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Abstract

Premilking cleaning and disinfection of teats were shown to be effective to prevent environmental mastitis. However, premilking teat
disinfection is not a commonly used practice in Germany because of
the risk of disinfection product residues in the milk.
The objective of this study was to evaluate the effects of five differently
concentrated iodine-based, foaming, premilking teat disinfectants on
the iodine content of raw milk. The concentrations of the teat disinfectants were 250, 500, 1000, 2000 and 3000 ppm iodine. For each concentration five cows were treated and used for sample collection. Per
udder two teats were dipped in the iodine disinfectant before milking;
the other two teats were left untreated as a negative control (split-udder design). The contact time amounted to thirty seconds. Afterwards,
all teats were cleaned with a dry paper towel. 15 mL milk from one
treated and one untreated teat were manually milked into the test
tubes before the milking cluster was attached. No significant differences in iodine concentration of the milk samples from the treated and the
untreated teats were detected for all five disinfectant concentrations.
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Introduction

Premilking teat disinfection is practised in several countries to reduce
the microbial load of the teats prior to milking as well as to reduce
intramammary infections (IMI) caused by environmental pathogens.
Several disinfectants like hypochlorite, chlorine dioxide, chlorhexidine,
alcohol, dodecyl-benzol-sulfonic acid and iodine reduce the microbial
load of the teats significantly [1, 2, 3, 4, 5]. The rate of new intramammary infections and the incidence of clinical mastitis caused by environmental pathogens such as Escherichia coli and Streptococcus uberis
are significantly lower when premilking teat disinfection is performed
[6, 7, 8, 9, 10]. Nevertheless, the rate of new intramammary infections
caused by cow-associated pathogens, like Staphylococcus aureus, and
coagulase negative staphylococci or Corynebacterium bovis is not
affected by premilking teat disinfection [6, 7, 9, 11]. Nonetheless, this
is not a commonly used practice in Germany because it is hypothesised
that premilking teat disinfection may cause residues of the disinfectant
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in raw milk. Furthermore, no product on the German market is currently licensed to be used for premilking teat disinfection. This present
study was conducted to determine the effect of iodine-based teat
disinfectants on the milk iodine content.

Material and Methods

Herd and animals:
The study was conducted on one commercial dairy farm with 100
cows in the German federal state North Rhine-Westphalia. The cows
were housed in a free-stall barn with partly sawdust bedded cubicles
and partly deep bed stalls. The cows were milked twice a day in a herringbone milking parlour with six milking places on each side. Normally
no premilking teat disinfection was practised. After milking, all teats
were dipped in a product containing lactic acid and chlorine dioxide.
The 25 cows included in the study were chosen randomly as samples
were always taken from the same milking place and cows entered the
milking parlour in a random order. As this study is considered to be a
pilot study, 25 cows were chosen for sample collection. All of the cows
were free of clinical mastitis and teat skin lesions.
Premilking teat disinfectant:
For this study, a foaming teat disinfectant based on iodine at concentrations of 250, 500, 1000, 2000 and 3000 ppm iodine was tested. The
used iodine was a fatty acid ethoxylate iodine complex. These disinfectants were produced by the Ferdinand Eimermacher GmbH & Co KG in
Nordwalde, Germany.
Udder preparation:
To evaluate the effect of the iodine concentration in the teat disinfectant on the iodine residues in raw milk, a split-udder design was used.
Two of the teats of an animal (either front left and hind right or front
right and hind left) were dipped once in the disinfectant before milking
using a conventional foam dip cup. With this foam dip cup, 0.4 mL of
the disinfectant was applied to each teat. For each concentration group
the same disinfectant solution was used. The other two teats were
used as a negative control. For every concentration of the teat disinfection product five cows were treated and used for the sample collection.
After an exposure time of 30 seconds, the normal udder preparation
was practised starting with the foremilking. Therefore, the first three
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streams of milk were manually milked and rejected, beginning with
the untreated teats to minimise the transfer of the disinfectant. This
resulted in a total exposure time of 35 seconds. After that, all teats
were cleaned with a dry paper towel.
Sample collection:
After cleaning the teats, 15 mL of milk per quarter of one treated and
one untreated teat (either both front or both hind teats) were manually milked into a plastic test- tube (VWR International GmbH, Germany).
The milk samples were sent to the laboratory without cooling as cooling was unnecessary for the analysis.
Analysis of the iodine content:
The milk samples were analysed in accordance with the Official Collection of methods § 64 LFGB, method: L 00.00-93 2008-12. For iodine
extraction 1 mL of a sample was mixed with 5 mL ultrapure water and
1 mL tetra-methyl-ammonium-hydroxide prior to incubation at 90°C
for three hours. After cooling down, ultrapure water was added up to a
volume of 10 mL and the solution was homogenised by shaking. Then
the samples were centrifuged in two steps: First, at 6,000 rpm and
afterwards 1.5 mL of the supernatant were centrifuged at 14,000 rpm.
0.5 mL of this clear supernatant was mixed with 0.05 mL tellurium-standard-solution and 4.45 mL water. The tellurium-standard-solution
contains 1.2508 g telluriumdioxide (TeO2) which is suspended in hydrochloric acid and then diluted with water up to a volume of one litre. The
calibration solutions to establish the calibration curve contained 5, 20
and 50 µg iodine/l, respectively and were prepared immediately before
measuring. The iodine contents of the milk samples were determined
by the inductively coupled plasma-mass spectrometry (ICP-MS ICAP Q,
Thermo Fisher Scientific GmbH).
Statistics:
This study used a split-udder design. A teat was matched with
its contralateral teat to eliminate individual animal effects [12].
SPSS 23.0 software (IBM, USA) was used for data analysis. Descriptive
statistics (mean, standard deviation, minimum and maximum) were
calculated. Prior to statistical analyses the plausibility and completeness of data were verified. The associations between the dependent
variable iodine concentration in milk and the variables dipp/no dipp
and iodine concentration in the dipp solution were analysed with a linear mixed regression model for repeated measurements. The subject
was the cow, the examined unit was the teat pair and the fixed effects
were dipping/no dipping and the iodine concentration of the disinfectant. Statistical significance was accepted at p < 0.05. To visualise the
results, box plots were used.

