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Comparison of methods for measurement of somatic cell count in goat milk

N.M. Zazharska™®

Dnipro State Agrarian and Economic University, Faculty of Veterinary Medicine, Yefremov Str., 25, Dnipro, 49000,
Ukraine

ABSTRACT: The aim of the study was to compare the efficiency of determining the number of somatic cell count in
goat milk by different methods. Somatic cells in individual samples of milk from 28 goats were studied using analyzers
“Somatos”, “SomaCount Flow Cytometer” and by the counting method in milk films stained according to Romano-
vsky - Giemsa, May-Griinwald and with pyronin Y. For the counting of somatic cells in goat milk by Prescott and
Breed method, it is recommended to stain milk films by the May-Griinwald method, because the cytoplasm and nuclei
of somatic cells are clearly stained, and the cost of dyes is much less than the pyroninY method. When counting cells
in milk films stained by any method, no samples with the SCC up to 100 x 103 cells/ml were found. Direct counting of
somatic cells in milk films stained by any method reveals a greater number of cells than with the help of devices. It was
found that the fat content in goat milk with SCC >3000 x 103 cells/ml is significantly higher (P < 0.05) compared to
milk with SCC < 1000 x 103 cells/ml. The quality of goat’s milk smears for counting of somatic cells quantity stained
by the May-Griinwald method corresponds to the recommended method with pyronin Y, and the cost of dyes is 28.4
times lower. The distribution of somatic cell ranges is similar between different methods of staining smears, which
once again proves the accuracy of the method of direct cell counting in milk films, although it is more labor-intensive
than hardware methods.
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INTRODUCTION

ociological and economic factors significant-

ly affect the food industry and, as a result, new
products with characteristics according to marketing
requirements have appeared. Goat’s milk has signifi-
cant advantages over cow’s milk, it is a valuable dairy
product and an integral part of a healthy diet, it is used
as a nutritional source for babies and children, as well
as a functional food (Silanikove et al., 2010; Vasylie-
va, 2021).

The ability to identify goats with subclinical mas-
titis caused by S. aureus, is important in udder health
monitoring programs. In Norway, the somatic cell
count (SCC) is recommended as a screening tool and
bacteriological examination is a confirmatory test to
detect goats with subclinical mastitis. The research-
ers evaluated the accuracy of pathogen detection,
deoxyribonucleic acid diagnostics, and counting of
somatic cells. Bacterial culture and polymerase chain
reaction had high specificity and relatively high sensi-
tivity (Smistad et al., 2022). Scientists from Slovakia
evaluated the presence of pathogens in goat milk and
their relationship with the SCC and milk composi-
tion. Bacterial pathogens were detected in only 13%
of samples. As a diagnostic tool, SCC is probably less
useful in goats than in cows (Tvarozkova et al., 2023).

The effectiveness of SCC alone in goat milk to de-
tect subclinical mastitis as a single test is now being
questioned. Determination of a total number of bacte-
ria is proposed as an auxiliary test. Some authors are
engaged in the discovery of new biomarkers that show
a relationship between high SCC values and bacterial
contamination in goat milk samples. Lactate dehydro-
genase is a potential biomarker for the detection of
high somatic cell counts and total bacterial counts in
individual or bulk tank milk samples of goats (Go6-
mez-Gascon et al., 2022). Lithuanian scientists found
some statistically significant relationships between
the SCC and amino acids and fatty acids. Therefore,
improving milk quality by reducing the number of
somatic cells may benefit farmers by improving the
fatty acid and amino acid composition of goat milk
and may serve as a biomarker for dairy goats (Slyzi-
us et al., 2023). Somatic cell counts showed a direct
effect on protease activity, with the highest value in
goat milk (compared to cow and buffalo milk). The
correlation coefficients of protease activity with the
stage of lactation and SCC were positive, which indi-
cates a direct influence of somatic cells and lactation
on it (Gautam et al., 2023).

Scientists from Greece analyzed the growth re-
tardation of microorganisms to detect antibiotic res-
idues, the isolation of Staphylococcus aureus and
Escherichia coli strains as microbiological indica-
tors of sensitivity to antimicrobial drugs, the count-
ing of somatic cells and coagulase-negative staphy-
lococci (Rozos et al., 2022). High SCC in goat milk
(reflecting the presence of mastitis) and gastrointes-
tinal parasitic infections (mainly Teladorsagia infec-
tion) have a more significant effect on milk fat and
protein content compared to factors unrelated to in-
fection (Lianou et al., 2022). Erduran (2023) found
that stages of lactation and daily milk yield signifi-
cantly affected SCC, pH, total solids and freezing
point of goat milk.

