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When the claim (1) that milk produced on Cruci[erae plants has an antithy- 
ro id  ef fec t  has  b e e n  i n v e s t i g a t e d  in  o u r  i n s t i t u t e  in  r e c e n t  years ,  spec ia l  a t t e n -  
t i o n  has  b e e n  p a i d  t o  go i t rogen ic  s u b s t a n c e s  in  t h e s e  p l a n t s  a n d  in  mi]~  (2). 
GMELr~ a n d  VmT~_NEN (3) s h o w e d  t h a t  t h e  t h i o c y a n a t e  i on  ( S C N - )  w h i c h  
c a u s e s , , c a b b a g e  g o i t r e "  is f o r m e d  in c ru shed  Brassica p l a n t s  e n z y m i c a l l y  f r o m  
the precursors g]ucobrassiein (4) and its Nl-methoxy derivative, neogluco- 
brass ie in  (5). These  9 r e c u r s o r s  w e r e  f o u n d  in  d i f fe ren t  Brassica species  a n d  t h e i r  
s t r u c t u r e s  w e r e  e luc ida t ed .  T h e  t h i o e y a n a t e  f o r m e d  w h e n  t h e  cow is fed  on  
Brassica p lan t s  is s ec re t ed  p a r t l y  i n t o  t h e  7nilk, b u t  i ts  c o n c e n t r a t i o n  in  m i l k  
does  n o t  r ise  essen t ia l ]y  a b o v e  1 mg~ e v e n  w h e n  v e r y  la rge  doses  o f  t h i o c y a -  
h a t e  a re  u s e d  (6). V ~ X K I  e t a ] .  (7) h a v e  s h o w n  t h a t  t h i s  l eve l  does  n o t  y e t  cause  
a n y  d i s t u r b a n c e s  in  t h e  u p t a k e  o f  iod ine  b y  t h e  t h y r o i d  g l a n d  o f  m a n .  I n  f e e d i n g  
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exper iments  of long dura t ion  it  has no t  caused goitre in  rats,  e i ther  (2). This is 
t rue  provided t h a t  the  lack of iodine in  the  nu t r i t i on  is no t  so great  t h a t  even a 
small  d is turbance  in  iodine up take  would lead to  the  developlnent  of goitre. 

V m T A ~ N ,  KREULA, and  K~SVAA~A (8) found  t h a t  also the  s t rong an t i t hy -  
reid compound,  L-5-vinyl-2-thiooxazolidone (goitrin), - which is formed in  m a n y  
Brazsica fodder p lan ts  when these are crushed (9) - is t ransferred to  milk from 
the r u m e n  of the  cow in  so minu te  amoun t s  t h a t  i t  is of no pract ical  impor tance .  

E v e n  though  the  a m o u n t  of th iocyana te  which is formed f rom a large 
a m o u n t  of cabbage or r u t abaga  does no t  make  mi lk  goitrogenic, i t  m a y  have an  
indirect  unfavourab le  effect on the iodine metabol i sm of the animal .  I n  addi t ion  
to ~ dis turbed iodine up take  b y  the  thy ro id  gland, i t  has been observed t h a t  the  
iodine conten t  i n  mi lk  produced on different Brassica species has decreased 
while the  th iocyana te  conten t  has increased. On the  other hand,  surpr is ingly 
high iodine contents  have been observed in milk after  the  feeding of th ioeyana te  
(10) has been discont inued.  These observat ions led to  the  quest ion how thio.  
cyanate  affects the  iodine con ten t  of cow's nfilk. I n  order to elucidate this  
question,  three cows were fed 1.5 g of S C N -  as the  po tass ium salt  dai ly du- 
r ing one week and  3.0 g daffy dur ing  the  n e x t  week. These a moun t s  of thio- 
cyana te  correspond to the amoun t s  which cows take  in  when Brassica fodder 
p lants  are fed in abundance .  The milk samples were analysed for bo th  iodine and  
th iocyanate .  

Experimental 
Methods 

A modification of the method of BXRXV.R et al. (11) was used with slight alterations for 
the determination of the total iodine in milk ~nd fodder. Using this modiilcation, ViLxXI (I2) 
had earlier determined the iodine contents of the most common foodstuffs in Finland, 
especially milk. 0.25-1.0 ml of milk or 50-300 mg of ground fodder, 1 ml of 10% zinc 
sulphate and 1 ml of 5 N potassium hydroxide were measured into glass tubes. The mixture 
was dried for 18 hours at 110 ~ and then for 2 hours at I50 ~ after which it was heated 
at 600 ~ for 2 hours. The ash was dissolved in 5 ml of 0.08 N potassium arsenite. 3 ml of 
the clear centrifuged liquid was acidified with 1 ml of 7 N sulphuric acid which contained 
10% (w/v) sodium chloride and warmed to 37 ~ 1 ml of 0.01 N cerium ammonium sulphate 
was added and the optical density of the solution was measured against water with a 
Klett-Summerson colorimeter (filter 42) 6 and 12 minutes after the addition. The amount 
of iodide eatalysing the reduction of Ce (IV) was obtained by comparing the difference of 
the corresponding transmission values with those of the samples after the addition of 0.04 
~g of iodide. 