Results

In total, the iodine content of 50 milk samples was analysed.
The iodine content in milk of the untreated teats ranged from
42 µg/l (= minimum) to 284 µg/l (= maximum) (Table 1). Differences
Table 1: Descriptive statistics
Minimum in
µg/l

Maximum in
µg/l

Mean in µg/l

Standard
deviation

Untreated

42.0

284.0

119.6

55.2

250 ppm

75.0

153.0

119.6

26.7

500 ppm

37.0

124.0

91.0

28.8

1000 ppm

44.0

160.0

96.6

42.4

2000 ppm

93.0

212.0

156.2

40.3

3000 ppm

115.0

251.0

160.4

48.7
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Figure 1: Boxplots of the differences between the iodine concentrations in milk from treated and untreated quarters
between the treated and the untreated teat of a teat pair were calculated (Table 2). To visualize the results, box plots were used (Figure 1).
No statistically significant differences of the milk iodine concentrations
were found between treated and untreated teats (p = 0.626). Furthermore the iodine concentration of the teat disinfectant, calculated for
all five concentrations, was not associated with the milk iodine contents (p = 0.052).

Discussion

The aim of this study was to determine the effect of iodine-based teat
disinfectants on the milk iodine content. The premilking disinfection of
the teats with iodine-based disinfectants had no significant effect on
the iodine content of the milk. Furthermore, the iodine concentration
of the disinfectant did not significantly affect the differences between
the iodine concentration of the milk from treated and untreated quarters.
When udder preparation was finished, the first 15 mL milk of one
treated and one untreated teat were separately milked into plastic test
tubes. These first streams of milk from the treated teats were considered to contain the highest amounts of iodine because they had been
taken immediately after disinfection and udder preparation and therefore had the highest probability of disinfectant contact. Furthermore,
several studies observing the iodine content of bulk tank milk have
already been conducted [8, 13, 14]. Analysing the iodine content of the
bulk tank milk may be an acknowledged method to investigate the influence of premilking teat disinfection on raw milk. However, focussing
only on the iodine content of the bulk tank milk, the high dispersion
rate - caused by the high milk yield - of possible iodine carryovers is disregarded. Falkenberg et al. [15] showed that the iodine content of milk
is negatively correlated to milk yield. Therefore, the present study was
designed to evaluate possible iodine residues in the first milk streams
as they have the highest risk of contamination and iodine contents are
not diluted by a high milk yield.
To prevent cross-contamination of the raw milk with other iodine
sources, a product based on lactic acid and chlorine dioxide was
used for the postmilking teat disinfection. The iodine content of the
milk samples was analysed in agreement with the Official Collection
of Methods in accordance with § 64 LFGB, method: L 00.00 93. The
minimum quantification limit is 0.5 µg/l. Therefore, the used method
is quite sensitive. In previous studies similar milk iodine contents of
110 to 122 µg/l were detected in German bovine milk samples from
different supermarkets [16, 17]. Taking into account that the disinfectant contains other substances than iodine (for example tensides), the
analysis of possible iodine residues in the milk functioned as a marker
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Table 2: Means and standard deviation of the differences between the treated and the untreated teat of a teat pair
Minimum of the differences
between the treated and the
untreated teat of a teat pair in
µg/l

Maximum of the differences
between the treated and the
untreated teat of a teat pair in
µg/l

Mean of the differences between
the treated and the untreated
teat of a teat pair in µg/l

