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Summary 

The selenium content  of food exhibi ts  great regional differences. Food samples of 
infants and young children from the North Rhine-Westphalia State in the Fed.  Rep. 
of  Germany  were analysed by inst rumental  neutron activation analysis and showed 
that  the average selenium content  of local vegetable and fruit is below 5 ng/g wet 
weight.  Only samples  of potatoes and bananas  exhibi t  higher  selenium contents. 
The bananas, p robably  impor ted  from different areas of the world, show an 
ext remely  high variance with values between 4 and 164 ng Se/g. Commercial ly 
available ready-for-use meals for infants or young children have a low Se content  
(median 24 rig/g) which is comparable  to cow's milk. Besides eggs, cereals enriched 
with milk  and some other  cereal products  contain more than 100 ng Se/g. 

Zusammenfassung 

Der Selengehal t  tier Nahrung weist  groBe regionale Unterschiede auf. Nahrungs- 
p roben  yon S~uglings- und Kle inkinderkost  aus Nordrhein-Westfalen wurden mit  
Hilfe der  ins t rumentel len  Neutronenakt ivierungsanalyse untersueht  und zeigten, 
dab der Selengehalt  der  hiesigen Gem(ise und Fraeh te  durehsehnitf l ich etwa 5 ng/g 
betr~igt. Nur  Proben  von Kartoffeln und Bananen weisen einen h6heren Selenge- 
halt  auf. Bananen, import ier t  aus verschiedenen Gebieten der Erde, zeigen eine 
ext rem hohe  Sehwankungsbre i te  mit  Werten zwischen 4 und 164 ng Se/g. Fertigge- 
r ichte ffir S~iuglinge und Kleinkinder  haben einen der  Kuhmileh  vergleichbar  
niedrigen Selengehalt  von durehsehni t t l ieh 24 ng/g. AuBer Eiern enthal ten nu t  
Milchbreie und einige andere getreidehalt ige Produkte  mehr  als 100 ng Se/g. 
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Introduction 

T h e r e  a r e  g r e a t  r e g i o n a l  d i f f e r e n c e s  o f  t h e  s e l e n i u m  c o n t e n t  o f  so i l s .  
S e l e n i u m  is  p a s s e d  d i r e c t l y  u p  t h e  f o o d  c h a i n  t h r o u g h  p l a n t s  to  a n i m a l s  
a n d  h u m a n s .  T h e r e f o r e ,  t h e  a m o u n t  o f  s e l e n i u m  in  d i f f e r e n t  f o o d s  is  
h i g h l y  v a r i a b l e ,  d e p e n d i n g  u p o n  t h e  a r e a  w h e r e  t h e  p l a n t s  a r e  g r o w n  o r  
w h e r e  t h e  a n i m a l s  a r e  r a i s e d .  T h e r e  a r e  a r e a s  in  t h e  w o r l d  w h e r e  t h e  so i l  
s e l e n i u m  c o n t e n t  is  e i t h e r  so h i g h  o r  so l o w  t h a t  n a t u r a l l y  i n t o x i c a t i o n s  o r  
d e f i c i e n c i e s  h a p p e n  to o c c u r  in  a n i m a l s .  

T h e  d o s e  o f  s e l e n i u m  n e e d e d  to c a u s e  c h r o n i c  i n t o x i c a t i o n s  in  h u m a n s  
is p o o r l y  d e f i n e d  b e c a u s e  o f  t h e  l a c k  o f  s p e c i f i c  c r i t e r i a  fo r  s e l e n o s i s  in  
h u m a n s .  S y m p t o m s  r e a c h i n g  f r o m  d e r m a t i t i s ,  loss  o f  h a i r  a n d  na i l s ,  
816 



E b e r t  e t  al., T h e  s e l e n i u m  c o n t e n t  o f  i n f a n t  f o o d  231 

discolorat ion of  the teeth, to gastrointest inal  s y m p t o m s  and psychological  
d i s turbances  were described. 

A variety of  different clinical s y m p t o m s  can be associated with low 
selenium blood values. In  1979 (2, 12), two instances of  selenium-respon- 
sive diseases were repor ted  in humans  living in areas, where  selenium 
def ic iency diseases also occur  in lifestock. White muscle  disease - a 
degenera t ion  of  the skeletal muscle  - is one of  the p redominan t  selenium 
def ic iency s y m p t o m s  in animals. In humans  a natural ly  occurr ing  Se- 
responsive  ca rd iomyopa thy  - Keshan  disease - was observed,  mainly  in 
chi ldren from the People ' s  Republ ic  of  China (2). In  New Zealand weak- 
ness and stiffness of  skeletal muscles  disappeared in a patient  on paren- 
teral nutr i t ion after supp lementa t ion  with se lenomethionine  (13). 