Scientists from Brazil claim that the addition of
organic selenium to the diet of dairy goats for 60 days
reduced the number of somatic cells and, as a result,
improved milk quality (De Vasconcelos et al., 2023).
Scientists at our university in Ukraine study the effect
of various substances on pathogens (Zazharskyi et
al., 2019; Gotsulya et al., 2020; Sklyarov et al., 2020;
Zazharskyi et al., 2020; Zazharskyi et al., 2021; Bor-
ovuk & Zazharska, 2022).

The aim of the study was to compare different
methods of determining the number of somatic cells
in goat milk.

MATERIALS AND METHODS

Individual samples of milk from 28 goats of Al-
pine and German White breed of farm in the Dnipro-
petrovsk region (Ukraine) were studied. The system
of keeping animals is stall-walking. The goats had
free access to feed and water. The goats were of 3rd-
Sth lactation, milk yield 1-3 liters. Milking took place
twice a day with a milking machine. An average sam-
ple of 60 ml of well-mixed milk was taken from the
morning milk yield of one goat. The milk was filtered
and cooled to a temperature of 4 + 2°C in a cooler bag
with a refrigerant.

Determination of SCC by Hardware Mehtods
Determination of SCC was carried out on the de-
vice “SomaCount Flow Cytometer” (Bentley, USA)
(flow cytometry method) in the laboratory of DMS
(“Dairy Management System”) of the Dnipropetrovsk
regional public organization “Agricultural Consultan-
cy Service”. Flow cytometry is a research method in
which cells are labeled with a special fluorescent dye
and then exposed to laser radiation. The intensity of
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fluorescence induced by laser radiation is proportion-
al to the content of DNA in cell molecules. The devi-
ation does not exceed £0.5%.

Another hardware method used to determine SCC
was the viscometric analyzer “Somatos” (Kostil, Rus-
sia). The researches were carried out at Parasitology
and Vet Expertise Department of Dnipro State Agrar-
ian and Economic University. The principle of opera-
tion of the device is based on the change in viscosity
- the time of outflow through the capillary of the milk
sample, which is mixed with the drug “Mastoprim”
(Reagent, Ukraine), depending on the SCC. This re-
agent destroys somatic cells, DNA molecules move
into the intercellular space, while changing the vis-
cosity, resulting in the formation of a gelatinous clot.
The relative error of conventional viscosity measure-
ment is no more than 5%.

Counting of somatic cells in milk smears

Smears were also made from all samples of goat
milk, stained with pyronin Y and methyl green, ac-
cording to Romanovsky - Giemsa, according to
May-Griinwald. Somatic cells were counted accord-
ing to the Prescott and Breed method under a micro-
scope (100 objective) (Kavitha et al., 2011).

Goat milk smears were made using an improved
technique. To make smears of goat’s milk, a stencil
with cut-out squares of 1 cm? was made on millimeter
paper, placed under a glass on a dark background. A
mixed sample of milk (0.005 ml) was applied to areas
on a slide with a micropipette.

The milk was distributed with a needle in a uni-
form thin layer over the entire area of the square - in
this way milk smears were made.

Milk films were labeled, air-dried, immersed in a
beaker with Carnoy’s fixative (15 ml chloroform, 5
ml glacial acetic acid, 30 ml 100% ethanol) for 5 min-
utes. Then the smears were transferred to 50% ethanol
(kept for 1 min.), in 30% ethanol (also kept for 1 min).
Then smears were dipped in distilled water for 1 min-
ute. After air drying, the smears were stained.

a) staining of milk smears with pyronin Y and
methyl green.

Dye preparation: pyronin Y (250 mg) and methyl
green (140 mg) were added to a flask with deminer-
alized water (49 ml) and mixed thoroughly. The solu-
tion was filtered through a suitable filter.

