 

Birds 

Duck, pintail 

Goose, snow, raw 

Loon, common 

Partridge 

Fish 

boiled 
gizzard 

Char, arctic, raw 
boiled 

canned 

Losh (burbot) 

Trout, 1ake, raw 

boiled 
canned 
paste 
ba1ls 

Whitefish, T:::W 

(t2b~e continu~d) 

Sample No. 

1 
2 
3 
4 
5 
6 

1 
2 

1 
2 
3 

l 
2 

Iron 

6.3 

73.0 
6.5 
5.8 
5.9 
8.0 
6.7 

26.9 
14.2 

13.4 

22.7 

2.0 
3.5 
1.6 
1.5 

0.2 

4.6 
24.2 
3.2 
3.1 
0.8 
5.7 
1.4 

1.0 
7.2 



TABLE 4.2.C (continued) 

lYlammal s 

Beaver 

Caribou, raw 

lYloose 

boi1ed 
rump 

lYluskrat, raw 

boiled 

Rabbi t, snowshoe 

Reindeer steak 

Se21, bearjed, liver 

Sesl, ringed, medt 

boiled 

Squirrel, ground 

W81rus 

\.:.:hals, l:.Ihits, "-,eat 
canned 

::teu, cann5d 
~u~:.u~!' c2.nn=:::d 

Samp1e No. 

1 
2 

1 
2 
3 
4 
5 
6 
7 
8 
9 

l 
2 

l 
2 

Iron 

10.9 

9.4 
6.6 
9.5 
6.0 

8.9 

10.8 
24.3 
15.3 
13.3 
10.7 
12.0 
14.7 
12.5 
14.0 
10.4 

6.5 

3.9 

61.4 

38.1 
27.1 
21. 4 

20.9 

25.4 

30.9 
25.0 
24.E 

7 ' ...... ~ 

77 
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TABLE 4.2.C (continued) 

Sample Iron 

009 food 

Beef, stewing 6.5 

Oog, Eskimo sied 1 5.8 
2 5.5 

Fox, arctic 9.0 

Hare, arctic 6.1 

musk-ox 4.9 

Seal, ringed, liver 21.8 
meat 31.3 

UJalrus 18.3 

UJhale, white, liver 60.5 
meat 1 20.5 

2 5.0 
3 19.0 

fat 17.8 

UJolf 5.5 
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Values used as reference comparisons came From two 

sources. First are the iron contents of animals published 

in the literature, which are included in Appendix Table 3. 

Second are the values previously determined by a technician 

in this laboratory on the same samples (those described in 

Table 4.2.A) but determined by the A.D.A.C. 1965 method for 

iron determination rather than by atomic absorption spectro-

scopy. The values obtained by the A.D.A.C. (1965) method 

are given in Appendix Table 4. 

As mentioned previously, the values determined by 

atomic absorption spectroscopy (A.A.S.) are exceedingly 

varied, and in many cases appear to be high. A certain 

portion of iron in each sample can possibly be accounted for. 

The samples were ground in a grinder with plates and blade 

of iron and thus undoubtedly picked up some iron from this 

source. It seems unlikely, though, that this could account 

for the high degree of variability, and the excessive amounts 

of iron in several samples. Some of the values, however, do 

agree fairly well with values reported by Heller and Scott 

(1967) for arc tic animals. The northern wild animals appear 

ta be consistently higher in iron than are damestic ani~als, 

and it 3eems almcst impossible to compare them. 

go~se ~iven by HelIer and Scott (:9S7). 
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mg appears to be erroneously high, but no explanation can 

be given. The value 26.9 mg for boiled snow goose is also 

high. The values obtained by the A.D.A.C. (1965) method 

are lower. 

Values obtained for loon and partridge are also 

high, especially partridge. As mentioned in section 4.1, 

the sample of partridge is very high in dry matter. A 

lower value (5.2 mg iron per 100 9 edible portion) was 

obtained by the A.D.A.C. (1965) method. 

Values obtained for raw and boiled arctic char 

appear to agree weIl with values reported in the literature 

for fish, and with the values obtained from the A.D.A.C. 

