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The effect of some beverage extracts on intestinal iron 
absorption 
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Summary: The effect of some beverage extracts namely anise, mint, caraway, 
cumin, tilia, liquorice, karkade and tea, on the absorption of iron was tested in tied- 
off intestinal segments of rats. The rate of intestinal iron absorption was calculated 
in terms of an absorption index. The tannin, phytic acid and ascorbic acid contents 
of these beverages were analysed. 

The results show that anise, mint, caraway, cumin, tilia, hquorice, arranged in 
decreasing order of their effect, promoted the absorption of iron. Karkade did not 
exert an appreciable effect while tea inhibited absorption. The results are discussed 
in relation to the content of these beverages of tannins, phytic or ascorbic acids. It is 
recommended to offer these beverages to children and also to adults as a preventive 
agent to iron deficiency anemia. Also can be used for the preparation of bioavailable 
medicinal iron. 

Zusammenfassung: Es wurde der Einflufl yon einigen Getriinkeausz/igen wie 
Anis, Minze, Kiimmel, Cumin, Tilia, S/ifiholz, Karkade und Tee auf die Eisenresorp- 
tion im Darm yon Ratten untersucht. Die Eisenresorptionsrate wurde im Verh~ttnis 
zum Resorptionsindex berechnet. Der Tanningehalt  so wie der Gehalt an Phytin- 
und Ascorbinshure dieser Getrhnke wurde ermittelt. 

Die Untersuchungsergebnisse zeigen, dab Anis, Minze, K/lmmel, Cumin, Tilia 
und Siil3holz in der Reihenfolge ihrer Erw~hnung eine abnehmende Wirkung auf 
die Zunahme der Eisenresorption haben. Karkade hat keinen Einflug auf die 
Eisenresorption, w~ihrend Tee sie verhindert. Die Ergebnisse werden in bezug zum 
Tanningehalt und zum Phytin- oder Ascorbins~iuregehalt dieser Getr~inke disku- 
tiert. Es wird empfohlen, diese Getriinke Kindern und Erwachsenen als vorbeugen- 
des Mittel bei Eisenmangelan~mie zu geben. 
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I Introduct ion 

In  m o s t  cases  t h e  i ron  d e f i c i e n c y  a n e m i a  is d u e  to t h e  p o o r  b ioava i l ab i l -  
i ty o f  t he  i n g e s t e d  iron.  Th i s  is p a r t i c u l a r l y  t r u e  in c o u n t r i e s  w h e r e  t h e  d i e t  
is p r e d o m i n a n t l y  c o m p o s e d  of  c e r e a l  or  l e g u m e s .  I r o n  p r e s e n t  in s u c h  
food,  a l t h o u g h  a p p e a r s  to sa t i s fy  t he  n u t r i t i o n a l  r e q u i r e m e n t s ,  yet ,  i ts 
b i o a v a i l a b i l i t y  is p o o r  (1, 2). 

987 
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A h i g h l y  b i o a v a i l a b l e  i r o n  s a l t  is  e s s e n t i a l  f o r  s u c c e s s f u l  c o m b a t i n g  o f  
a n e m i a ,  t h a t  s p r e a d  a m o n g  d i f f e r e n t  s e c t o r s  o f  t h e  p o p u l a t i o n  n o t  o n l y  i n  
d e v e l o p i n g  c o u n t r i e s  b u t  a l s o  i n  d e v e l o p e d  o n e s  (3). 

B e v e r a g e s ,  s u c h  as  a n i s e ,  c a r a w a y ,  c u m i n ,  k a r k a d e ,  l i q u o r i c e ,  m i n t ,  t i l i a  
a n d  t e a  a r e  g i v e n  t o  c h i l d r e n  i n  o u r  c o u n t r y  s o m e  t i m e s  a s  w o r m  d r i n k s  
b e t w e e n  m e a l s ,  a n d  a l s o  a s  a r e m e d y  f r o m  d i s e a s e s  s u c h  a s  d i a r r h e a  o r  
c o m m o n  c o l d .  L i t t l e  i n f o r m a t i o n s  a r e  a v a i l a b l e  c o n c e r n i n g  t h e  i n f l u e n c e  
o f  t h e s e  b e v e r a g e s  o n  t h e  b i o a v a i l a b i l i t y  o f  i r o n .  

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

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

The  e x p e r i m e n t s  we re  clone o n  S p r a q u e - D a w l e y  a lb ino  ra ts  of  b o d y  w e i g h t  
r a n g i n g  f r o m  95-140 g a n d  c o m p r i s i n g  b o t h  sexes .  The  g r o u p s  of  ra t s  c o m p r i s e d  
f rom 6-7 l i t ters .  

