
1Arq. Inst. Biol., v.87, 1-7, e0802018, 2020

RESUMO: Esta pesquisa avaliou o efeito da ordenha sobre o 
exame físico da glândula mamária (GM) e do leite em cabras 
Saanen. Seis propriedades foram selecionadas, quatro fazendas 
foram utilizadas após avaliação da seleção dos critérios e distri-
buídas em dois grupos de acordo com o método de ordenha: 
manual ou mecânico. O exame físico da GM foi realizado utili-
zando as técnicas de inspeção e palpação, além do exame do leite 
pelo teste da caneca de fundo escuro, California Mastitis Test, 
contagem de células somáticas e exame bacteriológico. Foi pos-
sível detectar uma associação entre o método de ordenha com a 
maioria dos exames físicos da GM: inspeção da GM (p = 0,001), 
inspeção do teto (p = 0,002), palpação da GM (p = 0,054) e pal-
pação do teto (p = 0,036). A ordenha mecânica associou-se com 
a redução do volume de GM (OR = 6,00), redução do tamanho 
do teto (OR = 16,19) e consistência firme do parênquima mamá-
rio (OR = 2,39). O uso da ordenha mecânica representou menor 
risco para o aumento do volume do volume da GM (OR = 0,288) 
e presença da cisternite (OR = 0,490). Também foi detectada a 
associação entre a CCS e o tipo de ordenha (p = 0,002). A  ordenha 
mecânica foi associada com as alterações no exame físico de GM 
e do leite compatíveis com lesões traumáticas. Essas  informações 
indicam o uso inadequado do equipamento de ordenha na cria-
ção de cabras leiteiras.

PALAVRAS-CHAVE: inspeção; palpação; California Mastitis 
Test (CMT); contagem de células somáticas (CCS).

ABSTRACT: This research evaluated the effect of milking on the 
physical exam of the mammary gland (MG) and milk examination 
in Saanen goats. Six properties were selected, four farms were 
used after evaluation of criteria selection and distributed in 
two groups according to the milking method: manual or 
mechanical. The  physical examination of MG was performed 
using the techniques of inspection and palpation, in addition to 
the examination of the milk by strip cup, California Mastitis Test, 
somatic cell count, and bacteriological exam. It was possible to 
detect an association between the milking method with the most 
of physical exam of the MG: inspection of the MG (p = 0.001), 
inspection of the teat (p = 0.002), palpation of the MG (p = 0.054) 
and palpation of the teat (p = 0.036). The machine milking had an 
association with the reduction of the volume of MG (OR = 6.00), 
reduction of the teat size (OR = 16.19), and firm consistency of 
mammary parenchyma (OR = 2.39). The use of machine milking 
represented a less risk for an increase of the volume of the MG 
volume (OR = 0.288) and the presence of cisternitis (OR = 0.490). 
The association between the SCC and the type of milking was also 
detected (p = 0.002). Machine milking was associated with changes 
in the physical exam of MG and milk examination compatible 
with traumatic lesions. This information indicates inappropriate 
use of milking equipment in the dairy goat’s properties.

KEYWORDS: inspection; palpation; California Mastitis Test 
(CMT); somatic cell count (SCC).
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INTRODUCTION

Intensification and technification of dairy goat industry 
associated with the expansion of the gourmet segment increased 
the consumption of goat milk and its products, requiring 
greater control on quality and food safety (SILANIKOVE 
et al., 2010; LÉRIAS et al., 2014).

The technification of the dairy goat farms has been 
supporting by the utilization of machine milking, since 
the manual milking is laborious and slow (BOYAZOGLU; 
MORAND-FEHR, 2001). Manual milking has also been 
associated with high somatic cell count (SCC), lower lactose 
contents and lower milk production, probably due to variations 
in milk extraction technique among employees, as well as 
differences in strength and pressure exerted on the teats, 
causing stress and discomfort, whereas in the mechanical 
milking method, rhythm and pressure are practically constant 
(SINAPIS et al., 2007).