Not  only in parenteral  fluids but  also in special diets the selenium 
conten t  can be ex t remely  low (9). In  the last decades  in industrial ised 
countr ies  dietary habits  have changed and more  processed food instead of 
home-prepared  meals are consumed  especially by young  chi ldren and 
infants. Food  process ing  can also lower  the selenium content  significantly 
(10). Because  of  the regional variations, different fertilisations, and food 
process ing  techniques  data based on analytical  data of  selenium conten t  
f rom one coun t ry  cannot  be used for another  one. 

The aim of  the present  work  is to give figures of  the selenium content  of 
different infant  foods available in the North  Rhine-Westphalia State of  the 
Fed. Rep. of  Germany.  This food comprises  fresh fruit and commerc ia l ly  
available infant  meals. The data will be discussed and compared  with data 
f rom other  countries.  

M a t e r i a l  a n d  m e t h o d s  

Food samples representing a cross section of the diet of 5-20-month-old children 
from North Rhine-Westphalia were chosen for analysis. Not only fresh fruit or 
infant teas were taken but also aliquots of mixed food after heating or cooking in 
the homes of the children. Non-homogenous samples were homogenised in silicon 
tubes. Aliquots of 1 to 2 g, or 1 to 2 ml, resp., were prepared by freeze-drying for 
analysis. Samples were analysed in duplicates. The Se content was estimated by 
instrumental neutron activation analysis (6); the activation time was 24 hrs. A close 
agreement between replicates with a variation of less than ___ 10 percent from the 
mean was observed. 

R e s u l t s  

The se lenium conten t  of  fluids was in general  low (table 1). Infant  teas 
conta ined be tween  less than 0.1 and 3.2 ng/g, 4 samples conta ined less than 
1.0 ng/g, four  more  less than  2.0 ng/g. All 18 samples of  carrot  or fruit juice 
which  had been  analysed,  conta ined less than  5.5 ng/g. The median  
selenium conten t  of  cow's  milk infant  formulae amoun ted  to 12.9 ng/g, the 
20 analysed samples compr i sed  6 different follow-up formulae with a 
protein con ten t  higher  than  1.9 g/100 ml. 
�9 The selenium conten t  of  fresh vegetables and different fruit, like apples, 

oranges,  or apricots,  was comparab ly  low with a median  value below 
5 ng/g. Local ly  g rown potatoes  were in general  r icher in selenium than  
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Table 1. Se content of infant food [ng/g w.w.] 

Kind of food Number Median Range 

Fluid food 
Teas 9 1.7 <0.1- 3.2 
Fruit  juices 18 2.6 0.4- 5.4 
Milk formulae (follow-up f.) 20 12.9 9.2- 25.8 
Cow's milk 11 21.5 17.4- 29.0 
Fresh fruit 
Apple 5 4.9 1.1 - 6.0 
Oranges 2 1.5 1.4- 1.5 
Apricots 5 2.9 0.3- 5.4 
Bananas 11 (31.8)* 5.1 - 164.4 
Fresh vegetable 
Carrots 11 2.9 1.4- 6.6 
Cucumbers 2 2.5 2.0- 2.9 
Beans (green) 2 2.4 1.7- 3.0 
Potatoes 8 16.3 3.2- 40.0 
Canned food 
Fruit 14 4.1 0.8- 9.9 
Yogurt + fruit 2 19.8 14.6- 25.0 
Vegetable 11 2.5 1.4- 3.7 
Vegetable + meat 15 23.9 8.2- 87.4 
White cheese 1 69.0 
Food incl. cereals 
Fruit + cereals 3 22.1 22.0- 34.0 
Cereals enriched with milk 10 125.1 89.7-192.3 
Biscuits 7 113.0 61.6-150.0 
Various food 
Chocolate 3 48 37 53 
Whole egg 1 179 
Egg yolk 1 500 

* broad variation and heterogeneity of values 

o the r  vege tab les ,  b u t  2 s a m p l e s  had  on ly  a s e l en ium c o n t e n t  of 3.2 and  5.5 
ng/g, 5 s a m p l e s  c o n t a i n e d  15.2 to 28.2 ng/g, and  1 s amp le  40 ng/g, resp.  

