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ABSTRACT

The objective of the study was to investigate the influence of pre-milking teat disinfection
on total bacterial contamination of teat skin, and to analyze the effect of pre- and post-milking
teat disinfection on somatic cell count in milk. Three groups of cows in five dairy farms were
used. The total bacterial contamination on cow teat skin before and after teat disinfection was
determined. The number of colony forming units (cfu) was calculated per 1 ml a total for 2700
samples. The most bacteria on teat skin were effectively reduced after pre-milking teats disin-
fectionm almost in all groups of 5 farms (from 1.1 to 4.5 times). Summarized results showed
that the number of bacteria counted on teat skin and milk somatic cell count (SCC) were signifi-
cantly higher from teats with no pre- and post-milking teat disinfection in comparison with teats
with pre- and post-milking teat disinfection or no pre-milking teat disinfection and post-milking
teat disinfection only (p<0.05). Pre-milking teat disinfectant with peracetic acid and hydrogen
peroxide was effective in reducing total bacterial contamination on cow teat skin. The results
also indicate that application with pre- and post-milking teat disinfectants provided an impact
on the reduction of SCC in milk. The lowest iodine content was 0.1291 mg L (group T,, where-
as the highest was 0.2963 mg L'). In our research the differences in the iodine content between
farms were noted as well. For example, the highest iodine content in milk appeared at F,, farm.
Statistical differences appeared at p<0.05.
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INTRODUCTION

Teat skin is a potential reservoir for microbial diversity of milk (MONSALLIER
et al. 2012). The colonization of the teat skin with cow-associated and envi-
ronmental microorganisms is described as a potential starting point for the
invasion into the bovine mammary gland (VAcCHEYROU et al. 2011. A signifi-
cant role in the control of udder inflammation of cows is played by the immu-
nological system, whose proper functioning depends on the appropriate
environment, including mainly nutrition (WoJcik et al. 2013). The practice
of pre- and postmilking teat dipping is one of the critical components of mas-
titis prevention and control program in a dairy herd because mastitis is one
of the most economically significant diseases in the dairy industry for both
backyard farmers in developing countries and high producing herds world-
wide (Tiwari et al. 2013). While premilking teat dipping is necessary
to reduce the microbial population and minimize new intramammary infec-
tions, postmilking teat dipping has been used mainly in highly infected herds
and it has been revealed also as a very effective tool to prevent mastitis inci-
dence (KamaL, Bavoumi 2015). Pre-milking teat disinfection is practised
in several countries to reduce the microbial load of the teats prior to milking
and to prevent mastitis caused by environmental pathogens (Bonm et al.
2017). Pre-milking teat cleaning regime involving the washing of teats with
an effective disinfectant and then drying was reported to be most effective
for removing bacteria and minimizing bacterial growth (GiBson et al. 2008,
HysEeN et al. 2010). Management practices associated with a low somatic cell
count include the use of post-milking teat disinfection, correct udder prepa-
ration and milking (TraJkovska et al. 2015). Post-milking teat disinfection
is considered to be one of the most effective procedures for reducing the rate
of subclinical and clinical cases of mastitis during lactation (EL BeHIRY 2012).
The dips are designed to effectively reduce infections caused by environmen-
tal bacteria as well as to minimize the spread of infections caused by conta-
gious bacteria. A study of Rurcc (2003) demonstrated that it is necessary
to include disinfection with highly effective agents that are active in low con-
centrations and do not pose a threat of leaving chemical residues in milk
(Mavivowskr 2000). But the efficacy of a teat dip depend not only on the active
ingredient and its concentration, but on many other factors. Several disinfec-
tants like hypochlorite, chlorine dioxide, chlorhexidine, alcohol, iodine reduce
the microbial load of teats significantly (GLEESON et al. 2009, ENGER et al.
2015). Lactic acid and other organic acids are applied as disinfectants for
cow teat disinfection because they have a bactericidal effect. Lactic acid may
be combined with hydrogen peroxide, and this combination improves teat
skin condition and minimizes bacterial colonization on the teat skin surface.
Todine is a broad-spectrum, rapidly acting germicide that is effective against
essentially all mastitis-causing bacteria (GLEESON et al. 2009). It has been
established that 5% v/v lactic acid is an effective natural teat antiseptic for
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reducing bacteria on teat skin (CHOTIGARPA et al. 2019). Teat disinfectants
based on iodine provide broad spectrum efficacy with rapid kill, while provid-
ing a persistent film on teat skin which offers extended protection owing
to hrough the formation of a physical and chemical barrier (GiBson et al.
2008). Teat dipping with iodine-containing solutions is still common in many
countries for teat disinfection and to prevent transmission of contagious mas-
titis pathogens from cow to cow. Peracetic acid is a more effective disinfec-
tant than hydrogen peroxide and has no toxic residuals. The aim of our
experiment was to evaluate the effect of pre-milking teat preparation on the
number of bacteria on teat skin, and to determine the effect of teat disinfec-
tion on the somatic cell count in milk (RIEKIERINK 2012).

