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CHAPTER 1
INTRODUCTION

1. Importance and Rationale

Most of the Thai dairy farms are smallholders. The majority of dairy farms size
ranges 21 to 50 cows (Figure 1) (Information and Communication Technology center,
2018). The bucket type milking system is generally practiced for raw milk collecting in
smallholder farms of Thailand. The farm bulk tank milk (BTM) is sent to the nearest
milk collecting center (MCC) for storing and distributing to the dairy processing
factories. The good quality dairy products depend on quality raw milk from MCC.
Thai MCC is an essential operation for raw milk quality monitoring and controlling.
Thai MCC determines BTM including physical appearance, milk composition, bacterial
count, antibiotic residuals and somatic cells ( National Bureau of Agricultural

Commodity and Food Standards, 2010).

Percentage of Thai dairy farm categorized by Farm size

16% 2% 0.21%

35%

47% ’

1to 20 21 to 50 51 to 100 101 to 200 More than 200

Figure 1 Percentage of Thai dairy farm categorized by farm size according to data of

Thai Information and Communication Technology center (2018)

Mastitis is an inflammation of the mammary gland which is affecting the
whole chain of dairy products (Khan and Khan, 2006; Hagnestam-Nielsen and
@stergaard, 2009; Sharma et al., 2011). Mastitis can changes milk quantity and milk
composition (Ogola et al., 2007), affect dairy product processing (Barbano et al., 1991;
Auldist and Hubble, 1998; Khan and Khan, 2006; Fernandes et al., 2007). The
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pathogenesis has two processes including intramammary infection and mammary
gland inflammation. Mastitis is generally classified into two forms. First, clinical
mastitis is the udder inflammation with noticeable signs including abnormal milk
appearance, pain, redness, swelling and loss of mammary gland function. Moreover,
systemic signs such as fever, shock, and sudden death can be found in some cases.
The second form of mastitis is subclinical mastitis in which clinical signs are not
observed, in particular abnormal milk appearance. Farmers have difficult to observe
the subclinical form. Subclinical mastitis affects both milk quantity and quality.
Subclinical mastitis occurs more than clinical mastitis in which causes high economic
loss (Seegers et al., 2003b). Early detection of subclinical mastitis can reduce
economic losses and shorten recovery periods (Janzen, 1970; Halasa et al., 2007).
Somatic cells compose of leukocytes and epithelium cells. Somatic cell
count (SCQC) is the indicator of intramammary inflammation. The SCC method is
divided into direct and indirect count. SCC is worldwide acceptable as the single
indicator for milk quality control because SCC reflects the health status of the
mammary gland and the risk of non-physiological changes to milk productions
(Pyorala, 2003; Hamann, 2005). Direct somatic cell count is the standard method in
which microscopic count or slide count is a conventional standard method for milk
SCC. Nowadays, the Fossomatic™ FC machine which counts somatic cells based on
recognition of nucleus of somatic cells by using fluorescent and flow cytometry
technique. This method is acceptable as a direct microscopic counting for bovine
milk somatic cells. This machine is valid with high sensitivity and specificity because
the design of the flow cell ensures that only one single somatic cell can pass
through and detected at a time. However, this machine is very expensive, time
consume with dairy calibration and professional skill required. The indirect count is
the estimation of SCC by measuring the appearance of reaction caused by milk
somatic cells and specific reagents such as Wisconsin Mastitis Test, White Side Test
and California Mastitis Test (CMT). CMT is a cow-level indirect somatic cell
determination in order to detect subclinical mastitis. Thai MCCs use CMT for milk
quality grading and pricing despite the slide count and Fossomatic™ FC machine

because of cost concern and personal skill. However, a study found CMT is not
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suitable for milk quality and milk grading that requires a more precise SCC level
because CMT has variation among scores, readers and reagent (Read et al., 1969).
Therefore, Thai MCCs require a new method that is practical, inexpensive, less time-
consuming, and comparable to standard count method. This study was aimed to
invent a new semiquantitative method for somatic cell count in bulk tank milk

samples and to determine the precision, accuracy, and validity for this method.

2. Objectives
1. To invent a new semiquantitative device for somatic cell count in bulk tank
milk sample
2. To validate the new semiquantitative device for somatic cell count at milk

collecting center

3. Hypothesis
New semiquantitative plastic plate device has the ability to determine bulk
tank milk somatic cell count at milk collecting center in which has comparable

validity to Fossomatic™ FC somatic cell count.



CHAPTER 2
LITERATURE REVIEWS

1. Somatic cells count (SCC)

1.1 Definition of somatic cell count

Somatic cell count (SCC) is the number of somatic cells in a milliliter of milk.
The predominant cells in milk somatic cells are leucocytes and mammary gland
epithelium cells. Main leucocytes are including macrophages, polymorphonuclear
neutrophils cells (PMNs), and lymphocytes (Boutinaud and Jammes, 2002; Ezzat
Alnakip et al., 2014). SCC in milk increases whenever injury or infection of the
mammary gland occurs. Therefore, the number of somatic cells presented in a
sample of milk from the mammary gland can determine the likelihood of mastitis
even though all other visible signs of udder inflammation are absent (Sharma et al,,
2011)

BTM quality is very important because it indicates pricing, dairy products and
customer health. The high SCC BTM affect dairy products quality, product shelf-life,
and product processing such as pasteurized milk, cheese, and yogurt (Barbano et al,,
1991; Auldist and Hubble, 1998; Khan and Khan, 2006; Fernandes et al., 2007). Many
studies found that high SCC in BTM associated with the antibiotic residuals in milk
(Ruegg and Tabone, 2000; Schaik et al., 2002; Jayarao et al,, 2004; Khan and Khan,
2006). Farms with high SCC levels of BTM also showed more often had high bacterial
plate count levels. Farms with BTM SCC higher than 750,000 cells/ml showed a
much higher rate of antibiotic residue violations (Schaik et al., 2002). Therefore, the
study to determine the proportion of farms with higher than SCC threshold and
discriminate high BTM SCC is important to improve Thai milk quality and customer
health guarantee.

SCC is accepted as the international standard measurement of milk quality
and identification of mammary gland health status in the herd, cow, and quarter
level (National mastitis council, 2001). In many countries, the results of somatic cells
are used in acceptance or rejection of milk samples for processing or consumption.

The BTM quality thresholds based on standards which vary from country to
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country. The thresholds are 1,000,000 cells/ ml, 750,000 cells/ ml, and 500,000
cells/ml for Brazil, the USA, and South Africa, respectively (Ruegg and Pantoja, 2013).
In Canada, England, EU countries, China, India, New Zealand, and Australia set the
threshold at 400,000 cells/ml (Ruegg and Pantoja, 2013). Countries in the South East
Asia area also use BTM SCC threshold as milk quality control. Vietnam and Indonesia
set the thresholds at 400,000 cells/ ml. Malaysia set the threshold at 450,000
cells/ ml. (Bureau of Quality Control of Livestock Product Department of Livestock
Development, 2013).

Thai milk board is an official Thai milk quality control organization. BTM SCC
together with milk appearance and milk composition are used for milk quality
control, grading and pricing in Thailand. Thailand milk quality SCC threshold is set at
500,000 cells/ ml (Table 1) (Thai Dairy cows and Dairy Products Board: Thai Milk
Board, 2016). The Thai MCCs start to put the price penalty if farm BTM SCC threshold
is more than 500,000 cells/ml. Thai farm BTM is rejected when BTM SCC is more than
or equal to 1,000,000 cells/ml. CMT score 3+ also use as an indicator for Thai BTM
rejection (Thai Dairy cows and Dairy Products Board: Thai Milk Board, 2016). The Thai
school milk quota which is valuable and one of the most important marketplaces for
Thai dairy farms. The MCCs are eligible to get school milk quota when the average of
BTM SCC of all farm members less than 500,000 cells/ml for a period of four months

consecutively (Thai Dairy cows and Dairy Products Board: Thai Milk Board, 2016).



Table 1 The Thai standard of BTM SCC for milk pricing per kilogram (Thai Dairy cows
and Dairy Products Board: Thai Milk Board, 2016)

SCC (cells/ml) Price (Baht/kg)
<200,000 +0.5
200,000-300,000 +0.3
300,000-400,000 +0.2
400,000-500,000 Unchanged
500,000-700,000 -0.2
700,000-1,000,000 -0.3

>1,000,000 rejected

Measurement of SCC at cow-level is necessary to estimate the presence of
subclinical mastitis. Measurement of SCC at a quarter level is necessary to identify
pathogens that cause mammary gland infection and the occurrence of subclinical
mastitis detection (Sharif and Muhammad, 2008). At cow-level, to indicate mastitis
from quarter samples, somatic cells more than 200,000 cells/ ml are the most
practical threshold to separate healthy from infected quarter (Dohoo and Leslie,
1991) and somatic cells more than 200,000 cells/ml in composite milk also indicate

the mastitis cow (Schepers et al., 1997).

1.2 Factors affecting milk somatic cell count

There were several important factors affecting cow-level SCC. Infection status
(Meek et al.; Godden et al.,, 2002; Mamache et al.,, 2014), animal factors including age,
stage of lactation and parity (Laevens et al,, 1997) and environmental factors were
associated with SCC in quarters and individual cow milk (Harmon, 1994; Skrzypek et

al., 2004). For the BTM SCC level, there were also several factors associated with BTM



17

SCC. A number of production cows and dry cows in the herd, and length of dry
period were associated with BTM SCC. The number of cows result herd production
dilution effects that was associated with BTM SCC (Cicconi-Hogan et al., 2013; Vissio
et al,, 2018). Unhygienic milking techniques, contaminated pathogens while milking,
unhysgienic farm management and BTM SCC methods were also result high BTM SCC
in herds (Eardmusic, 2011). The use of teat disinfection or teat dipping is the most
effective method to reduce BTM SCC (Wagner and Ruegg, 2002). There was an
association between low SCC and an increased level of hygiene and frequency of
cleaning of the holding yard, passageways, and cubicles (Kelly et al., 2009).

The BTM SCC was affected by many factors. Besides, the high SCC of BTM
level can result from the number of infected cows in the herd (Middleton et al.,
2004) BTM SCC, BTM composition, and BTM quantity were affected by year, seasonal,
farm location, farm size. The Large farm size trends to have higher somatic cell
counts than small and medium farm size. (Yeamkong et al., 2010). At the herd level,
it is especially important to follow trends over time and interfere when the cell
counts appear to increase above a threshold. Moreover, high SCC which affects milk
composition and milk yield per cow, resulting in loss of money and economic losses,
including treatment cost, culling cost, and replacement cost (Seegers et al., 2003a).
Monitoring milk quality over time provides an opportunity to evaluate the progress of
the disease, study relationships between milk composition and milk SCC. Then,
estimate the efficacy of mastitis control programs (Schukken et al.,, 1992; Sargeant et
al., 1998). The convenience and acceptable accuracy of SCC methods for milk quality

monitoring will encourage the efficient mastitis control program.

1.3 Methodology for somatic cell count

Milk somatic cells were first described in 1838 (Boutinaud and Jammes, 2002).
There are two methodologies for somatic cell counting. First is direct somatic cell
count, which directly measures somatic cells in milk. Second is indirect somatic cell
count, which estimates milk somatic cells by the measure of interaction between

somatic cells and specific reagents depending on methods.
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1.3.1 Direct somatic cell count

Direct microscopic somatic cell count (DMSCC) or slide count, which is
the standard method for SCC (Park and Humphrey, 1986). DMSCC using a
microscopical smear and staining slide to differentiate and to determinate the
staining somatic cells in milk. This method consists of manually counting and
staining techniques. For each slide, the enumeration is concerned in field or
areas. The DMSCC is the preferred gold standard counting somatic cells
method in laboratories in many countries (National mastitis council, 2001).
However, there are several problems in manual cell counting by DMSCC. The
dilution and volume of reagent, pipetting errors, human perception of cell
definition and variation among readers are DMSCC disadvantages. Moreover,
the experiences and professional skills are the requirements for precise
interpretation of DMSCC (Zajac et al., 2016).