After fixing the smears of milk, they were stained
according to the following scheme: pyronin Y dye
solution with methyl green - for 6 minutes; quickly
washed with n-butyl alcohol and then with xylene.
The finished smears were dried in the air.

b) staining of goat milk smears according to
May-Grunwald.

Staining was carried out with a ready solution of
May-Griinwald paint. 1-2 ml May-Grunwald paint
with water 1:1 was applied to the fixed smear and left
for 2-3 minutes. Then the smear was washed with wa-
ter and restained according to Romanovsky - Giemsa
for 10-15 min. (1-2 drops of Romanovsky - Giemsa
paint per 1 ml of distilled water). Next, the milk film
was washed with water and dried in air.

¢) staining of milk smears according to Roma-
novsky - Giemsa.

A working solution of Romanovsky-Giemsa paint
was prepared - 1-2 drops of Romanovsky-Giemsa
paint per 1 ml of distilled water. Smears were paint-
ed for 20-25 min at 37 °C. After staining, the smears
were washed with water and air-dried. From own ex-
perience, it is not necessary to create a wet chamber in
the thermostat for smears of goat’s milk - in this case,
the smear is washed off the slide.

Stained cells were counted using MICROmed
XS-3320 and Olympus CX21FS1 binocular micro-
scopes at 100 objective magnification (the Prescott
and Breed method). In each milk film, 100 fields of
view were viewed.

The calculated number of cells was multiplied
by a coefficient taking into account the values of the
objective and the eyepiece and their number in 1 ml
of milk was determined. To derive the coefficient,
the diameter of the field of view of the microscope
was determined with the help of an object-meter and
the area of one field of view was calculated using
the formula 7R2. Then quantity of fields of view of
the microscope which placed on an area of 1 cm?
was calculated. The obtained result was converted
to volume.

Determination of physicochemical parameters of
goat milk was carried out using an ultrasonic analyzer
Ekomilk Milkana Kam 98-2a (Bulteh, Bulgary). Lim-
its of permissible absolute error when measuring the
mass fraction of fat - = 0.1%, protein - £ 0.15%, freez-
ing temperature - £+ 0.01°C.
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Statistical Analysis

Data were analyzed using Microsoft Excel and
Statisica 12 (Stat Soft) computer software. The data
in the tables are presented as x = SE (x + standard
error). Differences between values in the groups were
determined using the Tukey test, where the differenc-
es were considered significant at P <0.05 (subject to
the Bonferroni Amendment).

RESULTS

During the process of making smears, Carnois
fixative must be used. If fixed in an alcohol solution,
most of the milk films “slip” off the slide.

The arbitration method for SCC determining is
counting the somatic cells of milk by the Prescott
and Breed method (direct microscopic method of
ISO 13366-1: 200X/IDF 148-1:2008), according
to which it is recommended to stain smears of goat
milk with pyronin Y and methyl green. However,
dyes for research are expensive, so the recommended
method was compared with more affordable ones. In
this study, May-Griinwald method of staining blood
smears was used to stain goat milk films.

The best results for testing milk films were ob-
tained using the May-Griinwald method compared
to other methods of staining smears. Somatic cells
in this method appear with clearly defined cytoplasm
and nuclei (Fig. 1).

Fig. 1. Somatic cells in goat’s milk smears: May-Griinwald stain;
bar - 10 um

In the case of smear staining with pyronin Y and
methyl green (Fig. 2) somatic cells are well stained,
but due to the high cost of materials, this method is al-
most not used in Ukraine. In addition, the May-Griin-
wald method takes less time to stain goat milk films
than the pyronin Y method.

Fig. 2. Somatic cells in goat’s milk smears: pyronin Y stain; bar
- 10 um

The cost of reagents for examining milk smears by
the May-Griinwald method is 28.4 times lower com-
pared to staining smears with pyronin Y.

In addition to somatic cells, goat milk also con-
tains extracellular membrane material, nuclear par-
ticles, and cell fragments (cytoplasmic fragments)
originating from the distal alveolar secretory cells of
the mammary gland. The number of cytoplasmic par-
ticles in goat milk is very high compared to other spe-
cies due to the apocrine type of milk secretion. The
method of staining smears according to Romanovsky
- Giemsa is not completely acceptable for goat’s milk,
because “shadows” of cells, so-called cytoplasmic
particles, particles of paint are often detected (Fig. 3).

