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ABSTRACT
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The value of electric conductivity (EC), California Milk Cell Test (CMCT) and somatic cell count (SCC)
as diagnostic tools was investigated in dairy goats. Conductivity colour reading correlated with SCC.
Milk samples with conductivity colour red had significantly higher SCC than those with conductivity
colours green and orange (P < 0.001). There were moderate positive correlations between CMCT
(R? = 0.470), and conductivity score and CMCT and conductivity colour readings (R? = 0.597). Con-
ductivity scores were significantly (P < 0.001) higher during and after intra-mammary treatment with
Cloxamast LC and conductivity colours were significantly different between treatment and control
groups (P < 0.001). There was a weak positive correlation between conductivity colour and stage of
lactation (R? = 0.317) and a moderately positive correlation between conductivity score and stage of
lactation (R? = 0.523). A moderately negative correlation was shown between milk yield and conduc-
tivity score (R2 = —0.426) and between milk yield and conductivity colour (R2 = —0.433).

Moderate positive correlations were present between CMCT and SCC (R? = 0.689) and between CMCT
and stage of lactation (R? = 0.459). CMCT ratings were significantly different (P < 0.001) for the intra-
mammary treatment groups. CMCT ratings for infected and non-infected udder halves (P = 0.008)
were significantly different; as were those for infected and non-infected udder halves and for left and
right udder halves separately (P = 0.010). CMCT ratings for milk samples with SCC above and below
750 x 103 cells per mt were significantly different (P < 0.001) as well as for milk from treated and con-
trol udder halves with SCC below or above 750 x 108 cells per m{ (P < 0.001). CMCT was found to be
more accurate for indicating the absence of mastitis than for diagnosing it.

There were significant differences in log SCC between treatment and control groups, during and after
treatment. Infected udder halves had significantly higher log SCC than non-infected udder halves
before and after treatment, but not during treatment. There was a moderate positive correlation be-
tween stage of lactation and SCC (R? = 0.438).
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Mastitis is a serious disease of dairy goats gener-
ally resulting from invasion of the udder by an infec-
tious agent (Smith & Sherman 1994) and deleteri-
ously affects milk production. According to Smith &
Sherman (1994) the main predisposing factors of
mastitis are poor milking hygiene and inefficient use
of milking machines. Somatic cell counts (SCC),
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California Milk Cell Test (CMCT), electric conductiv-
ity (EC), and microbiological investigations are used
in the diagnosis of mastitis in goats (Contreras,
Sierra, Corrales, Sanchez & Marco 1996; Galina,
Morales, Lopez & Carmona 1996; Hart, Zeng, Es-
cobar & Brown-Crowder 1996; Zeng, Hart, Escobar
& Tesfai 1998; Morgante, Brajon, Cuteri, Perfetti, Di
Maurizio & Ranucci 2000; Paape 2000). The SCC
may also be used to define milk prices. There is
however little agreement on criteria for diagnosing
subclinical mastitis and the use and interpretation of
SCC in goat milk.

The caprine mammary gland produces milk by apo-
crine secretion, and cellular tissue appears in milk
as DNA-free particles, similar in size to leukocytes
(Dulin, Paape & Wergin 1982). Also present in vari-
able numbers in goat milk are intact epithelial cells
sloughed from acini and ducts (Smith & Sherman
1994). The Fossomatic method, where only nuclei
are counted, is therefore more reliable for determin-
ing SCC in goat milk than the Coulter counter, which
counts all particles. Normal goat milk has a higher
somatic count (700 000 to 1 000 000 cells per m{
milk) than normal cow milk (Hinckley & Williams
1981). A diagnosis of mastitis is based on the pre-
mise that the measurement of 1.5 million or more
leukocytes per m{ milk is indicative of inflammation
of mammary tissue and possibly of udder infection
(Smith & Sherman 1994). According to Smith &
Sherman (1994) the CMCT is more useful for ruling
out mastitis, than for diagnosing it in goats. Re-
searchers have used the conductivity of the milk as
an indicator of the severity of the inflammatory proc-
ess in the udder (a mastitis infection) (Linzell &
Peaker 1975; Sheldrake, McGregor & Hoare 1983).
Preliminary work by Smith & Sherman (1994) has
shown conductivity not to be a useful measure in
screening for subclinical mastitis in goats.