The  so lu t ion  of  b e v e r a g e s  were  p r e p a r e d  as u sua l ly  d o n e  at  h o m e s .  Tab le  1 s h o w s  
the  m e t h o d  of p r e p a r a t i o n  a n d  q u a n t i t y  of  i n g r e d i e n t  used.  The  i ron  t e s t  so lu t i on  
was  (FeC13 " 6 H20)  d i s so lved  in 0.01 N HC1 sal ine.  

The  p h y t a t e  c o n t e n t  in  t he  b e v e r a g e  e x t r a c t  was  d e t e r m i n e d  by  t he  m e t h o d  of  
H a u g  a n d  L a n t z s c h  (4). T a n n i n  c o n t e n t  was  e s t i m a t e d  b y  t h e  m e t h o d  of  H a g e r m a n  
a n d  B u t l e r  (5). A s c o r b i c  acid was  m e a s u r e d  by  the  m e t h o d  o f  Assoc i a t i on  o f  
V i t a m i n  C h e m i s t s  (6). T h e  b l o o d  h e m o g l o b i n  c o n c e n t r a t i o n  was  d e t e r m i n e d  by  t he  
m e t h o d  of  B e t k e  a n d  S a v e l s b e r g  (7). 

T h e  dose  g i v e n  was  f o r m e d  b y  a d d i n g  1 m l  f r o m  b e v e r a g e  e x t r a c t  to  1 m l  of  i r on  
so lu t ion .  Th i s  dose  c o n t a i n s  500 n tool  Fe, a n d  was  l abe l l ed  w i t h  ac t ive  i ron  (5'Fe) 
o b t a i n e d  f rom ( In s t i t u t e  N a t i o n a l  des  Rad io~ l~men t s ,  B-6220 F leu rus ,  Be lg ium) .  

Tab le  1. M e t h o d  of p r e p a r a t i o n  of b e v e r a g e  ext rac t .  

No. B e v e r a g e  M e a n s  of  p r e p a r a t i o n  g/lO0 ml  

1 A n i s e  S e e d s  bo i l ed  w i t h  d i s t i l l ed  2.5 g/100 m l  
w a t e r  for  5 ra in  

2 Ca raway  S e e d s  bo i led  w i th  d i s t i l l ed  2.5 g/100 ml  
w a t e r  for  5 ra in  

3 C u m i n  S e e d s  bo i led  w i t h  d is t i l led  2.5 g/100 ml  
w a t e r  for  5 m i n  

4 K a r k a d e  S e e d s  bo i led  w i t h  d is t i l led  5 g/100 m l  
w a t e r  for  5 m i n  

5 L i q u o r i c e  P o w d e r  i n f u s e d  in  d is t i l led  5 g/100 ml  
w a t e r  for  3 h 

6 Min t  Dr i ed  leaves  bo i led  w i th  1.5 g/100 ml  
d i s t i l l ed  w a t e r  for 5 m i n  

7 Tea B l a c k  tea a d d e d  to bo i l ing  1.5 g/100 ml  
d i s t i l l ed  w a t e r  for 1 ra in  

8 Tilia Dry  leaves  bo i led  w i th  1.5 g/100 ml  
d i s t i l l ed  w a t e r  for 5 ra in  
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Each  dose  c o n t a i n s  a n  ac t iv i ty  t h a t  m e a s u r e d  a b o u t  t00,000 c p m  in  t h e  G a m m a  
Sc in t i l l a t i on  C o u n t e r  (Nuc lea r  I n t e r p r i s e  Sca le r  R a t e m e t e r  SR5). T h e  p H  of  the  
dose  was  m e a s u r e d  before  in jec t ion .  

The  a b s o r p t i o n  e x p e r i m e n t s  were  d o n e  in t i ed  off  s e g m e n t s  of  t he  i n t e s t i n e  in 
v ivo  (8). The  s e g m e n t  m e a s u r e d  20 cm a n d  c o m p r i s e d  b o t h  t he  d u o d e n u m  a n d  the  
f ron t  pa r t  of the  j e j u n u m .  Af te r  a n  o v e r n i g h t  fast, t he  i ron  dose  was  i n j ec t ed  in to  t he  
t ied-off  s e g m e n t  d u r i n g  e t h e r  anaes thes i a .  One  h o u r  a f te r  dos ing ,  b l o o d  was  wi th-  
d r a w n  by  o p e n - h e a r t  p u n c t u r e .  T h e  i n t e s t i n a l  s e g m e n t  was  r e m o v e d ,  w a s h e d  t h r e e  
t imes ,  e ach  w i th  20 m l  of  phys io log ica l  sal ine.  T h e  l iver  was  sepa ra ted .  The  re s t  of  
t he  b o d y  was p l aced  in  a p o l y e t h y l e n e  bag. 