The determination of the thiocyanate in the milk was performed according to BA~XF_~'S 
(13) method. The protein in I0 ml of milk was precipitated with 10 ml of 20% trichloroacet- 
ic acid, 1 m] of 5% (w]v) iron (III) nitrate in 2.5% (v]v) nitric acid was added to 5 ml of 
the filtrate, and the colour was measured with the KL~TT-SUMMERSON colorimeter (filter 50). 
A solution containing 5 ml of the filtrate and 1 ml of water was used as a blank. The thio- 
cyanate content of the sample was obtained by comparing the results with a standard curve. 

The arrangemen~ of the feeding experiment 

The feeding experiment was carried out with three Ayrshire cows with a fairly equal 
milk production on the Joensuu farm during the indoor feeding period 7.2.-12.3.1962. 

Aino, 5 years old, calved on January 14, 1962 
ElIa II, 3 . . . .  ,, ,, September 25, 1961 
Elo II,  4 . . . . . . . .  August 31, 1961 
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The average rations and the average iodine contents of the different feeds given dur- 
ing the experiment are shown in Table 1. 

Table I. 
The rations and iodine contents of the different feed components used in the experiment 

Feed ra~on/day 

25 kg maize-AIV-silage 
5 ,, crushed oats 
3 ,, hay 
3 ,, straw 

40 1 water 

Iodine, ~glkg 
foddcr 

190 
45 

115 
350 

15 

Iodine, rag, 
in daily ration 

4.8 
0.2 
0.3 
i . I  
0.6 

Total  7.0 mg 

The feeding experiment was continued during five periods of one week. Additional por- 
tions of potassium iodide and thiocyanate, mixed with a small amount  of crushed oats, 
were given daily at  2-2.30 p. m. to each cow as shown in Table 2. 

Table 2. Intake of additional K I  and KSCN in different test  periods 

Week Days KI mg KSCN g Cows 

1st 
2nd  
3rd  
4 th  
5 th  
5 th  

* 10 m g  I -  
** 1.5 g SCN- 

*** 3.0 g SCN- 

1 s t - 5 th  
6 th -12 th  

13 th-19 th  
20 th -26 th  
27 th-33 rd 

0 
13.1" 
13.1 
13.1 
13.1 
0 

0 
O 
2.5** 
5.0*** 
0 
0 

M1 three 
p ~  

Elo II  
Aino and Ella I I  

Table 3. The average milk production in different test  periods 

Morning milk Evening milk Production 
Cow Week kg/day kg/day kg/day 

Aino 

Ella I I  

Elo I I  

1 st 
2nd  
3rd 
4 th  
5 th  

i st 
2nd 
3rd 
4 th  
5 th  

1 st 
2nd 
3rd 
4 t h  
5 th  

8.1 
7.7 
7.7 
7.0 
7.3 

7.4 
7.1 
6.2 
6.2 
5.6 

7.6 
7.2 
6.4 
5.7 
5.8 

7.1 
6.5 
6.5 
6.1 
6.2 

6.3 
5.3 
4.7 
5.2 
4.7 

6.2 
5.7 
5.1 
4.8 
4.7 

15.3 
14.1 
14.1 
13.1 
13.5 

13.7 
12.4 
10.9 
11.5 
10.3 

13.8 
12.9 
11.5 
10.6 
10.5 
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The cows were milked in the morning at 6-6.30 and in the evening at 5-5.30. Determi- 
nations of iodine and thiocyanate were carried out on each milk sample. The average milk 
production of the cows during the different periods is shown in Table 3. 

Results 

The results presented in Fig. I and Tables 4 and 5 show tha t  the continuous 
feeding of thiocyanate effectively decreased the iodine content of the milk of 
each cow although the contents revealed individual differences. 

The thioeyanate (SCN-) contents of the milk during the experiment are seen 
in Table 4. 