The objective of this study was to evaluate the value
of EC results, CMCT and SCC as diagnostic tools
for mastitis in dairy goats.

MATERIALS AND METHODS
Experimental animals

The trial was conducted at the Faculty of Veterinary
Science, University of Pretoria at Onderstepoort
during the summer months, using the faculty’s
Teaching Animal Unit’s milk goat herd. The trial was
conducted on 29 lactating Saanen goats of which
12 were in early lactation, two in mid lactation and
15 in late lactation. The goats were relatively low
producers giving less than 1.3 { per day.
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A clinical udder examination, milk yield, age and
stage of lactation were evaluated so that animals
could be allocated in the experiment by the principle
of pairing. One goat of each pair was then allocated
to either the treatment groups or the control group.
The last pair had no control. Goats were identified
by temporary markings.

Sampling

Goats were milked at 12-hourly intervals, using a
milking machine with a low milk line and set at a
system vacuum of 36 kPa and a pulsation rate of 74
pulses per min. At each milking, foremilk udder half
samples were taken aseptically (Giesecke, Du Preez
& Petzer 1994), and then assessed for conductivity
and CMCT (Karzis 2005). Udder halves were milked
separately and milk yields were recorded for trial
times from —24 h to +108 h during the trial.

Antibiotic treatment
Intramammary products investigated

Ten goats each were treated with two intramam-
mary antibiotic preparations formulated for use in
the treatment of mastitis in cows: Cloxamast LC
(G2018)(Intervet SA) containing 200 mg cloxacillin,
75 mg ampicillin and a blue dye (T1), and Spectrazol
Milking Cow (83/594) (Schering-Plough Animal
Health) containing 250 mg cefuroxime (T2). Both
these products were formulations for use in intra-
mammary treatment of mastitis in cattle. With both
products, goats were treated only in the left udder
half (T1 and T2), leaving the right udder half as an
intra-udder control (C1 and C2). Nine goats were
not treated and acted as control animals (CR and
CL).

Administration of antibiotics

When the udder had been milked out, the entire
content of the syringe containing the respective an-
tibiotic formulation was inserted aseptically into the
left udder half of each of the 20 goats. Three treat-
ments were administered at 12-hourly intervals.

Laboratory tests
Somatic cell counts

The Milk Laboratory at Department of Production
Animal Studies, Faculty of Veterinary Science, Uni-
versity of Pretoria, carried out microbiological tests
and SCC on all milk samples. The SCC was as-
sessed using a Fossomatic 90 counter (The Rhine
Ruhr Group). Inter- and intra-laboratory milk stand-
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ard samples were used to verify the accuracy of the
somatic cell counts (Van den Heever, Katz, Prinsloo,
Giesecke, Rawlings & Jones 1983).

Conductivity determination

Mastitic milk has a higher electrical conductivity (EC)
than normal milk due to its higher electrolyte con-
tent, especially sodium and chloride ions. Conductiv-
ity measurements were made at each milking, from
half-udder milk samples, using the MAST-O-TEST™
2.0 (Durotec, South Africa) hand-held conductivity
meter.

California Milk Cell Test

The CMCT is a chemical-physical technique for the
evaluation of somatic cell numbers in milk. It de-
pends chemically on the reaction between the
CMCT reagent and the DNA (from the nuclei of epi-
thelial cells and leukocytes) in the milk. This affects
the viscosity of the mixture, which is evaluated visu-
ally. The CMCT was measured in the dairy accord-
ing to standard procedures (Giesecke et al. 1994;
Karzis 2005).