Disadvantages to machine milking have also been reported, 
especially when it is used improperly. The action of vacuum 
present in the milking system can promote congestion and 
swelling of the mammary tissue, since it compromises the 
removal of the interstitial fluids accumulated on the teats by 
the lymphatic vessels (PAULRUD et al., 2005). Furthermore, 
machine milking can increase the temperature near the teat 
sphincter up to 6.6 °C (ALEJANDRO et al., 2014b).

Excessive vacuum, failure or absence on the pulse, ina-
ppropriate pulsation rate and intervals between milking shorter 
than 10 h increase the intensity of tissue damage and reduce 
the strength of the teat channel by compromising the physical 
defense mechanism (LU et al., 1991; ALEJANDRO et al., 
2014a). In addition, the lack of hygiene in the milking process 
represents a risk factor for caprine mastitis (WÓJTOWSKI 
et al., 2006; GOMES et al., 2014).

The hypothesis of this research is that the milking method 
can directly affect the mammary gland health and goat milk 
quality. The objective of this work was to evaluate the effect 
of the milking type on the physical examination of udder and 
milk of Saanen goats.

MATERIAL AND METHODS

The management of the animals and the samples collection 
were approved by the Bioethics Commission of Faculdade de 
Medicina Veterinária e Zootecnia from Universidade de São 
Paulo under number 827/2006.

Initially, 266 udder halves were analyzed from 133 
adults Saanen goats, multiparous and in full lactation from 
six dairy herds located in São Paulo, Brazil. Three herds had 
a mechanical milking system, and the others three adopted 
the manual method for milk extraction. However, one farm 

of the machine milking group presented so many different 
conditions from the other farms that it was excluded from the 
analysis. In the same way, one farm from the manual method 
group was excluded because there were different aspects and low 
number of samples. Thus, four farms were used in this study.

Information about management and care with hygiene at 
the moment of milking was obtained through epidemiological 
questionnaires filled out by the research team through visual 
observation and survey with the employees and owners. These 
data were previously published by GOMES et al. (2014).

The goats were submitted to physical exam of the mammary 
gland, performed before the morning milking, using the techniques 
of inspection and palpation of the udder and teats (ANDERSON 
et al., 2002). During the visual inspection, the udder and teats 
were evaluated and the size was classified as normal (score 0), 
increased (score 1) or decreased (score 2). The palpation of the 
mammary gland was classified according to its consistency in 
normal (score 0), normal consistency with nodules (score 1) 
and firm consistency (score 2). Teats and mammary gland were 
classified by palpation in normal (score 0), thelitis (score 1) and 
cisternitis (score 2) (BLAGITZ et al., 2014).

Sequentially to physical exam of the mammary gland, 
the strip cup test and California Mastitis Test (CMT) were 
performed. For the CMT, the amount of 2 mL of milk 
was obtained from each udder half in a suitable plate, add-
ing the same amount (2 mL) of specific reagent. After the 
homogenization of milk with the reagent, the intensity of 
the viscosity was analyzed as in preestablished scores: 0, 1+, 
2+ and 3+ (SCHALM et al., 1971). After that, milk aliquots 
were taken for determination of somatic cell count (SCC) 
and bacteriological exam.

For SCC, aliquots were collected in plastic vials containing 
two microtablets of bronopol (2-bromo-2nitropropane-1,3-diol) 
for electronic counting by flow cytometry (Somacount 300, 
Bentley Instruments). The SCC was distributed in scores 
according to the number of cells: 0 (< 0.5 × 106 cells/mL); 1 
(0.5–1.0 × 106 cells/mL); 2 (1.1–5.0 × 106 cells/mL); and 3 
(> 5.0 × 106 cells/mL).

