Factors Affecting lodine Concentration of Milk of Individual Cows

ABSTRACT

Variations were measured of iodine
concentrations of milk during complete
lactations of 36 Holstein cows from the
University of California herd in Davis and
24 Holstein and 12 Guernsey cows from
the California State University herd in
Fresno. At Davis no iodine was added to
the concentrate, whereas at Fresno iodine
as cthylene diamine dihydriodide was
added to the concentrate at 4 ppm. At
Davis, the mean milk iodine concentration
was 166 ug/kg; at Fresno, the mean milk
iodine concentration was 745 pg/kg.
Holstein milk had higher iodine con-
centrations than Guernsey milk, 839
versus 554 ug/kg. Iodine concentrations
of milk increased during lactation for all
cows. At Davis, samples taken in the 1st
mo of lactation had 105 ug/kg compared
with 218 ug/kg in the 9th mo. At Fresno,
samples taken in the 2nd wk of lactation
had 183 pug/kg, compared with 1017
tg/kg in the 40th wk. Addition of as little
as 4 ppm ethylene diamine dihydriodide
to the concentrate throughout lactation
will lead to greatly increased iodine
concentrations in the milk, particularly in
late lactation.

INTRODUCTION

The concentration of iodine in milk is
nutritionally important. The United States
Food and Drug Administration has reported
that over 40% of the total dietary iodine intake
comes from milk. Kidd (12) reported in 1974
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that urine iodine in children was positively
correlated with the amount of milk consumed.
Various international researchers (6, 10, 11, 13)
reported high (200 ug/kg) concentrations of
iodine in market milk. Only Binnerts (2)
measuring iodine concentrations of market milk
in The Netherlands found the concentration of
iodine in milk was declining in the last decade.

Iodine is a natural constituent of cows’ milk.
The cow, in common with other animals,
requires a diet that provides nutritionally
adequate iodine. Consumed iodine in excess of
nutritional requirements is excreted in feces,
urine, tears, and milk (9, 14). Positive cor-
relations between iodine intake and milk jodine
concentration have been reported by many
workers in the past 50yr (1, 3,7, 8, 9, 14, 16).
However, these reports leave many questions
concerning natural variation of iodine con-
centrations of cows’ milk unanswered. Con-
sequently, we have tried, during the last 4 yr
(1976 to 1979), to determine what factors
affect the concentration of iodine in cows’
milk. Our objective was to obtain an under-
standing of options available to minimize milk
iodine concentrations.

MATERIALS AND METHODS

Davis Study

Holstein cows were selected from the
University herd as they freshened. The herd was
segregated into three groups on milk pro-
duction: high—30 kg/day; medium—20 kg/day;
low—12.5 kg/day. Cows were assigned to
groups monthly. All cows were fed 15.9 kg of
alfalfa hay per day. Concentrate was fed to the
high group at 7.9 kg/day and to the medium
and low groups at 3.6 kg/day. All these figures
were averages.
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Figure 1. Frequency distribution of iodine con-
centrations of 213 milk samples collected over entire
lactation from 36 cows in the University herd at
Davis. Solid curve is cumulative frequency; nearly
90% of the samples were below 200 ug/kg.

Milk samples (ca. 200 ml) were collected
once a month for each cow either until she was
assigned to another trial (the herd is small; and
consequently the research needs of the Animal
Science Department took precedence) or
completed her lactation.

Fresno Study

Thirty-six cows, 24 Holsteins and 12 Guern-
seys, in their 1st through 5th wk of lactation
were assigned to the trial. The herd was seg-
regated into three groups on milk production:
high—29.5 kg/day; medium—18.1 kg/day; and
low—11.3 kg/day. Cows were assigned to
groups monthly. All cows were fed 13.6 kg of
alfalfa hay per day. Concentrate was fed to the
high group at 13.6 kg/day, and to medium and
low groups at 10.0 and 6.4 kg/day. No ad-
justments were made for age or breed of cows.
Part of the concentrate was fed in the milking
barn, and the remainder was fed in pens.
Concentrate not consumed in the milking barn
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was added to that in pens so that weighbacks
were not necessary. lodine as ethylene diamine
dihydriodide (EDDI) was added to the con-
centrate at 4 ppm throughourt the trial.
Approximately 170 ml of milk from each
cow was frozen and set aside for iodine analyses
once a week for the first 12 wk and then once a
month to the end of the 40th wk or until 60
days before calving, whichever came first.

Analyses

Milk iodine concentrations were measured
by the selective ion electrode procedure (4, 5).
All statistical analyses were by the eighth
release of SPSS (15) and the campus B 6700.

RESULTS AND DISCUSSION

Davis Study

The frequency distribution of milk iodine
concentrations in 213 samples for 36 cows
(Figure 1) was slightly skewed. The median
was 146 ug/kg, and the mean was 166 ug/kg
with a standard deviation of 83 ug/kg. These
are indicative of milk iodine concentrations
that can be expected when extraneous sources
of dietary iodine (EDDI, trace mineralized salt,
etc.) are eliminated and when the use of iodo-
phor containing udder washes and teat dips are
controlled rigorously.