Statistical analyses

The T-test (two-sample unpaired) was used to test
for differences between goats with or without bacte-
ria in their milk. The data was generally acceptably
normal in distribution, except for SCC, which was
transformed to log values. All tests were considered
significant up to the 5 % level of significance.

Data management

All data were entered and stored in Microsoft Excel.
Data were statistically analysed using the statistical
programme GenStat.

RESULTS AND DISCUSSION
Conductivity in goat milk

Park (1990) found strong negative correlations be-
tween conductivity and protein and milk fat in French-
Alpine and Anglo-Nubian goats. These results how-
ever, were not in agreement with those of Okigbo,
Sheliah, Richardson, Ernstrom, Brown & Tippets
1984. Results from the study of Park (1990) sug-
gested that SCC and conductivity may not be good
indicators of the presence of bacteria in goat milk. In
the present study, weak positive correlations were
found between SCC and conductivity scores (R? =
0.242) and conductivity colours (R? = 0.256). Goat

milk samples with a conductivity colour red also had
a significantly (P < 0.001) higher log SCC than those
with conductivity colours green and orange. The
present study found a moderate positive correlation
between CMCT and conductivity scores (R2= 0.470)
and conductivity colours (R? = 0.597), respectively.
These findings are in agreement with those reported
by Park (1990) and Park & Nuti (1985) who found
low positive correlations between SCC, conductivity
and certain bacterial counts in goat milk. In the pres-
ent investigation, a moderate positive correlation
was also shown between the stage of lactation and
conductivity scores (R? = 0.523) and colours (R2 =
0.317) and a moderate negative correlation between
milk yield and conductivity score (R? = —0.426) and
colour (R? = -0.433).

The effect of intra-mammary treatment on
conductivity results

Conductivity scores for left and right udder halves
were determined for each goat in this research.
There was a significant difference (P < 0.001) in con-
ductivity score, prior to, during and post intramam-
mary treatment with Cloxamast LC (T1). However,
no significant difference was shown between udder
halves treated with Spectrazol (T2) and inter-half
controls (C2) or between the left (CL) and right (CR)
udder halves of the control animals (Table 1) for the
same periods. This could possibly indicate an in-
creased permeability of the udder barrier to sodium
chloride following Cloxamast LC treatment, and
suggesting tissue irritation following treatment with
Cloxamast LC but not with Spectrazol.

Conductivity colours for the milk of goats in the
treatment groups comparing left and right udder
halves were significantly different (Table 2). This im-
plies that the number of conductivity colour counts
per category did depend on treatment. The milk of
goats in control group C1 had the highest percent-
age of green and orange (87.6 %) conductivity read-
ings and the lowest percentage of red (12.4 %), while
for the half-udder groups, the CL and CR udder
halves had the highest percentage of red (42.9 %)
and the lowest percentage of green and orange
(57.1%) readings. The high percentage of red col-
our conductivity readings in the control animals’ ud-
der halves is hard to explain (Table 2). The frequen-
cies between the samples from the control group C1
differed significantly from those of combined sam-
ples from udder halves used as controls (CL group);
and from those of the goats in group T1 and T2; but
not from the goats in group C2. The frequency of
occurrence of conductivity colours between goats in

281



Tests for evaluating udder health in dairy goats

TABLE 1 Conductivity scores for treated and untreated udder halves of milk goats, before, during and after treatment with Cloxamast
(T1) and Spectrazol (T2) compared to those of the control animals (both halves not treated)

Treatment time (Rx) T1 T2 CR and CL
Mean + SD Mean + SD (control animals)