MATERIALS AND METHODS

Herds and animals

The study was carried out during an indoor period, at 5 farms, where
the herd size varied from 100 to 150 cows. The farms were selected with
possibly similar environmental conditions and milk production of around
8000-9000 kg per year. Animals were kept on rubber mats, fed total mixed
ration and milked in a herringbone milking parlour twice a day. Cows in the
second lactation lasting already for 2-4 months, without signs of clinical mas-
titis (no swelling, no heat, no pain, no redness of the udder; milk of normal
colour, without fibrin clots) were included in the experiment at each
of the farms, and the average somatic cell count in milk was from 100.000
to 150.000 thousand ml*. For the purpose of this study, cows on each farm
were divided into 3 experimental groups consisting of ten animals: T, (con-
trol), T, group and T, group. Cows of all groups had approximately the same
average milk yield, stage of lactation and hygienic quality of raw milk.
Differences between the groups were not significant. The research was
conducted for 3 months. The milking routine was the same at all 5 farms.
All cows were milked in herringbone milking parlours with DeLaval milking
equipment.

Udder preparation and disinfection

Cows of the control (T,) groups from the five dairy herds were divided
into non-disinfected pre- and postmilking groups. Each cow received the
same pre-milking preparation at all milkings during the experiment. Only
basic udder hygiene was maintained in this group, consisting of the wiping
of teats with disposable paper wipes. T, group cows in the five dairy herds
were randomly allocated to non-disinfected premilking and post-milking
teat disinfection groups. After milking, teats were immersed in a special
cup containing active compounds based on iodine, chlorine or lactic acid.
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In T, group, both pre- and post-milking teat disinfection were applied. Solu-
tions for pre-milking teat disinfection based on lactic acid, hydrogen peroxide
and peracetic acid were used, and post-milking disinfectants containg iodine,
hydrogen peroxide or lactic acid were used. Pre-milking teat disinfection was
applied to a cow’s teats (according to the manufacturer’s recommendations)
and the disinfectant was left on the teat for approximately 20 s before being
wiped off as a step in the preparation for milking.

Pre- and post-milking disinfectants were applied by dipping. All experi-
mental dips were commercial products. Teats were treated using a dip cup.

Table 1 provides description of pre- and post-milking teat disinfection
at each farm.

To determine the microbial contamination of teat skin, the samples were
obtained prior evening milking. A total of 1350 samples were obtained before
treatment (5 farms x 3 groups (T, T,, T,) x 10 cows x 9 visits) and another
1350 — after treatment (5 farms x 3 groups (T, T,, T,) x 10 cows x 9 visits).

Tablel
Description of pre- and post-milking teat disinfection
T, group T, group
pre-milking teat s s R
Farm - post-milking pre-milking teat post-milking
preparation/ L. : .. ; . :
number | gisinfection teat disinfection disinfection teat disinfection
active ingredient active ingredient
F-I X firee 1;§$e 4-8 hydrogen peroxide | 0.5% hydrogen peroxide
F-11 X lactic acid peracetic acid an d free iodine 4-8 ppm
hydrogen peroxide
F-II1 X lactic acid peracetic acid aAnd lactic acid
hydrogen peroxide
F-IV X free 10;1;1? 1400 Lactic acid 4% free iodine 1400 ppm
F-v X free 105;: 5000 1% hydrogen peroxide 0.75% iodine

x — only basic teat hygiene was maintained (wiping with paper disposable wipes)

Sample collection

The sampling from teats before using the antiseptic/disinfection was
performed by triple rotary motions around the surface of the teat close to the
tip from the front teat only, and then the samples were placed into disposable
transport Transwab®Amies (England). Exposure time of antiseptics on teats
was 20 s. Then, the teats of individual cows were dried with paper towels.
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After drying, the sampling from teats was performed again. Sterile gloves
were used throughout the sampling.

A milk sample (1 ml) was mineralized in a mixture of 4 ml HNO, and
1 ml H O, in airtight high-pressure tanks by heating. The content of iodine
was determined by Inductively Coupled Plasma Atomic Emission Spectro-
scopy in (ICP-AES), Optima 5300 DV according to FLacHOVSKY et al. (2014).