(1965) method. For canned arctic char, A.A.S. gave a 

value of 1.5 mg whereas the A.D.A.C. (1965) method gave a 

value of 5.8 mg. 

For raw lake trout, the two methods give agreeing 

results for samples land 3, however sample 2, as 

determined by A.A.S., is very high in irone Sample 2 

consi3ted of the entire fish; ~hereas the other two were 

composed only of the centre s-ction. All edible parts, as 

eaten by the ESkimos, are included in the edibl~ ~ortion, 

although tG many other pEo~le such ~arts as the head 2nd 

eyes ~ight not app~ar edible. ~3 with the sa~p:e cf 
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Values obtained by A.A.S. for c~ribou agree weIl 

with the value given by Chur ch and Church (1966) for 

venison. The value obtained by thE A.D.A.C. (1965) meth·od 

is slightly lower. 

moose agrees weIl with caribou in iron content, as 

determined by A.A.S. 

muskrat iron values obtainEd by A.A.S. are higher 

than those obtained by the A.D.A.C. (1965) method, and 

higher also than the value reportEd by HelIer and Scott 

(1967). The A.A.S. values for muskrat do agree weIl 

amongst thernselves, except for samplE 2, which is high. 

Wild rabbit appears to bE higher in iron than does 

domestic rabbi t. The A.A.S. valUES for snowshoe rabbit 

and arctic hare, which are the S2ms species with different 

common names, agree very weIl. 

The iron content of bearded 5s81 liver, as 

determined by A.A.S., was 61.4 mg iron per 100 9 edible 

portion, and ringed seal liver ~~s 2l.2 mg. 80th values 

are considerably higher than the l3.5 ~g of iron reported 

by Heller and Scott (1967) for ~i~;ss ssa~ liver. The 

v~lue3 obtained for seal me~~ a~s a~s= hi;r.sr than those 

inoicated by Heller and Sc=t~ 
1 - .- ,.... - ' 
f\_--:-=:'/)_ 
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A sample of stewing beef designated as dog food was 

included in the analysis, and gave an iron value of 6.5 mg, 

which is higher th an values reparted in the literature for 

beef. 

It is difficult ta come ta any definite conclusions 

regarding the validity of the iron values by either A.A.S. 

or the A.D.A.C. (1965) method. On the whole, the A.A.S. 

values appear to agree more closely with those reported by 

HelIer and Scott (1965) than do the values obtained by the 

A.D.A.C. (1965) method. 

It seems that, on the average, wild animals contain 

more iron than do domestic animaIs. The sea mammals, 

especially, appear to be high in iron, not only their 

livers, but their meat as well. For this reason, it 

appears that the values obtained by the A.D.A.C. (1965) 

method are low. They are closer to the values for domestic 

animaIs than to the values for wild animals, reported in 

the literature. 

It seems, then, that further work must be carried 

out to determine the iron values of northern ani~als 

conclusively. Perheps the eto~ic ebsor~tion spectroscopy 

methcd needs ta be ~odified. 



V. SUmmARY 

Samples of birds, fish, and mammals from northern 

Canada were obtained and analyzed for amino acids and some 

mineraIs. The samples include duck, goose, loon, 

partridge, arctic char, losh fish (burbot)~ lake trout, 

reindeer, ground squirrel, seal, walrus and whale. Some 

of the samples were designated as "dog food," meaning 

unfit for human consumption. Values for the dog foods 

were included, however, as it is assumed that their com­

position is comparable to similar animaIs fit for human 

consumption. 

The amino acid analysis was carried out using a 

8eckman 120 amino acid analyzer. The values appeared to 

correlate weIl with those reported in the literature for 

similar animaIs. Cystine values were not obtained, 

because cystine was probably destroyed during hydrolysis. 

