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Relationship between electrical conductivity and
colostrum quality in farm level

ABSTRACT

Good quality colostrum intake is essential component in calf health programs. There
are different methods to determine the quality of colostrum. The aim of the present study
is to investigate the relationship between Immunoglobulin G (IgG), which is used to
determine colostrum quality, and electrical conductivity in farm level. Two groups were
performed according to results of IgG analyses. Samples which had <50 mg/mL 1gG
concentration were assigned into group 1 (G1, n=27) and accepted as insufficient
quality colostrum. Samples that had >50 mg/mL IgG concentration were accepted as
good quality colostrum and assigned into group 2 (G2, n=68). IgG concentrations were
measured by ELISA, then the electrical resistance (ER) and conductivity (EC) measured
by Draminski Mastitis Detector (MDQ4, MDQ). MDQ and ER results were statistically
higher in G2, and EC results were statistically higher in G1, but difference was not
statistically significant (P>0.05) in G1, there was moderate positive correlation between
IgG and ER, EC and MDQ (P<0.01). Presented study revealed strong correlation
between EC and IgG concentration in low-quality colostrum. There are lots of variables
that effect conductivity and resistance of colostrum, so to eliminate uncertainties of use
of MDQ further research must be done. Moreover, MDQ readings show considerable
potential for being useful tools in colostrum management systems to improve calf health
in dairy farms.
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NTRODUCTION

During the last weeks of pregnancy and first days of post-partum

period colostrum is the first secretion of mammary gland that is

composed of different components including immunoglobulins
(Baumrucker et al., 2022; Buczinski and Vandeweerd, 2016). Cows have
an epitheliochorial placenta (Kara and Ceylan, 2021; Turini et al., 2020).
Due to this placenta type, calves are born hypogammaglobulinemic (Kara
and Ceylan, 2021). In bovine species, because of being born
aggloblunemic, colostrum is crucial and critical. Though white blood
cells and cytokines are important for calf immunity, 1gG has critical role
(Stelwagen et al., 2009). Sufficient and punctual supply of colostrum is
vital for newborn calves (Immer et al., 2022). The transfer of
immunoglobulins (Ig) from cow to fetus is prevented because placenta
membranes have sparse permeability. Calves are born with low level of
antibody on account of Ig cannot pass through placenta membranes
(Ahmann et al., 2021). Intestinal permeability to 1gG absorption rapidly
decreases after birth (Hare et al., 2020) which makes delivering good
quality colostrum as soon as possible after birth crucial. Therefore, good
quality colostrum intake is essential component in calf health programs
(Godden et al., 2019).
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Intestinal permeability to 1gG absorption
rapidly decreases after birth (Hare et al., 2020)
which makes delivering good quality colostrum
as soon as possible after birth crucial. Therefore,
good quality colostrum intake is essential
component in calf health programs (Godden et
al., 2019). To prevent infectious diseases, getting
colostrum right after birth with high
immunoglobulin concentration is indispensable.
If calves do not drink enough high-quality
colostrum or quality of colostrum is not enough,
failure of passive transfer (FPT) develops (Topal
et al., 2018; Turini et al., 2020). So, to achieve
good passive transfer, colostral 1gG content is
very important (Gelsinger et al., 2015).

Management of good colostrum leads to
decrease in morbidity and mortality in the first
days of life (Ahmann et al., 2021). Also, it effects
further rearing, first calving age, further body
weight and milk yield (Furman-Fratczak et al.,
2011; Kessler et al., 2020). To complete
successful passive transfer, colostrum should be
given as soon as possible, in sufficient quantity
and quality (Jaster, 2005). In cow colostrum,
most important Igs are 1gG, IgA and IgM. Main
component of cattle colostrum is IgG which is up
to 95% of total g concentration (Godden et al.,
2008; Martin et al., 2021). The quality of
colostrum could be measured by concentration
of IgG (Crouch et al., 2000; Godden et al., 2019).
Direct methods such as RID and ELISA
represent gold standard for estimating the 1gG
concentration of colostrum (Ahmann et al.,
2021). Generally, 1gG concentration of
colostrum is wanted to be higher than 50mg/mL
(McGuirk and Collins, 2004). Calves need to
receive 100-200 g 1gG to have successful passive
transfer immunity. Considering a newborn calf
drink 3-4 liters colostrum withing first 6 hours to
achieve success and based on these facts 50 g/L
IgG concentration becomes arbitrary cut-point to
define colostrum quality (Buczinski and
Vandeweerd, 2016; McGuirk and Collins, 2004;
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Morrill et al., 2012). This threshold has been
widely used to define the quality of colostrum by
different researchers (Chigerwe and Hagey,
2014; Godden et al., 2019; Immer et al., 2022).