The  s e l e n i u m  va lues  of  bananas ,  sold  in West  Ge rmany ,  were  even  more  
he t e rogenous .  The  or ig in  of  the  tes t  s amp le s  is no t  known,  5 s a m p l e s  had  a 
s e l e n i u m  con ten t  b e t w e e n  4.3 and  14.7 ng/g, 4 s am p l e s  of 31.8 to 34.4 ng/g, 
2 s a m p l e s  of  87.3, and  164.0 ng/g, resp.  

The  s e l e n i u m  con ten t  of  c a n n e d  f rui t  or vege t ab l e s  was  c o m p a r a b l y  low 
as in f resh  ones.  Y o g h u r t  p lus  frui t  c o n t a i n e d  a b o u t  20 ng Se/g, and  wh i t e  
cheese  69 ng/g. 

C o m m e r c i a l l y  ava i l ab le  infant  mea l s  wi th  vege tab le s  and  11 to 12 % 
m e a t  had  on ly  a m e d i a n  s e l en ium con ten t  of 23.9 ng/g. Meals  wi th  c h i c ke n  
d id  not  differ  f rom those  wi th  po rk  or bee f  wi th  r e s pe c t  to the  s e l e n i u m  
values .  2 s a m p l e s  con ta in ing  vege tab l e  p lus  egg (22.5 ng  Se/g, 28.8 ng Se/g, 
resp.)  we re  no t  r i che r  t han  those  wi th  meat ,  a l t hough  who le  egg con t a ined  
179 ng/g and  egg yo lk  500 ng  Se/g. Cereals  en r i ched  wi th  mi lk  and  b r e a d  or 
b i scu i t s  were  be s ide s  eggs  the  r i ches t  source  of  s e l en ium for smal l  chil- 
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d ren  and  con ta ined  usual ly  m o r e  than  100 ng Se/g. The  addi t ion  of  cereals  
to a mi lk  fo rmu la  leads to a tenfold  increase  of  the  se len ium con ten t  of  the  
meal .  

D i s c u s s i o n  

After  the  5th to 6th m o n t h s  of  age the  feeding r eg imen  of infants  is 
changed ,  and  the  mi lk  is par t ia l ly  rep laced  by  o ther  l iquids or by  solid 
foods.  These  foods called wi th  the  G e r m a n  t e rm  "Be ikos t "  compr i s e  
infant  teas, frui t  juices,  f resh  or canned  fruits, vegetables ,  and  cereals.  

Milk in genera l  is a poor  source  of  se lenium,  and  mi lk  fo rmulae  have  
even  less se l en ium than  cow 's  mi lk  or h u m a n  mi lk  (8, 18). The  c o m p a r i s o n  
of  the  m e d i a n  se l en ium va lues  of  mi lk  fo rmulae  (adapted  and  fol low-up 
formulae)  f rom 1978 (8) and  1983 (follow-up formulae)  do not  show a 
s ignif icant  difference,  9.3 ng/g ve r sus  12.9 ng/g. Fol low-up fo rmulae  are 
r icher  in pro te in  than  adap t ed  ones  and,  therefore ,  the  t r end  to h igher  
se l en ium values  is unders t andab le .  With the  excep t ion  of  bananas  and  
pota toes ,  vege tab les  and  fruit  conta in  only t races  of  se len ium (less than  5 
ng  Se/g). Vege tab les  a l though  enr iched  wi th  s m a s h e d  m e a t  are not  r ich in 
se lenium.  This  m a y  result ,  firstly, f rom the low con ten t  of  m e a t  and,  
secondly ,  f rom process ing .  Morris  and  L e v a n d e r  (1) showed  a 40 to 50 % 
reduc t ion  of s e l en ium con ten t  of  s t ra ined b a b y  foods  by  p rocess ing  if  they  
are c o m p a r e d  wi th  the  f resh raw samples .  

A m o n g  the  food cons t i tuen t s  c o n s u m e d  b y  smal l  children,  only  those  
conta in ing  cereals  l ike bread,  biscuits ,  or cereals  enr iched  with  mi lk  have  
a h igh  se l en ium content .  In  whole  egg  and  egg  yo lk  we  es t ima ted  the  
h ighes t  se len ium content .  Usual ly  egg is inc luded  in the  food af ter  the  6th 
m o n t h  of  life. 