Mean + SD

Before treatment (—36 h to Rx1) 1.75 + 4.95° -1.10 + 2.892 -1.56 +4.112

During treatment (Rx2) -8.33 + 3.68° —2.40 + 4.142 -1.67 +2.922

During treatment (Rx3) -3.17 + 11.208 —2.80 + 2.972 —2.22 +2.392

During treatment (12 h) —-14.17 + 7.222 -3.20 + 2.152 —1.33 + 2.402

After treatment (24—156 h) —2.05 + 3.982 -1.09 +2.152 —2.32 + 5.802

CV % -199.30 % —178.47 % —246.11

F probability P < 0.001 P=0.019_ P=0.964

ab  Means were separated using Fisher’s protected Least Significant Difference at the 5 % level. Means per column followed by

the same letter, did not differ significantly at the 5 % level
P is significant at the 1% level (P < 0.001)

TABLE 2 Conductivity readings (colour code) for milk samples from milk goats for the treatment groups compared to those for the
control groups

Treatment (Rx) Conductivity green and

orange

Conductivity red Total sample numbers

per treatment

T1 (Cloxamast LC)

C1 (Inter-udder control for T1)
T2 (Spectrazol)

C2 (Inter-udder control for T2)
CL (Control left udder half)
CR (Control right udder half)

145 (71.8 %) 7 (28.2 %) 202
177 (87.6 %) 5 (12.4 %) 202
128 (75.3 %) 42 (24.7 %) 170
146 (85.9 %) 4 (14.1 %) 170
84 (57.1 %) 3 (42.9 %) 147
99 (67.8 %) 7 (32.2%) 146

Total 779 258 1037

The Chi-squared test performed on the data above was significant (y2 = 58.236; P < 0.001; degrees of freedom = 5)

TABLE 3 The association between somatic cell counts (SCC) and California Milk Cell Test (CMCT) ratings (%) for milk goats

SCC groups CMCT=0 CMCT =1 CMCT=2and 3 Total sample
numbers per
treatment

All SCC < 750 x 108 241 (56.3 %) 153 (35.7 %) 34 (7.9 %) 428

All SCC > 750 x 108 60 (8.4 %) 276 (38.5 %) 381 (53.1 %) 717

SCC *right < 750 x 108 126 (55.8 %) 78 (34.5 %) 22 (9.7 %) 226

SCC **left < 750 x 108 115 (56.9 %) 5 (37.1 %) 2 (5.9 %) 202

SCC *right > 750 x 108 33 (9.6 %) 134 (39.0 %) 177 (51.5 %) 344

SCC **left > 750 x 108 27 (7.2 %) 142 (38.1 %) 204 (54.7 %) 373

CMCT numbers 301 429 415 1145

The Chi-square test performed on the data in the table above was significant (y2 = 387.5; P < 0.001; degrees of freedom = 6)
*  Right udder half
**  Left udder half

group C2 differed significantly from that of the goats
in the group CR and CL, as well as from the goats in
group T1 but not for those in group T2 suggesting
little change in conductivity following treatment with
Spectrazol.

No significant difference in frequencies was present
between samples from goats in groups CR and CL,
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T1 and T2. Further studies are necessary to find op-
timal unit measures of conductivity of caprine milk
(Park 1991).

California Milk Cell Test

SCC has been chosen as the best indicator in milk
for the inflammatory response of mastitis in dairy
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TABLE 4 California Milk Cell Test (CMCT) ratings ( %) for infected and uninfected udder halves of milk goats

Udder halves CMCT=0 CMCT =1 CMCT=2and 3 Total sample
numbers per
treatment

Infected 49 (22.5 %) 70 (32.1 %) 99 (45.4 %) 218

Non-infected 252 (27.2 %) 359 (38.7 %) 316 (34.1 %) 927

Infected *right 37 (22.6 %) 58 (35.4 %) 69 (42.1 %) 164

Infected **left 12 (22.2 %) 12 (22.2 %) 30 (55.5 %) 54

Non-infected *right 122 (30.0 %) 154 (37.9 %) 130 (32.0 %) 406

Non-infected **left 130 (25.0 %) 205 (39.3 %) 186 (35.7 %) 521

CMCT total 301 429 415 1145

The Chi-square test performed on the data in the table above was significant (y2 = 16.938; P = 0.0100; degrees of freedom = 6)