Tryptophane, which cannot be determined with the other 

a~ino 2cids due to its destruction by acid hydrolysis, lliê8 

deter~ined by spectrophoto~et~y. The values obt2ined for 

trypto~hane uer~ very low, probably b~C2US~ of interf~r0nc~ 

from the d2rk colour of the 32~ple3. 
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The sodium and potassium contents were determined 

by flame emission photometry, and the magnesium, copper 

and iron contents by atomic absorption spectroscopy. The 

sodium, potassium, and magnesium values agreed weil with 

those reported in the literature for similar animais. Few 

copper values were obtained because the samples were not 

prepared in sufficient concentration for analysis. The 

copper values obtained, however, did agree weil with those 

from the literature for similar animais. 

The values for iron were highly variable, and their 

validity is questionable. 

The data presented is intended for inclusion in 

future revisions of the existing food composition tables. 

Animais, such as those listed above, are consumed in large 

quantities by people living in northern Canada, and 

increasingly by people in other parts of Canada as weil. 

Knowledge of the composition of such foods is essential 

for dietitians and nutritionists to calculate and evaluate 

diets which include these animaIs. 



VI. CONCLUSIONS 

Conclusi80!s ~ay be drawn regarding the validity of 

the analyticai values: 

1. The anino acid values obtained appear to agree 

weIl with those ~eported in the literature for similar 

animaIs, except for the tryptophane values which are low. 

2. The sodium, potassium, magnesium and copper 

values obtained a1so agree weIl with those published for 

similar animaIs. The iron values obtained are, however, 

questionable. 
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APPENDIX TABLE 1. Tryptophane content of birds, fish and 
mammals of northern Canada* (g peI' 100 9 edible portion) 

Birds 

Duck, pintail 

Goose, snow 

Loon, common 

Partridge 

Fish 

Char, arc tic 

Losh (burbot) 

Trout, lake 

mammals 

Bea ver 

Caribou, raw 

moose 

muskr.at 

Rabbit, snowshoe 

Reindeer, steak 

Seal, bearded, meat 
liver 

Seal, ringed, meat 

Squirrel, ground 

l!Jalrus 

l!Jhc::1e, t:.JhLte, ~S2t, c2nned 

Doo food 

1~·h22.:~, !~r-iit0, -..;;=-::: 
~i\Jc;: 

Protein 

23.7 

23.1 

22.4 

44.3 

20.8 

24.9 

22.4 

21. 3 

26.1 

23.4 

19.9 

21. 9 

20.7 

28.4 
22.8 

23.2 

21.1 

26.0 

29.9 

24.5 

27.~ 

2~.2 

Tryptophane 

0.43 

0.45 

o. 70 

0.47 

0.94 

0.47 

0.25 

0.48 

8.45 

0.69 

1.11 

0.39 

1. 68 

0.61 
0.66 

0.42 

0.66 

0.33 

0.95 

J.é3 

~.L7 



APP!:NDIX TAOLE 2. Amino acid content of birds, fish and mammals from the published 
litBr~turD (grams of amine acid in 100 grams of protein)l 

!lirrh; 
CI1.i.r:kl'n/ 

Duck, dUI111'!;Lic
3 

lYlethod 

lYl 

Ref. 

(1) 

(2) 

IlJrkt'Y Ui !;~lIllplus) CC (3) 

~~.~;ll , 2 
rI! ; Il , 1 l' l ' !; Il, ;t.1.1 L Y P r)!.., -

I~ Ill!ll! i. 1'1I1'1111'!; 

::,t!I!I!!IIIIi.rll'I:> (Lnr:l. 
III III t. , ::, 1 1 1111 ill , li/il i. t. 1 i f' .i. ! ; Il ) 

CC 
lYl 

CC 
lYl 

(1 ) 

(1) 

111::11 l'i :,11 (Illll'iiii t.r~ (/!) 
111,1111111.11 " 
'I~-I ,-,,---

III 'l'l'" 

. III dl 

, Illtll :' 

Plll'k 

Il 1 ) r k . ( LI III ' !; ; \Ill plu) 

Livl'!', bl:l,r or pork
3 

1~.lhbi.t., dUIlIl!:.;tic 3 

1:1: 

III 

CC 
lYl 

(1.i) 
( 1 ) 