The Fossomatic™ SCC method was first developed in the early
1980’s. (FOSS Foss Allé 1 DK-3400 Hilleroed, Denmark). The flow cytometry
technique and fluorescent staining are used in Fossoamtic™ FC SCC. The flow
cytometry machine is very accurate because it performs only one single cell
flows in a narrow stream in front of a laser beam. Fossomatic™ FC SCC
machine is the current automatic direct somatic cells counting method.
According to the manufactory procedure and machine performance,
Fossomatic™ FC SCC measurement ranges 0 - 10 million cells/ ml. The
percentage of covariance ( CV) that represents the repeatability of
Fossomatic™ FC SCC are CV < 6% at 100,000 to 299,999 cells/ml, CV < 4% at
300,000 to 499,999 cells/ml and CV < 3% at 500,000 to 1,500,000 cells/ml
(appendix 3). This machine is strongly correlated with the result of DMSCC
(Gunasekera et al., 2003). Thus, the efficiency is acceptable and similar to the
standard direct SCC method. Fossomatic™ FC SCC has been proved and
agreed to use instead of using DMSCC. Fossomatic™ FC SCC might count large
nuclear fragments as cells, whereas DMSCC would omit such particles from
counts, this may cause Fossomatic™ FC SCC too high depending on the

frequency of particles (Miller et al., 1986). Fossomatic™ FC SCC reduces
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subjective errors among readers. However, this machine is currently costly,
oversize for field testing, requiring professional skills, and time-consuming in
daily calibration (Viguier et al., 2009). Therefore, this machine may not be

suitable for working in MCCs.

1.3.2 Indirect somatic cell count

There are several indirect SCC methods depend on techniques. The
examples of techniques are detection of chemical reaction between somatic
cells and chemical reagents, and the detection of enzymes which produced
from somatic cells in milk. The popular indirect SCC technique is a chemical
reaction.

Whiteside test (WST), which is a cow-side screening test for subclinical
mastitis. WST uses sodium hydroxide (NaOH) solution as a specific reagent to
estimate the SCC level in milk. The positive test result is recorded when the
milk thickens, separates into flakes or shreds, and the solution shows semi-
opaque to clear whey. The normal and mastitis milk both tend to be positive
to this test after a few minutes. This test is inconvenient in the field practice
in terms of the handling of glassware equipment. Moreover, a false positive
test can occur due to fat globules in mastitis milk (Gordon et al., 1980).

The most popular indirect SCC is the California Mastitis Test (CMT).
CMT is a cow-side level indirect SCC method modified from the WST. CMT
principle is using the gel formation detection to estimate SCC level in milk.
The gel formation comes from the reaction between proteins and
deoxyribonucleic acid (DNA) in milk and detergent reagent. The test is a quick
and simple method to predict SCC in both composite and quarter milk
samples (Middleton et al., 2004). This method has high sensitivity for the
detection of subclinical mastitis at cow-side. However, the only eye visible
technique was used to CMT score interpretation. Studies found that CMT
scoring has high subjective errors and variations when comparing with DMSCC.

(Kroger and Jasper, 1967; Gordon et al.,, 1980; Eardmusic, 2011). There is a
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large gap between SCC numbers within only one CMT score scale. There was

false-negative of CMT in which is up to 20% (Dingwell et al., 2003). Moreover,

CMT is more difficult to standardize between analysts and laboratories (Read

et al,, 1969).Nowadays, there are several CMT reagent formulations.So, the

use of different concentration reagent solutions may result in the difference
in gel formation. Thus, CMT reading results can vary among CMT reagents.
Wisconsin mastitis test (WMT) uses the same principle as the CMT.

However, the amount of remaining gel formation is measured in quantitative

as millimeters (mm) in a calibrated tube. The research found that this

method is more precise than CMT but still showed variability (Thompson and

Postle, 1964). WMT provides complexity procedures and using too many

types of equipment composed of the clear plastic test tube with cap, the

tube rack, and syringe for pipetting milk samples, which are resulting in an
inconvenience in field condition working. The WMT correlates well with the

DMSCC and has a high degree of repeatability. However, the study suggested

a WMT reading could be used for screening out milk supplies with over

500,000 cells/ml. A confirmatory test should be made to determine whether

the sample in question exceeded the somatic cell standard of 1.5 million

somatic cells per ml (Thompson and Postle, 1964).

Many countries invented both direct and indirect SCC devices by using several
technologies implication to improve device performance. Example of current SCC
devices details are shown in appendix 1. The comparison of some current direct and
indirect SCC device examples is shown in Table 2.

There are several portable direct SCC machines such as NucleoCounter
(ChemoMetec A/S, Denmark), Lactoscan (MILKOTRONIC LTD, Bulgaria) and Delaval
(Delaval, Sweden). Techniques of portable SCC to analyze milk samples is diluted
milk somatic cells in staining solution (with ethidium bromide or propidium iodide).
The Delaval showed significant coefficients of regression (b = 0.91 to 1.01) and
correlation (r > 0.99) when compared with the DMSCC and Fossomatic™ FC SCC
methods. Moreover, the DCC gave repeatability values similar to the DMSCC, and

their log SCC means did not differ from the reference value (Gonzalo et al., 2006).
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The use of portable direct cell counter cassette (Delaval, Tumba, Sweden)
with the C-Reader system ( Digital Bio-Technology Co., Seoul, Korea) are new
technologies that utilize electronic counting of somatic cells by mobile application. A
study in 2017 showed several advantages of developed miniaturized cell counting
platform for rapid and portable enumeration of somatic cells in milk. The platform
provided several advantages including automatic sample delivery, integrated, on-chip
sample preparation, and simple, accurate cell counting to determine milk quality
and manage mastitis occurrence in dairy herds (Kim et al., 2017).

The PortaSCC ( PortaScience, Portland) is a qualitative test that uses an
algorithm to convert the enzymatic reaction into milk SCC. The PortaSCC results can
present in digital numbers. However, according to manufactory procedure, test
requires 45-minute incubation period. PortaSCC Quick, which is indirect SCC based on
colorimetry or the intensity of the blue color. PortaSCC Quick estimates the amount
of SCC by comparing the strip to the color chart. The researcher suggested that this
method was rapidity to provide results for subclinical mastitis detection in farm level.
PortaSCC Quick has 94.12% and 87.30% sensitivity and specificity respectively.
PortaSCC Quick is a substantial agreement (k = 0.70) compared with the Fossomatic™
FC machine (Salvador et al., 2014).

SCC Dunk from Japan is now launch in the market. SCC Dunk is screening test
kit for neutrophils in individual milk and bulk milk. The test is based on a chemical
reaction between a dye on the test strip and an enzyme found in the cells. This
reaction makes the test strip sample well change to blue color. The darker the blue,
the higher the cell count. Reaction time is about 5 to 6 minutes at room
temperature in summer and 6 to 8 minutes in winter. The study of this test in my

reviewed has never been studied.



There are several modified formal indirect SCC methods to improve test
performance, user convenience and reduce subjective issues.

Surf Field Mastitis Test (SFMT) which is an indirect SCC method similar to
CMT. SEMT provided sensitivity, specificity, predictive values, and kappa index which
is similar diagnostic efficiency to CMT (Muhammad et al., 2010). Moreover, this study
suggested that SFMT can be used as a cheaper, user-friendly alternative animal-side
subclinical mastitis diagnostic test in developing countries because of the inexpensive
and ready availability of the SFMT reagent (Muhammad et al., 2010).

Somaticell (Madrasa, Sao Paulo, Brazil) which is modified from the WMT.
Somaticell showed similar results to electronic counting devices with a high degree
of agreement (Rodrigues et al., 2009). Somaticell is an adequate efficiency of
determining quarter milk SCC in quantitative results and may be considered as an
alternative subclinical mastitis detection at the farm level. This device is portable,
rapid to perform in a few minutes, and inexpensive are preferred (Rodrigues et al.,

2009).



Table 2: The comparison of some current direct and indirect SCC with techniques,

advantages and disadvantages

Techniques Test Advantages and
disadvantages
1. Detect SCC in milk 1. NucleoCounter - Accuracy
samples diluted in 2. Lactoscan - Electricity needed
staining solution 3. Delaval Cell - Laboratory bench
2. Mobile application counter i
§ SCC " 4. Delaval - i:::ment
E 5. Cell counter Cell
° Counter ICC
Mobile
6. Dairy Quality
RT10™ SCC tester
1. Modified CMT 1. Surf Field Mastitis | = Reader variation
2. Modified 2. Somaticell - Reagents variation
Wisconsin Mastitis 3. Porta Quick SCC - Single-use
g | Test 4. SCC Dunk
g 3. Chemical reaction
E’ between a dye on
the test strip and an
enzyme found in the
cells in the milk.

Current world and Thailand trends are focused on Artificial agricultural
intelligence (Al), sensors, and big data analysis. Sensors for on-farm analysis of milk

composition have been developed either for replacing visual inspection of foremilk



24

by the milker (color and image sensors) or for monitoring indicators in milk that have
a high informational value but are not recognizable directly by the milker (Brandt et
al.,, 2010). The main areas of application of the latter are feed adaptation,
reproduction management, and early detection of udder infections. Ultrasonic or
electromagnetic waves can realize the rapid and nondestructive analysis of multiple
components. Essential sensing techniques for enzymatic changes in milk are
biosensors, whereas chemical sensors are used for detecting several mostly volatile
metabolites of pathogens (Brandt et al., 2010). In addition, techniques for counting
somatic cells and automated CMT were recently developed by implemented
automatic viscosity sensors at the main milk-line on every fourth milking stall. The
study found the tendency to improve in the installed sensor system (Neitzel et al.,
2014).The technological methods can also be adapted to Thai indirect SCC in the

future.

2. Mastitis

Mastitis is an inflammation of the mammary sland, regardless of causes. It
affects the whole chain of dairy products including decreased milk yield at the farm
level (Hagnestam-Nielsen et al., 2009), change in milk compositions (Schultz, 1977;
Ogola et al., 2007), and alteration of dairy product processing (milk pasteurization,
yogurt processing, and cheese processing) (Khan and Khan, 2006, Mazal et al., 2007,
Fernandes et al., 2008). Mastitis is characterized by physical, chemical, and usually
bacteriological changes in the milk from pathological changes in the udder. Early
recognition and prompt mastitis treatment are important for limiting tissue damage,
production losses, and economic losses (Sharif et al., 2009).

Mastitis pathogenesis combines two processes, including intramammary
infection and mammary gland inflammation. Mastitis is generally classified into two
forms. First, clinical mastitis is the udder inflammation with noticeable signs including
abnormal milk appearance, pain, redness, swelling, and loss of function of the udder.
Clinical mastitis severity may during the disease appeared. Systemic signs such as

fever, shock, and sudden death can be found in some cases. Clinical cases can be
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defined as subacute (mildly clinical) when symptoms include only minor alterations
in the milk and the affected quarter such as clots, flakes, or discolored secretion. The
quarter may also be slightly swollen and tender. Acute mastitis cases are
characterized by sudden onset, pain, heat, swelling, redness and reduced as well as
altered milk secretion from affected halves. Abnormal secretion in the form of clots,
flakes, or watery milk is the clinical sign most consistently observed. Depending upon
the severity and the causative agent, acute mastitis cases may have significant
systemic involvement characterized by fever, depression, and weakness. In its most
severe form, it can be fatal. The second form of mastitis is subclinical mastitis in
which clinical signs are not be observed, particularly in abnormal milk appearance.
Subclinical mastitis affects milk quantity and milk quality. Subclinical mastitis occurs
more frequently than clinical mastitis and causes more economic loss than clinical
form (Seegers et al., 2003a), but farmers have difficulty in recognizing the subclinical
form. Early detection of subclinical mastitis can reduce economic losses and shorten
recovery periods (Halasa et al.,, 2007). Subclinical mastitis is less obvious and may
only be detectable by measures of the milk's cellular content or milk somatic cells
and milk bacterial culture.