For bacteriological exam, milk aliquots were aseptically 
collected in the early morning milking, after cleaning the teats 
with paper towels and scrubbing the teats ends with cotton with 
70% ethanol (NATIONAL MASTITIS COUNCIL, 2017). 
Milk aliquots were cultured in Petri plates containing 5% ovine 
blood agar using the seeding method for streaking and incubated 
(37 °C for 24 and 72 h). The identification of the non-aureus 
Staphylococci group was performed by the macroscopic and 
microscopic evaluation of the colonies, catalase and coagulase 
tests; RapID identification systems (Remel-Oxoid) were 
also used for Staphylococcus aureus; and the catalase test and 
macro and microscopic identification of the colonies were 
performed for Corynebacterium spp. (GOMES et al., 2014). 
The results obtained for the microbiological examination 
were distributed in score 0 (negative) and score 1 (positive). 
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The scores attributed to physical exam of mammary gland 
and milk testing are presented in Table 1.

Statistical analysis was performed using the program 
Statistical Package for the Social Science (SPSS) version 19.0 
(IBM Corporation, Armonk, NY, USA). The parameters 
related to the specific examination of the mammary gland 
and milk were qualitative, except the SCC. In this case, the 
SCC was also transformed into scores for the standardization 
of the statistical design.

The similarity between the management adopted in the six 
previously selected properties was determined by the Euclidean 
distance obtained by cluster analysis (HAIR JUNIOR et al., 
2009). For this analysis, information obtained from the 
epidemiological surveys on the management and hygiene of 
milking was considered: washing of mammary gland, washing 
of teats, individual drying of teats, use of predipping, use of 
postdipping, quantity of milking per day, milking line adoption 

and treatment for mastitis during lactation. The alternatives 
of answers to the above-mentioned questions were qualitative of 
the “yes” or “no” type. In this analysis, it was observed that 
two herds were different from the others, being thus, these 
properties were excluded of the present investigation.

The data obtained for each parameter (scores) are presented 
in absolute values and frequencies. To verify if the type of 
milking (dependent variable) was associated with mammary 
gland physical changes and milk exam, bi-varied tests were 
performed using the chi-square test (p < 0.05), then some 
of logistic regression models was applied to obtain the odds 
ratio. The SCC was also analyzed by the Kolmogorov–Smirnov 
normality test, followed by the comparison between the groups 
by the Mann–Whitney test (p < 0.05).

RESULTS

Two of the six previously selected herds were excluded from the 
study because they were different in relation to the others by 
cluster analysis so that the management could not influence the 
effect of the milking type in relation to the parameters selected 
for this research. In this way, the properties continued with 
the same distribution of groups (manual vs. machine milking), 
but with a lower sampling: manual milking (n = 98 samples, 
49 goats, 2 farms) and machine milking (n = 122 samples; 
61 goats, 2 farms).

The frequencies (%) obtained for the parameters of physical 
exam of mammary gland and milk in relation to the type of 
milking are presented in Table 2.

It was possible to detect the association between the type 
of milking with the majority of the parameters evaluated 
in the physical exam of and mammary gland and milk: 
inspection of the mammary gland (p = 0.001), inspection 
of the teats (p = 0.002), palpation of the mammary gland 
(p = 0.054), palpation of the teats (p = 0.036) and SCC 
scores (p = 0.002). On the other hand, the type of milking 
was not associated to the strip cup test (p = 0.092), CMT 
(p = 0.060), and bacteriological examination of milk 
(p = 0.186) (Table 2).

Logistic regression detected a lower risk for the udder halves 
with increased volume (p = 0.001) when mechanical milking 
was adopted (odds ratio, OR = 0.288; 95% confidence interval, 
CI = 0.156–0.533). In contrast, this type of milking revealed 
a greater risk for reduction in the size of mammary gland 
(p = 0.006) (OR = 6.0; 95% CI = 1.686–21.350). This phe-
nomenon was also observed for the teats (p = 0.008), obtaining 
an OR equivalent to 16.190 (95% CI = 2.089–125.452) 
(Table 2).

In relation to palpation, a greater risk for firm consistency 
of the mammary gland was observed when mechanical 
milking was adopted (p = 0.029, OR = 2.392, 95% 

Table 1. Categorization in scores of physical exams of the 
mammary gland and milk of Saanen goats.