(s) 
(1) 

(5) 

(1) 

(2) 

(2) 
Wh. li t' ,:-' f l'L: !J Il Cl S ~\ III pIe) lYl ( 1 ) 

I!t'n'!: 1lIllLlll: ()(J9 CC (1) 

Sl'l' l'nd of tClble for footnotes 

% 
Protein 

20 

21.4 

23.9 

18.8 
18.8 

Hl. 0 
.1.0.0 

.l.? ./, 

J '1. '1 

15.6 

11. 9 
11. 9 

19.7 

21.0 

20.4 

12.4 

Alanine 

3.41 

6.74 

5.98 
7.41 

6.24 
5.87 

(1 • III) 

l) • U/, 

(1.30 

6.61 

6.30 

6.40 
5.50 

6.40 

4.21 

Arginine 

5.57 

6.08 

8.75 

5.66 
6.58 

5.65 
5.90 

(i .litl 
(1. ~~ 

(J.OG 

6.88 

6.35 

6.90 
6.37 

6.10 

5.60 

4.61 

Aspartic 
acid 

9.17 

10.53 

10.00 

10.35 
9.04 

8.59 
8 • 3t~ 

Il. 'Ill 
U.l)') 

U. l'lb 

8.78 

8.92 

10.30 
8.93 

10.30 

10.13 

8.80 

Cystine** 

1. 31 

1.44 

1.17 
0.83 

1.01 
1.30 

.1. • :1 ~ 1 

.l • ~u 

1.3 t l 

1. 28 

1. 31 

1. 41 
1.12 

1. 23 

1. 90 

2.43 

(table continued) 
CD 
CD 



APPENDIX TARLL 2. (continued) 

method Ref. % Glutamic Glycine Histidine Iso-
Protein acid. leucine* 

Ilird:; 
? 

Chickt'Il· m (1) 20 15.01 5.30 2.62 5.34 

Duck, dOIIlI'~; Lic 3 (2) 21. 4 16.99 5.04 2.27 5.18 

1 1 J !' k 1 ! l: {S ~; ~ 1 III Il l () G ~ CC P} 23.9 17.37 5.47 3.49 5.67 
ri :;11 

2 ï1.:;f l, fr(!;;!l, ; III typDS cc (1 ) 18.8 14.11 4.82 3.54 4.78 
m 18.8 12.94 5.30 3.14 5.42 

r. 1. LI Il 1 ~ .i rOI' 1111 ! ~; cc (1 ) 18.0 13.23 5.81 3.04 4.52 
:,,; ~ 1 1 III II n Cl i rll! 1. 7. ( in cl. 
tr()u!., ~;. li III 0 n , UJ h i t [) fis h ) 

m 18.0 13.47 5.73 2.77 5.20 

111:;11 fL:;h {burtJntL 
3 

~4~ 17.4 5.10 
fIl. IIIIIIL Il :3 

Ill't!!' (5) 14.35 7.11 2.94 5.07 
,) 

111'1'1' •. cc (1) 17.7 15.28 4.86 3.41 4.82 

1.; 1111 b (5) 14.35 6.74 2.68 4.78 
l ,lIllb:' m (1) 15.6 14.75 5.92 2.74 4.98 

Purk (5) 14.51 6.10 3.23 4.89 
,) ( POl'l<· 1 :~,Hllp.l.l' ) cc (1) 11. 9 16.70 4.94 2.70· 5.70 

m 11.9 14.46 5.70 3.30 5.12 

L i \/ t' l' , lJl!Uf' Dl' pork 3 
(2) 19.7 13.60 6.08 2.65 5.23 

1\,lhtJit, LI [) 11ll' :. tic 3 ( 2) 21.0 17.28 4.56 2.26 5.15 
<, 

{l ~3~1rnQle} {l} 20.4 lUl)'lll'z· ft' l' ~;h m 10.90 4.30 2.50 8.50 

Ill'n':; whult' t'9l] cc (1) 12.4 6.29 
CD 

St'l' t'nd of table for footnotes (table continued) \0 



APPENDIX TAOLE 2. (continued) 

lYlethod Ref. 