There are different methods to determine the
quality of colostrum. Some methods measure Ig
concentration which are accepted as direct
methods. On the other hand there also indirect
methods, whereas these methods give summary
about the Ig concentration based on change in the
physical and chemical properties of colostrum
(Ahmann and et al.,, 2021). On farm level,
measurement of colostrum quality should be
easy to use, accurate and effective. Moreover,
the costs should be kept minimal for feasible
dairy cow industry (Bartens et al., 2016; Bielman
et al., 2010). The aim of the present study is to
investigate the relationship between IgG, which
is used to determine colostrum quality, and
electrical conductivity in farm level.

MATERIALS AND METHODS
Animals and sampling

The study was conducted in dairy farm of
Holstein-Friesian breed. General condition and
udder health of animals were evaluated by clinical
examination. Udders of the cows were examined
visually and by palpation for general mastitis
changes (redness, pain, swelling, heat). Cows
who had general signs of diseases (fever, loss of
appetite, weight loss, lethargy) were not included
in the study. The material of the study consisted
of colostrum of 96 Holstein-Friesian cattle.

Groups

Two groups were performed according to results
of 1gG analyses. Samples which had <50 mg/mL
IgG concentration were assigned into group 1
(n=27) and accepted as insufficient quality
colostrum. Samples that had >50 mg/mL I1gG
concentration were accepted as good quality
colostrum and assigned into group 2 (n=68).
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Samples

Colostrum was taken from the cows by using
single milking machines within the first hour
after birth. All colostrum samples were labeled
and stored in freezers at -20°C until analyses
were done.

Laboratory analysis

IgG analyzes and electrical conductivity of
samples were performed at same day. All frozen
samples were thawed at room temperature and
IgG concentrations were measured by ELISA
kits (Biox, Belgium) then the electrical
resistance was measured 4 times repeatedly
using the Draminski mastitis detector (MD4Q-
4896, Olsztyn, Poland). The MD4Q measures
electrical resistance in the range of 10-1000 Q.
The electrical resistance (ER) value measured by
MDQ was converted into electrical conductivity
(EC) as stated before (Khatun et al., 2019).

ER (Q) = unit read in MDQ / 1.944
EC (1000 mS) = EC (1 S) = 1 reciprocal ohm (1/Q)
Statistical analyses

Statistical analyses were performed using IBM
SPSS Statistics software Version 23.0 and
MedCalc 16 statistical software. Before
performing the statistical analysis, data were
examined for parametric test assumptions.

Table 1. Results of 1gG, ER, EC and MDQ analyses

Descriptive statistics for each variable were
calculated and presented as “Mean + Standard
Error of Mean (SEM)”. To test the differences in
IgG, ER, EC and MDQ parameters between
groups (Low-High IgG), student t test was used.
Pearson correlation coefficient was performed to
assess the correlation between IgG, ER, EC and
MDQ. In addition, Pearson correlation coefficient
was used to evaluate the correlation between IgG,
ER, EC and MDQ for each group (low IgG and
high 1gG) separately. A receiver operating
characteristics (ROC) analysis was performed to
calculate the electrical conductivity diagnostic
test characteristics  (Sensitivity, specificity,
positive likelihood ratio and negative likelihood
ratio) for evaluating low-high 1gG. Areas under
the ROC curves (AUC) were assessed to
determine the discrimination ability of the IgG
level. The statistical significance level was set at
P<0.05.

