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Abstract 
The present and future nutritional rationale for 

margarine fortification is discussed. The trend to in- 
crease the polyunsaturated fat  content of margarine 
coupled with the newer knowledge of vitamin E re- 
quirements suggest that vitamin E fortification of  mar- 
garine be considered; a practice common in Europe. 
The composition of current margarine is reviewed with 
respect to P U F A  and vitamin E. The vitamin A con- 
tent, low cost, wide availability and high caloric value 
of margarine suggest a possible role in feeding the 
underprivileged. In  this connection, the use of mar- 
garine as a carrier  of lysine to improve the protein 
quality of cereal foods with which it is used is 
suggested. 

Introduction 
The philosophy of food fortification in the United States 

is changing as we learn more about specific dietary de- 
ficiencies and about the nutritional effects of both affluence 
and poverty. The nutrit ional rationale for margarine 
fortification should be reviewed periodically, both when 
new nutritional findings are made and when compositional 
changes oecm,. Awareness of the nutritional aspects of his 
product by the margarine manufacturer has resulted in the 
introduction of new polyunsaturated fa t ty  acid ( P U F A )  
formulations and of low fat  margarine products. This 
flexibility in response to new nutritional findings is en- 
couraging and fosters new thoughts for an expanding nutri- 
t i ona l  role for  margarine in the diet. 

The average American consumes approximately 10 lb of 
margar ine/year  or ]2.4 g/day.  The major  nutritional con- 
tribution of margarine to the average consumer and to the 
individual who may consume as much as 100 g /day  is shown 
in Table I. In  addition, margarine supplies significant hut 
variable amounts of vitamin E and P U F A .  The trend 
to high P U F A  margarines plus the now known relationship 
between P U F A  and vitamin E, suggests that the role of 
margarine in vitamin E nutrition be evaluated. 

V i t a m i n  E 

An increase in the vitamin E requirement with increased 
intake of  P U F A  has been well established both for adults 
(1) and infants (2). This relationship was considered by 
the Food and Nutrition Board of the National Research 
Council when establishing an adult  Recommended Dietary 
Allowance of vitamin E of 30 I U / d a y  (3). I t  appears  
that a minimum of 0.6 mg of a-tocopherol is required for  
each gram of P U F A  in the diet (4). I t  is becoming 
increasingly evident, however, that extra external and in- 
ternal stresses may increase our requirements for the anti- 
oxidant protection provided by vitamin E (5-7) .  Although 
requirements due to environmental stress will be difficult to 
estimate, this protective function of vitamin E is receiving 
increased attention in current research on vitamin E. 

I f  we believe that a food should be self sufficient nutri- 
tionally, then margarine should contain a minimum of 0.6 
lug of vitamin E / g  of P U F A  or alternately sufficient 
vitamin E so that a consumer who ohtains most of his 
dietai:y fa t  from margarine simultaneously obtains adequate 
vitamin E for  his daily needs. I f  the vitamin E adequacy 
of margarine is evaluated by the standard of 0.6 mg of 
a-tocopherol/g of P U F A ,  then of seven retail margarines 

1 One of three papers  being published from tbe Margar ine  Centennial  
Symposium, presented at the AOCS Meeting, Minneapolis, October 1969. 

which were assayed in 1966 (Table I I ) ,  five were adequate 
and two were deficient. In  1969, seven retail  soft-type mar- 
garine products were assayed (Table I I I ) .  Three out of 
five soft margarines were satisfactory, one was marginal 
and one was deficient. The two imitation margarines (40% 
fat)  were marginal or satisfactory, in the E / P U F A  ratio. 
Cmnparing the data in Table I I  and Table I I I ,  the seven 
bar margarine products had a mean E / P U F A  ratio of 0.71 
(range 0.33-0.95) compared with a mean for the soft 
margarines of 0.74 (range 0.39-1.5). I t  appears  that the 
increased P U F A  content of the soft margarines has been 
achieved by judicious part ia l  hydrogenation and with vege- 
table oils, such as cottonseed, which have favorable 
E / P U F A  ratios. The average E / P U F A  ratios for unhy- 
drogenated soybean, corn, safflower and cottonseed oils are 
0.28, 0.36, 0.45 and 0.65, respectively. 