Il i. l' cl ~~ 
Cllick(!n/. lYl (1) 

Duck, dU/1lu~jLic3 (2) 

l'uI'k()y (~i ~;dll\rlluSJ CC (3) 
ri ~;h 
I~ i ~; Il, f r fl ~.; h , 

r: l U 1)( ) i for 1111 ' ~; 

2 dll types 

~; ,Il III 0 n Cl i cl u l 2 (i n cl. 

CC 
lYl 

CC 
lYl 

(1 ) 

(1) 

1.1' DUt. , ~~; \ l III 0 n , wh i t 0 fis h ) 
3 

L W;ll f i ~ Il (LJ U r boL) _ _ ___ lA} 
m. If Il 111 il l ~; 

IIt!pf 

Hl' l' f' / 

L,lfllb 
'} 

L,lIllh 

Pllrk 
'} 

Purk"' (1 ~,;lIl1ph!) 

CC 

lYl 

CC 
lYl 

(5) 
(1) 

(5 ) 
(1) 

(5) 
(1) 

Livl'r, bl'l'f or pork 3 (2) 

1\ , \ b h il:, cl l1 Int' ~;l: i c 3 ( 2 ) 

W Il, \ 1. l' , l' l'l' ~, Il (l Gu III P 10 ) _1Yl _____ ( 1 J 
\1 t 'n ' :; ul! 10 11' 0 9 9 CC (1) 

SOl' L'nd of tZlble for footnotes 

% . Protein LeUClne* Lysine* lYlethionine* Phenyl­alanine* 

20 

21.4 

23.9 

18.8 
18.8 

18.0 
18.0 

17.4 

17.7 

15.6 

11.9 
11. 9 

19.7 

21.0 

20.4 

12.4 

7.36 

7.74 

8.58 

7.68 
7.78 

6.99 
7.66 

7.60 

8.40 
8.11 

7.42 
7.70 

7.53 
9.01 
7.55 

9.23 

7.79 

9.10 

8.82 

7.95 

8.61 

10.00 

9.10 
9.74 

8.91 
9.79 

8.80 

8.37 
8.90 

7.65 
8.16 

7.77 
10.00 

8.10 

7.49 

8.66 

8.40 

6.98 

2.51 

2.48 

3.50 

2.86 
2.96 

2.61 
2.94 

2.90 

2.32 
2.70 

2.32 
2.45 

2.50 
3.01 
2.70 

2.35 

2.58 

2.40 

3.36 

4.00 

3.93 

4.67 

3.92 
3.74 

3.73 
3.82 

3.70 

4.02 
4.40 

3.94 
4.00 

4.14 
4.61 
4.18 

5.04 

3.78 

4.40 

5.72 

(table continued) 
'Ü 
o 



APP[NDIX TAnL[ 2. (continued) 

Iilethod Ref. 

Ilird:; / 
r:lli.ckl!n l'Il (1) 

7 

[luck, clUIllI;~;tiCJ (2) 

rurkl~y (~i :;;llI1plns) CC ___ (3) 
f" L :;h 2 
ri.: ; Il , f rI! : ; h , ; Ill. t Y P D S CC (1 ) 

l'Il 

1: lu Ill' i for III U :3 

:;.dlllolluidl)12 (illcl. 
t.rllut., :~.dllllJll, whitefish) 

CC 
l'Il 

(1 ) 

L (J !;f 1 f.L ,-;1 1 ( b u r li 0 t ) 3 ( 4 ) 
1)]; 1111111. Il !.; 

Il t' l' r 
') 

Ill! l' r--
L .llIlb 

'\ 

L. \llIb: 

Pllrk 
P Cl r k? (1 : ; , 1111 Il l t: ) 

CC 

l'Il 

CC 
frl 

(5) 
(1) 

(5 ) 
(1 ) 

(5) 
(1 ) 

