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Abstract  
The goal of this research was to investigate the echotextural parameters, numerical pixel values 
(NPVs), and pixel heterogeneity (PSDs) of the lymph node and udder parenchyma, as well as the 
correlation between echotextural parameters and electrical conductivity (EC), in order to develop it as 
an alternative to laboratory testing for mastitic animal diagnosis and prognosis. The ultrasonographic 
images of each quarter were processed using digital image analyses to obtain mean NPVs and mean 
PSDs of mammary gland and lymph node parenchyma. The mean EC increased with the progression 
of infection. The mean NPVs of lymph node parenchyma decreased, whereas the mean NPVs of udder 
parenchyma increased from healthy to subclinical and clinical cows, respectively. The mean PSDs of 
lymph node and udder parenchyma increased with the progression and severity of infection from 
healthy to subclinical and clinical cows, respectively. It was concluded that, in dairy cattle, the variation 
in echotextural variables (NPVs and PSDs) of mammary gland and supramammary lymph node 
parenchyma and electrical conductivity appeared to be good indicators for the diagnostic and prognostic 
evaluation of sub-clinical and clinical mastitis in animals and simultaneously assists in the evaluation of 
udder health status. 
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Introduction 

Mastitis is one of the most serious diseases to afflict dairy herds and has an influence on the 
sector's profitability and production (Capper and Cady, 2020). Worldwide, mastitis is caused by a wide 
variety of microbes, including bacteria, viruses, and fungi. There are many contributing risk factors for 
bovine mastitis. Mastitis is a collaborative effort between pathogens, hosts, and the surrounding 
environment. These considerations are integral to the creation of mastitis control programmes. Bovine 
mastitis is an expensive disease because it causes losses (due to a drop in production) and expenses 
(due to the treatment of the disease), which are cumulative, with additional inputs to reduce the level of 
mastitis. Treatment, production losses, culling, variations in product quality, and the risk of contracting 
other diseases all contribute to the monetary burden of mastitis (clinical or subclinical). Costs associated 
with diagnostic tests, other disease expenses, animal culling, and lost milk production (Halasa et al., 
2007; Hogeveen et al., 2011) due to drug rejection all contribute to the final price of the product.  
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Mastitis is classified into three types based on the severity of the inflammation: sub-clinical, 
chronic, and clinical. Visual abnormalities such as red and swollen teats and fever are easily detectable 
in dairy cows with clinical mastitis. In contrast to clinical mastitis, subclinical mastitis does not show 
observable changes in the udder or milk, although milk supply does decrease as the somatic cell count 
rises (Bhumarkar et al., 2021). Although it is impossible to quantify the financial losses caused by 
subclinical mastitis, experts agree that it causes herds to incur more enormous financial losses than 
clinical instances (Motaung et al., 2017). Chronic mastitis is an inflammatory illness that advances over 
several weeks with occasional clinical outbursts. The entire economic loss due to dairy mastitis is 
estimated to be on average $147 per cow per year. Production losses and culling have a substantial 
impact on this cost, accounting for 11–18% of the gross margin per cow per year. Mammary tissue 
injury, which impairs milk production, accounts for 70% of total losses (Puerto et al., 2021).  

Technologies are making it easier to gather, analyse, and share information and data on animal 
health. In the field of animal health, these kinds of technologies (e.g., sonography) have not yet been 
used to their full potential in terms of early disease detection and quick responses to natural or planned 
disease outbreaks. Globally, there is a growing demand for better and more advanced mHealth and 
eHealth technologies that can collect and analyse data in real time. Animal tracing systems and supply 
chain management are crucial to ensuring the safety of animals and humans and in facilitating 
commerce (Holmstrom and Beckham, 2017; Özmen et al., 2022).  