The vitamin E contribution of margarine may be evalu- 
ated in another way. Based on the range shown in the 
1966 and 1969 samples, the consumer of 12.5 g of mar- 
garine obtains 0.6-6.1 IU of  vitamin E while the individual 
who may eonsmne 100 g obtains 4.7-49 IU/day .  The 
vitamin A fortification level of nmrgarine is 300% of the 
RDA per pound of margarine. I f  the same rationale is 
applied to vitamin E, then margarine should contain 90 
IU/ib.  Ha l f  of the nmrgarines assayed in 1966 and 1969 
contained less than this level. 

Whole cereal grains and vegetable oils are the richest 
source of vitamin E in the diet. Processing, however, par-  
t icularly of the cereals, removes considerable vitamin E. 
White flour is very low in vitamin E (8) and a recent 
study of breakfast  cereals by Herring and Drury (9) 
shows a drastic loss of vitamin E in processing. The 
burden of supplying vitamin E therefore falls pr imari ly  
on fresh vegetable oils. Refined vegetable oils, although 
containing fa i r  amounts of vitamin E, contain considerably 
less than the crude oil (10). The vitanfin E intake provided 
by an average diet is, therefore, not over abundant. This 
was demonstrated by the work of  Bunnell et al. (11) who 
showed that it would be difficult to achieve an RDA of' 
vitamin E in the average diet. Losses of vitanain E due 
to the oxidative destruction of free tocopherot can also 
occur in cooking in vegetable oils and nmrgarines. Fortifica- 
tion with vitamin E using the stable alpha-tocopheryl ace- 
tate form would, of course, overcome this type of loss. 

A secondary point concerning fortification of margarine 
with both vitamin A and vitamin E is the fact that in- 
gestion of vitamin E with vitamin A, increases the liver 
storage of vitamin A appreciably (12). 

Special Purpose Margarine for the Underfed 
Should specialized margarines be considered for distri- 

bution in USDA domestic food donations? The margarine 
quantities purchased in these programs have been variable 
but relatively small compared to lard, shortening and 

T A B L E  I 

Major  Nutr i t ional  Contr ibut ions of ~ a r g a r i n e  

Nutr i t ional  
contr ibutions 

Consumption per day 

12.5 g 100 g 

Fa ro  10 g diet fa t  7 .5% 

Calories, 90 
% of 2800 calorie diet 3 . 2% 

Vi tamin  A, 410 U 
% of MDR 1 0 %  

80 g 
6 0 %  

720 25% 
3280 U 

82% 
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TABLE II 
Alpha-TocopheroI and PUFA Content of Retail ~Iargarines, 1966 

Alpha- 
Code Oil PUl~A. Alpha- tocopherol, source g'/100 g tocopherol, mg/g 

rag/100 g PUFA 

A S,C a 25.8 10.9 0.42 
B S,CR,C 19.9 19.0 0.95 
C CC,PK,P 9.5 3.16 0.33 
D S,C 12.3 11.0 0.89 
E S,C 21.1 19.9 0.75 
F S,C 14.7 11.8 0.80 
G S,C 14.2 12.3 0.87 

a Abbreviations: S, soy; C, cottonseed; CR, corn; CC, coconut; 
I?K, palm kernel; P, peanut; SA, safflower. 

butter .  The wide acceptabi l i ty  of margar ine ,  as well as 
the ease of  tai lor  making  it, suggest  the considerat ion of 
wider  dis t r ibut ion and possibly of  special ty  formulas .  The 
fac t  tha t  margar ine  is an excellent source of  calories per  
uni t  weight  suggests  a complementary  role with high p ro-  
tein foods to insure adequate  calories to p reven t  was tefu l  
conversion of  prote ins  to calories in the underfed .  This 
waste can occur because the first demand nutr i t ional ly  is 
for  calories and not  protein.  

