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On the problematic nature of vitamin E requirements: 
net vitamin E 

K. H. B i i s s l e r  

Physiologisch-chemisches  Inst i tut  der Universitfit Mainz 

Summary: The requirement fbr vitamin E is closely related to the dietary intake 
of polyunsaturated fatty acids (PUFA). By the protective mechanism to prevent 
PUFA from being peroxidized, vitamin E is metabolically consumed. In addition, 
PUFA impair the intestinal absorption of vitamin E. Therefore PUFA generate an 
additional vitamin E requirement on the order of 0.6, 0.9, 1.2, 1.5, and 1.8 mg vitamin 
E (RRR-alpha-tocopherol-equivalents), respectively, for I g of dienoic, trienoic, 
tetraenoic, pentaenoic, and hexaenoic acid. For this reason, the gross vitamin E 
content of food containing PUFA does not allow an evaluation of this food as a 
source of vitamin E. A suitable measure is the net vitamin E content, i.e., gross 
vitamin E minus the amount needed for PUFA protection. Therefore, some food- 
stuffs generally considered as vitamin-E sources, as concluded from their gross 
vitamin E content, cause in reality a vitamin E deficiency if not sufficiently 
compensated by other vitamin E supplying food constituents. Examples of the net 
vitamin E content of some fats and oils, fish and nuts are shown. Consequences for 
food composition data and food labeling and the problem of meeting the vitamin-E 
requirements are discussed. 

Zusammen£assung: Der Vitamin-E-Bedarf steht in engem Zusammenhang mit 
der alimentfiren Aufnahme yon Polyens~uren. Vitamin E schiitzt diese Polyensfiu- 
ten vor Peroxidation und wird dabei selbst verbraueht. Zus~tzlieh hemmen Polyen- 
sfiuren die Resorption yon Vitamin E. So ist es zu verstehen, dab Polyensfiuren 
einen zusiitzlichen Vitamin-E-Bedarf erzeugen, der mit 0,6, 0,9, 1,2, 1,5 und 1,8 mg 
Vitamin E (RRR-alpha-Tocopherol-Aquivalente) je Gramm Dien-, Trien-, Tetraen-, 
Pentaen- und Hexaensfiure angesetzt werden kann. Deshalb ist der Bruttogehalt an 
Vitamin E in einem Lebensmittel, welches Polyensfiuren enthfilt, nicht zur Beurtei- 
lung dieses Lebensmittels als Vitamin-E-Quelle geeignet. Ein geeigneter MaBstab 
ist vielmehr der Netto-Vitamin-E-Gehalt nach Abzug der ffir den Schutz der 
Polyensfiuren ben6tigten Menge yon der Gesamtmenge. Bet Berechnung des 
Netto-Vitamin-E-Gehalts erweisen sieh manche als Vitamin-E-Lieferanten angese- 
henen Lebensmittel in Wirklichkeit als Erze.uger eines Vitamin-E-I)efizits, sofern 
nieht andere Nahrungsbestandtei]e kompensatorisch das Defizit ausgleichen. Bei- 
spiele fiir den Netto~Vitamin-E-Gehalt einiger Fette und Ole, Fische und Niisse 
verdeutlichen die Problematik. Konsequenzen fQr Nfihrstofftabellen und fQr die 
Lebensmittelkennzeichnung sowie die Problematik der Deckung des Vitamin-E- 
Bedarfs werden vor diesem Hintergrund diskutiert. 
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Vitamin E requirements in relation to polyunsaturated fatty acid 
(PUFA) intake 

Recent recognition of the role of aggressive oxygen species in the 
development of degenerative diseases and on the preventive role of anti- 
oxidant vitamins (I) force to reconsider the term "requirement" in connec- 
tion with those vitamins. Requirements (or daily allowances) have been 
defined as the level of intake adequate to meet the needs of practically all 
healthy people. Recommendations are given as constant values depending 
on age and sex. However, the requirements of antioxidant vitamins are 
much more variable than those of other vitamins, depending on the extent 
of oxidant stress a person is exposed to. 

PUFA increase the requirement for vitamin E in two ways: 
i) PUFA need vitamin E for protection from being peroxidized; 
2) PUFA impair the absorption of vitamin E from the gut (2). 