Microbial analysis

All samples were then transported from farm to laboratory under low
temperature conditions. The total bacterial contamination of cow teat skin
was determined by employing serial dilutions and the plate count method
proposed by TorTora et al. (2010). The number of colony forming units (cfu)
was calculated per 1 ml (cfu ml?). The cfu/mL was determined for each indi-
vidual sample (a total number 2700). Under aseptic conditions, the teat sam-
ples were agitated for 10 s to extract the bacteria from the swab. Then, 1 ml
of the solution was taken to produce dilutions down to 10 and 0.2 ml of the
sample was taken for spreading upon the bacteria-specific agar plates.

To determine the quality of raw milk the somatic cell count (SCC)
was considered as standard. The samples were taken from each individual
cow and transported in sterile 40 ml bottles. To determine somatic cell count
the samples were obtained during evening milking. Somatic cells count was
performed at SE ,,Pieno tyrimai“ (Lithuania) by the heavy-duty counter-mea-
surer ,,Somascope MK2“ (,Delta Instruments®, Netherlands), which operates
by the fluoro-opto-electronic method.

Statistical analysis

As the natural variables were not normally distributed, making them
unsuitable for analysis of parametric methods, we applied a logarithmic
transformation of variables. After transforming the variables (bacteria count
on teat skin before and after teat disinfection, somatic cell count) they were
normally distributed and analyzed using parametric methods. We used
General Linear Model Repeated Measures (SPSS Statistics Version 20),
which included a survey repeatability (9 times), survey location (5 farms),
disinfectants used before and after milking. The criterion Fisher’s SD (stan-
dard deviation) was used to evaluate differences between the compared
groups. Differences were considered statistically significant when p<0.05.

RESULTS

The number of bacteria on cow teat skin and somatic cell counts in milk
of three dairy cow groups (T,, T,, T,) individually on each farm (F-I, F-II,
F-III, F-IV and F-V) are described in Table 2. The use of hydrogene peroxide
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Average values of bacteria (cfu ml') and SCC (thousand ml?), LSM + SD fable 2
Farm Group cfu mlt - 106. cfu mlt - 106. sce
number of cows on cow .t(?at sk}n on cow t'e at slgn (thousand ml?)
before disinfection after disinfection
T, 18.94 £ 6.78 12.22 + 5.34 60.25 + 31.3
F-1 T, 26.00 + 17.8 5.73 £2.68 * 65.67 +11.18
T, 11.70 + 3.89 4.10 £ 1.70 ** 87.93 £ 17.55
T, 14.25 + 2.56 11.33 + 3.08 172.45 + 38.9
F-II T, 16.80 + 13.90 0.12 £ 0.01 113.66 + 16.89
T, 2.72 £ 1.77 1.48 £ 1.13 163.93 + 19.21
T, 5.25 £ 2.33 6.81 + 2.03 138.59 + 25.94
F-I11 T, 4.68 £ 2.00 1.99 £ 0.95 ** 48.74 +£10.39
T, 6.69 + 2.64 3.51 + 1.74 ** 113.42 + 45.71
T, 4.67 £ 1.77 5.17 £ 1.86 86.60 + 11.49
F-1IV T, 5.98 £ 2.08 1.98 + 0.45 ** 93.50 + 18.99
T, 5.26 + 2.09 4.58 + 1.86 73.76 £ 14.61
T, 0.81 +£0.28 1.49+0.37 * 551.15 £ 123.34
F-V T, 0.83 + 0.29 1.17 £ 0.32 466.70 + 78.02
T, 0.76 = 0.35 1.89 £ 0.68 258.93 + 28.17

* p<0.05, ** p<0.01 — means in the row differed significantly

(pre- and post-milking teat disinfection) (F-I) reduced microbial counts
on cow teats by 78% (T,, p<0.01) and 65% (T,, p<0.05). Cow teat disinfection
reduced bacterial contamination on teat skin in T, and T, groups (F-III)
by 58% and 48% (p<0.01) respectively. CFU ml! x 10° on cows’ teat skin
(F-IV) after teat treatment with post-milking disinfectant containing free
iodine (T,) decreased by 66.8% (p<0.01). SCC in all groups of cows in five
farms varied on average from 60 to 172 SCC (thousand ml') except F 5 when
SCC in milk ranged from 258 to 551 thousand/ml regardless of the use
of disinfectants or not.