Tab le  2 shows  a c o m p a r i s o n  of  the  se l en ium con ten t  of  d i f ferent  foods  
which  are or can be  c o n s u m e d  b y  y o u n g  chi ldren  in West G e r m a n y ,  J apan ,  
Nor th  Amer ica ,  Uni ted  K ingdom,  and  USSR.  The  genera l  t rend  tha t  
vege tab les  and  fruit  are low in se len ium and  cereals  h igher  is r e m a r k a b l e  
bu t  k n o w n  a l ready  f rom adul t  food. Food  rich in se len ium like fish, 
seafood  and  k i d n e y  is usual ly  lacking in the  food table  of  infants.  

C o m p a r i n g  our  va lues  wi th  l i tera ture  data  they  are s imilar  bu t  some-  
wha t  lower  than  the  va lues  f rom J a p a n  (14). There  is a good a g r e e m e n t  
wi th  the  va lues  f rom Berl in  (5). 

The  several  fold d i f ferences  be tween  the  va lues  of  s o m e  food con- 
s t i tuents  are par t ia l ly  due  to regional  variat ions,  or to food process ing  
techniques .  Methodica l  p r o b l e m s  should  not  have  p layed  a ma jo r  role 
dur ing  the  last  decade,  s ince m o r e  t han  3 rel iable m e t h o d s  for s e l en ium 
es t ima t ions  in food are available.  

Al ready  in 1961 H a d j i m a r k o s  and  Bonhor s t  (4) po in ted  at the  great  
d i f fe rence  b e t w e e n  the  se l en ium con ten t  of  mi lk  or egg samples  in 
s e l en ium-poor  or  se len ium-r ich  coun t ry  sides of  Oregon,  va ry ing  be tween  
5 and  49 ng/g of  milk,  and  be t ween  56 and  202 ng/g of egg, resp.  In  our  
s tudy,  the  bes t  e x a m p l e  for  regional  var ia t ions  are the  se len ium values  of  
bananas  va ry ing  be t ween  4.3 and  164.0 ng/g. 

Even  the  se l en ium con ten t s  of  locally p r o d u c e d  food can be  changed  
subs tan t ia l ly  by  fert i l isat ion of the  soil, wh ich  m a y  increase  the se l en ium 
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con ten t  severa l  fold wi th in  some  years .  S u p p l e m e n t a t i o n  of  an ima l  food 
w i th  se leni te ,  s e l ena te  or s e l enoamino  ac ids  is less  effect ive in i nc reas ing  
the  s e l e n i u m  con t en t  of  an ima l  t i s sues  or  meat .  

The  va lues  p u b l i s h e d  on p r o c e s s e d  infant  food are l imi t ed  and  shou ld  be 
ex t ended .  Only  for  cow's  milk ,  some  vege tab le s  and  frui ts  c o m p a r a b l e  
f igures  are  avai lable ,  however ,  no t  for typ ica l  mea ls  of  y o u n g  ch i ld ren  in 
Cent ra l  E u r o p e  or N o r t h  A m e r i c a  l ike  cerea ls  e n r i c h e d  wi th  mi lk ,  y o g h u r t  
p lus  fruit ,  f rui t  p lus  cereals ,  c a n n e d  vege tab le s  p lus  meat .  

The  b ioava i l ab i l i t y  of  s e l e n i u m  m a y  also differ  b e t w e e n  ch i ld r en ' s  food 
and  adu l t ' s  food. The  b ioava i l ab i l i t y  of  s e l en ium in h u m a n  mi lk  ve r sus  
cow ' s  m i l k  is no t  known.  S e l e n i u m  in w h e a t  exh ib i t s  a h ighe r  b ioava i lab i l -  
i ty t h a n  s e l e n i u m  in f ish  (3); however ,  i t  is less  ava i lab le  t han  the  se leni te-  
s e l e n i u m  wi th  r e spec t  to G S H P x  ac t iv i ty  of  y o u n g  red  cells or liver.  In  
p lan t s  a h igh  p e r c e n t a g e  of  s e l en ium exis t s  as s e l enometh ion ine .  The  
ava i l ab i l i ty  of  s e l eno -me th ion ine  is d e p e n d e n t  on the  m e t h i o n i n e  c on t e n t  
of  the  food and  the  m e t h i o n i n e  s ta te  of a p e r s o n  (16). 

As y o u n g  ch i ld r en  eat  m i a n l y  a l ac tovege ta r i an  diet ,  the  s e l en ium con- 
t en t  of  the i r  mea l s  is more  p r o n e  to reg iona l  va r i a t ions  and  changes  of  the  
b ioava i l ab i l i t y  than  those  of  adul ts .  
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