Ultrasound is commonly used in human medicine to check the mammary glands. Cystic and 
solid lesions are differentiated using 5–13 MHz scanners. These scanners can investigate areas that 
traditional mammography cannot (for example, metastases in the axillary lymph nodes). Ultrasound is 
a non-invasive and non-destructive diagnostic tool mainly used by veterinarians and places minimal 
stress on the animals. In recent decades, it has been used for the evaluation of morphometric traits of 
the udder and teats in dairy animals (Schwarz et al., 2020). Ultrasound provides real time images of the 
healthy and mastitic organ, which can then be used for accurate diagnosis and prognosis. In addition 
to digital ultrasonographic images, there is computer-assisted echotextural analysis (e.g., ImageJ) 
software, which can be used to classify the udder health status of healthy and affected udder quarters 
based on the mean numerical pixel values (NPV) and pixel heterogeneity (PSD) of udder parenchyma 
and lymph nodes (Zhang et al., 2022). This method has been tried on a range of animal species of 
veterinary relevance (Santos et al., 2015). Ultrasonographic imaging allows for the frequent and safe 
evaluation of a wide range of internal organ areas in animals. 

Numerous studies have been published on the ultrasonographic examination of the ruminant 
mammary gland, but there appears to be a scarcity of data on the diagnostic utility of mammary gland 
and supramammary lymph node ultrasonography in cattle over the course of a longitudinal study using 
healthy and mastitic cattle. As a result, the purpose of this research was to determine if ultrasonography 
could aid in the diagnosis and prognosis of subclinical and clinical mastitis in Holstein–Friesian cows 
(Schwarz et al., 2020). The Holstein–Friesian was chosen due to their superlative milk production and 
the availability of Holstein–Friesians globally (Strączek et al., 2021).  

Only digital image analysis allows for objective examination of echogenicity based on 
measurements of pixel intensity. The standard deviation of pixel intensity has previously been used to 
quantitatively evaluate ultrasonic homogeneity/heterogeneity. Pixel heterogeneity in udder 
ultrasonography has been linked to tissue biochemical composition. Numerical pixel values (NPVs), a 
quantitative measure of pixel brightness, can be calculated using a variety of computer-assisted image 
analysis applications. The NPVs and PSDs are both unitless numbers; the NPVs range from 0 (black) 
to 255 (white), and the PSD is the standard deviation of the NPVs in the research area (Murawski et 
al., 2019). Both are regarded as reliable evaluations of echogenic properties of tissue and effective 
predictors of concomitant histophysiological changes. 

Over the last few decades, the EC of milk has been used as an indication of mastitis. The 
presence of ions is used to calculate EC (Ilie et al., 2010). When cows and buffaloes suffer from mastitis 
as a result of udder inflammation, the concentration of Na, K, and Cl ions rises. Mastitis alters the 
chemical makeup and nutritional content of animal milk (Neculai-Valeanu & Ariton, 2022). 

Our study's initial goal was to measure the echotextural features of the mammary gland and 
supramammary lymph nodes of healthy, sub-clinically affected, and clinically-affected dairy cows in 
their third lactation. The second objective of this study was to evaluate the electrical conductivity of 
udder and lymph node parenchyma of dairy cows in healthy, sub-clinically affected, and clinically- 
affected mastitic cows. 
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Materials and Methods 
Ethical approval was waived by the Advanced Studies and Research Board (ASRB) as handling 

and measurements of the animals were done by qualified veterinarians (University of Veterinary and 
Animal Sciences 54000, Lahore, Pakistan, DAS/440, 03-02-2022). 

This study was conducted on seven different dairy farms in Lahore district and its surroundings 
in Punjab. The study compared the outcomes in three different categories of dairy cow: healthy, sub-
clinical, and clinically mastitic cows. Forty-eight udder quarters and 96 supramammary lymph nodes of 
adult dairy cows were evaluated in each group. Animals were kept under the same climatic and 
environmental conditions, fed a total mioxed ration (TMR) twice a day, and milked twice a day using an 
automatic milking system (DeLaval VMS milking system, V300). Inclusion criteria: All animals were 
enrolled on the basis of (1) California mastitis test (CMT) and somatic cell count (SCC) data, (2) adult 
dairy cows (3rd lactation), (3) the animal must be in mid-lactation (60 days after parturition and before 
drying off), and (4) animals included in the sub-clinical and clinical study must have only one affected 
quarter. 