Standard deviation of the mean

250 ppm

-209

15

-39.0

85.4

500 ppm

-11

11

3.8

8.4

1000 ppm

-24

60

10.6

28.1

2000 ppm

-3

93

27.6

35.6

3000 ppm

-9

71

22.6

26.5

for the general carryover of disinfectant from the teat skin into the
milk. Iodine was used as the marker because it is the active ingredient
in the disinfectant and can be analysed quite sensitively.
The results of the present study show that there are no significant
differences between the iodine contents of milk from treated and from
untreated teats for the used disinfectant. Nonetheless, as this study
was conducted as a pilot study, the results can not be generalised. Several other studies published comparable results [8, 13, 14]. Blowey and
Collis [8] used a 1500 ppm iodine-based teat disinfectant for twelve
weeks and found that there were no significant differences in the iodine content of bulk milk in all three herds, but the absolute iodine
contents slightly increased in two herds (herd 1: From 633 ng/mL to
742 ng/mL; herd 2: From 1480 ng/mL to 1507 ng/mL, respectively). In
the third herd the iodine content of bulk milk for the treated and the
untreated group was nearly the same with 272 ng/mL and 273 ng/mL,
respectively.
Hillerton et al. [13] investigated in a first trial over 20 weeks the iodine
contents of bulk tank milk in three herds using a 2500 ppm teat dip. In
the treatment groups in all three herds higher iodine contents in milk
were obtained in comparison to the negative control groups, but these
differences were not significant. In a second trial the authors tested a
2500 ppm teat disinfectant in nine matched pairs of dairy herds (one
herd of the pair using the premilking teat disinfectant, while the other
herd of the pair was the negative control) including over 2400 cows in
milk over 24 weeks. The results of this trial were comparable to the
first trial: The premilking teat disinfection had no significant effect on
the iodine content of the bulk tank milk. The mean iodine content in
milk of the untreated teats in the 250 ppm group of this present study
was even numerically higher than the mean iodine content in the milk
of the treated teats. Hillerton et al. [13] also found differences in the
iodine content between their three study herds of the first trial: On
day 7 the control group of herd A reached 70 µg/l while both groups
(treated and control) of herd B reached 820 µg/l. These results underline the importance of other factors influencing the iodine excretion
into the milk.
One of the most important factors influencing milk iodine content is
feeding. There is a linear correlation between the oral intake of iodine
and the excretion into the milk [14, 18]. Schöne et al. [18] detected
that 30 to 40 % of the oral intake of iodine was excreted into the milk.
Skin lesions on the teat end also resulted in higher milk iodine contents
when predipping was applied [19]. It is assumed that a disinfection
product, which is applied to lesions or injuries, cannot be removed
completely by the normal udder preparation procedure [19]. To
rule out this biasing factor, all included cows were examined for teat
lesions. Only cows having no teat lesions were used for this study. A
hyperkeratosis score was not performed because there was no evidence in literature that hyperkeratosis influences the iodine residues
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in milk. Furthermore, the present study did not detect any significant
influences of the five iodine concentrations on the milk iodine content
(p = 0.052). Nonetheless, as p = 0.052 is borderline, a further study
would be needed to prove this. The possible influence of higher iodine
concentrations of the disinfectant on the milk iodine content is also
mentioned by Falkenberg et al. [15]. They evaluated the effect of a
foaming polyvidone iodine dip containing 2700 ppm iodine and found
significantly higher iodine concentrations in milk.
In this present study, disinfectants containing between 250 and 3000
ppm were used. 3000 ppm is considered to be the generally recommended iodine concentration in postmilking teat disinfectants [20].
However, in order to decrease the risk of iodine residues in the milk,
the use of lower concentrations was considered. In contrast to increasing resistance problems caused by the underdosed use of antibiotics,
the continuous use of iodine, even in low concentrations, does not
cause any resistance [21, 22, 23]. Studies conducted by McLure and
Gordon [22] and Lacey and Catto [23] showed that there is no evidence
of resistance of MRSA clinical isolates against iodine. Houang et al.
[21] challenged strains of Pseudomonas aeruginosa, Escherichia coli,
Klebsiella aerogenes and Serratia marcescens over 20 passages with
subinhibitory concentrations of povidone iodine. They did not find
significant differences either in the minimal inhibitory concentration,
the minimal bactericidal concentration or in the killing times between
the parent strains and the 20th subcultures.
Moreover, the antimicrobial efficacy of iodine-based disinfectants is
caused by the free iodine in an iodine solution. As iodine has to be
bound in a complex because it is insoluble in water; there is always
complexed iodine and a small part of free iodine - which has been released from the complex - in a solution [24]. The content of free iodine
in a solution depends on the total available iodine content [25, 26, 27].
For the range of 250 to 3000 ppm available iodine, the amount of free
iodine is nearly the same. Thereby, it can be supposed that the efficacy
of the five tested concentrations might be nearly the same. To prove
this hypothesis, further studies evaluating the antimicrobial efficacy of
these five tested teat disinfectants need to be carried out.
Thus, the results of this study indicate that application of iodine-based
premilking teat disinfection represents a safe method with regard to
milk residues. Nevertheless, the conducted study has to be considered
as a pilot- study since the sample size of five cows per iodine concentration is too small to be able to make any generalisation concerning the
results. Moreover, the chronic effects of premilking iodine-based teat
disinfection were not investigated.

Conclusion

The present study indicates that unique iodine-based premilking teat
disinfection does not significantly increase the iodine content in raw
milk. Furthermore, no significant differences between the five tested
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iodine concentrations in affecting the iodine content in the milk were
detected. Nevertheless, regarding the small sample size a further study
would be needed for any generalisation of these results.
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