Mastitis stills the most concerned problem of Thai farmers (Kampa et al,
2010). The occurrences of subclinical mastitis were very depended on the study area,
seasonal, study design, and pathogen infection in the herds. There was a subclinical
mastitis incidence rate equal to 3.37 per cows per year in Chiang Mai. The prevalence
of subclinical mastitis in Chiang Mai small dairy farms ranged from 0 to 33.3%
(Boonyayatra and Chaisri, 2003). Nakornpathom, the central part of Thailand, was
found about 7.69-75% (Ajariyakhajorn et al,, 2003). The prevalence of subclinical
mastitis in smallholder dairy farms in Khon Kaen which located the northeast of
Thailand was up to 62.8% (Aiumlamai et al., 2000). The percentage of new infections
in herd often are due to milking technique or hygiene condition of farm (Schukken et
al,, 2009). The high SCC (threshold more than 200,000 cells/ml) in the quarter or
(threshold more than 250,000 cells/ml) in the cow-level can represent subclinical

mastitis or the incidence of intramammary gland infection (Sharma et al.,, 2011).
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There was a higher prevalence of subclinical mastitis in dairy farms more than clinical
mastitis (Biffa et al., 2005; Mdegela et al., 2009; Rahman et al., 2010).

Monitoring subclinical mastitis at herd level requires longitudinal SCC data
over time because of the variability of time in inflammatory responses between cows
in a herd (Schukken et al., 2003). The individual SCC and production records should
be obtained to identify which cow is the most substantial contributor to the BTM
SCC and likely candidates for individual cultures. Whole-herd only screening testing
like CMT is a cheaper but less informative option (Plummer and Plummer, 2012).
Routine SCC and milk composition analysis in individual cow milk are more essential

than whole-herd CMT.

3. Viscosity of fluid

Rheology is defined as the study of material deformation and flow. Rheology
represents the properties or characteristics of both solid and liquid foods (Tabilo-
Munizaga and Barbosa-Ca novas, 2005). Rheology of liquid foods like milk is the
viscosity. The viscosity of a fluid is a measure of its resistance to gradual deformation
by shear stress or tensile stress. Viscosity can be conceptualized as quantifying the
frictional force that arises between two adjacent layers of fluid that are in relative
motion. Fluid Viscosity sometimes referred as dynamic viscosity or absolute viscosity.
Dynamic viscosity is the fluid's resistance to flow, which is caused by shearing stress
within a flowing fluid and between a flowing fluid and its container. There are many
systems for viscosity units. The unit in the English system are (b sec/ft? or Slug/ft.sec
and and the Sl system is Ns/m2 or kg/ms. The Pascal unit (Pa) is specified pressure or
stress force per area. Pascals can be combined with seconds to define dynamic
viscosity (1.00 Pas = 10 Poise = 1000 Centipoise). Centipoise (cP) is commonly used
to describe dynamic viscosity because water at a temperature of 20°C has a viscosity
of 1.002 Centipoise. The viscometer can divide into several types depended on
measuring viscosity types such as Capillary viscometer, Rotational viscometer,
Rotating cylinder viscometer, and Cone-on-plate viscometer (Kamrich and Schoff,

1999).
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The viscosity of milk is twice as high as that of water due to the friction of fat
in the milk (emulsified in milk) (Park, 2007). Whole milk and skim milk display
viscosities of 2.0-2.1 and 1.5-1.8 cP (or mPa/sec) at 20°C, respectively. Whey has a
viscosity of 1.2 cP. The viscosity value for cow milk at 5 °C is a function of the fat
content and ranges from 2.96 x 107> Pas (skim milk) to 3.25 x 10> Pas (whole milk),
whereas at 20 °C the ranges for skim and whole milk are 1.79 x 1072 Pas and 1.3 x
1072 Pas (Park, 2007). The viscosity of livestock ruminant milk is sheep (2.48 cPas),
Egyptian Camel (2.2 cPas), Buffalo (2.2 cPas), Goat (2.12cPas), and Cow (1.7 cPas),
respectively (Park, 2007). In normal milk, viscosity is affected by milk composition
and milk appearance such as fat and protein, milk temperature, pH, and age of the
milk (Jenness and Patton, 1974). The casein micelles of milk affect the viscosity of
milk more than any other components. The fat contribute to viscosity less than
casein but greater than whey proteins (Davies and Law, 1983). Viscosity varies not
only with changes in the physical of fat but also with the hydration of proteins
(Davies and Law, 1983). External factors that affect milk viscosity are processing
methods, additional enzymes, and processing temperatures by heating (Manji et al.,
1986). When fat globules are greatly subdivided by homogenization, an increase in
viscosity is observed. The viscosity of milk and cream creates the impression of
“richness” to the consumer. From an organoleptic standpoint, viscosity contributes

to mouthfeel and flavor release (Davies and Law, 1983).

4. Semiquantitative test
Qualitative examinations are the measure of presence or absence of a
substance or evaluate cellular characteristics such as morphology. The results are

not expressed in numerical terms, but in descriptive or qualitative terms such as

»” 13 » 13 » 13 » o«

“ positive, negative,” “reactive, non-reactive, normal,” or “abnormal”. The
examples of qualitative examinations include microscopic examinations for cell
morphology or presence of parasitic organisms, serologic procedures for presence or
absence of antigens and antibodies, some microbiological procedures, and some

molecular techniques (International Health Regulations, 2015).
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Semiquantitative examinations are similar to qualitative examinations that
testing does not measure the precise quantity of a substance. The difference is that
the results of these tests are expressed as an estimate of how much a measured
substance is present. This estimate is sometimes reported as a number or a range.
Therefore, test results for semiquantitative tests may be shown as “trace amount”,
“1+4, 2+, or 3+”, or positive at any dilution or titer. Quantitative examinations are the
tests that measure the precise quantity of a substance. The quantitative test is given
a numerical or exact amount of results (International Health Regulations, 2015).
Examples of semiquantitative examinations are urine dipsticks, tablet tests for
ketones, serological agglutination and indirect SCC.

In summary, quantitative examinations give exact numerical results.
Semiquantitative examinations are estimate amount and present in non-numerical
results. Qualitative examinations indicate only the presence or absence of a
substance (positive or negative results) or evaluate cellular characteristics such as
morphology. Semi-quantitative examinations provide an estimate of how much of

the measured substance is present (International Health Regulations, 2015).



CHAPTER 3
MATERIALS AND METHODS

The new semiquantitative device for BTM SCC has two principles including
chemical appearance and physical appearance. The chemical appearance using the
reaction between somatic cells and specific reagent that cause gel formation. The
physical appearance was defined by gels adherence to plastic plate surface. The high
SCC in BTM results in viscosity of gel formation. Thus, the higher gel viscosity can
adhere and leave the higher amount of gel on plastic plate surface. The designed
plastic plate patterns are able to differentiate the level of BTM SCC. Semiquantitative
reading scores are given depending on the amount of gel formation that remain on
the plastic plate surface.

The experimental study divided into three experiments including 1) plastic
plate pattern design and chemical reagent optimization 2) Plastic prototype testing
and calibration in the laboratory and 3) Final model prototype field testing and
validation, which is conducted at a milk collecting center. Experiment 1 and

experiment 2 were parallelly studied and followed by experiment 3.

Experiment 1: Plastic plate design and specific chemical reagent optimization

1) Plastic plate design

The plastic color, plastic materials and plastic plate patterns were reviewed
and discussed with plastic material and 3D printer engineers. The proper design of
plastic plate prototype and material selection were invented according to the
physical appearance of gel formation and the adherence to the plastic plate surface.
The patterns of plastic plate prototypes were designed according to the principles of
tension force, adhesion force, capillary effect, and surface area of plastic plate. The
design aims to create proper gel formation, gel viscosity, and gel adherence on the
plastic plate prototypes. Tinkercad program (Autodesk, Inc., San Rafael, California,

U.S.A) was used to design and to sketch the plastic plate prototypes. The 3D plastic
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prototypes were printed by using the Stratasys F170 3D printer (Stratasys, Ltd., Eden
Prairie, Minnesota, United States) at Siam Innovation District, Siam Square One
Building, Bangkok, Thailand. Many different materials can be used in 3D printers
(appendix 2A).

2) Specific chemical reagent optimization

The specific chemical reagent was formulated and prepared according to the
protocol described by Laboratory of Livestock hospital, Faculty of Veterinary Science,
Chulalongkorn University, Nakhon Pathom province, Thailand. This solution was
designed in order to create the proper amount of gel formation which can
discriminate bulk tank milk somatic cell count level. BTM samples were measured
Fossomatic™ FC SCC and classified according to SCC levels into four levels 1) Low
(SCC less than 100,000 cells/ml), 2) Moderate (SCC 100,000 to 299,999 cells/ml), 3)
High (SCC 300,000 to less than 499,999 cells/ml) and 4) Very High (SCC more than or
equal to 500,000 cells/ml).

Ten BTM samples per SCC level were selected to optimize specific chemical
reagent concentration. The dilutions of half, normal and double concentration (0.5x,
1x and 2x) were formulated and prepared. Each dilution mixed with each level of
BTM samples. The optimization of the mixed solution was proved by using mixed
solution viscosity. The viscosity of the mixed solution was determined by using sine
wave viscometer SV-100 (A&D Company, Limited, Tokyo, Japan) at Pharmaceutical
Laboratory, Faculty of Pharmaceutical Sciences, Chulalongkorn University, Bangkok,
Thailand in the day after BTM SCC was measured. The appropriate concentration of
mixed solution was selected by the correlation between SCC and mixed solution
viscosity values and SCC levels categorization. The appropriate amount of specific

chemical reagent and BTM sample volume was also determined.

Experiment 2: Laboratory plastic plate prototype testing and calibration
Farm BTM samples were randomly selected from farm members of a milk
collecting center in Nakhon Ratchasima province. At the milk collecting center, 30 ml

of farm BTM was collected. Samples were labeled, properly ice packed and
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submitted to the milk quality laboratory, Center of Learning Network for the regions,
Chulalongkorn University, Kangkoi, Saraburi province, Thailand. All BTM sample was
stored in 4-8-degree Celsius immediately after laboratory arrival. The experiment was
performed within 24 hours after the samples collected.

A BTM sample was divided into three parts: 10 ml of milk were used in
Fossomatic™ FC machine SCC according to manufacturers' instructions (FOSS Foss
Allé 1 DK-3400 Hilleroed, Denmark) (appendix 3A), 3 ml of milk was used for CMT
testing (Schalm and Noorlander, 1957) (appendix 3B), and 10 ml of milk was used for
plastic plate prototype testing. After Fossomatic™ FC SCC BTM samples were
classified into four levels as the same range of SCC in experiment 1. Fifteen BTM
samples per each SCC level were randomly selected and estimated SCC by using the
plastic prototypes and CMT. All printed prototypes were testing in the same manner
and reader. All printed prototypes were error and trial depend on the principle of
chemical and physical appearance. The application of each plastic plate prototypes
was also invented. The reading scores were recorded after plastic plate prototypes
can clearly discriminate the SCC levels and showed difference pattern in each SCC
levels. All reading scores of plastic plate prototypes were calculated correlation with
Fossomatic™ FC SCC and CMT scoring. The percentage of false results of each plastic
plate prototype was also calculated. The chemical appearance, physical appearance,
percentage of false results and correlation between tests were used as the criteria
for plastic prototype design improvement and the final model plastic plate
prototype chosen. After the final model plastic plate prototype was selected, the

final model was then used in field testing in experiment 3.