For clinical evaluation of the udder, animals were cast and restrained. The mammary glands 
and teats were then palpated. The shape, size, temperature, and consistency of each gland were 
assessed and recorded. Any discomfort response and the development of abnormal structures within 
the gland were noted during the investigation (Haskell et al., 2022). 

The CMT is the most popular field test in dairy cattle for the detection of subclinical mastitis; it 
does not produce numerical, but rather, categorical results. The test involves introducing a detergent to 
the milk, linear alkylbenzene sulphonate, which causes the release of DNA from leukocytes in the udder, 
which are then transformed into a gelatinous complex in association with protein agents in the milk. The 
findings are classified in different ways, such as negative when the reagent and blended milk are still 
watery. When the cell count rises, the reagent–milk combination practically hardens (CMT test, KEPRO 
CMT Solution, Deventer, The Netherlands). The somatic cell count is another traditional procedure used 
to diagnose the occurrence of mastitis in herds and to assess the hygienic quality of milk. A high somatic 
cell count number in raw milk indicates not only that the cows have mastitis, but also provides 
information on metabolic changes in the milk, up to and including production losses (LACTOSCAN 
SCC, Milkotronic Ltd, Nova Zagora, Bulgaria). 

In a pioneering study for the detection of mastitis using non-traditional technology, a model was 
developed in which data variables were acquired, online and automatically, every 5 seconds, including 
electrical conductivity per mammary quarter, milk temperature, and milk production per cow. The 
combination of these parameters was determined to improve the detection of subclinical mastitis 
(Shoshani and Berman, 1992). The concentration of cations and anions in milk is used to calculate the 
EC. The most frequent ions in milk are Na+, Cl-, and K+. Mastitis causes changes in the concentrations 

of Na+, Cl-, and K+ in milk, which causes an increase in EC. The increased concentration of these ions 

allows these ions to enter the alveolar lumen. Electrical conductivity was measured using a 
conductometer (Metrohm 660; Herisau, Switzerland) equipped with a conductivity cell (cell constant = 
1.24/cm) and automatic correction to the reference temperature (20 °C) using a Pt100 probe. 

Ultrasonography is useful for detecting and monitoring changes in the teat(s) and mammary 
gland(s); it provides information on udder anatomy while being non-invasive, non-ionizing, fast, and 
painless. A low frequency (Kaixin 5600, VET Portable Ultrasound, BIOVET COMPANY LLC, Bila 
Tserkva, Ukraine) linear-array transducer was used to acquire ultrasonographic images of healthy, sub-
clinical, and clinically-afflicted cows. The same operator examined each cow while it was standing up 
and without anaesthetic. To get high-quality ultrasonographic pictures, the udder hair was clipped as 
needed. Coupling gel was applied to the transducer probe prior to ultrasonography. By putting the 
transducer directly on the udder surface, the mammary parenchyma was scanned ultrasonographically. 
Images were taken either horizontally or vertically. To evaluate the parenchyma, the probe was placed 
on the caudal surface of each mammary gland along its longitudinal axis and moved from left to right; 
scanning depths of 80 and 120 mm were available. 

It is possible to quantify the echogenicity of lymph nodes and udder parenchyma by using 
specialised software (Image J, Picture J, NACL Co. Ltd, Tokyo, Japan) to examine image brightness 
and calculate the mean grey value of the ultrasonographic image (El-Husseiny, 2020). Quantitative 
ultrasonographic assessment of the lymph node, udder parenchyma, and content echogenicity was 
done using ImageJ measures and image brightness analysis. Previously, Meiburger et al. (2018), 
Wijntjes & van Alfen (2021), and Mannelli et al. (2016) used a similar method to accurately interpret soft 
tissue ultrasonographic images based on quantitative assessment rather than qualitative evaluation, 
which is more descriptive but less accurate. Heterogeneity is therefore defined as the standard deviation 
in echogenicity pixels; echogenicity is defined as pixel intensity ranging from 0 (absolute black) to 255 
(absolute white) (Lapuente et al., 2020). 
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Multivariate analysis of variance was used to compare the echotextural variables (NPV and 
PSD) using analysis of variance. SPSS (Version 23.0) was used to examine the correlation between 
echotextural variables of the udder and lymph nodes. A P <0.05 level was declared as statistically 
significant. All findings are given as means ± standard error. 