The  5~Fe ac t iv i ty  in  e a c h  of  b lood,  l iver,  i n t e s t i n a l  s e g m e n t  a n d  the  r e s t  of  the  b o d y  
was m e a s u r e d  in the  G a m m a  Coun te r .  T he  m e a s u r e m e n t s  we re  co r r ec t ed  for the  
b a c k g r o u n d  a n d  decay  ra te  of  t he  i so tope .  

The  a b s o r p t i o n  i n d e x  was  ca l cu l a t ed  a c c o r d i n g  to t h e  fo l lowing  equa t i on :  

5~Fe ac t iv i ty  in  b l o o d  + l iver  + res t  of  t he  b o d y  
A b s o r p t i o n  i n d e x  = 59Fe ac t iv i ty  of  the  g i v e n  dose  • 100 

Results 

T h e  r e s u l t s  o f  a n a l y s i s  o f  t h e  b e v e r a g e s  a r e  s h o w n  i n  T a b l e  2. T h e  b l o o d  
h e m o g l o b i n  c o n c e n t r a t i o n  o f  r a t s  u s e d  i n  t h e s e  s t u d i e s  r a n g e d  f r o m  
11 .3 -12 .4  g /100  m l .  

Absorption of iron 

The measured activity of 59Fe in the rest of the body, blood, liver, and 
intestine of rats given the iron dose with beverages from the family 
umbelliferae is shown in Table 3. 

Compared to rats given iron alone the addition of each anise, caraway or 
cumin to the dose caused a significant increase in the 59Fe content of the 
measured organs. The intestinal segment contained significantly lower 
content of 5"~Fe due to addition of each of anise or cumin. The absorption 
index amounted to 14.1, 33.7, 30.0 and 30.9 % for each of iron alone, with 
anise, caraway or cumin respectively. 

The 59Fe activity measured in the body of rats given other beverages 
with the iron is shown in Table 4. 

Table  2. Asco rb i c  acid,  t a n n i n ,  p h y t i c  acid a n d  i ron  c o n t e n t s  of  i n g r e d i e n t s  used  in 
th i s  s t u d y  (mg/100 g dry  weight) .  

No. B e v e r a g e  A s c o r b i c  T a n n i n  P h y t i c  acid I ron  
ac id  

1 An i se  14.4 t race  t r ace  37.7 
2 Ca raway  7.2 t race  10.0 15.1 
3 C u m i n  7.2 t race  10.0 31.3 
4 K a r k a d e  36.0 t r ace  t r ace  128.5 
5 L i q u o r i c e  10.8 t r ace  10.0 118.2 
6 M i n t  t race  133.0 t r ace  156.6 
7 Tea 24.0 1733.0 28.0 31.2 
8 Tilia 12.0 t race  8.0 24.7 
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Table 3. Mean va lues  • S.E. of  59Fe act ivi ty in res t  of  t he  body ,  b lood,  l iver and  
in tes t ina l  s egmen t ,  1 hour  af ter  in jec t ion  o f  the  labe led  i ron dose  a lone  or  wi th  the  
a d d e d  beve rage  so lu t ion  in tied~off s e g m e n t s  of  no rma l  rats. 

Given  dose  (1 ml) 59Fe Act iv i ty  (cpm) in 

Res t  o f  the  b o d y  Blood  Liver  In t e s t i ne  

FeC13 �9 6 H20 Mean  10 470 
-2_ S.E. 1 565 

FeCI:~ - 6 H20 Mean 27 030 
+ • S.E. 5 976 
Anise  pH 2.3 P < 0.025 

FeC13 �9 6 H20 Mean  22 804 
+ _+ S.E. 3 752 
Caraway pH 2.2 P < 0.025 

FeC13 �9 6 H20 Mean 24 309 
+ • S.E. 1040 
Cumin  pH 2.4 P < 0.001 

2424 1161 77378 
434 146 6129 

4653 2038 52049 
518 434 7771 
0.01 S.S. 0.05 

5242 1970 70869 
840 285 6666 

0.025 0.05 N.S. 

3770 2802 26338 
342 177 1990 
0.05 0.001 0.001 

Anise,  caraway,  and  c u m i n  be long  to the  family umbel l i fe rae .  

Table  4. Mean  values  • S.E. o f  59Fe act ivi ty in res t  o f  the  body,  blood,  l iver and  
in tes t ina l  s egmen t ,  1 h o u r  af ter  in jec t ion  of  t he  labe led  i ron dose  a lone or w i th  the  
a d d e d  beve rage  so lu t ion  in t ied-off  s e g m e n t s  of  no rma l  rats. 