Experiment 3: The final model plastic prototype field testing and validation

At one milk collecting center in Nakhon Ratchasima province, 305 BTM
samples were randomly selected from farm members of the milk collecting center in
July 2019. Duplicated 30 ml samples were collected. First duplicated 30 ml samples
were used for final model plastic plate prototype testing at the milk collecting area

of the MCC. The final model plastic plate prototype was testing in the same manner
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and reader as experiment 2. The reading scores were recorded. Second duplicated
30 ml samples were sent to milk quality laboratory and divided into two parts. The
first part was for Fossomatic™ FC SCC (FOSS Foss Allé 1 DK-3400 Hilleroed, Denmark)
(appendix 3A). The Fossomatic™ FC SCC has used the same manner as Experiment 2.
The second part was for Milk composition including fat, protein, casein, lactose, total
solids, SNF and urea were analysis by Fourier transform infrared spectroscopy
(MilkoScanTM FT2 Hilleroed, Denmark) (appendix 3C). The SCC and milk composition
analysis were according to manufacturers' instructions. BTM samples were classified
into four levels according to the same range of SCC in experiment 1. Test
performances of the final model plastic plate prototype were calculated for test
validation comparing with Fossomatic™ FC SCC which was used as a standard
method. Test performances were including the percentage of true positive, true
negative, false positive, false negative; sensitivity, specificity, positive and negative
predictive values, and accuracy were determined in every reading scores. The
correlation between Fossomatic™ FC SCC and final model plastic plate prototype

SCC scoring was also calculated.

Data analysis

All the descriptive statistics including mean, standard error (SE), and the range
were calculated. The normal distribution of the SCC data was examined by using the
Kolmogorov - Smirnov test (K-S test) and using normal probability plots by the QQ
plot. Skewness and Kurtosis values were also obtained. In order to normalize SCC
data, a base-10 logarithmic scale (logl0) was performed. The log SCC data were
compared among groups using Kruskal Wallis nonparametric one-way ANOVA
(Kruskal-Wallis H test). Post Hoc test was obtained from each log SCC level and
compared the difference between log SCC levels. All statistics calculation was
performed by using IBM® SPSS® software version 22.0 (International Business
Machines Corp, New York, USA).

All test performances of plastic plate devices, including sensitivity, specificity,

predictive values ( both positive and negative), and accuracy were calculated
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according to formulas which are shown in Table 3. Fossomatic™ FC SCC was used as
a standard method. The Fossomatic™ FC SCC cut-off thresholds for test
performances are 100,000 cells/ml, 300,000 cells/ml and 500,000 cells/ml. All test
performances were calculated by using EpiTools (Sergeant, ESG, 2018. Epitools
epidemiological calculators. Ausvet Pty Ltd. Available at
http://epitools.ausvet.com.au).

The relationships between milk composition, plastic plate prototype SCC
scoring, CMT scoring, and Fossomatic™ FC SCC were evaluated by using Pearson’s
correlation coefficient and Kendall rank correlation coefficient. The variation among
scores of plastic plate prototypes scoring were also calculated and presented in
percentage of covariance (% CV). The statistical significance level was considered at

p<0.05.

Table 3: The calculation of test performances (Simundi¢, 2009)

Fossomatic™ FC SCC
Positive Negative Measure

o L -

:E True positive | False positive Positive pred?ge value (PPV)

S TP FP —
L (TF) (FF) TP + FP
S Q . . .
% % False negative | True negative Negative pred;c:;ve value (NPV)
- on
o @ FN TN _—
L | = (FN) (TN) TN + FN
k7
5
C = Sensitivity Specificity Accuracy

s TN TN TP +TN

= TP+ FN FP+TN TP+ FP+TN+FN

TP = True Positive, FP = False Positive, TN = True negative, FN = False Negative

Cut off thresholds Fossomatic™ SCC = 100,000 / 300,000 / 500,000 cells/ml




CHAPTER 4
RESULTS

Experiment 1: Plastic plate design and specific chemical reagent optimization

1) Plastic plate design

According to the engineers’ consultation, the white color ABS material was
selected for plastic material in this study. Six teen plastic plate prototypes were
developed and improved according to the principles of chemical appearance and
physical appearance. Three patterns of plastic plate prototype (hole, grid and slits)
were designed and printed. The characteristics of plastic plate prototypes is shown in
appendix 2B. There are four hole-pattern plastic prototypes (1A to 1D), five grid
patterns plastic plate prototypes (2A to 2E) and seven slits patterns plastic plate
prototypes (3A to 3G) (appendix 2B).

2) Specific chemical reagent optimization

The active ingredients of chemical reagent are 1.2%  w/ w of Linear
Alkylbenzene Sulfonate and Potassium Salt with 0.86% w/w of Sodium Lauryl Ether
Sulfonate. Bromocresol purple was used as a pH indicator reagent. Fluid viscosities of
three specific chemical concentrations (0.5%, 1x and 2x) were compared. The
appropriate concentration of specific chemical reagent was 1x. The mixed solution of
10 ml of 1x specific chemical reagent and 10 ml of BTM samples produced the best
gel formation. The fluid viscosity of 1x mixed solution was clearly discriminated the
SCC in levels and was significantly correlated with Fossomatic™ FC SCC (p<0.05 data
is not shown). The appropriate amount of mixed solution was composed of 10 ml of
specific chemical reagent and 10 ml of BTM sample volume (ratio 1:1). The

preparation of specific chemical reagent is described in appendix 2C.

Experiment 2: Laboratory plastic plate prototype testing and calibration
Sixteen plastic prototypes were tested and improved by using trial and error
testing. The criteria used for plastic plate prototypes testing and final model plastic

plate prototype selection is shown in Table 4. From the experiment study, the first
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prototype pattern, hole plastic plate prototypes (1A to 1D) (appendix 2B) can
indicate gel formation but gels can not adhere on any patterns of plastic plate
surface. The second prototype pattern, grid plastic plate prototypes (2A to 2E)
(appendix 2B) began to show the gel formation adherence at SCC more than 300,000
cells/ ml (high SCC level). This plastic plate prototypes can discriminate less than
100,000 cells/ml and 500,000 cells/ml (low and very high level). However, this plastic
plate prototype cannot detect the difference between SCC 100,000 to 500,000
cells/ml (moderate and high levels). The third prototype pattern is slits plastic plate
prototype pattern. BTM SCC was clearly classified into levels in the model 3C
(appendix 2B). However, this model 3C was still subjective reading due to the mixed
solution pouring position. This obstacle was solved by designed pouring chamber in
which the mixed solution was allowed to automatically reach the end of plastic

plate as shown in models 3D to 3G (appendix 2B).



Table 4: The criteria of final model selection and sixteen patterns of plastic plate

prototypes comparison

Pattern Chemical Physical SCC Correlation %False
appearance | appearance | levels | £occqatic™ CMT results
FC SCC
1. Hole
patterns + - - N/A N/A N/A
(1A to 1D)
2. Grid
patterns + £ = N/A N/A N/A
(2A to 2E)
3. Slits
patterns + + - N/A N/A N/A
1) 3A
2) 3B + + - N/A N/A N/A
r=0.77 r=0.90 25.00
3) 3C + + +
(p<0.05) (p<0.05)
r=20.70 r=0.92 30.25
4) 3D + + +
(p<0.05) (p<0.05)
r=0.73 r=0.92 28.33
5) 3E + + 4
(p<0.05) (p<0.05)
6) 3F r=0.76 r=093 23.33
+ + +
(p<0.05) (p<0.05)
7) 3G r=10.80 r=0.94 21.67
+ + +
(p<0.05) (p<0.05)

+ observed, - not observed, N/A not applicable




The best plastic plate prototype for final model is model 3G (appendix 2B).
The proper plastic plate prototype dimension is 158 x 53 x 3 mm (Length x Width x
Height), and depth from the edge of plastic is equal to 2.2 mm. There are three
clusters of slits in the plastic plate. Each slit dimension is 50x1x1 mm (Length x Width
x Height). The first cluster of slits consists of 7 plastic slits with spaces between slits
are equal to 5 mm. The second cluster of slits consists of 12 plastic slits with spaces
between slits are equal to 3 mm. The third cluster of slits consists of 12 plastic slits
with spaces between slits are equal to 2 mm. At the end of the plastic plate has one
pouring chamber in which dimension is 50x25x8 mm (Length x Width x Height) with
45-degree slopes at the bottom of the chamber in order to allow mixed solution
automatically reach the end of plastic plate. The repeatability of all plastic
prototypes SCC scoring was comparable to Fossomatic™ FC (data not shown). There
was no significant difference between percentage of Fossomatic™ FC CV and the
final model 3G (p<0.05). The CV percentages of final model 3G were equal to 5.48%
at less than 100,000 cells/ml, 2.27% at 100,000 to 299,999 cells/ml, 1.14% at 300,000
t0 499,999 cells/ml and 3.70% in more than 500,000 cells/ml.

The reading scores and plastic plate SCC scale for final model 3G is shown in
figure 2. The application procedure of plastic plate final model 3G is followed by
these steps

1. The 10 ml BTM sample is added into bottle of 10 ml of specific chemical
reagent.
The bottle is hand mixed for 3 seconds

2. Pour the mixed solution into plastic plate chamber and wait until the
mixed solution reaches another end of plastic plate

3. Pulled plastic plate up appendicular to floor level.

4. Plastic SCC scoring is read at 10 second



i

" alalalalelelal

|

UL

|

L

. | 1]

m | ilh

AT s
il

\m I

Score 0 Score 1 Score 2 Score 3

Plastic plate model 3G reading scale

SCC < 100,000 cells/ml = 0

SCC 100,000 - 299,999 cells/ml = 1
SCC 300,000 = 499,999 cells/ml = 2
SCC > 500,000 cells/ml = 3

Figure 2: The pictures of reading score of final model 3G and the plastic plate SCC

scales

The final model 3G showed the correlations with Fossomatic™ FC SCC
(r=0.80, p<0.01) and with CMT (r=0.94, p<0.01), respectively. The false result was
equal to 21.97%. The percentage CV of plastic plate 3G was equal to 5.65%, 4.82%,
2.83%, and 4.07% in score 0, score 1, score 2, and score 3, respectively.

This study indicated that recommendation reading time was 10 seconds after
sample was mixed with specific chemical reagent and poured into chamber because

it showed the highest agreement with Fossomatic™ FC SCC (r=0.69, p<0.01).



Experiment 3: The final model plastic prototype field testing and validation

A total of 305 BTM samples were determined SCC by using Plate SCC scoring
at milk collecting center comparing to laboratory Fossomatic™ FC SCC. The BTM SCC
and milk composition data are shown in table 5. The average SCC was 740,102 +
41,693.31 cells/ ml (log10 = 5.685 + 0.02). Maximum SCC was 5,355,000 cells/ ml
(logl0 = 6.73). Minimum SCC was 16,000 (log10 = 4.20). The average percentage of
milk fat was 4.10 + 0.02. The average percentage of protein was 2.95 + 0.01. The
average percentage of casein was 2.142 + 0.01. The average percentage of lactose
was 4.33 + 0.01. The average percentage of total solid was 12.41 + 0.03, and the

percentage of solids not fat was 8.39 + 0.01.