For these reasons the vitamin E requirement is closely related to PUFA 
intake. 

The relation between PUFA intake and vitamin E requirement is the 
subject of a number of studies (see (3) for review). By studying the rate of 
development of creatinuria, a specific symptom of vitamin E deficiency in 
rats, Witting and Horwitt estimated the relative quantities of vitamin E 
required to protect one mole of monoenoic, dienoic, trienoic, tetraenoic, 
pentaenoic, and hexaenoic acid to approximate to the ratios of 0.3:2:3:4:5:6. 
Except for monoenic acids, which are less easily oxidized, the vitamin E 
requirement generated by feeding fatty acids is proportional to the 
number of double bonds. The absolute amounts of vitamin E needed to 
compensate for the oxidative stress caused by uptake of i g of a given 
PUFA cannot be defined as accurately. On the basis of data available most 
experts  agTee that  about  0.6 mg of  vi tamin E is additionally required for 
each gram of linoleie acid (3). On the basis of  this est imate relative vi tamin 

Table I. Vitamin E requirements caused by polyunsaturated fatty acids. 

Type of fatty acid Vitamin E requirement 
(rag RRR-alpha-tocopherol equivalents 
per gram fatty acid) 

Monoenoic acids 0.09 
Dienoic acids 0.6 
Trienoic acids 0.9 
Tetraenoic acids 1.2 
Pentaenoic acids 1.5 
Hexaenoic acids 1.8 
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E requirements per mole of PUFA with 1 to 6 double bonds can be 
converted to absolute values as shown in Table 1. 

Criteria for the  as ses sment  of  foodstuffs  as sources  of  v i t a m i n  E 

Considering the additional vitamin E requirement generated by PUFA 
intake, it follows that only the net vitamin E content (total vitamin E content 
minus vitamin E needed for PUFA protection) is relevant for evaluation of 
vitamin E supply in Ibod containing considerable amounts of PUFA. Food 
rich in PUFA with low vitamin E content causes a vitamin E deficit that has 
to be compensated by other food constituents. This is shown in a few 
examples for fats and oils in Table 2. 

Three groups can be distinguished: Oils with high net vitamin E content 
like cotton seed oil, sunflower oil, and wheat germ oil; fats and oils with a 
negative vitamin E balance like safflower oil or lard, and fats which are 
roughly balanced like butter or corn oil. The latter do not generate addi- 
tional vitamin E requirements, but cannot be regarded as sources of 
vitamin E. High vitamin E content per se does not justify- being labeled as a 
vitamin-E source, unless the PUFA content is taken into account and the 
net vitamin E is calculated. Olive oil, for example, is rated fairly high as 
such; in spite of a moderate gross vitamin E content (about 12 mg/100g) 
there remains a net vitamin E content of 5 rag/100 g due to the predominant 
monoenic acid content with low additional vitamin E requirement. Fish 
oils, on the other hand, with high PUFA concentrations and low gross 
vitamin E content cause a vitamin E deficit (Table 3) which is more 
pronounced with oils than with native fish. Nuts are popularly considered 
as rich vitamin E suppliers; however, taking the net vitamin E content into 
account, this cannot be said in general, as shown by the examples in Table 4. 

Criteria for food compos i t i on  data  and food label l ing  

Declarations of vi tamin E content  in oils and fats or other foodstuffs 
would  be desirable toward  appropria te  selection of  foods that  ensure  an 
adequate  vi tamin E supply. In this context  only the net vi tamin E content  
would  be meaningful,  Unfortunately,  there are not  enough  reliable data 
available on the net  vi tamin E content  of  foodstuffs (RRR-alpha- 
toeopherol  equivalents). In addition, to calculate net  vi tamin E in a prod- 
uct, not  only data on toeopherols  are needed, but  also on the detailed fatty 
acid composit ion.  The values in Tables 2-4 are calculated from the food 
composi t ion and nutri t ion tables of Souci -Faehmann-Kraut  (4). Some of  
these values do not  match  those from other  nutri t ion tables. Fur thermore ,  
there are large variations due to differences in industrial processing. For  
other fats (e.g., milk fat) seasonal differences account  for p ronounced  
variations in vi tamin E content.  Reliable data in this area are urgent ly  
needed. 