*  Right udder half
**  Left udder half

TABLE 5 California Milk Cell Test (CMCT) ratings for milk goats in different treatment groups (T1 and T2)

Treatment (Rx) CMCT=0 CMCT =1 CMCT=2and 3 Total sample
numbers per
treatment

T1 (Cloxamast LC) 43 (19.2 %) 81 (36.2 %) 100 (44.6 %) 224

C1 (control) 54 (24.3 %) 94 (42.3 %) 74 (33.3 %) 222

T2 (Spectrazol) 41 (21.7 %) 83 (43.9 %) 65 (34.4 %) 189

C2 (control) 45 (24.1 %) 73 (39.0 %) 69 (36.9 %) 187

C (control animals) 118 (36.5 %) 98 (30.3 %) 107 (33.1 %) 323

CMCT total 301 429 415 1145

The Chi-square test performed on the data in the table above was highly significant (y2 = 33.43; P < 0.001; degrees of freedom = 8)

TABLE 6 California Milk Cell Test (CMCT) ratings ( %), for right and left udder halves for treatment and control groups of milk goats

Treatment (Rx) CMCT=0 CMCT =1 CMCT=2and 3 Total sample
numbers per
treatment

T1 (Cloxamast LC) **left 43 (19.2 %) 81(36.2 %) 100 (44.6 %) 224

C1 (control) *right 54 (24.3 %) 94 (42.3 %) 74 (33.3 %) 222

T2 (Spectrazol) **left 41 (21.7 %) 83 (43.9 %) 65 (34.4 %) 189

C2 (control) *right 45 (24.1 %) 73 (39.0 %) 69 (36.9 %) 187

CR (control *right) 60 (37.3 %) 45 (28.0 %) 56 (34.8 %) 161

CL (control **left) 58 (35.8 %) 53 (32.7 %) 51 (31.5 %) 162

CMCT total 301 429 415 1145

The Chi-square test performed on the data in the table above was significant (y2 = 34.228; P < 0.001; degrees of freedom = 10)

*  Right udder half
**  Left udder half

cattle (Griffin, Morant & Dodd 1987). The CMCT is
an indirect measurement of SCC and a cow-side
test that enables bovine practitioners to detect in-
flamed udder quarters promptly for immediate ther-
apeutic or management-related action. According
to Lewter, Mullowney, Baldwin & Walker (1984) a
negative CMCT result is a good indicator of the ab-
sence of infection, but a positive test does not al-
ways indicate infection. The value of CMCT for dairy
goats has been further investigated in this study.

CMCT and SCC

The legal limit of SCC for goats in South Africa is
currently set at 750 x 103 cells per m{ (Act No. 54 of
1972, R.1555, 21 November 1997). In this study, a
moderate positive correlation was found between
CMCT and SCC (R? = 0.689) and between CMCT
and stage of lactation (R? = 0.459). The Chi-square
test performed on the CMCT ratings versus SCC <
750 x 108 cells per mf and SCC > 750 x 103 cells
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per m{ was significant (Table 3). Udder halves with
SCC < 750 x 108 cells per m{, had the highest per-
centage of CMCT scores of zero (56.3%) and the
lowest percentage of CMCT scores of 2 and 3 (7.9 %),
while for udder halves with SCC > 750 x 102 cells
per m{ the opposite was true, with a high proportion
of CMCT scores of 2 and 3 (53.1 %) and a low pro-
portion of CMCT scores of zero (8.4 %). There was
no significant difference for SCC < 750 x 102 cells
per mf and > 750 x 108 cells per m{ for udder halves
with CMCT score of 1.

The Chi-square test performed on the CMCT ratings
versus SCC <750 x 108 cells per m{ and SCC = 750
x 103cells per m{ for left and right udder halves re-
spectively was significant (Table 3). Right udder
halves with SCC < 750 x 108 cells per m{, had the
highest percentage of CMCT score of zero (55.8 %)
and the lowest percentage of CMCT scores of 2 and
3 (9.7 %), while left udder halves with SCC = 750 x
103 cells per m¢, had the highest percentage of CMCT
scores of 2 and 3 (54.7 %) and the lowest percent-
age of CMCT scores of zero (7.2%) indicating that
intra-mammary treatment increases the CMCT
score.