Table 5: The milk quality of BTM samples was determined by Fossomatic™ FC and
Milkoscan™ FT2 (n=305). (Mean + Standard Error, Min and Max). The milk data was
shown here, including SCC (cells/ml), log SCC, percentage of Fat (%), Protein (%),
Casein (%), Lactose (%), Total solid (%) and Solid not fat (%).

Mean + SE Min Max
SCC (cells/ml) 740,101.64 + 41,693.31 16,000 5,355,000
log SCC 5.69 + 0.02 4.20 6.73
Fat (%) 4.09 + 0.02 3.20 5.31
Protein (%) 2.95 + 0.01 2.50 3.86
Casein (%) 2.14 + 0.01 1.77 2.84
Lactose (%) 4.33 + 0.01 3.90 4.60
Total solid (%) 12.41 + 0.03 11.28 14.39

Solid not fat (%) 8.39 + 0.01 7.80 9.27




The box plots of BTM SCC samples are shown in Figures 3. Our study BTM
SCC showed a skew right distribution (Skewness = 2.37 + 0.14, Kurtosis = 8.26 + 0.28)
with significant Kolmogorov - Smirnov test (K-S test) (p<0.05). Outliers and the
distribution graph are presented in Figure 3A. The median of 305 BTM SCC was equal
to 520,500 cells/ml (Figure 3A). The average SCC was equal to 740,102 + 41,693.31
cells/ml. The 10-based logarithm of 305 BTM SCC is shown in Figure 3B. The log SCC
was normal distribution. The median equal to 5.72. The average log SCC was equal

to 5.69 + 0.42 (Figure 3B).

Median = 520,500 cells/ml Median = 5.72
Mean = S.D. = 740,102 + 41,693.305 cells/ml Mean + 5.D. = 5.69 + 0.42
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Figure 3: The box plot of BTM SCC (A) and 10-base logarithm BTM SCC (B) measured
by Fossomatic™ FC (n=305)



The 305 BTM samples were categorized by final model 3G into SCC levels
including low (SCC < 100,000 cells/ml), moderate (SCC 100,000 to 299,999 cells/ml),
high (SCC 300,000 to 499,999 cells/ml) and very high (SCC > 500,000 cells/ml). This
plastic plate SCC method was compared to laboratory Fossomatic™ FC. The results
are shown in Figure 4. BTM SCC was clearly categorized into SCC levels by
Fossomatic™ FC. There were BTM SCC over standard (SCC > 500,000 cells/ml or
logSCC > 5.69). There were variations in low and very high SCC levels. However, the
final model 3G cannot clearly categorized BTM SCC into groups. The result showed
overlapping values between scores, and there were variations among scores greater

than Fossomatic™ FC SCC.
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Fisure 4: The box plot between base-10 logarithm Fossomatic™ FC SCC and SCC
levels with cut off line equal to 5.69 (SCC = 500,000 cells/ml) (A) and the box plot
between base-10 logarithm Fossomatic™ FC SCC and the Plate SCC scoring with cut
off line equal to 5.69 (SCC 500,000 cells/ml) (B).

The descriptive data of BTM samples SCC categorized by Fossomatic™ FC
into SCC levels are shown in table 6. The average BTM SCC in each level were
56,333.33 + 8,879.10 (log SCC = 4.68 + 0.08), 192,024.39 + 5,685.26 (log SCC = 5.27 +
0.01), 395,315.79 + 7,667.89 (log SCC = 5.59 + 0.09) and 1,212,831.17 + 61574.06 (log
SCC = 6.02 + 0.02) in low, moderate, high and very high SCC levels, respectively. The
average SCC in each BTM Fossomatic™ FC SCC was significantly different among SCC
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levels (p<0.05) accept in low and moderate levels (p>0.05). The average log SCC in
each BTM Fossomatic™ FC SCC was significantly different among SCC levels (p<0.05).
The lowest SCC was 16,000 cells/ml (log SCC = 4.204) which was in a low-level group
(SCC less than 100,000 cells/m). The highest SCC was 5,355,000 cells/ml (log SCC =
6.729), which was in the very high group. The highest frequency of BTM SCC samples

was equal to 154 samples which was also in the very high SCC level.

Table 6: The descriptive data of level categorization of BTM samples (n= 305) by
Fossomatic™ FC determination ( Number of samples in each level, Mean +

Standard Error, Min and Max)

SCC level (cells/ml) n Mean =+ SE (cells/ml) Min Max
(logSCO) (cells/ml)  (cells/ml)
Low 12 56,333.33 + 8,879.10° 16,000 99,000
(<100,000cells/ml) (4.68 + 0.08)° (4.20) (4.99)
Moderate (100,000- 82 192,024.39 + 5,685.26° 107,000 293,000
<300,000 cells/ml) (5.27 + 0.01)° (5.03) (5.47)
High (300,000- 58 395,315.79 + 7,667.89b 300,000 497,000
<500,000 cells/ml) (5.59 + 0.01)° (5.48) (5.69)

Very High (500,000 154  1,212,831.17 + 61574.06° 515,000 5,355,000
cells/ml) (6.02 + 0.02)° (5.71) (6.73)

abcdThe mean difference among SCC level is significant at the 0.05 level.



The descriptive data of BTM samples SCC categorized by final model 3G
scoring into SCC levels are shown in table 7. The average of SCC in each level were
108,222.22 + 24,888.52 (log = 4.95 + 0.10), 164,754.39 + 8,680.03 (log = 5.16 + 0.03),
335,277.78 + 13,924.63 (log = 5.50 + 0.02) and 1,145,065.87 + 59,533.43 (log = 5.98 +
0.02) in score 0, 1, 2 and 3, respectively. The average SCC in score 3 was significantly
different from other scores (p<0.05). The average log SCC in each BTM Plate SCC
scoring was significantly different among scores in score 1,2 and 3 (p<0.05) but scores
0 and 1 was not significantly different (p>0.05). The highest frequency of BTM SCC
samples were also in the score 3. The lowest SCC was 16,000 cells/ml (log SCC =
4.204, which was found in the score 0. The highest SCC was 5,355,000 (log SCC =

6.729), which was found in the score 3 group.

Table 7: The descriptive data of level categorization of BTM samples (n= 305) by
plate SCC scoring determination ~ ( Number of samples in each level, Mean +

Standard Error, Min and Max)

SCC level (cells/ml)  Score n Mean + SE (cells/ml) Min Max
(cells/ml)  (cells/ml)

Low 0 2 108,222.22 + 24,888.52° 30,000 274,000
(<100,000cells/ml) (4.95 + 0.10° (4.48) (5.44)
Moderate (100,000- 1 58 164,754.39 + 8,680.03° 16,000 310,000
<300,000 cells/ml) (5.16 + 0.03)° (4.20) (5.49)
High (300,000- 2 72 335,277.78 + 13,924.63° 136,000 656,000
<500,000 cells/ml) (5.50 + 0.02)° (5.13) (5.82)
Very High 3 166 1,145,065.87 + 59,533.43° 332,000 5,355,000
(=500,000 cells/ml) (5.98 + 0.02) (5.52) (6.73)

abcdThe mean difference among SCC level is significant at the 0.05 level.



By using the Thai Dairy Cows and Dairy Products Board announcement BTM
SCC cut off (Thai Dairy cows and Dairy Products Board: Thai Milk Board, 2016), the
Fossomatic™ FC SCC indicated 54.43% (n=154) of farm BTM samples were below
quality standard (500,000 cells/ ml) or penalty grade milk. Moreover, the premium
grade milk which SCC less than 100,000 cell/ml was equal to 3.95% . In the other
hand, plastic plate final model 3G indicated 50.49% of farm BTM samples were the
penalty grade milk (score 3) and 2.95% were premium grade milk (score 0).

The test performance of plastic plate final model 3G SCC scoring of 305 BTM
SCC is shown in table 8 and table 9. The highest overall true result was found in
score 0 (96.72%). The highest overall false result was found in score 1 (81.64%). The
highest true positive was found in score 3 (48.20% ). The highest true negative was
found in score 0 (94.75%). For the false results, the highest false positive was found
in score 2 (9.18%) and the highest false negative was also found in score 1 (79.34%).
Accuracies of this final model 3G was ranged from 18.3% to 96.41% . The highest
accuracy was found in score 0. The lowest accuracy was found in score 1. The
accuracy of score 0 was equal to 96.41% (Cl = 93.66 to 98.19). The sensitivity was
equal to 41.67% (Cl = 15.17% to 72.33% ), specificity was equal to 98.64% (Cl =
96.55% to 98.19% ) which was the highest sensitivity of this plate scoring. The
predictive values were 88.02% (Cl = 82.99% to 91.72%) and 94.96% (Cl = 90.12% to
97.50%) in positive predictive value and negative predictive value, respectively. The
accuracy of score 1 was equal to 18.30% (Cl = 14.13% to 23.10% ) which was the
lowest sensitivity of this plate scoring. The sensitivity is equal to 41.67% (Cl = 15.17%
to 72.33%), specificity was equal to 87.93% (Cl = 80.95% to 92.59%). The predictive
values were 87.93% (Cl = 80.95% to 92.59%) and 2.02% (Cl = 1.04% to 3.87%) in
positive predictive value and negative predictive value, respectively. The score 1
showed the lowest percentage of sensitivity, specificity, negative predictive value and
accuracy compared to other scores.

The accuracy of score 2 was equal to 35.95% (Cl = 30.57% to 41.60%). The
sensitivity was equal to 20.75% (Cl = 15.50% to 26.84% ), specificity was equal to
70.21% (Cl = 59.90 to 79.21). The predictive values were 61.11% (Cl = 51.13% to
70.24% ) and 28.21% (Cl = 25.30% to 31.31% ) in positive predictive value and
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negative predictive value, respectively. The accuracy of score 3 was equal to 91.18%
(Cl = 87.42 to 94.10). The sensitivity was equal to 95.45% (Cl = 90.86 to 98.15) which
was the highest sensitivity in this plate scoring. The specificity was equal to 86.84%
(Cl = 80.41 to 91.77). The predictive values were 88.02% (Cl = 82.99 to 91.72) and
94.96% (Cl = 90.12 to 97.50) in positive predictive value and negative predictive

value, respectively.

Table 8: The test performance of Plate SCC scoring (n=305) (percentage of true

positive, true negative, false positive and false negative)

Reading scores Score 0 Score 1 Score 2 Score 3
Overall True results (%) 96.72 18.36 36.07 91.48
(n =293) (n = 56) (n = 110) (n = 279)
- True positive (%) 1.31 16.72 14.43 48.20
(n=4) (n =51) (n = 44) (n = 147)
- True negative (%) 94.75 1.64 21.64 43.28
(n = 289) (n=5) (n = 66) (n =132)
Overall False results (%) 3.94 81.64 63.93 8.53
- False positive (%) (n=12) (n = 249) (n = 195) (n = 26)
1.64 2.30 9.18 6.23
(n=05) (n=17) (n = 28) (n=19)
- False negative (%) 2.30 79.34 54.75 2.30
(n=7) (n = 242) (n=167) (n=17)

The test performance was using Fossomatic™ FC SCC as the gold standard. Cut off
thresholds: 100,000 cells/ml at score 0, 200,000 cells/ml at score 1, 300,000 cells/ml
at score 2 and 500,000 cells/ml at score 3



Table 9: The test performance of plate SCC scoring (n=305) (percentage of

sensitivity, specificity, negative predictive value, positive predictive value, and

accuracy)
Score 0 Score 1 Score 2 Score 3
Reading
% % % %
scores
(95% Cl interval) (95% Cl interval) (95% Cl interval) (95% Cl interval)
Sensitivity 41.67 17.35 20.75 95.45
(15.17 to 72.33) (13.20 to 22.17) (15.50 to 26.84) (90.86 to 98.15)
Specificity 98.64 41.67 70.21 86.84%
(96.55 to 99.63) (15.17 to 72.33) (59.90 to 79.21) (80.41 to 91.77)
PPV 55.56 87.93 61.11 88.02
(27.72 to 80.29) (80.95 to 92.59) (51.13 to 70.24) (82.99 to 91.72)
NPV 97.64 2.02 28.21 94.96
(96.25 to 98.53) (1.04 to 3.87) (25.30 to 31.31) (90.12 to 97.50)
Accuracy 96.41 18.30 35.95 91.18

(93.66 to 98.19)

(14.13 to 23.10)

(30.57 to 41.60)

(87.42 to 94.10)

The test performance was using Fossomatic™ FC SCC as the gold standard. Cut off

thresholds: 100,000 cells/ml at score 0, 200,000 cells/ml at score 1, 300,000 cells/ml

at score 2 and 500,000 cells/ml at score 3.