The prob lem of  mee t ing  v i t a m i n  E requirements  

Because of  the potential  protect ive act ion of  antioxidative vi tamins 
against various chronic diseases several recent  publicat ions suggest  that  a 
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" p r u d e n t  d ie t "  s h o u l d  s u p p l y  a d a i l y  i n t a k e  o f  36-60 m g  v i t a m i n  E, 15 m g  
~ -ca ro t ene  (or  o t h e r  c a r o t e n o i d s )  a n d  100-150 m g  a s c o r b i c  a c i d  (5, 6). T h e r e  
are,  h o w e v e r ,  d i f f i cu l t i e s  in  r ea l i z ing  t h e s e  s u g g e s t i o n s .  A s c o r b i c  a c i d  in  
t h e s e  a m o u n t s  c a n  ea s i l y  b e  s u p p l i e d  b y  n o r m a l  n u t r i t i o n .  I n  t h e  ca se  o f  
c a r o t e n o i d s  t h e  s i t u a t i o n  is n o t  q u i t e  c l e a r  b e c a u s e  t h e  b i o a v a i ] a b i l i t y  is 
m o r e  d e c i s i v e  t h a n  t h e  a m o u n t  in  food.  As  to v i t a m i n  E, i t  is q u e s t i o n a b l e  
w h e t h e r  d a i l y  a m o u n t s  o f  36-60 m g  c a n  b e  s u p p l i e d  j u s t  b y  food ,  w i t h o u t  
s u p p l e m e n t a t i o n ;  al l  t he  m o r e  so w h e n  c o n s i d e r i n g  t h a t  v i t a m i n - E - r i c h  
food  l ike  w h e a t  g e r m  oil  c an  o n l y  b e  u s e d  in  a l i m i t e d  way .  C h a n g i n g  to a 
m o r e  v e g e t a r i a n  t y p e  o f  d ie t ,  as  o f t en  r e c o m m e n d e d ,  c a n n o t  a l o n e  so lve  
t h e  p r o b l e m :  a p p r o x i m a t e l y  2 k g  of  r e d  c a b b a g e ,  2.5 k g  o f  k a l e  or  s p i n a c h ,  
or  10 k g  o f  l e t t u c e  a re  n e c e s s a r y  to p r o v i d e  36 m g  v i t a m i n  E. T h e r e  is no  
s ing le  t y p e  o f  f ood  t h a t  can  so lve  t h e  v i t a m i n  E p r o b l e m  as, for  e x a m p l e ,  
c i t r u s  f ru i t s  p r o v i d e  v i t a m i n  C. I t  is i n s t e a d  n e c e s s a r y  to c o m b i n e  a v a r i e t y  
o f  f o o d s  in  o r d e r  to a d e q u a t e l y  m e e t  t h e  v i t a m i n  E r e q u i r e m e n t s .  

Th i s  a g a i n  u n d e r s c o r e s  t h e  n e e d  for  c o m p r e h e n s i v e  d a t a  on  t h e  n e t  
v i t a m i n  E c o n t e n t  o f  a l a rge  v a r i e t y  o f  foods tu f f s .  T h e  g r o s s  v i t a m i n  E 
c o n t e n t  w i t h o u t  c o n s i d e r a t i o n  o f  t he  P U F A  c o n t e n t  d o e s  n o t  a l l o w  an  
e v a l u a t i o n .  

In  th i s  r e g a r d ,  r e c o m m e n d a t i o n s  on  P U F A  u p t a k e  ( e s p e c i a l l y  f ish  oils) 
m a y  h a v e  to  b e  r e c o n s i d e r e d ,  s i n c e  e x a g g e r a t e d  P U F A  i n t a k e  w i t h o u t  
su f f i c i en t  p r o t e c t i o n  b y  v i t a m i n  E c a n  b e  h a r m f u l .  O l ive  oil,  in  th i s  r e s p e c t ,  
c an  b e  r e g a r d e d  as use fu l :  i t  s u p p l i e s  n e t  v i t a m i n  E in r e a s o n a b l e  a m o u n t s ,  
a n d  o le ic  a c i d  s e e m s  to  ac t  on  p l a s m a  l i p o p r o t e i n s  as  f a v o r a b l y  as  d o e s  
l i no le i c  a c i d  (7). 
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