Fig. 3. Disadvantages in milk films: Romanovsky - Giemsa stain;
bar - 10 um; a - “shadow” of the cell, b - cytoplasmic particle,
¢ - piece of paint

During the counting somatic cells in goat’s milk films
stained according to Romanovsky - Giemsa, higher in-
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dicators were obtained than according to other methods.
Moreover, the process of staining smears according to
Romanovsky - Giemsa includes the stage of exposure in
a humid chamber at a temperature of 37 °C. This caused
most of the smears to “slip” off the slide.

Therefore, to count the number of somatic cells,
staining smears of goat’s milk using the May-Griin-
wald method is recommended. Somatic cells stain
well, and the cost of dyes is 28.4 times lower than the
pyronin Y method.

To facilitate processing, the results of the goat
milk study were divided into 5 ranges according to the
SCC (Table 1). The smallest number of somatic cells
at the last level (> 3 million/ml) was noted during
counting with the “Somatos” device. The method of
counting somatic cells by flow cytometry with the
help of “SomaCount Flow Cytometer” is considered
more accurate compared to the viscometric method.

When counting cells in milk films stained by any
method, no samples with the somatic cell count up to
100 x 103 cells/ml were found. Direct counting of so-

matic cells in milk films stained by any method revealed
a greater number of cells than with the help of devices.

The distribution of somatic cell ranges was similar
between different methods of smear staining, which
once again proves the accuracy of the method of di-
rect cell counting in milk films, although it is a more
time-consuming method than hardware methods.

Among the various smear staining methods, the larg-
est SCC in the range > 3 million/ml was noted when us-
ing pyronin Y and methyl green - almost 9 million cells
in a milliliter of milk and according to Romanovsky-Gi-
emsa - almost 10 million/ml. Such a large indicator op-
poses the indicator obtained with the help of “Somatos”
- 5.5 million/ml. This once again proves that the visco-
metric device “Somatos” is only an indirect method of
SCC determination, and in goat’s milk this difference
between the methods is more significant (Table 1).

According to the results of research on the “Soma-
tos” and “SomaCount Flow Cytometer” devices, 32.1
and 7.1% of milk samples, respectively, with the SCC
up to 100 000/ml were found (Fig. 4).
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Fig. 4. Distribution of milk samples according to different methods of counting somatic cells, (n=28)
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Table 1. Determination of SCC in goat milk by various methods (x + SE, x 103 cells/ml)

SCC by various methods
Number of - - - -
. on devices count in smears of milk, stained by
somatic cells - m
in the milk «Somatosy «SomaCount ~ Romanovsky - Giemsa ronin Y May-Griinwald
Flow Cytometer» method 124 method
<100 72+6 66 + 20 - - -
101-500 254 +38 302 +35 425 +£12 392 +47 354+ 136
501-1000 766 £+ 141 741 £ 71 851 +£62 811 £ 357 734 £57
1001-3000 1768+342 1518 £205 2293 + 163 1790 £+ 205 1706 + 164
> 3000 5500+501 8865+3374 9869 + 3730 8903 £3520 7677 £3326

As already mentioned above, when examining
milk films stained by any of the methods, the range of
SCC is up to 100 thousand/ml not found.

According to the results obtained on the “Soma-
tos” and “SomaCount Flow Cytometer” devices, the
largest part of milk samples belonged to the level -
101-500 x 103 cells/ml - 35.7 and 50% respectively.
The largest part of milk samples with regard to stain-
ing methods - according to Romanovsky - Giemsa
(42.9%) and according to May-Griinwald (39.3%)
belonged to the range of 1001-3000 x 103 cells/ml,
while smears stained with pyronin Y and methyl green
(35.7 %) - up to the range of 501-1000 x 103 cells/ml.

This proves that direct counting of somatic cells in
smears of goat’s milk stained by any method reveals
a greater number of cells than with the help of de-
vices. Figure 4 shows that the distribution of somatic
cell ranges is similar between different smear stain-
ing methods, which once again proves the accuracy
of the method of direct somatic cell counting in milk
smears, although these are more time-consuming
methods than hardware methods.

With an increase of SCC, fat indicators gradually
increased (Table 2). It was found that the fat content

in goat milk with SCC >3000 x 103 cells/ml is signif-
icantly higher (P < 0.05) compared to milk with SCC
< 1000 x 103 cells/ml. Perhaps this is explained by
the smaller volume of milk in goats with a large SCC.