The effect of disinfectant active ingredient on teat skin microbial counts
when pre-milking teat disinfection was used is presented in Table 3. Based
on values of the geometric mean of all groups, the total bacterial count in all
groups decreased independently whether pre-milking disinfectant was or was
not used (teats were wiped with paper wipes only), but the number of micro-
organisms decreased by almost 3.3 times and significant results were
obtained when disinfectant based on peracetic acid with hydrogen peroxide
was used (p<0.05).

Table 4 is a summary of the impact of pre- and post-milking treatment
on the bacteria count and reduction of SCC in milk during the study
period at all the farms. The results show that the number of bacteria on
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Table 3
Influence of disinfectant active ingredient on bacterial contamination (LSM + SD)
cfu ml! - 108 cfu ml! - 108
Active ingrediente on cow teat skin before | on cow teat skin after
disinfection disinfection
Wiping with paper disposable wipes only 8.44 + 2.09 7.43 £ 0.45
Lactic acid 5.36 + 3.96 4.29 £ 0.91
Peracetic acid and hydrogen peroxide 8.91 + 4.78 2.68 +1.10°
Hydrogen peroxide 7.58 + 3.96 4.23 £ 0.91
@b — means in the row with different superscripts differed significantly at p<0.05
Table 4
Effect of teat treatment on bacteria count and somatic cell count (LSM + SD)
-1 6
Pre- and post-milking teat cf ml X 10%0n cow SCC
. L . teat skin after teat .
preparation/disinfection . thousand ml*
preparation
No pre- and post-milking teat disinfection 3.94 + 0.74¢ 268.55 + 40.56°
No pre- mllk.mg teat disinfection, post-milking 3.49 + 057 188.91 + 33.71°
teat disinfection only
Pre- and post-milking teat disinfection 3.12 £ 0.53° 147.09 + 29.73°

@b — means in the column with different superscripts differed significantly at p<0.05

teat skin and milk SCC were significantly higher from teats with no pre-
and post-milking teat disinfection in comparison with teats with pre- and
post-milking teat disinfection or no pre-milking teat disinfection
and post-milking teat disinfection only (p<0.05).

Table 5 shows the content of iodine in the milk collected from cows
of different experimental groups from 5 farms. The analysis revealed that
the average iodine content was the lowest in cows from T, control group

The content of iodine in milk of the tested cows (mg L) LSM + SD fable
Farm Group cows
number T, T, T,
FI ©0.1443 £ 0.027¢ @0.1718 £ 0.013" ?0.2022 £ 0.021¢
FII 50.1291 + 0.031¢ @0.1642 + 0.098" ?0.1931 £ 0.030¢
FIIT 90.1513 £ 0.020¢ 20.1780 + 0.021° %0.2140 £ 0.027¢
FIV °0.1754 £ 0.019¢ 50.2279 + 0.018" 0.2963 + 0.028¢
FV °0.1682 £ 0.022¢ 0.2836 + 0.006" €0.2420 £ 0.023¢
Average 0.1537 £ 0.018¢ 0.2051 + 0.024° 0.2295 £ 0.019¢

@b — the means values between the tested cows groups (differed significantly at p<0.05
@b _ the means values between the farms groups differed significantly at p<0.05
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(0.153 mg L"), whereas the highest one appeared in T, group (0.229 mg L"),
1.e. where pre- and after-milking dipping was performed. Statistically
significant differences at p<0.05 confirmed it. The lowest iodine content was
0.129 mg L' (group T,, whereas the highest was 0.296 mg L"). In oor
research, differences in the iodine content between the farms were noted as
well. For example, the highest iodine content in milk appeared at F, farm.
Statistical differences appeared at p<0.05.

DISCUSSION

Teat disinfection is usually recommended to be applied before and after
milking to reduce the number of bacteria on teat skin and in milk. Pre-milk-
ing teat dipping is necessary to reduce the microbial population and mini-
mize new intramammary infections because teat surface is a potential direct
source of microorganisms for farm milk, while postmilking teat dipping
has been used mainly in highly infected herds (VAcHEYROU et al. 2011,
VERDIER-METZ et al. 2012). Microbial load was lower on the skin of teats
disinfected before milking compared with teats that were only cleaned (Boum
et al. 2017). Most pre-milking teat cleaning treatments reduce the teat total
bacterial count, but cleaning effectiveness is influenced by the type of disin-
fectant and the application methods (GiBsoN et al. 2008, Yun, Aram 2016).
Our research confirmed it because most bacteria on teat skin were effectively
reduced after pre-milking teats dipping in almost all groups (from 1.1
to 4.5 times) except F, farm, where pre-milking teat treatment increased
bacterial counts in all cow groups (varied from 1.4 to 2.49 times). Teat treat-
ment with pre- and post-milking dips had no positive effect on cow teat skin
bacterial count, but it decreased the SCC in this farm. Teat bacteria coloni-
zation in two other farms increased and in two farms decreased when only
basic teat hygiene was applied (teats wiped with paper disposable wipes).
The variation at individual farm may be due to factors that influence micro-
bial load such as the herd size, milk yield, field conditions, general manage-
ment techniques and housing (KosTER et al. 2006). Dairy cow characteristics
could interact with farming practices to affect the counts of microbial flora
on teat skin (MoNSALLIER et al. 2012). It has also been reported that even
after thorough cleaning and wiping significant reduction of contamination
of an udder may not occur (Lam et al. 1995).