Physical exam/ 
Milk exam Description Scores

Inspection of the 
udder

Normal size 0

Higher size 1

Lower size 2

Inspection of the 
teat

Normal size 0

Higher size 1

Lower size 2

Palpation of the 
udder

Normal consistency 0

Normal consistency and firm 
with nodules

1

Firm Consistency 2

Palpation of the 
teat

Normal consistency 0

Thelitis 1

Cisternitis 2

Strip cup test Negative 0

Positive (lumps) 1

CMT Negative 0

1+ 1

2+ 2

3+ 3

SCC ≤ 0.5 × 106 cells/mL 0

0.5 - 1.0 × 106 cells/mL 1

1.0 - 5.0 × 106 cells/mL 2

≥ 5.0 × 106 cells/mL 3

Bacteriological Negative 0

Positive 1

Adapted from Blagitz et al. (2014); CMT= California Mastitis Test; 
SCC = Somatic cell count.
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CI = 1.096–5.221). The lowest risk for cisternitis was 
observed in mechanical milking (p = 0.011, OR = 0.490, 
95% CI = 0.284–0.847).

Considering the SCC, logistic regression showed a higher risk 
for score 1 (0.5–1.0 × 106 cells/mL) and score 3 (> 5.0 × 106 cells/mL) 
when machine milking was adopted, obtaining the OR equivalent to 
2.679 (95% CI = 1.062–6.758) and 5.043 (95% CI = 1.903–13.367), 
respectively. The quantitative analysis of SCC also showed higher 

counts in goats subjected to machine milking (0.787 × 106 cells/mL) 
when compared to manual milking (0.350 × 106 cells/mL) 
(p = 0.001).

The majority of the milk samples (n = 220) were bacterio-
logically negative (70.9%, n = 156). The most isolated agent 
was non-aureus Staphylococci (n = 58/64, 90.60%), followed 
by Corynebacterium spp. (n = 3/64, 4.68%) and coagulase 
positive Staphylococci (n = 3/64, 4.68%).

Table 2. Association between the type of milking with the physical exam of mammary gland and milk.