CMCT and infected and non-infected udder halves

According to Contreras et al. (1996) both the SCC
and CMCT could be used to detect a high percent-
age of truly uninfected glands, but the percentage of
false positives was high.

The Chi-square test performed on the CMCT ratings
versus infected and non-infected udder halves in
this investigation was significant (Table 4). Infected
udder halves had a higher percentage of CMCT
scores of 2 and 3 (45.4%) than CMCT scores of
zero (22.5%); while this difference was not as pro-
nounced for non-infected udder halves (34.1 % and
27.2%). The Chi-square test performed on the
CMCT ratings for infected and non-infected udder
halves considering left and right udder halves sepa-
rately was significant (Table 4). Non-infected right
udder halves, had the highest percentage of CMCT
score of zero (30.0 %) and the lowest percentage of
CMCT scores of 2 and 3 (32.0 %) while the opposite
was true for infected left udder halves, with CMCT
scores of 2 and 3 at 55.5% and CMCT scores of
zero at 22.2 %.

The frequencies between non-infected right and left
udder halves were not significantly different, nor were
the frequencies between infected and non-infected
left udder halves. The frequencies between infected
right udder halves and non-infected right and left

udder halves and infected left udder halves were
not significantly different. The frequencies of CMCT
scores between non-infected right udder halves and
infected left udder halves were, however, signifi-
cantly different (Table 4).

Effect of intra-mammary treatment on the CMCT
scores

The Chi-square test performed on the CMCT rat-
ings versus treatment groups was highly significant
(Table 5), indicating that the number of CMCT counts
per category was influenced by the treatment.

The Chi-square test performed on the CMCT rat-
ings versus treatment and control groups for left and
right udder halves separately was significant, also
indicating that the number of CMCT counts per cat-
egory was influenced by the intra-mammary treat-
ment (Table 6). Milk samples from Control right (CR)
and CL udder halves, had the highest percentage of
CMCT scores of zero (37.3%) and (35.8%), while
udder halves treated with Cloxamast LC (T1) had
the highest percentage of CMCT scores of 2 and 3
(44.6 %) indicating tissue irritation due to treatment
with the product.

The frequencies of CMCT scores between milk sam-
ples from goats in groups C1 and C2, CR, CL, T1,
and T2 did not differ significantly, nor did the fre-
quencies for those from goats in groups C2 and CR,
CL, T1 and T2 (Table 6). The frequencies between
groups CR and CL were not significantly different
nor were the frequencies between T1 and T2. How-
ever, the frequencies between CR and T1 and T2;
and between CL and T1 and T2 differed significantly.

Somatic cell count

There was a significant difference in log SCC for
milk samples from goats in treatment and control
groups during treatment (sample times: Rx2, Rx3
and 12 h) and after treatment (sample times: 24 h,
36 h and 60 h) (Table 7). The log SCC of milk from
goats in the group T1 increased notably more, be-
tween sample times Rx2 and 60h than that for goats
in the group T2 (Fig. 1 and 2). The small increase in
SCC during and after intra-mammary treatment with
Spectrazol (T2) in dairy goats is in agreement with
findings of Karzis, Donkin & Petzer (in press).

The differences in log SCC between milk from udder
halves of treatment groups Cloxamast LC (T1-C1),
Spectrazol (T2-C2) and the control animals group
(C left to C right) were only significant (P < 0.001)
during sample times Rx2 and 12 h, (Table 7).
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FIG.1 Mean log SCC of milk goat treatment groups (C, T1,

C1, T2, C2) over time (h)

The difference of log SCC between left and right
udder halves was significant for treatment and con-
trol groups prior to (=36 h and —24 h), during (Rx2,
Rx3 and 12 h) and after (24 h and 36 h) treatments
(Table 7). This indicates that intramammary treat-
ment with Cloxamast LC and Spectrazol was not
necessarily the cause of a difference in log SCC be-
tween left treated and right untreated udder halves,
as this difference was also evident for the baseline
values prior to treatment (Table 7).