Table 4. Secretion of ~hiocyanate into milk 

Cow 

A i n o  

Ella I I  
Elo I I  

The average SCN- conten~ of milk, mg]l  

Before SCN- 
feeding 

ls t -12th days 

1.5 g SeN-]day 3.0 g SCN-/day 
14th-19th days 23rd-26th days 

1.7 I 6.2 I 8.1 
3.4 6.8 9.3 
3.5 6.3 8.1 

After SCN- 
feeding 

31st-33rd days 

1.9 
2.2 
3.4 

Secretion of SeN-  
Into milk during 

the test, % 
of given amount 

3.6 
2.2 
2.0 

A daily ration of 1.5 g of SCN- per cow raised the thiocyanate concen- 
t rat ion in the milk in 24 hours to 0.6 - 0.7mg ~/o independently of the im'tial 
level. With a double ration, the thiocyanate content of Ella I I ' s  milk rose to 
0.9 mg~/o, and tha t  of Aino's and Elo I I ' s  milk temporari ly to 1.2 mg ~ 
which level it soon decreased to an average level of 0.8 mg ~/o- During the whole 
experiment the total  secretion in Aino's milk was almost twice (3.6O/o of the 
given amount  of SCN-) tha t  in the other cows (2.0-2.20]0 of the given 
amount) .The thiocyanate concentration, which was usually higher in the eve- 
ning milk than  in the more abundant  morning milk, decreased rapidly to the 
initial level after the feeding of thioeyanate was discontinued. The decrease 
was somewhat more rapid than  in the previous experiments of V~TA~EN and 
G ~ L I N  (6) in which no additional iodide was given. 

The changes tha t  occurred simultaneously in the iodine content of the milk 
are seen in Fig. 1. 

During the first week, when the cows received 7 mg of iodine per day  in the 
fodder, the iodine content of the milk amounted to about  10-20 jug per 1, 
which corresponded to 2.6-4.10/o of the daily iodine hltake. The daily addition 
of 10 mg of I -  in the second week increased the iodine content of the milk to 
90-175/xg per 1, which corresponded to 7.4-13.2~ of the total  iodine fed. In  the 
third week, the iodine content of the milk decreased abrupt ly  already after the 
first dose of thiocyanate (1.5 g of SCN- per 24 hours) and fell to a minimum on 
the second or third day (3.1--4.4~ of the total  iodine secreted into the milk), 
rose then almost to the max imum of the previous iodide period, but  began to 
decrease again in two test  cows after 3-4 days. A double dose of thiocyanate 
(3 g of SCN-) caused the iodine content to decrease to a relatively stable level 
which corresponded to the lninimum level obtained already with the first dose 
(1.5 g) or to about  a/3 of the concentration reached before the thioeyanate period 
(3.0-4.3~/o of the total  iodine secreted into the milk). The average amounts  of 
iodine secreted into milk during the experimental  periods are shown in Table 5. 
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The discontinuation of the thioeyanate 
feeding caused a remarkable change. Alt- 
hough iodide was no longer given to two 
cows, the iodine content of the milk rose so 
high tha t  it either reached or exceeded con- 
siderablythe high iodine level that  prevailed 
before the feeding of th iocyanate  when the 
cows received 10 mg of I -  per day. I t  was o - p  

5-11 times the iodine level of the milk in 
the initial period of the experiment before 
the feeding of iodide (Table 5 and Fig. 1, 
Aino and Ella II) .  The feeding of iodide 
was continued to one of the cows (Elo I I )  .~ 
during the last period when thiocyanate 
was no longer given; the iodine content of .~ 
the milk increased to twice the content in 
the second week of the experiment when o 
the cow received the same quant i ty  of k: 

O 
iodide but  no thiocyanate (Fig. 1, Elo II) .  
Irrespective of whether the cow took in 
only the 7 mg of iodLne present in the 
fodder, or an additional 10 mg of I - ,  on 
the average 20% of iodine fed was secreted ~ ~0 
into the milk on the sixth day  after the ~ 
thioeyanate feeding had been discontinued. ~ 
The average secretion of iodine 4-7 days ~ 
after  the thiocyanate feeding ended varied 
from 15 to 21~ . 

o 
Discussion 

All the feeding experiments (those re- 
ported in this paper  and four others not 
described) have shown tha t  the feeding of 
thiocyanate to cows strongly decreases the 
iodine content of the milk. The results 
suggest an active mechanism which con. 
centrates iodine in the m a m m a r y  gland of r 

the cow. BROW~-G~ANT (14) and POTTER .~ 
et al. (15) have established this kind of ~= 
mechanism in gnawers and its prevention 
with thiocyanate in injection experiments 
with 131I and SCN-. GARNER et al. (16) _~ 
observed in their feeding experiments with 
cows tha t  the secretion of radioiodine into .~ 
milk was prevented by  10g of sodium r 
eyanate  which according to our observa- 
tions great ly exceeds the amount  of thio- 
eyanate which the cow can get daily even 

q o 

L'- F-~ 

O 
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when it is fed large quantities of Brassica plants. In our experiments the effect 
has been achieved with quantities corresponding to those cattle receive nor- 
mally. The mechalxism of iodide uptake by the mammary gland is obviously 
very sensitive %o the effect of thiocyanate, more sensitive than the mechanism 
of iodide uptake by  the thyroid gland. Also the fact tha t  R~IN~X~ (17) recently 
succeeded in achieving a similar result with a goat in injection experiments, 
using a quantity of thiocyanate  which did not  yet  inhibit iodide uptake by  the 
thyroid gland, supports this view. 