CHAPTER 5
DISCUSSION

In 1999, Thai Department of Livestock Development (DLD) announced a raw
milk quality standard for Thai dairy farms (Kampa et al.,, 2010). The results of milk
quality testing have been used to set the price of milk buying for Thai small dairy
farms since the official standard started. Thai milk broad announcement is an official
milk quality standard for Thailand. Many standards were continually launched to
encourage Thai farmers had to be aware of losses due to mastitis and low BTM
quality. In Thailand, raw milk used for human consumption should have SCC less
than 500,000 cells/ml. However, more than 40% of the Thai dairy herds still had BTM
SCC higher than the standard (National Bureau of Agricultural Commodity and Food
Standards, 2010). The data of northern Thailand from September 2010 to April 2012
showed the percentage of farms BTM SCC over 500,000 cells/ml equal to 24.6%
(Suriyasathaporn et al., 2012) while more than 50% in our study which studied in July
2019. The variation of percentage of BTM SCC not only affected by farms mastitis
occurrence but also number of cows, farm management, climate and seasonal
(Sharma et al., 2011).

ABS plastic material was selected in this study because of its characteristics
and low-cost of production. American Food and Drug Administration (FDA) compliant
ABS is available for good grade products. ABS is an engineering polymer that is easy
to machine and fabricate. ABS holds useful toughness and strength properties. ABS is
a widely plastic material for structural applications and pre-production prototypes
when impact resistance, strength, and stiffness are required. It is suitable for plastic
prototypes developing because it has excellent dimensional stability and it is easy to
assemble and decorate (Rosato et al., 1991). The selection color was white because
of excellent visibility for gel detection.

The basis of our plate SCC scoring is a combination of the mixed solution
viscosity and the physical appearance of the plastic plate. The active chemical

ingredients that use in study was used as standard CMT reagents. Research has
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proved that the use of this formula chemical reagent as CMT reagent can
discriminate SCC in levels and associated with Fossomatic™ FC SCC (Eardmusic,
2011). The CMT gel viscosity detection of begins with potassium salt destroys cell
membrane of somatic cells in milk. Proteins and DNA leak out of cell then bind with
Sodium Lauryl Ether Sulfonate and Linear Alkylbenzene Sulfonate the Fibrilla gel
network are formed. The fibrillar gel network caused gel formation detection and gel
viscosity (Whyte et al., 2005). CMT scores based on gel formation and the viscosity of
the mixing solution changed. The sample can be semiquantitatively scored to allow
for sample comparison and to facilitate communication of the severity of milk
quality (Plummer and Plummer, 2012). The reagent also contains a pH indicator that
will turn from blue to yellow in acidic milk to identify the acidity of BTM.

The previous study focused on the fundamental biochemistry of CMT gel
formation to investigate the gel structure. They found that CMT gel is a detergent
bond with DNA and histone complex which is extremely difficult to control and to
quantify. However, the gel formation has the potential to be used as the basis of a
reliable estimating the SCC of milk from individual cows or quarters or from the bulk
milk tank provided that carefully controlled. (Whyte et al., 2005). Our plastic plate
uses the same principal as CMT. However, the design of plastic plate with clusters of
plastic slits give objective scoring that can reduce variation among readers of CMT,
which using only eye visible on the pain plate. Besides, our plate SCC scoring added
the physical appearance of the plastic plate. The detection of gel remaining on the
slits can reduce the human validation among the scoring. Moreover, samples can
semiquantitative score to communicate the severity of milk quality easier and more
precise than CMT. The mixed solution viscosity of was clearly discriminated the SCC
in levels (p<0.05) and was significantly correlated with Fossomatic™ FC SCC (r= 0.15,
p<0.05). Our results are showed the same correlation direction as the study in
2012.The previous study found the correlation high correlation (r = 0.78, p<0.01) and
no significant difference between SCC by using direct microscopic method (DMSCC)
and viscosity values somatic cell count (VMSCC), assessed by a viscosity meter for
determination of SCC of BTM samples collected from smallholder dairy farms

(Atasever et al.,, 2012).
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At laboratory, three patterns of plastic plate prototype (hole, ¢rid and slits)
were designed according to the principles of physical and chemical appearance. The
hole patterns can indicate gel formation but gels could not adhere to any hole
patterns on plastic plate. The failure of gel adhesion may affect by adhesive force of
gel and hole surface area. This result may cause by the force between holes surface
and gels were low. The holes of plastic plates were resized but it still cannot hold
the gels of high SCC level. The patterns had changed to grid patterns. Gels can attach
in the grids but plastic plate prototypes still cannot clearly discriminate SCC in levels.
The ¢rid plastic plate patterns (2A to 2E) (appendix 2B) began to show the gel
formation adherence at SCC more than 300,000 cells/ml. This plastic plate prototype
discriminates 300,000 cells/ml and 500,000 cells/ml. However, this plastic plate
prototype could not detect the difference between 100,000 cells/ml and 300,000
cell/ml. This may because the high capillary force. The third plastic plate prototype
was designed to slits pattern in order to reduce the tension force between the mixed
solution and plastic plate. BTM SCC was clearly classified into levels in the model 3C
(appendix 2B). However, this model was still subjective reading due to the mixed
solution pouring position. This obstacle was solved by designed pouring chamber in
which the mixed solution was allowed to automatically reach the end of plastic
plate as shown in model 3D to 3G (appendix 2B). The design of milk chamber used
the principle of dike to let mixed solution automatically reach the end of plastic
plate. Our plate SCC scoring also show the high correlation (r=0.80, p<0.05) between
plate SCC scoring and Fossomatic™ FC SCC and the high correlation (r=0.95, p<0.05)
with California Mastitis Test (CMT). The correlation coefficient can indicate our plate
SCC scoring is consistent the same way with Fossomatic™ FC SCC and CMT. However,
Kappa value also depends upon the number of categories (Sabour et al., 2017). The
correlation of Plastic plate scoring and can improve by rescoring.

At MCC, the average SCC of studied samples was more than Thai milk quality
standard but milk compositions were in the normal range. Our study performed in
July which is the raining season of Thailand. The raining season may cause dirty of
bedding and contaminated pathogens in milk. These factors may result high SCC in

some farm BTMs (Sharma et al,, 2011). The test performances of plastic plate final
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model 3G SCC scoring in laboratory and field condition are acceptable. The highest
true positive, which means farm BTM samples were correctly identified as that SCC
level was found in score 3 (48.20%). The highest true negative, which means farm
BTM samples were correctly identified as not that SCC level was found in score 0
(94.75%). For the false results, the highest false positive was found in score 2 (9.18%),
which means 9.18% of farm BTM at SCC 300,000 to 499,999 cells/ml incorrectly
identified as this plastic plate. For the false negative, the highest false negative was
also found in score 1 (79.34%), which means 79.34% of farm BTM at SCC 100,000 to
299,999 cells/ml incorrectly identified in this plastic plate. Our plate SCC scoring still
found the variation among scores especially in score 1 (SCC 100,000 to less than
300,000 cells/ml) and score 2 (SCC 300,000 to less than 500,000 cells/ml). The
variation of SCC might affect by the chemical reaction limitation and time-
dependent. We found scoring results can be changed if time over 20 seconds after
mixing. The study about the association of chemical reaction and SCC less than
500,000 cells/ml especially SCC ranged 100,000 to 300,000 cells/ml must be
investigated. How the reaction is created and a suitable amount of chemical reagent
to lysis somatic cells and blind with DNA in each SCC level must be investigated
more. The molecular-scale on the gel structure in the interaction, which can help to
discriminate SCC in the level clearly.

A diagnostic test accuracy study provides evidence on how well a test
correctly identifies or rules out disease (Mallett and Halligan, 2012). The acceptable
sensitivity of test preferably more than 50% to evaluate the validity of a single test
compared to a gold standard (Sabour et al,, 2017). Our study revealed that the
sensitivity and specificity of the Plate SCC scoring are high and acceptable at score 0
and score 3. The sensitivity of the test is the ability to detect the presence of a
disease, and it is calculated as the proportion that had a disease and a positive test.
The specificity of the test is the ability to detect that did not have a disease, and it is
calculated as the proportion of non-disease that had a negative test. Generally, as
the sensitivity of a test increases, the specificity will decrease (Parikh et al., 2008).
This was not demonstrated clearly in this study. The low sensitivity of score 1 and 2

probably due to failure of interaction between the chemical reagent and somatic



51

cells give less gel formation to detection. The predictive values of the test reflect
how the test results could be interpreted in the field. Positive predictive value (PPV)
is the probability of disease given a positive test, and negative predictive value (NPV)
is the probability of no disease following a negative test. These values are highly
useful for clinical purposes because they give the clinician an indication of the
likelihood of disease or a specific event such as death (Trevethan, 2017). The PPV in
this study indicates the likelihood that a BTM SCC below the standard with a positive
to Plate SCC scoring results. Conversely, the NPV indicates the likelihood that a BTM
in each SCC level, which test indeed wrong level of SCC. The predictive value of any
test is influenced not only by the test sensitivity and specificity but also by the
prevalence within the population (Lalkhen and McCluskey, 2008). Thus, the change
of population and prevalence can affect test predictive values.

The sampling number in field study is also the limitation of this study.
Number of samples can result in the wide range of standard deviation values (Sabour
et al,, 2017). This affected test the variation of SCC among scores. BTM should be
enough sampled to ensure that the variation of results affected by the plastic plate
scoring method. The further study should establish efficient sampling method to
control the effects of sampling number to ensure that the variation among scores
come from plate SCC scoring itself.

Our plastic plate scoring is the semiquantitative test because testing does
not measure the precise quantity of somatic cells in bulk tank milk. Our tests are
expressed as an estimate of how much of measured somatic cell is present by the
amount of gel formation. Test results were shown as Negative, 1, 2, or 3. Qualitative
and semiquantitative testing must be monitored by quality control processes. These
processes should use controls that mimic samples as much as possible
(International Health Regulations, 2015). A quality control program for all of the time
using this semiquantitative test should be further established. Moreover, we focused
on test validity only Intra-rater reliability aspect in this study, which was showed the
degree of agreement among repeated administrations of a diagnostic test performed

by a single reader. Further study should be done on the inter-rater reliability,
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which is the degree of agreement among readers. It will indicate a score of how
much homogeneity or consensus of test exists in the ratings given by various readers.