LlVI'r, hl'l'f Dl' pork
3 

(2) 

r \. Il il) i t-. , ri Cl III l' :; t.i c 3 ( 2 ) 

tUb.IlI', frl':;!1 (1 s:ll11jJlIJ) __ ~_Iil _____ ~llJ 

III '11 1 !; lU tlLl 1 l' C 9 CJ CC (1) 

s ( ~ 1 • (' Il cl 0 f LI b l p for f 0 0 t n 0 tes 

% 
Protein 

20 

21. 4 

23.9 

18.8 
18.8 

18.0 
18.0 

17.4 

17.7 

15.6 

11. 9 
Il. 9 

19.7 

21.0 

20.4 

12.4 

Proline 

4.14 

4.38 

3.68 
3.76 

3.79 
3.97 

5.40 

3.78 

4.80 

4.67 

4.60 
4.50 
4.56 

5.14 

4.00 

Serine 

3.90 

5.08 

4.34 
5.01 

3.89 
4.64 

3.77 
4.03 

3.93 

4.19 

3.97 
4.40 
4.18 

5.23 

4.61 

Threonine* Trypto­
phane* 

3.97 

4.37 

5.72 

4.58 
4.50 

4.37 
4.43 

4.30 

4.04 

4.59 

4.88 

4.69 

5.12 
5.10 
4.91 

4.75 

4.86 

5.01 

5.12 

1.02 

1.12 

1.10 

1.00 

1.10 

1. 32 

1. 26 

1.35 

1. 36 

1. 50 

1.01 

1.39(1'11) 

(table continued) 
\.0 
1-' 



APPlNDIX TAULE 2. (continued) 