Of the 213 samples collected, 159 were
provided by 19 cows. Data for this subgroup
were classified by animals, lactation stage,
and time of year, and analyzed by classical
analysis of variance. Results (Table 1) show

TABLE 1. Extremes of iodine concentrations of milk
in the Davis study; no supplemental iodine in concen-
trate.

Milk iodine concentration

High Low
Variable X SD X SD
(ug/kg)
Animals 209 44 111 32
Lactation 9th month 1st month
stage 218 58 105 29
May February
Time of year 202 75 132 36
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that there were large variations of iodine
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between age groups within breed. During the
trial all cows were fed a concentrate supple-
mented with 4 ppm iodine as EDDI, which was
40% of the maximum amount recommended by
the National Research Council when this study
was done (1978).

Comparison of iodine concentrations of milk
for the Fresno cows (Table 3) with those of the
Davis cows (Table 1) shows the effect of

TABLE 2. Results of three way analysis of variance on
iodine concentrations of milk in the Davis study; no
supplemental iodine in concentrate.

Proportion of variation

Source accounted for
Animals 23%
Lactation stage 27%
Time of year 10%

MILK IODINE, 1g/kg

Figure 2. Frequency distribution of iodine concen-
tration in milk samples collected from cows fed
concentrate supplemented with 4 ppm jodine during
entire lactations in the University herd at Fresno.
Vertical lines show median concentration.

constant supplementation of 4 ppm EDDI in
concentrate of Fresno cows throughout lacta-
tion. The mean for the multiparous Holsteins at
Fresno (736 ug/kg) is 4.4 times the mean (166
ug/kg) for Holsteins at Davis. The highest
iodine concentration at Davis was 675 pg/kg,
which is less than the mean at Fresno.

Increases of iodine concentrations of milk at
Fresno during lactation (Figure 3) were greatest
for uniparous Holsteins and followed the same
general trend for all four groups. Iodine con-
centrations increased gradually during the first
25 wk of lactation, then jumped by a factor of

TABLE 3, Iodine concentrations of milk for cows in the Fresno iodine trial.

Milk iodine
No. of —
Breed Lactations samples X SD
(ng/kg)
All cows 481 745 604
All Guernseys 158 554 364
Guernseys 1 65 509 371
Guernseys 2 or more 93 585 358
All Holsteins 323 839 672
Holsteins 1 124 1004 850
Holsteins 2 or more 199 736 508
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Figure 3. Relationship between week of lactation
and milk iodine concentration for cows fed concen-
trate supplemented with 4 ppm iodine throughout
lactation in the University herd in Fresno.

4 or more for Guernseys and uniparous Hol-
steins. Increases for multiparous Holsteins were
more uniform throughout lactation. These
increases probably were related to the continual
feeding of EDDI to the cows during the study
(1,3,7,8,9, 10, 14, 16).
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Figure 4. Relationship between week of lactation
and milk production for cows in the University herd
at Fresno.

Data for each group of cows were analyzed
to partition variation of iodine concentration
among animals, lactation stages, and interactions
between the two (Table 4). Guernseys and
uniparous Holsteins were relatively similar; 7 to
12% of the variation was accounted for by
differences among animals, 51 to 63% by
lactation stage, and 28 to 35% by interactions.
Multiparous Holsteins were different from the
other three groups; differences among animals
accounted for 28% of the variation, lactation
stage for 13%, and interactions for 55%.

At first, we thought differences of iodine
concentrations among the four groups of cows
might be related to milk production, but the

TABLE 4. Partitioning of variation of jodine concentration of milk between animals and lactation stage within

breed by age in Fresno trial.

Proportion by variation
accounted for by

Breed Lactation Animals Lactation stage Interaction
(%)
Guernsey 1 7 63 28
2 or more 12 51 35
Holsteins 1 12 55 30
2 or more 28 13 55
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data (Figure 4) indicate otherwise. The group
(uniparous Holsteins) with the highest iodine
concentrations of milk in late lactation also had
the highest daily milk production in late
lactation. Lactation mean daily iodine intakes
from concentrate were 32 mg for uniparous
Guernseys, 39 for multiparous Guernseys, 40
for uniparous Holsteins, and 46 for multiparous
Holsteins. Based on amounts of concentrate
consumed, iodine intakes decreased as lactation
progressed, but multiparous Guernseys and
uniparous Holsteins still were getting more than
30 mg of iodine from this source even at the
end of lactation.

Hemken et al. (8) fed 6.8 or 68.0 mg of
supplemental iodine as potassium iodide in § ml
of water once daily on top of the concentrates
for 12 wk starting in the 7th to 11th wk
following calving and found milk iodine con-
centrations of 81 (range 51 to 124) and 694
(range 608 to 870) pg/liter. Considering that
exposure in the Fresno trial was 40 wk, it is
reasonable that supplemental iodine ranging
from 32.0 to 46.5 mg per day would result in
the concentrations observed.

