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The effects of adding supplemental iodine to the diet of
man and of animals has long been a matter of controversy.
As a result its advisability has been questioned. Consequently
we welcomed a recent opportunity to investigate this problem.2
A valuable herd of high milk-producing Brown Swiss dairy
cows in New York State had been fed a relatively high iodine
supplement for a period of approximately three years. Extra
iodine had been given as potassium iodide, in fish meal and in
kelp, and as forage crops grown on soil fertilized by iodinecontaining substances. Since in the past a number of studies
on the effects of iodine feeding have been conducted upon an
empirical basis, it seemed of importance to us actually to
determine the amount of iodine consumed daily, also the daily
excretion of iodine in the urine, feces and milk. In addition
the blood iodine was determined.
One of us, (O. E.), has directed the feeding of several large
herds of dairy cows in the states of Ohio, New York and Pennsylvania for the past twenty years. Following the work of
von Fellenberg, iodine was added to the diets about 1915.
These early iodine feeding experiments were of necessity carried
on empirically. Adequate micromethods were not available.
Since that time suitable methods for determining the iodine
content of the blood, milk, ingesta and excreta have been
developed (25). These are now being applied.
A preliminary report of the results of this investigation has
already been made (28).
HISTORICAL

The basic facts concerning iodine in nutrition have recently
been reviewed in a valuable monograph by Orr and Leitch (1).
Subsequent to the historic French experiment (1), Rilliet
1
From the Departments of Medical and Surgical Research and of Dairying
of The
Ohio State University.
2
This investigation was made possible by a grant from Mr. William Wallace
Kincaid, Ellerslie-on-Niagara, Youngstown, New York.

286

No. 4

IODINE FEEDING

287

described toxic symptoms which follow overdosage with iodine.
He even denounced the procedure before the French Academy
of Medicine. His arguments are still quote'd by those hostile
to supplementary iodine feeding. However, even before 1860
there were sporadic objectors. In this day of better scientific
appreciation and understanding of the importance of minerals
in the processes of life there are still those who censure adding
iodine to the diet. The significance of minerals in nutrition
has been effectively discussed recently by Sheldon (4).
As early as 1831 Boussingault collected data from the
goitrous regions of the Andes which pointed to a close relationship between iodine and thyroid disease (1). Thirty-nine years
after the discovery of elemental iodine by Courtois, Chatin
began his extensive studies on the existence of iodine in
nature (2). While his work was recognized, its importance
was not fully appreciated at the time. In fact, contemporary
chemists were unable to duplicate his findings. Modern
advances in microchemistry have enabled scientists and clinicians, as well as chemists, to confirm the observations of these
pioneers (3). The original deductions concerning the significance of iodine in biology and in pathology are now better
understood, and more knowledge is being added (3, 4).
After preceding failures Baumann (5) succeeded in demonstrating the presence of a considerable quantity of iodine in
the thyroid gland. This was in 1895. The thyroid hormone,
thyroxine, was subsequently isolated, analyzed and synthesized
(6, 7). Assay shows it to contain 65 per cent iodine. Recent
investigations have further established the relation of iodine
to goiter in man (8). The significance of adequate iodine
in nutrition as a preventive to goiter is appreciated (4, 9).
Adding iodine to the diet of pregnant women is recognized
as a significant precaution (10, 11, 12). It would thus appear
to be established that to function normally the thyroid gland
should have an adequate supply of iodine.
Thus the ground that was lost from 1860 to 1895 has been
rapidly regained. Progress in the understanding of iodine
metabolism has greatly accelerated during the past decade.
With further perfection of the microchemical methods now in
use and with their application to determine the minute amounts
of iodine occurring in nature, significant developments are
certain to ensue.
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Lombroso (13)B suggested that in districts where cretinism
was common iodine should be added to the diets of animals as
well as to those of goitrous individuals.
Several European workers have noted that increasing the
iodine in the diet of dairy cows and of goats has increased the
iodine content of the milk from these animals (14, 15, 16, 17,
18, 19). Karns in this country has made a similar observation
(20). None of these investigators has mentioned any deleterious effects resulting from augmenting the iodine in the
diet of their experimental animals. The quantitative studies
reported have been done on laboratory animals or upon isolated
animals. In no instance has a large number of animals been
studied on the more scientific basis. Extensive work has been
done on milking goats.
Scharrer found that larger quantities of iodine in the diet
of goats increased the milk yield (17). Stiner reports specific
instances of having increased the milk yield from 8 to 10 per
cent by administering suitable amounts of iodine to cows in
recognized iodine deficient areas (21). Hanzlik (22) observed
that rats having a diet rich in iodine maintained a better general
condition than those not having such a diet. In some of the
animals there was an increase in weight and growth. This
increase was variable. In his study he also used sulphocyanate, bromide, arsenic, thallium and manganese as controls.
These salts brought deleterious results. Arsenic and thallium
caused fatalities. Welch and others found that hairlessness in
new-born pigs was preventable by giving the pregnant sow food
to which appropriate quantities of iodine had been added
(23, 24).
METHODS