lYlethod Ref. Tyrosine** Valine* % 
Protein 

Il il-cL 2 
Chick"n - lYl II 
D LI c k, cl o !Il l' ~; t: i c ~ 2 
T LI l' k I! V (~J [; ~1I1l111 (! ~~ ) CC 3 

~~~;fl , 2 
f l:~fl, f l'I!:;h, ;111 typns CC (1) 

lYl 
r.Jj,I(JI!.Ï. 1'(11'1111' ~; ~;;Il Illono iclu1 2 (incl. trout, CC (1) 

:,;11 "ILln, w/d. U!fisÎÎl--' lYl 
10:;11 fi:;/1 (burbotY3 (4) 
[)ldllll1\ill :; 

Ilc)(! r 
111!I!f<: 

I.III1U 
CC (1 

(5 

20 
21.4 
23.9 

18.8 
18.8 
18.0 
18.0 
17.4 

17.7 

1 d IlIb~) 

!lurk 
PIIl'k? 

(51 
lYl >1 15.6 

CC (~) 11.9 (l. :;;\llIpll!) 

3 lYl 11.9 
1 iVI'r, UI!l!f ur park (2) 19.7 
j\.ddlÎ.L, dUIIlI':;Lic 3 (2) 21.0 
Wh,1 l ", r rI):; h (l ~>; 1111 rll u ) lYl (1 ) 20 . 4 
111'11':; lUholl! I!QIJ CC (1) 12.4 

I\t,r. = !l) Nutrition Division FAO, 1970. (2) Orr and Watt, 1957. 
~)) Lui ;..lncl IUtchey, 1970. (4) Church and Church, 1966. 
~i) ln l ' r n ,-ü n t al., 1 9 6 4 • 

1 \/.1 1 LI l ':, d rI! ri! P l'I) S (] n t< 1 t i v 0 a f the e n tir e e d i b 1 e an i mal . 

. OrilJin.ll v,llur!~-; dl'D givon in mg amino acid pel' 9 nitrogen: 
IJ ,llll.1llll L\ciu pl!r 100 9 protein =(mg amino acid x 16)/1000. 

\lriqin,1l \/,IlLIL'S ;HO givon in gamina acid per 100 9 E.P.: 
~l ,lInino ,\ciel pel' 100 9 protein = (g amine acid x 100)/% proteine 

lT ::: CIJlllliln chrlJm~ltography. lYl = microbial assay. 

3.34 

4.93 

3.66 
4.06 
3.04 
3.30 

3.24 
3.60 
3.21 
3.30 
3.02 
3.95 
3.58 
3.75 

3.30 
4.16 

'l!- ::: 1':3:;I'I1LLIl ,lmino Llcids for man. ** = semi-essential amine acids for man. 

5.09 
4.80 
5.92 

6.11 
5.52 
5.33 
5.82 
5.30 

5.71 
5.01 
5.00 
5.06 
4.97 
6.21 
5.18 
6.29 
4.86 
5.01 
6.85 

\0 
N 



APPENDIX TAnLE 3. 

[lil'cI~; 

Ci1ic:kl'n, d~ll'k 
cl; 1 rk 
cI<lrk 

Duck, dCJIl\l,~:;tic 

dOIllI'~) Li c 
cl Cl III 1 ! ~; Lie 
IU.i 1. cl 

[;iZ:'-:~ll'cI, cllickun 
Lurkuy 

(;OII~;I', r.~ln~ld~1 

dL1f11I~~,tic 

tlllllI [' ~; Lie 
Li Cl 1111 ' ~; Lie 

PLllïllilj;lll 

OU.IU 

rUl'kl'y 

r i. ~ dl 
Il U r f . 1 1 (1 f.i.~; Il 

C.ll'p 

DI' \1 i. l f' i ~; Il (;; cul [li n ) 

( LILI 11 ' C C1 il Lin u L' cl ) 

mineral content of birds, fish and mammals from the published 
literature (mg mineral per 100 g food) 

Reference Sodium Potassium magnesium Copper Iron 

~~l 
(1 ~ 

~~l 
(1) 
(1) 

g~ 
g~ 
(5) 

(1) 

m 
(1) 

(1) 

(5 ) 

67 

74 

65 
58 

86 

40 

66 

52 

50 

250 

285 

240 
170 

420 

175 

315 

293 

286 

23 
0.41 
0.33 

0.41 
0.41 

0.33 
0.33 

0.20 
0.17 

1.5 

1.3 

3.0 

2.9 

5.6 
1.3 

6.2 

1.5 

0.9 

0.4 \D 
(.N 



{\PPU~DI X TAULE 3. (continued) 

Reference Sodium Potassium lYlagnesium Copper Iron 

r Ül Il (c lJ n Li n u C! d ) 

~1) Floundc'r 30 
2) 0.15 

Il;,clclock ~~~ 24 
0.28 

III'rri.nt] (1) 17 

N l' { , cil {} f i Cl Il (5) 7.3 

Trout, 1; 11< 1 ~ (1~ 0.8 
(2 0.33 

UJlIÎ. LI' f.i. sil (ll 52 299 

~~ 1.3 
0.19 

- rl{~sll g~ 0.2 
- hO;1 d 3.9 

1)1. li Il III ;,1 ~; 
Ill~{!f, l',HU (1) 60 355 18-24 2.9 

cookl'r! 

~~l 
65 370 15-29 

!; l.l ~ ;,k 0.08 