Hillman and Curtis (9), working with two
groups of 45, Holstein cows that were fed
“normal” (16 mg per day) or “high” (164
mg per day)iodide, found iodine concentrations
of milk of 370 and 2160 ug/liter. Their “high”
group was distributed among five herds being
given EDDI for prophylactic purposes, and
because it contained equal numbers of cows in
the first, second, and last third of lactation,
probably gave a good estimate of iodine con-
centrations of milk for lactations for cows
exposed to this supplemental iodine. Their
“normal” group gave milk with nearly five
times the iodine concentration (370 vs. 81
pgfliter) when fed only three times as much
supplemental iodine (16 vs. 6.8 mg/day). These
results are also consistent with ours.

CONCLUSION

The objective of these studies was to obtain
an understanding of factors affecting iodine
concentrations of milk.

At Davis, differences among animals and
differences due to lactation stage accounted
together for half the variation of iodine con-
centration of milk.

At Fresno, whete the iodine concentrate was
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maintained at a constant 4 ppm supplementa-
tion, breed differences for iodine concentrations
of mitk were important. Also, among Guernseys
and uniparous Holsteins, effects of lactation
stage accounted for more than half the variation
of iodine concentration of milk, whereas for
multiparous Holsteins they accounted for only
about one-eighth.

Breed differences, although significant, can-
not be used to control iodine concentrations of
milk. In regions where dairying is year-round,
effects of lactation stage can be minimized by
having cows freshen in equal numbers during
each month of the year.

Finally, the most significant single factor
within the dairy farmer’s ability to control the
iodine concentration of milk is the iodine
concentrations of the concentrate fed to the
cows. When no iodine is added to the con-
centrate and iodophors are used responsibly
at the dairy farm, Holstein cows will produce
milk with iodine concentrations of less than
200 ug/kg.

ACKNOWLEDGMENTS

This research was supported in part by a
grant from the Dairy Council of California. The
authors gratefully acknowledge the technical
assistance of T. Carlton, W. Kenway, K. Kos-
micke, B. J. Nisley, J. Omolayole, and N.
Thompson.

REFERENCES

1 Alderman, G., and M. H. Stranks. 1967. The iodine
content of bulk herd milk in summer in relation to
estimated dietary iodine intake of cows. J. Sci.
Food Agric. 18:151.

2 Binnerts, W. T. 1979. lIodophors and iodine in
dietary products: 1. The iodine content of Aus-
tralian dairy products. Australian J. Dairy Technol.
31:125,

3 Broadhead, G. D., 1. B. Pearson, and G. M. Wilson.
1965. Seasonal changes in iodine metabolism: 1.
Iodine content of cows’ milk. Br. Med. J. 1:343.

4 Bruhn, J. C., and A. A. Franke. 1978. An indirect
method for the estimation of the iodine content of
raw milk, J. Dairy Sci. 61:1557.

5 Bruhn, J. C., and A. A. Franke. 1978. Observations
on the iodine concentration of California raw milk
using a selective ion electrode. J. Dairy Sci. 61
(Suppl. 1):99. (Abstr.)

6 Dunsmore, D. G. 1976. lodophors and iodine in
dairy products: 1. The iodine content of Australian
dairy products. Australian J. Dairy Technol.
31:125. )

7 Hemken, R. W, 1979. Factors than influence the

Journal of Dairy Science Vol, 66, No. 5, 1983



1002

iodine content of milk and meat: a review. J.
Anim. Sci, 48:981.

8 Hemken, R. W., J. H. Vandersall, M. A. Oskarsson,
and L. R. Fryman. 1972. lodine intake related to
milk iodine and performance of dairy cattle. J.
Dairy Sci. 55:931.

9 Hillman, D., and A. R. Curtis. 1980. Chronic
iodine toxicity in dairy cattle: blood chemistry,
leucocytes, and milk iodide. J. Dairy Sci. 63:55.

10 Iwarsson, K. 1974. Iodine in Swedish milk during
1971 and 1972. Nord. Veterinaermed. 26:39.

11 Joerin, M. M., and A. Bowering. 1972. The total
iodine content of cows’ milk. New Zealand J.
Dairy Sci. Technol. 7:155.

12 Kidd, P. S., F. L. Trowbridge, J. B. Goldsby, and
M. Z. Nichemen. 1974. Sources of dietary iodine.

Journal of Dairy Science Vol. 66, No. 5, 1983

FRANKE ET AL.

J. Am. Diet. Assoc. 65:420.

13 Koirenen, L., and R. Stabel-Taucher. 1976. lodine
content of Finnish milk. Acta Agric. Scand.
26:185.

14 Miller, J. K., E. W. Swanson, and G. E. Spalding.
1975. lodine absorption, excretion, recycling, and
tissue distribution in the dairy cow. J. Dairy Sci.
58:1578.

15 Nie, N. H., C. H. Hull, Jr. G. Jenkins, K. Stein-
brenner, and D. H. Brent. 1975. Statistical package
for the social sciences. 2nd ed. McGraw-Hill Book
Co., New York, NY.

16 Scharrer, K., and J. Schwiebold. 1929. Zur Kenntnis
des Jodes als biogenes Element. XVIII. Mitteilung:
Uber die Art der Bingung des Jodes in der Milch.
Biochem. Z. 207:302.