The quantitative method which we have used for determining
the iodine (25) is here summarized. It is the result of adapting
modern technic, apparatus and procedures to the principles as
developed by von Fellenberg (3). It is carried out in from five
to six hours. In careful and experienced hands it is about as
accurate and dependable as the micromethod for the determination of the non-protein nitrogen of the blood.
The material to be analyzed is measured or weighed into a
nickel crucible and mixed with an adequate amount of
potassium hydroxide. This base binds the iodine and facilitates
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hydrolysis of the organic matter. After ashing completely the
content of the crucible, at a carefully controlled optimum
temperature, the water soluble salts are extracted. This
extract is evaporated to dryness. The soluble salts are then
extracted with 95% ethyl alcohol. The alcohol is evaporated.
The remaining dry film containing the iodine salts is dissolved in
water. The pH is adjusted to about 4. The iodides present
are oxidized to iodates with chlorine water. The excess
chlorine is boiled off. A crystal of potassium iodide is then
added and the quantitatively liberated elemental iodine is
titrated with one thousandth (0.001) normal sodium thiosulphate using starch as an indicator. An especially constructed microburet is recommended for this titration (26).
The food intake was measured by experienced attendants.
Since the cows were allowed to drink water at will, from the
regular stable fountains, it was impossible to make more than
an estimate of the water intake.
Aliquot parts of representative food samples were analyzed.
All analyses were made upon the wet basis. The milk, urine,
and feces were collected over a period of 24 hours. Attendants
were stationed with the cows for the entire 24-hour period.
They collected and measured accurately the separate amounts
from each cow. Blood was drawn in the usual manner at
the end of the 24-hour period.
It is only in unusually efficient dairies that complete records
of the milk and butter fat production are routinely kept over
a long period of time. For this particular herd a nearly complete record for the years 1932 and 1933 was available.
The clinical condition of the herd was frequently inspected.
Evaluation of the clinical results was based upon objective
findings. The criteria considered in judging the effects of the
prolonged increased iodine feeding were: (1) milk production;
(2) general health of the herd; (3) fertility of the cows; and
(4) the condition of the calves.
RESULTS

The results obtained are best presented in tabular form.
The iodine content of the foods ingested by the cows, over
a continuous 24-hour period, is presented in Table 1. The
"grain-mix," to which potassium iodide was added directly,
obviously reveals the highest iodine content. The variation of
intake, Table 5, is wide. This is due to the fact that the high
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milk-producing cows were fed greater amounts of the more
concentrated foods. The iodine ingested in the water and
roughage is minimal in comparison. The iodine obtained from
foraging, from salt, and from other uncontrollable sources is
indeterminate. The actual iodine ingested when the cows
were also foraging is doubtless in excess of that shown in the
table.
TABLE I
IODINE INGESTED

Source

Iodine
Mg. %

"Grain Mix"

2.006

Alfalfa Hay
Carrots
Steamed Feed
Ensilage
Water

0.0326
0.0099
0.0508
0.0391
0.00071

Kg. Fed
Daily

Mg. Iodine
Fed Daily

2.721
to
9.071
11.339
9.072
9.072
10.886
45.359

54.59
to
181.98
3.70
0.90
4.91
4.26
0.33

Total intake ranged from 68.7 to 196.1 mg. daily

Table II presents a summary of the iodine eliminated in the
milk, urine and feces. These figures present the variation of
the actual amount of iodine eliminated. The loss closely
parallels the intake for each individual cow, Table V. Since
the intake is variable a general average has no particular
significance.
TABLE II
IODINE EXCRETED
Origin

Output

Urine.

10.1
to
18.6 L

Feces.

9.1
to
29.5 Kg.

Milk.

7.7
to
27.5 L.