Given  dose  (1 ml) 59Fe Act iv i ty  (cpm) in 

Res t  of  t he  b o d y  Blood  Liver  In t e s t ine  

FeCla �9 6 H20 Mean  10 470 
pH 2.1 • S.E. 1 565 

FeC13 �9 6H20  Mean  12347 
+ +_ S.E. 2 009 
Ka rkade  pH 2.6 P < N.S. 

FeC13.6  H20 Mean  24 333 
+ • S.E. 3 342 
Mint  pH 3.0 P < 0.005 

FeCla �9 6 HaO Mean  2 428 
+ + S.E. 776 
Tea pH 2.6 P < 0.001 

FeC13 �9 6H20 Mean 17340 
+ • S.E. 1 104 
Tilia pH 2.4 P < 0.01 

FeCI3 �9 6 H20 Mean 15 989 
+ • S.E. 898 
L iquor ice  pH 3.1 P < 0.025 

2424 1 161 77 378 
434 146 6 129 

2 011 837 46 409 
143 94 6 362 

N.S. N.S. 0.01 

6190 3 051 55 862 
900 1 173 6 630 

0.005 N . S .  0.05 

441 461 83 247 
173 116 2966 

0.005 0.005 N.S. 

2 183 1 865 51 635 
247 164 9 863 

N.S. 0.01 0.05 

2 531 1 731 23 762 
223 175 4522 

N.S. 0.05 0.001 
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The results show that  mint  and tilia enhanced  absorpt ion of iron with an 
absorpt ion index of  33.6 % and 21.4 %. Karkade  caused a non  significant 
increase in the 59Fe content  in the rest of  the body  (absorpt ion index 
15.2 %). Liquor ice  slightly enhanced  the absorpt ion of  iron. The absorp- 
t ion index was 20.3 %. Tea marked ly  d iminished absorpt ion  of iron 
(absorption index 3.3 %). The intestinal segment  conta ined significantly 
lower content  of 59Fe in case of karkade,  mint,  tilia and liquorice, but  
higher  value in case of  tea. However ,  such higher  value is not  significantly 
different from control. 

Discussion 

In general, beverages that p romoted  the absorpt ion of iron were anise, 
mint, caraway, cumin,  tilia, liquorice, and karkade,  while tea hindered iron 
absorption. Evaluat ion of  the act ion of  these beverages was based on the 
absorpt ion index of each. The enhancem en t  of  iron absorp t ion  due to 
addit ion of  each of these beverages to the iron dose depends  on the net  
interaction of  p romotors  or inhibitors of iron absorpt ion present  in the 
beverage. Anise extract  is free of  tannin and phyt ic  acid. It also contains 
relatively higher  content  of  ascorbic acid relative to caraway, cumin,  and 
tilia. Tannin and some forms of phyt ic  acid are known  to diminish the 
absorpt ion of iron (9, 10). The tannin  content  of  tea is more  than 20 t imes 
that present  in some of these beverages.  This may  explain the inhibitory 
action of  tea on iron absorption.  In addition, it was found that phyt ic  acid 
content  of  tea is the highest  among  other  beverages analysed. 

Although,  caraway, cumin  and l iquorice contain relatively higher  con- 
tent of  phyt ic  acid yet, caraway and l iquorice considerably  enhanced  iron 
absorption.  It  seems that  this form of phyta te  is .the monoferr ic  phyta te  
that was reported to exert  no h indrance  effect on iron absorpt ion (11). 

These three beverages  do not contain tannins which  may  also contr ibute  
to their enhanc ing  action on iron absorption.  

Al though the absorpt ion index of iron in rats given caraway with the 
iron dose is less than that  in case of  anise, yet  the agFe content  of  blood of  
rats given karaway with the iron dose is higher. This indicates that more  
iron is incorporated  into red blood cells in rats given caraway, i.e. bet ter  
utilization. 

The other  beverages namely  mint, tilia, karkade  and l iquorice p romoted  
the absorpt ion of  iron to varying degrees. A remarkable  effect of mint  is 
manifested in the marked  increase of 59Fe content  in b lood and liver. This 
shows that in addit ion to the enhanc ing  action of min t  to iron absorpt ion,  
it also enhances  utilization and storage. 

An impor tan t  observat ion is that  the intestinal 59Fe content  is h igher  in 
case of beverages that  h indered iron absorpt ion,  while it is lower in 
beverages that enhanced  absorption.  The accumula t ion  of  iron in the 
intestinal mucosa  may  be the cause of h indrance  to iron absorpt ion (8). 

The promot ing  action of  such beverages to iron absorpt ion makes  us 
r e c o m m e n d  mothers  to offer such drinks to their chi ldren from time to 
t ime or be tween meals. This will help to improve  the bioavailability of iron 
in the gut. It is also possible to make  use of such beverages for the 
preparat ion of medicinal  iron. 
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