Lysine 
With  respect  to prote in  quali ty of the diet, there  is 

considerable in teres t  in the use of lysine and other  l imiting 
aufino acids to upgrade  the quality of  cereal proteins .  Of  
par t i cu la r  impm~anee is. the improvement  of  the wheat  
prote in  of  bread by the incorpora t ion  of lysine into the 
flour. Losses of  lysine, however,  can occur in the baking 
process.  Al though these losses may  not  be serious when 
baking at  modera te  tempera tures ,  the loss of  lysine can 
become considerable when high baking tempera tures ,  with 
associated increased amount  of browning,  are used. Toast- 
ing of bread can induce considerable addit ional  losses of  
lysine. Adding  lysine to margar ine  r a the r  than to bread 
might  be a means of  a t ta in ing the same nutr i t ional  goal 
and avoiding the variable losses of  lysine in the baking 
process. I n  addit ion,  this technique would provide a means 
of  improving  prote in  quality" of  any bread with which it 
was used. The fortification of rice and noodles with lysine 
beemnes especially difficult due to the losses of  lysine 
which can occur in the cooking water .  Again  the use o f  
lysine-enriched margar ine  in conjunct ion with these cooked 
foods would aid in the solution o£ this difficulty. The 
same concept could be extended to corn products  as well. 
Thus margar ine  may be a good vehicle to get the l imit ing 
amino acids to people  with fixed food habits.  This could 
be especially impor tan t  fo r  people  who grow their  own 
crops and nmy not  purchase  flour, bread or other  enriched 
cereal. 

Turn ing  to the quant i ta t ive aspects  o f  the lysine en- 
r ichment  of  margar ine ,  the addit ion of  1.5-3.0 g of  lysine 
to a pound  of  margar ine  should be nutr i t ional ly  adequate.  
I f  we assume tha t  a 7 g p a t  of  marga r ine  is used on a 
25 g slice of  bread, a lysine level o f  1.6 g / tb  of  margar ine  
would provide  the equivalence of  0.1% lysine in the 
bread. Al though there may be cer tain technological and 
taste problems to consider, initial taste  tests on margar ine  

TABLE III 
Alpha-Tocopherol and PUFA Content of Soft Retail l~argarines, 1969 

Alpha- 
Code Oil PUFA, tocopherol,Alpha" toeopherol, 

source g/100 g rag/100 -m-g/--g- 

H SA,S a 31.7 22.2 0.70 
I S,C 21.0 32.7 1.55 
J" CR 38.0 22.2 .0.58 
K CR 25.9 10.1 0.39 
L C,S 31.4 21.0 0.67 
M b CR 17.0 9.3 0.55 
N b C]~ 18.3 13.1 0.72 

a Abbreviations: see Table I. 
b Imitation margarine. 

containing 1.6 g / lb  were favorable.  Since lysine hydro-  
chloride impar t s  a slight sal ty  taste,  the usual salt  
levels of  marg-arine could p robab ly  be reduced. 

Other Possibil i t ies 

~Titamin C intake in the lower economic quarti le in the 
U.S. is significantly below the RDA.  The foods  supp ly ing  
vitamin C in large amounts  pe r  serving are  few. Should 
specialized margar ine  be offered with vi tamin C? Here,  
too, it  would be necessary to prove  sa t i s fac tory  flavor and 
stabil i ty under  typical  use conditions before commercializa- 
tion of the product .  

Should the U S D A  purchase  more margar ine  or mar-  
gar ine  with higher  vi tamin A levels to improve  v i tamin  A 
nutr i t ion  in the underfed ,  par t icu lar ly  in the  i n fan t  to 
nine-year-old group  ? 

These ideas are  submit ted as questions, not  as answers.  
I t  is as nmch or more the responsibi l i ty  of  the food 
manufac tu re r  to evolve a sound nutr i t ional  rat ionale fo r  
his product  as it is fo r  the F D A  or the Food  and 
Nutr i t ion Board.  The fort if ication of foods a t  conserva- 
tive levels with clear, accurate labeling and promot ion  can 
be an economical method of up-grad ing  food quality. The 
fact  that  margar ine  is a low cost food of  wide acceptabi l i ty  
suggests it  can have a broader  role in improving  the diet 
of both the affluent and the under fed  in the future .  
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