 

Results 
A total of 144 quarters of the udders and 192 pairs of supramammary lymph nodes were 

evaluated using a low frequency (3.5 MHz) linear probe ultrasound (Bustos et al., 2020). The animals 
were grouped into healthy, sub-clinical, and clinically mastitic ones. The scanned data were then 
quantified on the basis of echogenicity using a digital image analysis process with ImageJ software. An 
oval-shaped area of interest inside the parenchyma of the lymph node and a polygonal area of interest 
within the parenchyma of the mammary gland were chosen from the ultrasonogram and quantified. 
Data were quantified using numerical pixel values (NPV) and pixel heterogeneity (PSD). NPV describes 
the echogenicity of pixel intensity in the ultrasonogram, whereas PSD describes the heterogeneity. 

There were marked effects for both NPV and PSD during scanning of healthy, subclinical, and 
clinical udder quarters and supramammary lymph node parenchyma (Table 1). In the case of udder 
parenchyma, the NPV increased as infection in the udder progressed from subclinical to clinical cases. 
The NPV of the healthy udder was used as a control. In the case of healthy cows, the NPV of udder 
parenchyma was 38.6 ± 0.24, which increased in subclinical mastitic udder parenchyma (48.3 ± 0.27), 
and in clinical cases (61.9 ± 0.24). When compared to PSDs, there was a similar pattern because the 
PSD defines the level of heterogeneity and this increased as the infection progressed in parenchyma 
(12.9 ± 0.08 vs 16.9 ± 0.1 vs 27.7 ± 0.11) in healthy vs subclinical vs clinical mastitic cows, respectively 
(Table 1; Figure 1).  

 
Table 1 Summary of California mastitis test (CMT), somatic cell count (SCC), and echotextural 
characteristics of udder parenchyma (UP) and supramammary lymph nodes (SMLN) (mean ± standard 
error) determined using computer-assisted analyses of ultrasonograms from 48 quarters of Holstein–
Friesian cows of healthy, sub-clinical, and clinically mastitic cows 

Variable Healthy Subclinical mastitis Clinical mastitis 

California 
mastitis test 

Negative  Positive Positive 

Somatic cell 
count (×103/mL) 

86.1±2.04c 273.1±6.83b 659.9±10.77a 

Electrical 
conductivity 

4.31±0.1c  6.09±0.13b  10.63±0.14a  

Echotexture NPV PSD NPV PSD NPV PSD 

Lymph node 
parenchyma 

98.1±0.49a 26.5±0.21c 63.5±0.3b 30.8±0.18b 41.1±0.27c 36.9±0.29a 

Udder 
parenchyma 

38.6±0.24c 12.9±0.08c 48.3±0.27b 16.9±0.0.1b 61.9±0.24a 27.7±0.11a 

NPV: Numerical pixel values (0–255); PSD: Pixel standard deviation or pixel heterogeneity 
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Figure 1 Echotextural characteristics of udder parenchyma (UP) (mean ± standard error) determined 
using computer-assisted analyses of ultrasonograms from 48 quarters of Holstein–Friesian cows in 
healthy, sub-clinical, and clinically mastitic cows. NPV: Numerical pixel value (0–255); PSD: Pixel 
standard deviation or pixel heterogeneity 

 
In the case of lymph node parenchyma, the NPV (means ± standard deviation) decreased as 

infection in the udder progressed from subclinical to clinical cases (NPV of healthy lymph nodes acted 
as the control). In case of healthy cows, the lymph node parenchyma was found to be 98.1 ± 0.49, 
which was higher than in subclinical mastitis (63.5 ± 0.3), and clinical cases (41.1 ± 0.27). When 
compared to PSD, the reverse pattern was evident. PSD defines the level of heterogeneity, which 
increases as the infection progresses in the parenchyma (26.5 ± 0.21 vs 30.8 ± 0.18 vs 36.9 ± 0.29) in 
healthy, subclinical, and clinically mastitic cows, respectively (Table 1, Figure 2). The mean EC 
increased (P <0.05) with the progression of infection (4.31 ± 0.1 vs. 6.09 ± 0.13 vs. 10.63 ± 0.14 in 
healthy, subclinical, and clinically mastitic cows, respectively (Table 1). 