Thai standards must be standardized. Thai MCCs must be using the same
threshold for milk grading, milk pricing, and milk quality control. Thai MCC must
strictly follow the rules to eliminate under standard milk for adverse consequences
of high SCC milk on the dairy product quality and customer health. The milk quality
control must be based on BTM SCC need whole chain cooperation including farmer
routine cow or quarter checking, MCC routine BTM SCC checking, and milk factory
checking. Veterinary service should be emphasized, and the official standard or the
law must be strictly followed. The development of plate design must be focused on
how more precise SCC can fit on the Thai standard. The methods for bulk tank milk
SCC device invention and application for quantitative and qualitative propose of SCC
at milk collecting center has rarely been studied. This may because the milk
production chain of Thailand and South East Asia characteristic are difference from
other countries that has no MCCs. Invented machines from western countries still are
impractical and not suitable for Thai MCC because of economics and on-site working.
For example, many kinds of portable somatic cell counters are electricity needed
and unfitted size for milk quality grading at a milk collecting point. Hence, at the
MCC, it seems not practical to use. Moreover, the counters machine maintenance
cost is too high for our country because counters are imported from western
countries, spares are difficult to find in Thailand and must be sent to the
headquarters to repair. For mobile application cell counters, the device is accurate,
and sizes are practical for MCCs SCC testing, but the reagents, cassettes, pipettes, or
accessories are single-use. Fluency accessories may result in a high cost for every
additional batch (about £100 or about B400 per sample).

Technology that enables the detection of more than a human can detect is
presumed to show the most potential for comprehensive use in more than one
application field. In addition, computers and robots can help human work more
comfortable than in the past. Artificial intelligence and Humans working together

might bring significant productivity gains in the future.



CHAPTER 6
CONCLUSION

The plastic plate prototype with dimension 15.8x5.3x0.8 cm (Length x Width x
Height) is designed. There are 3 clusters of slits on a plastic plate with one milk tank
with dimension at the bottom. This plate is made from acrylonitrile butadiene
styrene (ABS) filament material using the 3D printer. BTM semiquantitative SCC, which
called “Plate SCC scoring,” was determined by mixing BTM with the specific chemical
reagent in ratio 1:1 (10:10 ml) then pouring into a plastic plate tank. After 10 seconds,
pulling plastic plate up pedicular and scoring BTM SCC depending on gel formation.
The plate SCC scoring can use at Thai milk collecting centers to grade premium milk
and penalty milk. The premium-grade milk can be discriminated at score 0 while the
penalty milk can discriminate at score 3. This plate SCC scoring can be used as a new
indirect semiquantitative device for BTM SCC at Thai MCC and cooperatives, which
grading milk at 100,000 cells/ml and 500,000 cells/ml with acceptable test
performances, including the percentage of high accuracy, sensitivity, specificity,
predictive values, and repeatability. BTM SCC by plate SCC scoring is highly
correlated with Fossomatic™ FC SCC and highly correlated with CMT. However, the
variation among scores 1 and 2 must be improved in the future.

This plastic plate is now on patent registration process, pending number
1903000472. We hopefully Thai MCCs can use this new semiquantitative test to

grade premium grade and penalty grade milk in the next few months.



APPENDIX

Appendix 1 Currently somatic cell count methods
A. Portable direct somatic cell count
1. Florescence staining and flow cytometry methods
1.1.The NucleoCounter® SCC-100™ Somatic Cell Counter
(ChemoMetec A/S, Gydevang 43, DK-3450 Allerod, Denmark)

TECHNICAL SPECIFICATIONS

Measurement 10,000 to 2,000,000 Cells/ml with an optimal measurement
range range of between 10,000 to 1,000,000 Cells/ml
Analysis time 30 seconds
Capacity Up to 100 samples per hour
WF Working Factor = 1,000
Size 38 x 26 x 22 cm (W x H x D)
Weight 3ke/6.7b
Printer External printer for documentation — optional
SomaticView™ computer software for documentation
Software
and presentation — optional




1.2.Lactoscan Somatic cell counter

(MILKOTRONIC LTD, 4, Narodni Buditeli Street, 8900 Nova Zagora,

Bulgaria)

TECHNICAL SPECIFICATIONS

Measurement
0 - 10,000,000 cell/ml

range

Analysis time 20 to 60 seconds

Size 20.5 x 29.0 x 30.5 cm (W x H x D)

Weight lower than 9.0 kg
The results are color-coded. Takes up to 60 images by
computer-controlled X: Y movements and then processes

Software these with special image analysis software. Stores an
unlimited number of records in the database. Automatic
software update and remote service
Cost: €2,973.44 (B118,937.6)

Price
Lactoscan SCC Kit x4 €132 (B5,280)




1.3.Delaval Cell Counter (DCC)

(DeLaval International AB, Stockholm, Sweden)

TECHNICAL SPECIFICATIONS

Measurement

range

10,000 to 4,000,000 cell/ml

Analysis time

Less than 45 seconds

Sample volume

Approx. 60 pl in the cassette

Measuring
Approx. 1 plin the cassette
volume
Size 23.5x24.9 x 23.6 cm (W x H x D)
Weight 4.1 kg
Delaval database kit DCC to store SCC data, the possibility
to list and print SCC, easy way to compare SCC in bulk milk
Software
on day to day basis and to compare SCC on cow and
quarter level over lactations
Cost: € 4,487.58 (8179,503.2)
Price

A box of DCC cassettes (72 cassettes) € 96.25 (83,840)




Connect with Mobile Application
1.1.Delaval Cell Counter ICC Mobile SCC Detection

DelLaval Cell Counter ICC
How It Works

SCC results in as little
as 45 seconds

@am,
a8

Componte

Extra Comments.

mmm— @4 °°°0

View, email or export Sample individual
a cow’s SCC history quarter or full udder

The Delaval ICC sampling process is easy and can be done anywhere and
as needed. Using the DelLaval ICC and an iPod Touch:

’,l‘.—

- Use with Delaval cassette

- Connect with Delaval Cell Counter ICC mobile application

- It has features to help track results of the herd, storing dates and
results by cow tag. Information can be sent from the iPod Touch as
reports to desktop or veterinarian or can be used in tandem with herd
management software.

- SCCresults in 45 seconds

- Price:
- Device US $2,195.00 (B66,304.64)
- Application US $27.99 (8851.87)
- Cassette (72 cassettes) € 96.25 (83,840)



1.2. Dairy Quality RT10™ Somatic Cell Count Tester (Dairy Quality Inc.)

iPhone Screenshots

Dairy Health Check (=1

vvvvv

SCC 196,000

Cow:0812 Aux 26, 2018 Ra239 82,01
CIV: 136 Cells (c38:67)

- Use with The Delaval cassettes (DelLaval Inc.)

- Connect with Dairy Health Check (mpengo Ltd.) mobile application
- The device cans work with an iPod touch or iPhone to deliver test
results.
- Device provides SCC analysis and an image of cells in test samples in
seconds.
- Real-time Data Storage - Store images, results and records
automatically
- Price:
- Device US $2,195.00 (B66,804.64)
- Application US $27.99 (8851.87)
- Cassette (72 cassettes) € 96.25 (83,840)



B. Indirect somatic cell count

1. Relative viscosity methods

1.1.Ekomilk Horizon Unlimited

(Ekomilk, Promishlena Str., Industrial Area, 6000, Stara Zagora, Bulgaria)

—
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TECHNICAL SPECIFICATIONS

Measurement

range

80,000 - 15,000,000 with accuracy + 8%

Analysis time

Approx. 1 min

Size

27 x 32 x32cm (W x H x D)

Weight

6.5 ke

Software

A hybrid milk analyzer using the ultrasonic method for milk
parameters measuring and worldwide accepted viscosity
method to determine the Somatic Cell Count (SCC).

The measuring results are automatically transferred to the
Animal Monitoring Platform (AMP) for easy visualization,

monitoring and analyzing.

Price

Cost €3,400.00 (8136,000)




2. Chemical reaction

b. The Porta SCC milk test (PortaScience, Portland)
] /@‘-P&rtasgg’ 24
i - o 5 .

- The test is based on a chemical reaction between a dye on the

test strip and an enzyme found in the cells in the milk. This
reaction makes the test strip sample well change to blue color.
The darker the blue, the higher the cell count. After 45 mins
estimate the somatic cell count by comparing the strip to the
Color Chart or by using the Digital Reader (Multiply by 1,000,000
to obtain the number of somatic cells/ml)

- The product has proven to be able to determine accurate data
below 100,000 cells/ml.

- The PortaSCC Milk test can be used to:

- Identify problem cows or quarters.

- Monitor response to treatment.

- Check cows at freshening and dry off.

- Monitor udder health.

- Screen a herd or a group of cows.

- Price 24 test per box €314.60 (812,584)



c. PortaSCC Quick Test (PortaScience, Portland)

- The test is based on a chemical reaction between a dye on the
test strip and an enzyme found in the cells in the milk. This
reaction makes the test strip sample well change to blue color.
The darker the blue, the higher the cell count.

- A quick 5-minute test to estimate the somatic cell count in cow
milk without a reader.

- Check for

- problem cows or quarters
- response to treatment
- cows at freshening and dry off

- a group of cows

- Price 40 tests per box €64.13 (B2,565.2)



2.3 SCC Dunk milk test (AR Brown Co., Ltd Specialty Chemical dep Agri Food
safety FCF team, Japan)

AMNEE eep dry
AMEE  keep in refregrator MADE IN JAPAN

- Purpose: Screening Test Kit for neutrophils in individual and bulk milk
- The test is based on a chemical reaction between a dye on the test
strip and an enzyme found in the cells in the milk. This reaction
makes the test strip sample well change to blue color. The darker

the blue, the higher the cell count.

- Low: 100,000 to 200,000 grayish slightly white
-  Moderate: 300,000 to 400,000 lisht blue
- High: more than 500,000 dark blue

- Reaction time: 5 to 6 minutes at Room Temperature in summer and
6 to 8 minutes in winter

- Reaction Temperature of Milk: Form Room Temperature to 40°C
Most Suitable Temperature for Reaction: 25°C and more.

- Itis no problem with using milk at room temperature, but it is more

obviously color reaction by warming milk.



Appendix 2 Plastic plate designs

A. Plastic materials characteristics (Bell, 2019)

1.

ABS

Ease of use: Expert

Print temperature: 210°C - 250°C

Print bed temperature: 80°C - 110°C

Advantages: high strength, better UV resistance for outdoor applications,
commonly used in household goods, relatively heat-resistant compared
to PLA and phenomenal layer adhesion.

Disadvantages: Noticeable odor and requires venting while printing,
considerable warping or shrinkage issues, heat bed required, concern over
Volatile Organic Compound (VOC) emissions (especially for students with
respiratory ailments) and full enclosure needed for heat regulation and
ensuring proper ventilation.

PETG

Ease of use: Medium

Print temperature: 220°C — 250°C

Print bed temperature: 50°C — 75°C

Advantages: Incredible print bed adhesion, improved flexibility over PLA,
high strength, minimal warping or shrinking, resulting prints are relatively
heat-resistant compared to PLA and great layer adhesion.

Disadvantages: Some odor, the filament absorbs moisture if stored in the
open (leading to poor print performance), requires a heated print bed and
print bed separator recommended (painters tape or glue stick) to prevent
permanent bond.

PLA

Ease of use: Easy

Print temperature: 180°C - 230°C

Print bed temperature: No heat required, 20°C — 60°C (optional)



Advantages: Relatively odorless, minimal warping or shrinkage, an

incredible number of filament variations, inexpensive, heated print bed

not required, limited biodegradable and limited recyclable.

Disadvantages: Brittle prints with relatively low mechanical strength

compared to other materials and melts easily under high heat

B. Plastic plate patterns were divided into 3 subgroups:

1) Hole patterns

Plastic Model

Characteristics

Model 1A

- 3 plastic plates size 200x68 mm with
plastic thickness: 5 mm, 10 mm and 15
mm

- Each plate contains holes with
diameter 20 mm (9 holes), 15 mm (12
holes), 10mm (18 holes) and 5 mm (54
holes)

- Application: pour mixture solution
cover every hole and pull plates up
pedicular

- Estimate SCC level by gel formation

remaining in holes.