Iodine
Mcgm. %

Mg.
Iodine

269
to
1005

34.6
to
130.0

140
to
468

15.2
to
71.5

15.7
to
181.9

15
to
19.5

Total iodine output ranged from 51.7 to 163.4 Mg. daily.
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Table III presents a summary of the daily milk production
of these cows. Of the 17 cows on which data are available, 13
showed an increase in daily milk production for the year. The
average increase was 9.1 pounds. Four of the cows showed a
decrease during this period. One of these, No. 59, had been
milked constantly over a period of one year and three months
subsequent to calving. This cow had an average daily milk
production for the month, eleven pounds lower than it was the
year before. The other three showed a smaller decrease for
the period. The average for the four cows is 7.3 pounds.
TABLE III
COMPARATIVE DAILY MILK PRODUCTION RECORD

Herd No.

1
8

14
13
5?

59
24
35
19
49
54
56

9
10
50

November, November,
1932
1933
Lbs. Milk Lbs. Milk
43.6
29.6
19.7
24.7
20 5
32.9
40.8
20.2
18.1
17.6
37.9
40.2
20.1
22.3
25 4
24.9

53.7
20.1
29.9
38.4
48 2
43.8
29.8*
20.7
19.7
28.1
22.7
35 9
24.4
23 0
25 9
29.5

Lbs.
Gain

Lbs.
Loss

10.1
9 5

10.2
13.7
27 7

10 9
0.5
1.6
[10.5

11.0

4.3
0 3
0 5

4.3
43

4.6

Average Increase in Production in 13 Cows, 9.1 lbs.
Average Decrease in Production in 4 Cows, 7.3 lbs.
yr., 3 mo. after calving.

Cow 15 made the most outstanding improvement in milk
production under this feeding regimen. Data are available on
her as far back as 1929. In three years she increased both her
milk and butter fat production approximately two and one-half
times. Table IV presents this information in summary form
from the official G. V. L, record.
Table V presents in summary form the relation between
ingested and excreted iodine. The total iodine ingested and
eliminated is given in milligrams.
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The blood iodine of these animals on a high iodine diet is
of particular interest. It is greatly increased. The first
modern figure for the iodine content of bovine blood was
obtained by Kendall and Richardson (27) as 13 micrograms
per cent. In our own studies (25) made on blood from cattle
killed at the abbatoir, the iodine content averaged 14 micrograms per cent. The normal human blood iodine is about
12 micrograms per cent (29). This figure has been obtained
and confirmed by a large group of workers both in this country
and abroad (29).
TABLE IV
Cow 15: 8 YEARS OLD

1929
Average Daily Milk Production—25.0 lbs.
Total Milk Produced—9,139 lbs.
Average Percentage Butter Fat—4.9
Total Butter Fat Produced—447.7 lbs.
1932*
Average Daily Milk Production—59.9 lbs.
Total Milk Produced—21,924.9 lbs.
Average Percentage Butter Fat—4.73
Total Butter Fat Produced—1,037.1 lbs.
•Official G. V. L. Record.

As shown in Table VI, the range in these twenty cows is
from 35.9 to 78.1, averaging 54.9 micrograms per cent. The
cows were thus living and reproducing with a blood iodine more
than three times its normal level.
DISCUSSION

The value of adding iodine to the diet of dairy cows has
been considered by many. Some have tested its effects.
Unfortunately in most instances it has been necessary for those
who favor the use of supplemental iodine in nutrition to make
their experiments sporadically, and to base judgment of their
results almost entirely upon objective clinical findings.
The native farmers of Normandy, two centuries ago, procured seaweed to feed their milking cows. They did this because
they had discovered a more seemly appearance of the cows
after having been fed seaweed. The existence of iodine in
seaweed was then unknown. Hence their feeding seaweed was
as empirical as the use of burnt sponge in the treatment of
goiter. It was not until iodine had been used more or less

NO. 4

TABLE V
IODINE INGESTED

HerdNo.ofCowGrainMix^AlfalfaHayCarrotssWetSteamedFeedEnsilage
Feed

IODINE EXCRETED

WaterTotalIodineIngested^Milk
Ingested

Urine

FecesTotalIodineEliminated
Eliminated
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Average Iodine Ingested, 94.17 Mg.
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TABL E VI
BLOOD IODINE IN MI<:ROGRAMS PER CENT

Herd No.
of Cow
8
24
18
3

13
14. .
10

9
2.

20

57 6
49.7
50 4
40 7
37.9
.33 8
42 1
54.6
38 6
58.1

Herd No.
of Cow
1
59
31 .
54 .
35
56 .
50

32
15
38

. . .