 

 
 

Figure 2 Echotextural characteristics of the supramammary lymph node (SMLN) (mean ± standard 
error) determined using computer-assisted analyses of ultrasonograms in 48 quarters of healthy, sub-
clinical, and clinically mastitic Holstein–Friesian cows. NPV: Numerical pixel value (0–255); PSD: Pixel 
standard deviation or pixel heterogeneity. 

 
There were eight significant correlations among the echotextural variables of groups (healthy, 

subclinical, and clinical), systems (udder parenchyma and lymph node), and somatic cell count (Table 
2). A positive linear correlation was noted only between NPV and PSD (r = 0.219), PSD and SCC (r = 
0.625), PSD and between groups (healthy, subclinical, and clinical) (r = 0.626), and lastly, between 
SCC and groups (healthy, subclinical, and clinical) (r = 0.959). NPV was negatively correlated with SCC 
(r = -0.307) among all groups (r = -0.341), and between systems (lymph node and udder parenchyma; 
r = -0.446). Similarly, PSD also showed a significant but negative correlation with systems (lymph node 
and udder parenchyma) (r = -0.744) (Table 2).  
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Table 2 Correlation between quantitative echotextural (NPV and PSD) characteristics of udder 
parenchyma (UP) and supramammary lymph nodes (SMLN), somatic cell count (SCC), groups (healthy, 
sub-clinical, and clinical), and systems (UP and SMLN)  

 NPV PSD SCC Groups Systems 

NPV 1     

PSD .219** 1    

SCC -.307** .625** 1   

Groups -.341** .626** .959** 1  

Systems -.446** -.744** 0.12 0 1 

 ** Correlation is significant at P <0.01 (2-tailed) 

NPV: Numerical pixel value (0–255); PSD: Pixel standard deviation or pixel heterogeneity 
 

 
Figure 3 Electrical conductivity and echotextural characteristics of supramammary lymph node (SMLN) 
and udder parenchyma (UP) determined from 48 quarters of Holstein–Friesian cows in healthy, sub-
clinical, and clinically mastitic cows. EC: Electrical conductivity; NPV: Numerical pixel value (0–255); 
PSD: Pixel standard deviation or pixel heterogeneity 

 

Discussion 

The main objective of this study was to examine the echotextural variables of udder and lymph 
node parenchyma, and at the same time, evaluate the non-traditional method of electrical conductivity 
in healthy cows, sub-clinical, and clinically mastitic cows to standardize the quantitative data. The data 
were evaluated using digital analysis in the form of NPVs and PSDs to make the diagnostic and 
prognostic power more effective (Zhang et al., 2022). It is plausible to recommend using NPV and PSD 
to determine the animal's disease state (healthy, subclinical, and clinical) using an ultrasonographic 
approach and digital image processing. In the current study, the effect of parenchymal echogenicity in 
healthy, sub-clinical, and clinically affected cows was evaluated. In the case of the mammary gland, 
NPVs were lower in healthy cows and higher in subclinical and clinical cases due to inflammation and 
secondly, due to the negative impact of infection on milk let-down. This is why the mean parenchymal 
echogenicity increases as the infection progresses. NPVs of the mammary gland decrease with the 
progression of infection. The PSD increases from healthy to clinical cases (McNally et al., 2017). In 
lymph node parenchyma, the NPVs decreased with the progression of infection from subclinical to 
clinical states. The increase in NPV is due to the loss of an echogenic fatty hilus and the misshapen 
organ (Belotta et al., 2019). PSD (mean heterogeneity) increases in the case of the mammary gland 
because there is quantifiable data to show the extent of the difference in echogenicity of that organ with 
the progression of infection. Utilizing various image analysis software programs, NPV, a quantitative 
measure of pixel brightness, was established. As they travel through tissues, ultrasound rays can be 
dispersed or deflected, or they might be reduced. Both echotextural variables objectively quantified 
tissue echogenicity. It is therefore plausible to infer that the ultrasonographic approach combined with 
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computerized image processing may potentially determine milk composition despite the excretory 
product compartment's minor contribution to total udder content and echotexture. 