RESULTS

Immunoglobulin G levels were statistically
higher in group 2 (G2) than group 1 (G1) and
difference  was  statistically  significant
(P<0.001). MDQ and ER results were
statistically higher in G2, and EC results were
higher in G1, but difference was not statistically
significant (P>0.05). Results of 19G, MDQ, ER
and EC are presented in Table 1.

Groups (Mean + SEM)
Parameters P value
G1 (n=27) G2 (n=68)
19G (mg/mL) 28.97+2.60 109.70+5.67 <0.001
ER (ohm) 299.2149.44 313.17+6.29 0.234
EC (S) 3.43+0.11 3.28+0.06 0.233
MDQ (Units) 581.67+18.35 608.80+£12.23 0.234

IgG: Immunoglobulin G; ER: Electrical Resistance; EC: Electrical Conductivity; MDQ: Results of Draminski MD4Q

In G1, G2 and without groups, high positive
correlation between ER, EC and MDQ were
found (P<0.001). In addition, in G1, there was
moderate positive correlation between 1gG and

ER, EC and MDQ (P<0.01). The cross
correlations of IgG, ER, EC, and MDQ results
within groups and without grouping are shown in
Table 2, 3 and 4.




Table 2. Correlations between 1gG, ER, EC and MDQ
without groups (n=95)

Parameters 1gG ER  EC MDQ
g6 1 0180 -0.186  0.180
ER 1 -0981™ 0994
EC 1 0981
MDQ 1

***Correlation is significant at the 0.001 level (2-tailed). 1gG:
Immunoglobulin G; ER: Electrical Resistance; EC: Electrical
Conductivity; MDQ: Results of Draminski MD4Q

Table 3. Correlations of 19G, ER, EC and MDQ in G1 (n=27)

Parameters 1gG ER EC MDQ
IgG 1  -0514" 05007 -0.514"
ER 1 -0.982™  0.995™
EC 1 -0.982™"
MDQ 1

**: Correlation is significant at the 0.01 level (2-tailed). ***:
Correlation is significant at the 0.001 level (2-tailed). IgG:
Immunoglobulin G; ER: Electrical Resistance; EC: Electrical
Conductivity; MDQ: Results of Draminski MD4Q

Table 5. ROC curve analysis for cut-off and threshold values
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Table 4. Correlations of IgG ER EC and MDQ in G2 (n=68)

Parameters 1gG ER  EC  MDQ
g6 1 0208 -0223  0.208
ER 1 -0981™ 0.992™
EC 1 0981
MDQ 1

***: Correlation is significant at the 0.001 level (2-tailed).
IgG: Immunoglobulin G; ER: Electrical Resistance; EC:
Electrical Conductivity; MDQ: Results of Draminski
MD4Q

Three different ROC analysis were performed
to determine thresholds for ER, EC and MDQ
values to predict 1gG values. The results of ROC
curves analysis are presented in Table 5.

The ROC curves for thresholds between ER,
EC, MDQ and IgG were shown in Figure 1.

Variables  Threshold %95 Cl forSe  Sp %95 Cl for Sp
ER > 253.34 92.75 83.9-97.6 25.93 11.2-46.3 0.574 125 0.28 0.242
EC <3.89 92.75 83.9-97.6 25.93 11.2-46.3 0574 125 0.28 0.264
MDQ > 4925 92.75 83.9-97.6 25.93 11.2-46.3 0.574 125 0.28 0.424

IgG: Immunoglobulin G; ER: Electrical Resistance; EC: Electrical Conductivity; MDQ: Results of Draminski MD4Q

DISCUSSION

The objective of the presented study was the
evaluation of electrical conductivity and
resistance compared with ELISA assessment of
IgG concentrations in frozen thawed colostrum.
The hypothesis of the study assumed that there
was a connection between amount of 1gG which
is determines the quality of bovine colostrum and
electrical conductivity. The present study show
that electrical conductivity and resistance might
be useful indicators for determination of
colostrum quality. The difference of 1gG results
between groups were statistically significant.
The difference in 1gG concentrations may have
been due to calving season, nutrition,