With the increase in the level of somatic cells, the
content of protein and lactose increased, but in the last
group (more than 3 million/ml.) there was a sharp de-
crease in indicators. The opposite trend was observed
in relation to the freezing temperature of milk.

DISCUSSION

Some scientists note that in the milk of most spe-
cies of animals, somatic cells in the uninfected gland
are represented by leukocytes, consisting of lympho-
cytes, polymorphonuclear neutrophils and macro-
phages, which serve as important components of the
mammary gland’s defense against potential pathogens
(Vasil’ et al., 2017, Hisira et al. 2023). Milk also con-
tains desquamated epithelial cells. In the uninfected
gland of cows, somatic cells consist of epithelial cells
by 40%, and in goats by 27% (Silanikove et al., 2010;
Boutinaud et al., 2004)

There are several ways to count the number of so-
matic cells: from conventional methods to integrated
modern SCC methods based on biosensors (Sun et al.,

Table 2. Milk indicators depending on the level of somatic cells (x + SE)

Indicator

Milk samples depending on the level of somatic cells

101-500,n=5 501-1000,n=10 1001-3000,n=9 >3000,n =4

SCC (the pyronin Y method), x 10° cells/ml 392 +£47 811 + 357 1790 + 205 8903 +3520
Fat, % 2,620,378 274+0322 3,05+0373b 437+ 0,64b
Protein, % 3,13+0,12 3,16+ 0,04 3,33+0,07 2,82 +£0,52
Lactose, % 4,72 +0,17 4,77 £ 0,06 501+0,10 4,18 0,81
Freezing point, °C 0,558 £0,021  -0,565+0,007  -0,592+0,011 -0,515+ 0,078
Conductivity, mS/cm 5338+0,179  5286+0,092  5378+0,161 5,740 + 0,358

Note: different letters indicate selections that significantly (P <0.05) within the line differ from each other according to the results of
the Tukey test, with Bonferroni correction; if there are no letters above the numbers in the line, then no significant difference between
any selections is registered.
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2023). Soquila (2023) also compared direct and indi-
rect methods for determining the SCC in goat milk:
direct microscopic somatic cell counting and the Cal-
ifornia mastitis test. Milk films stained by Modified
Methylene Blue stain. Both methods had a correlation
coefficient (r) of 0.986 in detecting subclinical mas-
titis in goats. The apocrine type of milk secretion in
goats results in a high SCC, which generally reverses
the generally accepted relationship between SCC and
the presence of the bacterial causative agent of masti-
tis in goats. The SCC in goat’s milk is generally much
higher than in cow’s milk, even in a healthy udder.
Stage of lactation, estrus, milking method, season,
breed and number of lactations can affect SCC. Cali-
fornia mastitis test has the advantage of being an ani-
mal test that is easy to perform, but bacterial testing is
required for confirmation (Zigo et al 2022).

According to Yangilar (2013), the average protein
content in the milk of British Saanen goats is 2.6%,
Nubian in England - 3.6%, Alpine and Saanen in
France - 3.2%, fat content 3.5%, 4.9% and 3.6%, re-
spectively. According to the own results, the protein
content in goat’s milk is observed at the level 2.82-
3.13%.

Lianou et al. (2022) in a study of 119 goat herds in
Greece found that the average fat/protein content of
bulk tank goat milk was 4.77 + 0.44 %/3.23 + 0.30 %,
respectively. Month of lactation of goats and SCC in
milk appeared to be significant factors in multivariate
analysis for simultaneous high fat and protein content.

According to the own data, an increase in the fat
content was also observed in parallel with the increase
in the level of somatic cells in milk: the fat indicators
were from 2.62% (with the lowest number of somat-
ic cells) to 4.37% (with the SCC >3 million/ml), P <
0.05. It was also found that when the protein content
decreased, the freezing temperature increased. This
tendency was also observed in other studies described
in previous own publications (Fotina et al., 2018;
Zazharska et al., 2021).