Previously, echotextural variables of the mammary gland and their relationship to the 
physiochemical properties of milk in lactating cows were examined using ultrasound. Together with 
digital image analysis to determine tissue composition, Belotta et al. (2019) quantified the echotextural 
relationship in testicular tissue. As evidenced by the fatty content of the hilar part of the lymph node 
parenchyma, testicular NPVs were inversely correlated with protein content, whereas PSDs were 
favourably correlated with lipid content (Risk, 2011). Therefore, it is plausible to argue that 
ultrasonographic methods and digital image processing can assist in the detection of minute changes 
in the content and echotexture of udder and lymph node tissue. A key point for clinical application of 
quantitative pixel intensity measurement and computation of pixel intensity change is that these are 
measurements are at the level of the parenchyma, not a gross or overall evaluation at the organ level, 
which is a fundamentally different notion. 

According to the authors, this is the first effort to link the quantitative echotextural features of 
lymph node parenchyma and mammary glands in healthy, subclinical, and clinically mastitic cows. 
There is a wealth of data to back up the use of computerized image processing and ultrasonic imaging 
to forecast the state of various interior organs and tissues. Some experimental and clinical research 
has also shown a link between echogenicity and tissue physiochemical features, e.g., in ram testes 
(Ahmadi et al., 2012), the chicken pectoralis major muscle (Harris-Love et al., 2016), and human 
dystrophic muscles (Schwarz et al., 2021). Image processing can be utilized to estimate intramuscular 
fat levels in live beef cattle following ultrasonography (Fabbri et al., 2021). Various echotextural 
properties of the mammary gland parenchyma in nursing ewes may be induced by differences in milk 
production and chemical composition in different genotypes of sheep (Kurowska et al., 2019). In 
mastitis, the degree of structural abnormality in the tissue dictates the sonographic image of the udder. 
In animals that have been unwell for a shorter amount of time, a hyperechoic parenchyma with only a 
few lactiferous ducts was also discovered. In the case of acute mastitis, there is a non-homogeneous 
(predominantly hypoechoic pattern), as well as an enhanced echogenicity as a result of fibrosis in 
chronic mastitis. 

The ultrasonograms of the mammary glands were evaluated using commercially available 
image analysis software. Polygon measures were utilised to highlight the areas of interest (sinuses, 
alveoli, and parenchyma). For each region of interest, the mean numerical pixel value (NPV), pixel 
heterogeneity (standard deviation of NPV), and maximum and lowest pixel values were computed. 
Greyscale ultrasonograms indicated hyperechoic mammary parenchyma with coarse echotexture, as 
well as the presence of non-echogenic content (milk) in the cistern area, which appeared as echogenic 
patches in healthy animals. With the exception of milk, which was homogenous in H and SCM and 
heterogeneous in CM, the echotexture of the mammary parenchyma was heterogeneous in all three 
groups. The occurrence of flocculation and hyperechogenicity of the mammary parenchyma in clinically- 
ill buffalo and local Bulgarian goats are similar. An inflammatory process that leads to tissue fibrosis 
with a greater density than normal parenchyma might explain the hyperechogenicity. Because 
inflammation alters the echogenicity of afflicted organs, quantitative measurement can be utilised to 
quantify inflammation. To the best of the authors' knowledge, this new collection of data may pave the 
way for the development of ultrasonography as a diagnostic tool in clinical assessments of mammary 
glands (Murawski et al., 2019). 