63 2
55.0
63 8
64 0
78.1
57.0
59 8
75.6
. . 62.4
54.6

The range is from 33.8 to 78.1.
The average is 54.9 micrograms per cent.

extensively in the practice- of medicine, and particularly in
the treatment of goiter and of cretinism, that it was recommended for animals other than man. One of the earliest
records of its use in the diet of animals is in 1859 (13).
Dairymen and veterinarians were slow to recognize the
value of iodine as a dietary necessity. In fact many have been
skeptical concerning its use, and have even suggested that
iodine added to animal diets was likely to cause deleterious
effects. The unfortunate experience of giving large amounts
of iodine to French school children in 1860 is perhaps responsible
for this attitude among those who have not studied the facts
carefully.
Twenty years of experience in adding iodine to the food of
dairy cows (O. E.) has yielded in no instance objective evidence
of unfavorable effects directly or indirectly attributable to
the extra iodine ingested. In fact, in those instances where
an added iodine food regimen has been instituted, the milk
production and the fertility of the cows have increased.
In this investigation, previous to the institution of the
increased iodine regimen, still births, goitrous calves, and
premature calves were noted. In one of the herds 75% of the
cows were sterile or sporadically fertile. In 1933 85% of the
cows of this herd were fertile. Some of them were descendants
of the original sterile 75%.
Although in this particular study only 25 cows are included
a similar increased iodine feeding regimen has been carried out
over a period of from three to seventeen years on more than 500
dairy cows of various breeds throughout different localities in
the Great Lakes region. In all instances the results have been
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distinctly beneficial. In these herds the evaluation of the
results has been based upon objective clinical findings.
The general mineral content of the diet of these cows was
increased at the same time as that of the iodine content. It is
therefore important to state that the subsequent improvement
is not necessarily due to the iodine alone. The addition of
calcium, phosphorus, iron and magnesium was undoubtedly
beneficial to the general health of these animals. However, in
other studies carried out by one of us (O. E.) the addition of
elements other than iodine did not produce so marked an
improvement in the physical condition and reproduction of the
cows. It has been observed that the fertility of the cows
improved after the addition of iodine to their food. The
quality of the calves has improved over that before the institution of the iodine feeding regimen.
This investigation was carried out under definite technical
difficulties. No claim is made that it represents a true balance
experiment. The travail of making an accurate balance study
on patients under strict modern hospital management is beset
with difficulties. Hence even to attempt such an approximation upon a herd of dairy cows required courage. The information in Tables I, II, V and VI is as reliable as that given in the
average laboratory experiment. The striking increase in the
iodine content of the blood and of the milk is significant.
The data which are presented represent a fairly accurate
estimate of the increased iodine transport. They show a great
increase in the iodine intake. They reveal also a corresponding
increase in the elimination of iodine in the urine, feces, and
milk. They demonstrate the consequent elevation of the
blood iodine. As a whole they reveal clearly increased iodine
feeding. Since this had been maintained for a period of three
years, and since the clinical condition of the herd was excellent,
we were unable to demonstrate any deleterious effects of
prolonged increased iodine feeding to these cows.
CONCLUSION

This investigation demonstrates that adding increased
amounts of iodine to the diet of dairy cows does not ordinarily
produce deleterious effects on the physical condition, general
health, milk production and reproduction of these animals.
Iodine is apparently beneficial when fed in optimal amounts or,
in this instance, even in amounts in excess of the normal
requirement.