Ex P Scores N/%
Machine 
milking

N/%

Manual 
milking

N/%
X² Sig. Odds 

ratio
95% confidence 

interval

Physical 
exam of 
mammary 
gland

Insp. 
MG

0 78/35.5 51/41.8 27/27.6

0.001*1 105/47.7 37/30.3 68/69.4 0.001* 0.288 0.156 – 0.533

2 37/16.8 34/27.9 3/3.1 0.006* 6.000 1.686 – 21.350

Total 220/100 122/100 98/100

Insp. 
teat

0 123/55.9 63/51.6 60/61.2

0.002*1 79/35.9 42/34.4 37/37.8 0.787 1.081 0.614 – 1.904

2 18/8.2 17/13.9 1/1 0.008* 16.190 2.089 – 125.452

Total 220/100 122/100 98/100

Palp. 
MG

0 34/15.5 14/11.5 20/20.4 0.054

1 71/32.3 36/29.5 35/35.7 0.361 1.469 0.643 – 3.358

2 115/52.2 72/59 43/43.9 0.029* 2.392 1.096 – 5.221

Total 220/100 122/100 98/100

Palp. 
teat

0 115/52.3 73/59.8 42/42.9 0.036*

1 5/2.3 3/2.5 2/2 0.875 0.863 0.139 – 5.375

2 100/45.4 46/37.7 54/55.1 0.011* 0.490 0.284 – 0.847

Total 220/100 122/100 98/100

Milk exam

SCT

0 216/98.2 118/96.7 98/100
0.092

1 4/1.8 4/3.3 0/0 0.131 1.831 1.621 – 2.067

Total 220/100 122/100 98/100

CMT

0 167/75.9 92/75.4 75/76.5

0.060
1 18/8.2 10/8.2 8/8.2 0.970 1.019 0.383 – 2.711

2 19/8.6 7/5.7 12/12.2 0.137 0.476 0.178 – 1.268

3 16/7.3 13/10.7 3/3.1 0.056 3.533 0.971 – 12.857

Total 220/100 122/100 98/100

SCC

0 104/48.6 46/39.7 58/59.2

0.002*
1 25/11.7 17/14.7 8/8.2 0.037* 2.679 1.062 – 6.758

2 55/25.7 29/25 26/26.5 0.308 1.406 0.730 – 2.709

3 30/14 24/20.7 6/6.1 0.001* 5.043 1.903 – 13.367

Total 214/100 116/100 98/100

Micro

0 156/70.9 90/73.8 66/67.3
0.186 0.301 0.733 0.409 – 1.315

1 64/29.1 32/26.2 32/32.7

Total 220/100 122/100 98/100

Ex = Exam; P = Parameters; Insp. MG = Inspection of the mammary gland; Insp. Teat = Inspection of the teat; Palp. MG = Palpation of the mammary 
gland; Palp. Teat = Palpation of the teat; SCT = Strip cup test; CMT = California Mastitis test; SCC = Somatic cell count; Micro = microbiological exam. 
X² = chi-square test; *Significant statistical difference when p < 0.05; Odds ratio < 1.0 indicates lower risk; Odds ratio > 1.0 indicates higher risk.
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DISCUSSION

This study found that the type of milking influenced the 
physical parameters of the mammary gland and characteristics 
of Saanen goat milk.

Machine milking increased the odds ratio for decreasing 
the size of the MG and teats, for firm consistency of mammary 
gland and increased cellularity. Such changes may be compatible 
with traumatic injuries caused by the milking equipment or 
intramammary infections from previous lactations, which 
together with the absence of systematic application of prevention 
programs can promote irreversible damage to the mammary 
gland parenchyma. Injuries during the grazing, confinement 
or feedings may also be related (PERRIN; BAUDRY, 1993).

In the case of intramammary infection, the microorganisms 
that manage to overcome the physical barrier (teat channel) 
reach the cistern of the gland and find the neutrophils and 
macrophages, which at first try to phagocytose them. Toxins, 
enzymes and components of the bacterial wall (chemotactic 
factors) stimulate the production of chemical mediators 
of inflammation (histamine, serotonin and interleukins), 
recruiting neutrophils from the circulation to the site of 
infection. This influx of neutrophils causes an inflammatory 
reaction, by the production of reactive oxygen species and 
degranulation, resulting in the elimination of the infection, 
but also damaging the tissue that evolves to fibrosis, damaging 
the mammary gland function (PAAPE; CAPUCO, 1997).

Fibrosis of the mammary tissue causes loss of alveolar 
function, causing atrophy with a consequent reduction in 
volume and change in the consistency of the mammary gland, 
as identified in this research, in mechanically milked goats, 
in addition, milk production is compromised (MARNET; 
MCKUSICK, 2001). Thus, the correct identification of animals 
compatible with previous or persistent infections on a dairy 
farm is essential, since these animals become economically 
unfeasible, compromising their permanence on the farm 
(MAROGNA et al., 2012).

The maintenance and proper use of mechanical milking are 
critical to reduce some injuries. High-vacuum level in the teat cup, 
expired rubbers, incorrect coupling and uncoupling of teat 
cups can traumatize the orifices of teat sphincter (WÓJTOWSKI 
et al., 2006), and can often lead to mucosal hyperplasia and 
consequent loss of the first physical barrier of the mammary 
gland (PAAPE; CAPUCO, 1997). Furthermore, the pain and 
discomfort caused by improper milking compromises the milk 
ejection process, increasing the possibility of accumulation of 
residual milk, reduced milk production (CHAPAVAL, 2009), 
congestion and edema of the teats (PAULRUD et al., 2005).

LU et al. (1991) evaluated the effects of different vacuum 
levels on teat cups (38, 45 and 52 kPa), pulsation ratio (60:40, 
50:50 and 70:30) and pulsation rate (90, 60 and 120 pulses/min) 
on the performance of dairy goats (milking rate – kg milk/min, 
milking time, milk production, CMT and SCC). These authors 

found that the vacuum of 45 to 52 kPa, pulsation ratio 60:40 
and pulsation rate of 90 pulses/min offered the best conditions 
for the use of machine milking in dairy goats.