Our results do not support the general statement that pre- or post-milk-
ing teat dipping has a beneficial effect on reducing SCC as the somatic cell
count varied in all three groups at each farm. GLEESON et al. (2018) conclu-
ded that SCCs were similar in non-disinfected teats and disinfected
(pre-milking) teats, and our results confirm it.

The effect of certain disinfection agents on hygienic milk quality and
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udder health has been evaluated in many studies (KuMaR et al. 2012, BouM
et al. 2017). The use of an effective disinfectant is the most important part
of effective pre-milking teat-cleaning regimes in addition to washing and
drying teats (SURIYASATHAPORN, CHUPIA 2011). The overall results considering
all farms showed that the active ingredient influences teat skin bacterial
contamination. We observed significant results when peracetic acid with
hydrogen peroxide based disinfectant was used (p<0.05). Similar observations
were made by other authors (MurpHY et al. 2014, NASrR, ARAFA 2015).
The efficiency of chemical biocides (peracetic acid) varies and depends on
phage- or formulation (GUGLIELMOTTI et al. 2011, MERCANTI et al. 2012).

Values concerning the iodine content in milk did not differ significantly
from the ones presented by other authors (JAHREIS et al. 2001, SCHONE et al.
2003), recommendations of the EU commission (EU 2003, EFSA 2013),
nor did they cause an excessive level of iodine in consumable milk (DACH
2008), which should be no more 0.50 mg L.

Brzoska et al. (2015) state that currently the iodine content in cows’
milk reaches an optimal level from 0.15 to 0.20 mg L. The authors claim
that it ranged from 0.103 to 0.236 mg L'among cows examined in Poland
in 2007-2008. They state that using iodine preparations for keeping teat
(udder) and milking devices hygienic may be a significant source of iodine
in milk. Much attention has been given in the United States to research
on the impact of dipping on milk’s iodine level (Conrap, HEMKEN 1978,
IwarssoN, ExkmaN 1978, BErG, Papcitr 1985). The cited authors state that
approximately 80% of iodine in milk is inorganic, dissolved in the liquid frac-
tion of milk. The remaining is organic iodine, mainly consisting of hormones
(thyroxin, triiodothyronine or thyroglobulin) which are released from the
thyroid in the form of hormone-protein complexes.

Brzoska et al. (2015) state that the 1odine content in milk from the farms
they examined may have increased due to the careless rinsing of milking
devices. This can happen especially on milk farms which do not have suffi-
cient water supplies.

Summarizing the results obtained from all groups at all the farms we
analyzed, we can conclude that the SCCs decreased by almost 2-fold when
pre- and post-milking teat disinfection was used. This agrees with results
of several other authors (BiraL et al. 2008, Pavi¢i¢ et al. 2008, Kuc¢evi¢ et al.
2013). GLEESON et al. (2016) stated that individual quarter SCCs were
numerically higher for unprepared teats (159.000 cells ml!) compared with
those for prepared teats (133.000 cells ml?, p<0.09). The total bacterial con-
tamination was not significantly higher for unprepared teats (3152 cfu ml?)
compared with milk from prepared teats (1678 cfu ml', p<0.10). Based
on our research results and data from other studies (BAUMBERGER et al. 2016),
it can be claimed that farm conditions and additional management practices
have a significant effect on the effectiveness of teat disinfection and SCC.
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CONCLUSION

We have demonstrated that a pre-milking teat disinfectant with per-
acetic acid and hydrogen peroxide was effective in reducing total bacterial
contamination on cow teat skin. The results also indicate that application
with pre- and post-milking teat disinfectants provided an impact on the re-
duction of SCC in milk. Before choosing disinfectants to be used in teat
preparation, it is necessary to identify the microorganisms which prevail
on a farm. Application of iodine preparations for pre- and after dipping only
slightly influenced the iodine content in milk.
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