296

PHILLIPS, ERF AND CURTIS

Vol. X X X V

BIBLIOGRAPHY
(1) Orr, J. B. and Leitch, I. Medical Research Council, Special Report Series,
- No.. 123:24. 1926.
(2) Chatin, Ad. Compt. rend. Acad. d. Sci., 30-85. 1850-1875.
(3) v. Fellenberg Th. Ergebn. de Physiol., 25: 176. 1926.
(4) Sheldon, J. H. Brit. Med. Jour., page 47, Jan. 13, 1934.
(5) Baumann, E. Ztschr. f. physiol. Chem., 21: 319, 1895; also 21: 481, 1895;
also 22: 1, 1896.
(6) Kendall, E. C. J. Biol. Chem., 39: 125, 1919; also 43: 149, 1920.
(7) Hadngton, R. Biochem. Jour., 20: 293, 1926; also 21: 169, 1927.
(8) (a) De Quervain, F. and Smith, W. E. Endocrinology, 12: 177, 1928.
(b) Lunde, G. Nordesk Medesinsk Lodskrift, Ed. 1: 474,1929. (c) McClendon, J. F. 16th Annual Meeting of the Association for the Study of Internal
Secretions, Philadelphia, Pa., June 8, 1931. (d) Veil, W. H., and Sturm, A.
Deutsch. Arch. f. Klin. Med., 147: 166, 1925. (e) Scheringer, W. Zeit. f.
Gynak., 44: 2738, 1930. (f) Schittenhelm, A., and Eisler, B. Klin.
Wchnschr. 11: 6, 1932. (g) Dodds, E. C , Lawson, W., and Robertson,
J. D. Lancet, 223: 608,1932. (h) Curtis, G. M., Davis, C. B., and Phillips,
F. J. J. A. M. A., 101: 901,1933. (i) Schittenhelm, A. Encodrinology, 17:
484, 1933.
(9) (a) Hunziker, H. Schweiz. med. Wchnschr., 50: 209, 1920. (b) Klinger, R.
Schweiz. med. Wchnschr., 51: 12, 1921. (c) Hercus, C. E., Benson, W. N.,
and Carter, C. I. Jour. Hygiene, 24: 321, 1925. (d) Marine, D. Arch.
Path, and Lab. Med., 2: 829, 1926. (e) Hercus, C. E., and Roberts, K. C.
Jour. Hygiene, 26: 49, 1927. (f) Nicolaysen, K. International Conference
on Goiter, 489, 1927. (g) Marine, D. J. A. M. A., 104: 2334, 1935.
(h) Hayne, J. A. Am. Jour. Pub. Health, 19: 1111, 1929. (i) Cauer, H.
Zeitschr. f. d. ges. physiol. Therapie, 34: 10, 1930. (j) Mazzocco, P.
Semana Med., Buenos Aires, 37: 356,1930. (k) Lunde, G. Klin. Wchnschr.
Berlin, 9: 865, 1930. (1) Remington, Roe. Jour. Chem. Eng., 7: 2590, 1930.
(m) Weston, W. So. Med. Jour., 23: 6, 1930. (n) Kupzis, J. Ztschr. f.
Hyg. u. Infektionskr. 113: 551, 1932. (o) Levine, H., Remington, Roe,
and v. Kolnitz, H. Jour. Nutrition, 6: 347, 1933. (p) Harington, C. R.,
Gardner-Hill, H. and Dunhill, T. P. Proc. Royal Soc. Med., 26: 870, 1933.
(q) Weston, W. West. Jour. Surg. Obst. and Gynec, 44:382, 1933.
(10) Olesen, R. U. S. Pub. Health Bui., 192: 27, 1929.
(11) Footnote 8 (e).
(12) Yoakem, W. A. Am. Jour. Obst. and Gynec. 15: 617, 1928.
(13) Lombroso. Cited from "Iodine in Nutrition," Special Report Series, 123:24,
1929.
(14) Strobel, H., Scharrer, K. and Schropp, W. Biochem. Ztschr., 180: 313, 1927.
(15) Schwaibold, J. and Scharrer, K. Biochem. Ztschr., 180: 334, 1927.
(16) Niklas, H., Schwaibold, J. and Scharrer, K. Biochem. Ztschr., 170: 300,
1926.
(17) Scharrer, K. Munch, med. Wchnschr., 74: 1788, 1927.
(18) Scharrer, K., and Schwaibold, J. Biochem. Ztschr., 180: 307, 1927.
(19) Meithke, M. and Schlag, H. Veroffentlic Zentrastell. Barneologie, 25:
3562, 1931; also Milchwirtschaft. Literaturber, 52: 428, 1931.
(20) Karns, G. N. Ind. and Eng. Chem., Ed., 299, 1932.
(21) Stiner, O. Protokoll der Sitzung der Schweiz. Kropfkommission von Feb.
18, 1925.
(22) Hanzlik, P. J., Talbot, E. P. and Gibson, E. E. Arch. Inter. Med., 42: 579,
1928.
(23) Welch, H. Mont. Agr. Exper. Sta. Bui., 156, 1920.
(24) Weiser, I. and Zaitschek, A. Biedermann's Zentr. B. Tiernahr., 4: 476, 1932.
(25) Phillips, F. J. and Curtis, G. M. Amer. Jour. Clin. Path., 4: 346, 1934.
(26) Phillips, F. J. and Curtis, G. M. Jour. Lab. and Clin. Med., 19: 896, 1934.
(27) Kendall, E. C. and Richardson, F. S. Jour. Biol. Chem., 43: 161, 1920.
(28) Phillips, F. J., Curtis, G. M., and Erf, O. Proc. Soc. Exp. Biol. and Med.,
31: 585, 1934.
(29) Davis, C. B., Curtis, G. M., and Cole, V. V. Jour. Lab. and Clin. Med., 19:
818, 1934.