Model 1B

- 3 plastic plates sizes 198x65 mm with
3 thickness: 5 mm, 10 mm and 15 mm

- Each plate contains holes with
diameter 20 mm (6 holes), 15 mm (8
holes), 10 mm (12 holes) and 5 mm
(18 holes)

- Application: pour mixture solution
cover every hole and pull plates up

pedicular




- Estimate SCC level by gel formation

remaining in holes

Model 1C

3 plastic plates size 75x30 mm with 3
thickness: 5 mm, 3 mm and 1 mm
Each plate contains holes with
diameter 20 mm (1 hole), 15 mm (1
hole), 10 mm (2 holes), 5 mm (4 holes)
and 3 mm (4 holes)

Application: Put plates in a plastic tank
then pour mixture cover every plate
and pull plates up pedicular.

Estimate SCC level by gel formation

remaining in holes

Model 1D

Plastic plates size 40x20 mm with
handle.

Plastic plate thickness: 5 mm, 3 mm
and 1 mm

Each plate contains 4 holes with
diameter: 2 mm, 3 mm, 5 mm and 8
mm.

Application: Put plates in a plastic tank
then pour mixture cover every plate
and pull plates up pedicular.
Estimate SCC level by gel formation

remaining in holes

65



2) Grids patterns

Plastic Model

Characteristics

Model 2A

- Plastic plate size 110x60x3.5 mm

- The plastic plate contains 1 mm thick

diagonal lines with 5 mm space between
lines.

Application: Put plastic plates in a plastic
tank then pour mixture cover the plate and
pull the plate up pedicular.

Estimate SCC level by gel formation

remaining in the channels between lines

Model 2B

Plastic plate size 110x60x3.5 mm

The plastic plate contains 2 layers of 1 mm
thick diagonal lines with 1.5 mm space
between layers and 3 mm space between
lines in the 1°" layer and 5 mm space
between lines in the 2" layer.

Application: Put plates in a plastic tank then
pour mixture cover the plate and pull the
plate up pedicular.

Estimate SCC level by gel formation

remaining in channels between lines

Model 2C

Plastic plate size 110x60x3.5 mm

The plastic plate contains 2 layers of 1 mm
thick lines with 1.5 space between layers
and 3 mm space between lines in the 1%
layer and 5 mm space between lines in the

2" layer.

- Application: Put plates in a plastic tank then

pour mixture cover the plate and pull the




plate up pedicular.

- Estimate SCC level by gel formation

remaining in channels between lines

Model 2E - Plastic plate size 100x60x4 mm with a
20x40x4 mm handle.

- The plastic plate contains 3 holes with 25

'///////// ,,///////// é\% mm diameter which were covered by lines

in different spaces.

- Application: Pour mixture cover the plate
and pull the plate up pedicular.
- Estimate SCC level by gel formation

remaining in holes

- Plastic plate size 100x60x4 mm with a

Model 2F 20x40x4 mm handle.

- The plastic plate contains 3 clusters: grids
with 5 mm space between 3.5x1.5x1 mm
lines, 1x1x60 mm crosslines with 5 mm

space between lines and 1x1x60 mm

crosslines with 3 mm space between lines.

- Application: Pour mixture cover the plate
and pull the plate up pedicular.
- Estimate SCC level by gel formation

remaining in plate




3) Slits patterns

Plastic Model

Characteristics

Model 3A

- Plastic plate size 100x60x4 mm with a
20x40xd mm handle.

- The plastic plate contains 3 clusters of 1x1x1
crosslines with 5 mm, 3mm and 1 mm space
between lines mixed together.

- Application: Pour mixture cover the plate and
pull the plate up pedicular.

- Estimate SCC level by gel formation

remaining in slits

Model 3B

- Plastic plate size 100x60x4 mm with a
20x40x4 mm handle.

- The plastic plate contains 3 clusters of 1 mm
thickness crossline with space between line
equal to 1.5, 2 and 2.5 mm.

- Application: Pour mixture cover the plate and
pull the plate up pedicular.

- Estimate SCC level by gel formation

remaining in slits

Model 3C

- Plastic plate size 100x60x4 mm with a
20x40x4 mm handle.

- The plastic plate contains 3 clusters of
crossline 1.5 mm, 2 mm and 2.5 mm
thickness with space between line equal to 1,
1.5 and 0.5 mm.

- Application: Put plates in a plastic tank then
pour mixture cover every plate and pull
plates up pedicular.

- Estimate SCC level by gel formation
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remaining in slits

Model 3D

—

Plastic plate size 100x60x4 mm with a
20x40x4 mm handle.

The plastic plate contains 3 clusters of 1x1x1
crosslines with 5 mm, 3mm and 1 mm space
between lines mixed together.

Application: Pour mixture in milk tank and
open the opener, milk automatically pours
down the plastic plate. Then, pull the plate
up pendicular.

Estimate SCC level by gel formation

remaining in slits

Model 3E

Plastic plate size 158x50x3 mm (depth 2.2
from the edge) with milk tank sizes 50x25x8
mm with slopes at the bottom of the tank to
let the mixture down to slits automatically.
The plastic plate contains 1x1x50 mm
crosslines with a 5 mm space between lines.
Application: Pour mixture in milk tank and
wait until mixture touch the opposite end of
the plate, then pull the plate up pedicular.
Estimate SCC level by gel formation

remaining in slits

Model 3F

Plastic plate size 158x50x3 mm (depth 2.2

from the edge) with milk tank sizes 50x25x8
mm at a cluster of 2 mm space with slopes
at the bottom of the tank to let the mixture

down to slits automatically.

- The plastic plate contains 3 clusters of
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1x1x50 mm crosslines with 5 mm, 3 mm and
2 mm space between lines in each cluster.

- Application: Pour mixture in milk tank and
wait until mixture touch the opposite end of
the plate, then pull plate up pedicular.

- Estimate SCC level by gel formation

remaining in slits.

Model 3G

- Plastic plate size 158x50x3 mm (depth 2.2
from the edge) with milk tank sizes 50x25x8
mm at the cluster of 5 mm space with slopes
at the bottom of the tank to let the mixture
down to slits automatically.

- The plastic plate contains 3 clusters of
1x1x50 mm crosslines with 5 mm, 3 mm and
1 mm space between lines in each cluster.

- Application: Pour mixture in milk tank and
wait until mixture touch the opposite plate,
then pull plate up pedicular.

- Estimate SCC level by gel formation

remaining in slits.




C. Specific chemical reagent preparation
1) Formulation
The active ingredient of chemical reagents of specific chemical reagent
was 1.2% w/w of Linear Alkylbenzene Sulfonate and Potassium Salt
combined with 0.86% w/w of Sodium Lauryl Ether Sulfonate. Bromocresol
purple was used as a chemical reagent pH indicator.
2) Preparation of 1-liter specific chemical reagent
2.1)  Prepared 120 ml of solution composed of
- 1.2% w/w Linear Alkylbenzene Sulfonate, Potassium salt
- 0.86% w/w Sodium Lauryl Ether Sulfate
2.2)  Adjust volume to 1-liter with 880 ml of distilled water
2.3)  Add 0.1 g of Bromocresol purple for a pH indicator

2.4)  Adjust chemical reagent pH to 7.0 with 1M NaOH

Appendix 3 The information on machines and tests
A. Fossomatic™ FC somatic cell count (FOSS Foss Allé 1 DK-3400 Hilleroed,
Denmark).

SCC (cellsy ml) was automatically measured by Fossomatic™ FC
machine (FOSS Foss Allé 1 DK-3400 Hilleroed, Denmark). In the beginning, the
machine must do the daily preparation process including reagent preparation,
machine calibration, and machine performance testing according to the
manufacturer protocol. The milk samples are warmed in the water bath at 37-40

degrees Celsius for 15 minutes and mixed carefully by turn bottle up and down.
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Samples will put under pipette one by one. The results of SCC were

automatically interpreted and recorded in the program.

Performance
Measuring range 0 to 10,000,000 cells/ml
Performance range 0.1 to 1.5 ml
Repeatability CV < 6% at 100,000 to 299,999 cells/ml

CV < 4% at 300,000 to 499,999 cells/ml
CV < 3% at 500,000 to 1,500,000 cells/ml

Repeatability with precision | CV < 3.5% at 100,000 to 299,999 cells/ml
setup in use CV < 2.5% at 300,000 to 499,999 cells/ml
CV < 2% at 500,000 to 1,500,000 cells/ml

Accuracy < 10% relative mean difference from

Direct Microscopic Somatic Cell Count

Carry-over < 1% relative usually below 0.4%

California Mastitis Test (Schalm, 1957)

California Mastitis Test or CMT was carried out by mixing an equal
volume of bulk tank milk samples with Linear Alkylbenzene Sulfonate and
Potassium Salt combined with 0.86% w/w of Sodium Lauryl Ether Sulfonate.
Bromocresol purple was used as a chemical reagent pH indicator and pH was
adjusted to 7. Each milk sample was placed in one clean well of a white plastic
test paddle divided into four separate wells, one for each sample. As the plate

was rotated gently for 20 seconds to make sure that the milk sample and
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solution were well mixed. Any color changes or formation of a viscous gel were
interpreted as by the authors above: in brief, scores were given within the range 0
to + 3, with 0 for no reaction or negative result, + 1 for a trace, + 2 for a weak

positive and +3 for a strong positive.

Score  Meaning Description of reaction Individual Bucket Milk Sample

Quarter Sample

N | Negative | Mixture remains liquid. No slime | No Mastitis No Mastitis
or gel form. It can drip out of the

paddle well.
T | Trace Mixture becomes slimy or gel Trace of Mastitis in one or
like. It's seen to best advantage | mastitis more quarters

by tipping paddle back and forth,
observing mixture as it flows over
the bottom of cups.

1 | Weak Mixture distinctly forms a gel. Mastitis Define mastitis -
Positive Check quarters
2 | Distinct | Mixture thickens immediately, Mastitis Serious Mastitis -
Positive | tends to form jelly. Swirling cup
moves mixture in toward center Check quarters

exposing outer edges of the cup.

From Macdonald Campus Farm Cattle Complex Standard Operating Procedure # DC-617

C. MilkcoScan milk composition analysis (MilkoScan™ FT2)
Milk composition including fat, protein, casein, lactose, total solids,
SNF and urea by Fourier transform infrared spectroscopy ( MilkoScan™ FT2
Hilleroed, Denmark). In the beginning, the machine must do the daily preparation
process, including reagent preparation, machine calibration, and machine
performance testing according to the manufacturer protocol. The milk samples
are warmed in the water bath at 37-40 degrees Celsius for 15 minutes and mixed

carefully by turn bottle up and down. Samples will put under pipette one by
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one. The results of milk composition were automatically interpreted and

recorded in the program.

Feature

Specification

Calibration range

Up to 50% fat

Up to 7% protein

Up to 7% lactose

Up to 55% total solids

Included calibrations

- Milk & Concentrated milk

- Cream

- Whey and permeate

- Concentrated whey

- Yoghurt & Fermented products

- Dessert and ice cream

Accuracy < 1% CV on major raw cow milk components
(Fat, Protein, Lactose, Total solids)
Repeatability < 0.25% CV on major raw cow milk

components (Fat, Protein, Lactose, Total

solids)

Analysis time

30 seconds for milk

Sample volume

8 ml

Sample temperature

5 to 55 °C (the sample must be

homogeneous)
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