Ultrasonography has long been used as a diagnostic tool in dairy cows (Buckrell, 1988; 
Gürbulak et al., 2009). Transcutaneous udder and teat examinations are commonly performed to detect 
irregularities in milk flow, measure the size of distinct udder compartments, and evaluate the presence 
of mastitis (Schwarz et al., 2020). Elevated SSC levels in composite milk samples indicate preclinical 
or severe mastitis. When compared to animals with subclinical illness and clinically healthy controls, 
the variability of the mammary parenchyma in goats with clinical mastitis was much greater (Janik, 
2013). The udder parenchyma and lymph nodes of dairy calves were assessed for soundness using 
computer-assisted analysis of a B-mode ultrasonogram as a non-invasive approach (Ribadu & Nakao 
1999; Bobe et al., 2008). A normal cow mammary gland ultrasonic image is echoic and coarse. The 
anechoic antrums are usually poorly defined. They might be blood vessels or lactiferous ducts. Echoic 
particles increase in milk flow from inflamed lactiferous ducts. The huge lactiferous ducts are clearly 
visible entering the gland cistern. The fullness level of the lactiferous gland also influences its 
echogenicity.  

The physicochemical and bacteriological properties of milk are affected by mastitis (Ruegg & 
Reinemann, 2002; Hadimli et al., 2013). During infection, the EC of milk increased as Na+ and Cl- ion 
concentrations increased. EC is considered a suitable characteristic for identifying mastitis in milk since 
it is highly sensitive to charged compounds. It can be used to detect subclinical mastitis, hence reducing 
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economic losses in the early stages of infection. For a long time, EC was measured frequently during 
milking on a large number of cows. EC values in the current study in healthy, subclinical, and clinically 
infected quarters concur with those of Ferraboschi et al. (2021). The EC of normal milk at 25 °C is 
generally between 4.0 and 5.0 mS. Mastitis raises milk EC as a result of bacterial damage to udder 
tissue; the concentration of ions is increased (primarily Na+ and Cl-), while K+ and lactose concentrations 
in milk decrease. EC levels in milk from infected quarters have been observed to be higher in several 
investigations. The mean EC values for clinically infected quarters in this study correlate well with values 
of 5.0 to 9.0 mS reported in multiple experiments. The infected quarter in a clinically ill cow will have a 
higher EC during the bulk of the milking, particularly at the beginning and end. The mean EC values 
from clinically infected cows vary more than the mean EC values from healthy cows. Our findings for 
subclinically infected cows are consistent with other investigations, which reported absolute EC values 
of 6.45–6.85 mS and 4.83–7.03 mS. Substantial differences between healthy and subclinically infected 
quarters are more difficult to explain than differences between healthy and clinically infected quarters. 
Because milk from subclinically infected cows is only slightly physically altered, higher variation in EC 
measurements within milkings is unlikely. Clots, on the other hand, can be identified in a chronically 
diseased cow. Milk is conductive due to the high concentration of mineral salts such as sodium, chloride, 
potassium, calcium, magnesium. Mastitis caused by breast inflammation increases the concentrations 
of Na+ and Cl- ions. Somatic cell count is a good method for detecting subclinical mastitis, but the EC 
test is now commonly used to identify subclinical mastitis (Adkins & Middleton, 2018). Mastitis changes 
the chemical composition and nutritional value of the milk. A high SSC lowers milk and milk product 
quality, as well as shelf life, taste, and physiochemical properties of milk (Crotty, 2020). Mastitic milk 
contains both pathogens and bacterial toxins. The use of such milk may increase the risk of food-borne 
illnesses, both directly and indirectly.  

 

Conclusion 
The fluctuation in echotextural parameters of the parenchyma of the mammary glands and the 

parenchyma of the supramammary lymph nodes in dairy cattle was found to be a good indicator of the 
diagnostic and prognostic assessment of sub-clinical and clinically mastitic animals. The current study 
was conducted to establish the EC as an optimal method for identifying mastitis (particularly subclinical 
mastitis) in order to prevent economic losses in the early stages of infection and allow for earlier 
treatment. The selection of animals for future breeding purposes on the basis of their soundness, tested 
using non-invasive ultrasonography technology requires further study in a larger number of animals. 
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