Research by Hungarian scientists also revealed a
relationship between SCC and protein content and
the absence of a relationship between SCC and lac-
tose and freezing point. They claim that with an in-
crease in SCC, the protein, pH, and Na significantly
increase, but the lactose content and freezing point
decrease (Pajor et al., 2013). According to Bagnicka
et al. (2016) in goat milk, no correlation between the
SCC and the content of protein, fat, and lactose is ob-

served. Israeli scientists claim that bacterial infections
and stages of lactation are the two most important fac-
tors that affect the quality of goat milk. A positive re-
lationship between casein, lactose and suitability for
cheesemaking, and a negative relationship between
the last indicator and SCC are associated with bacteri-
al infection and with milk of late lactation (Silanikove
et al., 2014).

SCC is the most informative for the diagnosis of
udder health in cows, may not be a reliable parame-
ter for determining subclinical mastitis in goats. This
indicator changes a lot (for example, during the lac-
tation period of goats) and often a value of more than
1 million/ml is determined without the appearance of
subclinical mastitis. The number of somatic cells can
increase only due to physiological factors (for exam-
ple, breed, stage of lactation, estrus), hygienic param-
eters and milking equipment. The gold standard for
the detection of mastitis is the determination of bac-
teriological status, but the analysis is time-consuming
and expensive and is not often used. It is proposed to
use as an alternative parameter of subclinical masti-
tis in goats, such as SCC, the California mastitis test,
electrical conductivity, milk composition (fat, protein,
lactose), N-acetyl-B-D-glucosaminidase (NAGase),
lactoferrin, B- glucuronidase and lactate dehydroge-
nase (Stuhr et al., 2013.)

According to the own research, with an increase
in SCC, the indicators of electrical conductivity in-
crease almost gradually. An increase in the electrical
conductivity of milk is usually associated with the oc-
currence of subclinical mastitis in cows, that is, with
an increase in SCC.

The increase of SCC in the bulk tank milk of goats
is a problem in the production of dairy products from
goat milk. In Norway, SCC in goat milk has been re-
corded at a level of more than 1 million / ml in recent
decades, and in healthy goats it should be below 500
thousand / ml (Solverod, 2013). According to Looper
(2013) and Zigo et al. (2014, 2019) there are two ways
to reduce SCC in milk. The first method is culling the
cows, a process that can quickly reduce SCC in the
bulk tank milk. The second method is management of
mastitis, which includes examination of milk samples
from each cow every month, prevention through feed-
ing, sanitary measures during milking of cows, dry-
ness, first lactation. Addition of selenium and vitamin
E into the diet improves the condition of the tissue in
the mammary gland.
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The normal level of somatic cells in the uninfected
udder of goats (~ 300 thousand / ml) and sheep (~
200 thousand / ml) is significantly higher than in dairy
cows (~ 70 thousand / ml), therefore, this indicator
in the infected udder of goats and sheep, as a rule, is
much higher than that of cows. This means that milk
grading schemes based on SCC in goats and sheep
must be specifically adapted to these two species, and
cannot simply be replicated from those established in
cows. Many noninfectious factors can also cause sig-
nificant differences in SCC in goat milk. One of the
problems unique to goats is a marked increase of this
indicator in milk from a healthy udder near the end of
lactation (Raynal-Ljutovac et al., 2005; Fotina et al.,
2018; Zazharska et al., 2021).

Based on the prevalence of bacterial infections and
a number of studies both at the herd level and at the
level of mammary gland infection in individual ani-
mals, Leitner et al. (2008) proposed a classification
scheme for goat and sheep milk. According to this
proposal, milk with SCC > 3.5 million/ml should not
be accepted for milk processing plants. Therefore, to
sort the quality of goat milk for production purposes,
other criteria than SCC are needed (Raynal-Ljutovac
etal., 2007).

CONCLUSIONS
To count the number of somatic cells staining

smears of goat milk using the May-Grunwald meth-
od is recommended. Somatic cells stain well, and the
cost of dyes is 28.4 times lower than the pyronin Y
method.

Direct counting of somatic cells in milk films
stained by any method reveals a greater number of
cells than with the help of devices. The distribution of
somatic cell ranges is similar between different meth-
ods of staining smears, which proves the accuracy of
the method of direct cell counting in milk films, al-
though it is more labor-intensive than hardware meth-
ods.

With an increase of somatic cell count, the indica-
tors of fat increased. It was also found that when the
protein content decreased in goat milk, the freezing
point increased.
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