According to CHAPAVAL (2009), the vacuum level for 
goats can vary between 42–51 kPa, depending on the milking 
system used, and the pulsation rate should be 60 pulses/min. 
SINAPIS et al. (2007) found an increase in the thickness of the 
teat channel when the vacuum level of the machine milking 
was higher than 38 kPa, increasing the chances of mammary 
infections after traumatic injuries.

In the case of cows, the recommendation for the use 
of the medium vacuum level in the teat, according to the 
Normative Instruction 48, is 32–42 kPa and a pulsation rate 
of 50 pulses/min (BRASIL, 2002). Although these values may 
vary according to the required milking speed, type of teat cup 
and type of machine milking used, the knowledge about the 
correct use of the equipment according to the animal species 
is an important tool for injury prevention.

As already presented, it was verified that the mechanically 
milked goats presented SCC values above 1 × 106 cells/mL 
justified by the probable traumatic influence of the milking 
equipment on the mammary tissue. In both groups studied, 
some milk samples had scores +2 and +3 for CMT, in addition 
to the presence of bacteria predominantly from the non-aureus 
Staphylococci group and increased SCC, thus characterizing 
the presence of subclinical mastitis. On the other hand, the 
association with SCC was only verified in the mechanical 
milking group, just as the values were higher in this group. 
Thus, some noninfectious factor would also be linked to the 
increase in SCC in these goats, reinforced by the changes 
observed in the physical examination of the mammary gland.

LU et al. (1991) found an increase in SCC as the vacuum 
level of the teat cup increased (38, 45 and 52 kPa), with the 
value obtained (0.7 × 106 cells/mL) for the highest tested vacuum 
level, similar to that observed in our research for the mechanical 
milking group. SINAPIS et al. (2007) verified an increase in SCC 
when sheep were submitted to a vacuum level of 50 kPa in the 
teat cups, when compared to the 38 and 44 kPa levels. CRUZ 
(2007) found that the use of teat cups with automatic valves, 
in which the vacuum is not stopped manually before removing 
them, increased the risk of mastitis and SCC in the early lactation.

It is known that many noninfectious factors (PAAPE 
et al., 2001) may significantly influence the SCC in goats, 
varying the count up to 48% (GONZALO, 2005): intrinsic 
factors, such as time between milking, milking frequency, 
daily variations, stage and number of lactation, prolificacy, 
breed, milk yield and contents, physiological status of the 
udder; and extrinsic factors, such as type of milking, feed, 
stress, seasonality, farming system (JIMÉNEZ-GRANADO 
et al., 2014). Data relative to number and stage of lactation 
of the animals could not be obtained in this study, since this 
information was not obtained on a regular basis in most of 
the studied farms.
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Another factor related to SCC increases would be the 
infection by caprine arthritis-encephalitis virus (CAEV). 
Although there are divergences in the literature regarding its 
real influence on the caprine mammary gland, a long-term 
observational cohort study, lasting 12 years, found that there 
was no association of CAEV with daily milk production and 
SCC (KABA et al., 2012).

In this research it was possible to verify the presence 
of bacterial isolation in 29.1% of milk samples, with the 
predominance of nonaureus Staphylococci bacteria group 
(90.6%), similar results were obtained by other authors, who 
reported the prevalence range of 60% to 93% (BERGONIER 
et al., 2003; LEITNER et al., 2011). Nonaureus Staphylococci has 
been associating with unapparent mastitis in small ruminants, 
characterized by the absence of clinical manifestations in the 
mammary gland associated to the presence of bacteria and high 

SCC in milk (BERGONIER et al., 2003). In this study, the 
unapparent mastitis was observed, considering the frequencies 
of samples with positive CMT (15.9%) and SCC (39.7%) 
higher than 1,000,000 cells/mL of milk (HAENLEIN, 2002).

CONCLUSION

Inappropriate machine milking promotes traumatic injuries 
that influence the size and consistency of the mammary gland 
and teats, as well as somatic cell count. This method of milk 
extraction guarantees speed and ease of use in the milking 
process; however, the practices linked to this methodology 
need to be reviewed for goats in order to reduce their influence 
on the mammary gland and milk quality.
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