1 (', \ n 0.10 

Ill'I'f :111(.1 VI~~lr~LJblc stow (1 ) 411 174 0.9 

L, '1IIb, l', HU (ll 75 295 15 1.3 
L:l)(lkl'c! ~~ 70 290 17-22 
r.hnp:; 0.42 
chu p~, (3 0.42 

\0 

(t..\bll' clll1t.inll(~d) 
~ 



APPlNDTX TAHLE 3. (continued) 

Reference Sodium Potassium fYlagnesium Copper Iron 

Ill: 1111111: 1 .l ~; ( con tin u I~ cl ) 

L.i. VI'!', bl'I'f (11 136 281 13 6.5 
bl'Ilf g 2.15 
lll' L! f 2.15 
cdl\/I'" ~~ 4.41 
(:;11 VI! :-; 4.41 
Cdl'iLJou 

1ij 
15.7 

pClrk 73 261 16 19.2 
park ~~ 0.65 
VI<l.l 78 338 16 10.0 4.8 

I)lnn :;1', fIt' ~J h (5) 5.3 

111 L1:;I< l' d t (5) 8.6 

PI ll'k , l' : IlU (1 ) 70 285 18-23 1.4 
c(lnkl!L1 m 

65 390 23-32 
chu \l~; 0.31 
~3,IU :;,19 L! 740 140 2.3 

Il, ddJ i t., dUIlll! ~_; Lie (1) 43 385 1.3 

~il';d , II l'; 1 r dl! LI 

m 12.9 
l'inlJI!d 19.6 
l' i, n ~l 11 LI , li VL'l' 13.5 

~_lqLlir l't'l, lJ r Cl LIn cl (5) 4.7 

\/ l' , 1 1 (7) 62 473 14 1.4 1.7 

\/ t ' n i ~; LI n , cLlukL'c! (4) 9 7.8 

( Lib 11' Cllll LiIlUI'd) \Ü 
Ul 



APPLNDIX TADL[:5. (continued) 

Reference Sodium Potassium magnesium Coppel' 

mdllllll<ll.s (cuntinuud) 

1U;llru~; 

IUh'll I! 
- ILl1l!l~n 

- flld.ug;1 (white) 

Il l' r l' l' ( 'n CI! ~; : 

(6) 
(5) 

(1 ) 
(5) 
(5) 

') 

)

.1 Il.~:;. Agriculture Handbook No.8 
L i r 1 d Cl W l' t .. 11 ., l 9 2 9 
IlodÇ]L!s ~dP(~tDrson, 1931 
Church ~nd Church, 1966 

~) 

"i 
( " Iid 11'1' .md Scott, 1967 

78 22 

( ;, ) 
( '1 ) 

LIllll' of Food Va1uos Recommended for Use in Canada 
1)),IfJny IJl~ F,Jl.iu, 1967 

Iron 

10.0 
9.4 

14.1 
25.9 

\0 
m 
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APPENDIX TABLE 4. Iron content of northern Canadian animals* 
(mg iron per 100 g edible portion) 

Birds 

Goose, snow, raw 

boiled 

Loon, common 

Fish 

Char, arctic, raw 
boiled 
canned 

Losh fish (burbot) 

Trout, lake, raw 
canned 
paste 
ball s 

Whitefish 

rrlammal s 

Caribou, raw 

r0uskrat, raw 

boi2.ed 

Sample 
number 

2 
3 
4 
5 
6 

l 

l 

2 

l 

1 
2 
3 
4 
-.J 

é 
7 
2 

Iron 

3.8 
3.7 
3.2 
3.7 
3.9 
7.3 

5.2 

2.5 
1.8 
5.8 

1.7 

4.5 
5.0 
1.9 
1.4 

2.9 

5.0 

6.7 
4.6 
7.1 
7.6 
7.2-
7.S 
7.9 
7.2 
6.~ 

4. :: 
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APPENDIX TABLE 4. (continued) 

5ample 
number Iron 

mammals (continued) 

5eal, bearded, liver 

5eal, ringed, meat 

5quirrel, ground 

Whale, white, meat, canned 
muktuk, canned 

Dog Food 

Beef, stewing 

Dog, Eskimo sled 

Fox, arctic 

Hare, arctic 

musk-ox 

5eal, ringed, liver 
meat 

Walrus 

White whale, liver 
meat 

f c: t 

Wolf 

sausage 

1 

1 
2 

1 
2 

2 
3 

4.6 

5.4 

4.3 

5.2 
2.5 
5.8 
8.2 

4.2 

3.9 
3.3 

3.9 

3.6 

3.2 

4.7 
5.4 

4.6 

4.0 
4.3 
8.2 
1.7 

7 P 
J • cJ 

*iJ:::luss obtc:ined by :'.0.;'.[. (1965) r:-:ethed, r2:rr-,c:::-
i::nd :.eil.:O:::Jn, 1970b, unpublish:::d d:::::2. ThE 32:::-plss ::::r::; ;:.h::: 
s~~e one~ 23 ~isted in T20le ~.2.c. See text 4.2.5 f~= 
2x:Jl~n.:;tiGn. 
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