environment, parity, and timing of colostrum
collection (Conneely et al., 2013; Gulliksen et
al., 2008; Moore et al., 2005). Samples were
collected in random order and sampling took
place during whole year, so IgG concentrations
may be affected from both season and nutrition.
In this manner, composition of the herd could not
be represented by the samples. All colostrum
samples were analyzed frozen and thawed.
Though one freeze thaw cycle had little or no
effect on some farm-level devices such as
hydrometer and refractometer (Morrill et al.,
2015), so it can be concluded that results and
correlations of the study were not affected by
freeze thaw cycles.
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Figure 1. ROC curve graphs of ER, MDQ and EC. ER: Electrical Resistance; EC: Electrical Conductivity; MDQ: Results

of Draminski MD4Q

Readings of MDQ between groups were not
statistically significant. Since ER and EC are
conversions of MDQ, difference of ER and EC
between groups were not statistically significant
as well. Average readings of MDQ for G1 and
G2 were 581.67£18.35 and 608.80+£12.23
respectively. Galfi et al. (2015) reported that at
peak lactation (days 0-50), MDQ readings were
between 260 and 700 (403+80.14). Our results
were within their range but, higher than their
average. MDQ readings are based on electrical
conductivity. It was reported that healthy cow’s
milk conductivity is from 4.0 to 5.5 mS at 20°C
(Walstra, 1999). In addition, Kozheshkurt et al.
(2021) indicated that electrical conductivity of
whole colostrum was measured within the range
0f 0.37 and 0.43 S at 18+1°C. Our results are not
consistent with the previous studies. It was
thought that there might be few reasons that
conductivity of colostrum in both groups were
lower than aforementioned studies. It is known
that electrical conductivity is affected by
temperature (Kozheshkurt et al., 2021). In the

presented study, frozen colostrum samples were
thawed at room temperature. Since average
freezing point of cow milk is reported as -0.5°C
(Fox et al, 1998; Kuczaj et al., 2001,
Navratilova et al., 2006), it shouldn’t be assumed
that after thawing process, temperature of
samples was at room temperature. However, in
the presented study temperature of samples were
not analyzed, so it is not possible to determine
exactly the effect of colostrum temperature on
electrical conductivity. This is the most likely
reason of the inconsistency with the reported
studies and our results. Moreover, since
electrical resistance is measured by formula from
conductivity, it would be logically to expect
similar results for ER.

Results of the study suggest that there is no
relationship between EC, ER and 1gG content of
colostrum, but in low quality colostrum there
were significant correlations between ER and
IgG content. There were strong correlations
between MDQ, ER and EC within groups and
within all samples. Reason for those correlations
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was ER and EC are calculated from MDQ
readings. There was not statistically significant
correlation between 1gG and EC in all samples,
but correlation between IgG and electrical
resistance was found in group 1. Also, EC levels
were found higher and ER levels were lower in
G1 than G2. Reason of that difference might be
because of IgG and protein levels of groups.
Colostrum has elevated level of
immunoglobulins (Smolenski et al., 2007) and
total protein of colostrum is made up almost 80%
by immunoglobulins (McGrath et al., 2016). It is
reported that protein level of colostrum effects
electrical conductivity. Removal of protein
fractions from colostrum resulted in significant
increase in electrical conductivity (Kozheshkurt
etal., 2021).

Electrical resistance and conductivity are
simple measurements of milk and widely used in
detection of subclinical mastitis in dairy cows as
marker (Fernando et al., 1982; Galfi et al., 2015;
Norberg et al., 2004) and has not been evaluated
in determination of colostrum quality. ER and
EC could be indicators of low-quality colostrum
in farm level. However, present study showed
that ER, EC and MDQ had high Se (92.75) but
low Sp (25.93) for IgG content of colostrum.

CONCLUSION

In conclusion, Draminski Mastitis Detector tool
have high sensitivity, but low specificity
compared to one of the gold standard ELISA lab
tests. However, present study revealed strong
correlation between EC and IgG concentration in
low-quality colostrum. There are lots of
variables that effect conductivity and resistance
of colostrum, so to eliminate uncertainties of use
of MDQ further research must be done.
Moreover, MDQ readings show considerable
potential for being useful tools in colostrum
management systems to improve calf health in
dairy farms.
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