Infected udder halves had significantly higher log
SCC than non-infected udder halves before (—12 h
and Rx1) and after treatment (84 h, 96 h, 108 h,
120 h, 132 h and 144 h), but not during treatment.

The log SCC of milk from infected udder halves was
higher than that from non-infected ones. This find-
ing differed from findings of Radostits, Gay, Blood &
Hinchcliffe (2000) which showed that much of the
variation in SCC was not due to intramammary
infection. Non-infected goats had SCC > 1 million
per mf making SCC controversial as a guide to diag-
nosis in goats (Radostits et al. 2000). A physiologi-
cal threshold of 500 x 10° has been suggested (Con-
treras et al. 1996), but a count of > 1 million cells per
m{ has been said to be positive for mastitis (Kalo-
gridou-Vassiliadou, Manolkidis & Tsigoida 1992).
Other observations indicate that the most discrimi-
nating threshold for diagnosis of infection is 0.8 x
108 cells per m{ (Lerondelle, Richard & lIssartial
1992). Some of the factors that affect SCC in goat
milk are: breed, stage of lactation, parity, season,
management or farming systems, infective micro-
organisms and infusion products or intramammary
treatment (Smith & Sherman 1994).
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This study found a moderate positive correlation be-
tween lactation stage and SCC (R? = 0.438) and in
Fig. 2 a higher log SCC of udder halves in mid and
late lactation compared to those in early lactation
for the trial period is indicated.

CONCLUSIONS

Goat milk samples, with a conductivity colour red
had significantly higher log SCC than those with a
conductivity colours green and orange while there
was a moderate positive correlation between CMCT
and both conductivity scores and colours. Conductiv-
ity colour reading and the SCC increased also as a
result of intramammary antibiotic treatment.

A moderate positive correlation was present between
SCC and CMCT, as has been found in cow milk.
Both tests, SCC and CMCT, had moderate positive
correlations with lactation stage. CMCT seems to
be a measurement that is more accurate for ruling
out mastitis than for diagnosing mastitis.

There was a significant difference in SCC between
treatment and control groups during and up to 60 h
after treatments, indicating tissue irritation due to
intramammary treatment. The level of SCC differed
between products, with higher SCC shown when
Cloxamast LC was used compared to Spectrazol.
Contrary to common belief, infected udder halves
had significantly higher log SCC than non-infected
udder halves before and after treatment. This study
also found higher log SCC of udder halves in mid
and late lactation compared to those in early lacta-
tion. When SCC is used as a measure of udder
health in goats, their breed, stage of lactation, milk
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yield and type of bacterial infection should be taken
into account as these factors may affect it.

Tests such as conductivity, CMCT and SCC were
not reliable for mastitis diagnosis on their own and
should be accompanied by microbiological tests for
a more accurate diagnosis.

REFERENCES

CONTRERAS, A., SIERRA, D., CORRALES, J.C., SANCHEZ,
A. & MARCO, J. 1996. Physiological threshold of somatic
cell count and California Mastitis Test for diagnosis of caprine
sub clinical mastitis. Small Ruminant Research, 21:259—
264.

DULIN, A.M., PAAPE, M.J. & WERGIN, W.P. 1982. Differentiation
and enumeration of somatic cell counts in goat milk. Journal
of Food Protection, 45:435-439.

GALINA, M.A.,, MORALES, R., LOPEZ, B. & CARMONA, M.A.
1996. Sources of variation of somatic cell count during lacta-
tion in Mexican dairy goats. Proceedings of the 6" Interna-
tional Conference on Goats, Beijing, China, 6—11 May 1996,
1:325.