Because thiocyanate prevents the secretion of iodine into milk, it protects 
cows from getting goitre when the iodine content of their feed is low. On the 
other hand, the low iodine content of milk is harmful from the point of view of 
human nutrition. 

The finding that when the feeding of thiocyan~te was discontinued, the 
iodine content of milk increased within a few days to a value 2 to ii times as 
high as that attained with the corresponding iodine doses before thioeyanatc 
was fed is especially striking. 1% seems at first sight as if iodine had accumu- 
lated somewhere else in the organism during the feeding of thiocyanate and was 
secreted into the milk after the influence of thiocyanate had ceased. However, 
it must be taken into consideration that  even in the last experimental period 
the amount  of iodine secreted into milk was oniy about  20% of the quanti ty 
given. A hypothesis of an accumulation of iodine in the organism during the 
thiocyanate feeding is thus not necessary to explain the enormous rise in the 
iodine level of the milk when thiocyanate was omitted. I t  is more probable tha t  
the feeding of %hiocyanate activates a mechanism in the organism which stimu- 
lates the iodide uptake by the mammary  gland. As a result of this activation, 
the secretion of iodine into milk rises when thiocyanate is no longer given. The 
fluctuations in the iodine content of the milk when a lower dose of thiocyanate 
(1.5 g of SCN-/cow) was given during the third feeding period also support this 
assumption. A sharp decrease in the iodine content was followed by  a strong 
increase and then a decrease. Only when 3.0 g of thiocyanate was fed daily to 
a cow, did the low level remain constant. 

As we have found so far, the iodide uptake b y  the mammary gland is very 
similar to that. of the thyroid gland. When thiocyanate inhibits the iodide 
uptake by  the mammary gland, the capacity of the gland to take up iodide is 
stimulated. This state of stimulation continues even after the feeding of thio- 
cyanate is stopped, and it is the cause for the exceptionally high iodine content 
of the milk when thioeyanate is removed from the food. I t  is possible tha t  the 
results presented in this paper are the first hints of an analogy between the 
mammary gland and the thyroid gland regarding the uptake of iodide. 

According %o previous investigations in this laboratory, the continuously 
increasing use of Cruciferae plants in the feeding of cows, especially in the 
northern areas, does not make the milk goitrogenic. The results presented 
above reveal an indirect danger: the feeding of Cruci/erae plants decreases the 
iodine content of milk greatly. This effect must  be taken into consideration 
particularly in a country like Finland where milk is the most important  source 
of iodine in food (12). For this reason the general use of iodized salt in human 
nutrition should be emphasized more than ever before. The use of iodine- 
containing salt mixtures in cattle feeding in order to eliminate possible disad- 
vantages caused by thioeyanate in the fodder is also recommended. 
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T h i s  r e s e a r c h  h a s  b e e n  f i n a n c e d  i n  p a r t  b y  a g r a n t  f r o m  t h e  U n i t e d  SCares 
D e p a r t m e n t  o f  A g r i c u l t u r e ,  A g r i c u l t u r a l  R e s e a r c h  Se rv ice .  

Summary 

When cows are continuously fed amounts  of potassium thiocyanate  corresponding to 
the  quant i ty  formed from 15-30 kg of the  marrow kale or ru tabaga  per  day  (1.5 and  3.0 g 
of SCN-, respectively), t he  th iocyanate  concentrat ion in the  milk rises and  the  iodine con- 
t en t  of the  milk decreases. When  the  feeding of th ioeyanate  is discontinued, the  iodine con- 
t en t  of the  milk rises much above the  init ial  level during a few days. The results suggest t h a t  
this  is due to a mechanism t h a t  regulates the  uptake  of iodide by  the  m a m m a r y  gland. 

Zusammen/assung 

Wenn die Kiihe kontinuierl ich mi t  solchen Mengen yon Kal iumrhodanid  geffittert  
werden (resp. 1,5 und  3,0 g SON-), welche der  aus 15-30 kg Marks tammkohl  oder Kohlri ibo 
pro Tag ents tehenden Quanti t i i t  entsprechen,  steigt  die Konzent ra t ion  yon Rhodan id  in der 
Milch un te r  gleichzeitiger Senkung des Jodgeh~lts.  Wenn  die Fi i t terung yon Rhodanid  
nieht  mehr  fortgesetzt wird, steigt der Jodgehal t  s ta rk  fiber das Anfangsniveau ws ein 
paar  Tagen. Die lZesultate weisen darauf  hin, dab  dies auf  elnen Mechanismus zuriickzu- 
ffihren sei, der die Jod idaufnahme der Milchdrfise regelt. 
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