GIESECKE, W.H., DU PREEZ, J.H. & PETZER, |.M. 1994. Prac-
tical mastitis control in dairy herds. Durban: Butterworths.

GRIFFIN, T.K., MORANT, S.V. & DODD, F.H. 1987. Diagnosing
infectious subclinical mastitis in surveys or large scale ex-
periments. The analysis and interpretation of the results of
an international trial organised by the IDF Mastitis Expert
Group (a2). Bulletin of the International Dairy Federation,
211:9-24.

HART, S., ZENG, S., ESCOBAR, E.N. & BROWN-CROWDER,
I.E. 1996. Rapid screening for drug residues in goat milk us-
ing cow milk test kits. Proceedings of the 6% International
Conference on Goats, Beijing, China, 6-11 May 1996, 2:
937.

HINCKLEY, L.S. & WILLIAMS, L.F. 1981. Diagnosis of mastitis
in goats. Veterinary Medicine Small Animal Clinics, 76:711—
712.

KALOGRIDOU-VASSILIADOU, D., MANOLKIDIS, K. & TSI-
GOIDA, A. 1992. Somatic cell counts in relation to infection
status of the goat udder. Journal of Dairy Research, 59:21—
28.

KARZIS, J. 2005. Intramammary antibiotics in dairy goats: With-
drawal periods and tissue tolerance. M.Sc. thesis, Faculty of
Veterinary Science, University of Pretoria.

KARZIS, J., DONKIN, E.F. & PETZER, I.M. 2007. The influence
of intramammary antibiotic treatment, presence of bacteria,
stage of lactation and parity in dairy goats as measured by
the California Milk Cell Test (CMCT) and Somatic Cell Counts
(SCC). Onderstepoort Journal of Veterinary Research, 74:
161-167.

LERONDELLE, C., RICHARD, Y. & ISSARTIAL, J. 1992. Factors
affecting somatic cell count in goat milk. Small Ruminant
Research, 8:129—-139.

LEWTER, M.M., MULLOWNEY, P.C., BALDWIN, EW. &
WALKER, R.D. 1984. Mastitis in goats. The Compendium on
Continuing Education for the Practising Veterinary: Large
Animal Section, 6(7):S417-S425.

LINZELL, J.L. & PEAKER, M. 1975. Efficacy of the measurement
of the electrical conductivity of milk for the detection of sub-
clinical mastitis in cows: detection of infected cows at a sin-
gle visit. British Veterinary Journal, 131:447-461.

MORGANTE, M., BRAJON, G., CUTERI, V., PERFETTI, M.G.,
DI MAURIZIO, V. & RANUCCI, S. 2000. Somatic cell counts
in goat milk: comparison among four different methods. Pro-
ceedings of the 71" International Conference on Goats, Tours,
France, 15—-18 May 2000: 765.

OKIGBO, I.M., SHELIAH, M.A., RICHARDSON, G.H., ERN-
STROM, C.A.,BROWN, R.J. & TIPPETS, E.L. 1984. Portable
conductivity meter for detecting abnormal milk. Journal of
Dairy Science, 67:1510-1516.

PAAPE, M.J. 2000. Situation regarding the legal limit for somatic
cell counts for goats in the United States. Proceedings of the
71 International Conference on Goats, Tours, France, 15-18
May 2000: 755-756.

PARK, Y.W. & NUTI, L.C. 1985. Electrical conductivity of goat
milk in evaluating subclinical mastitis. Proceedings of the
Third Asian-Australasian Association of Animal Production
Animal Science Congress, Seoul, Republic of South Korea,
2:1272-1274.

PARK, Y.W. 1990. Nutrient profiles of commercial goat milk
cheeses manufactured in the United States. Journal of Dairy
Science, 73:3059-3067.

PARK, Y.W. 1991. Interrelationships between somatic cell counts,
electrical conductivity, bacteria counts, percent fat and pro-
tein in goat milk. Small Ruminant Research, 5:367-375.

RADOSTITS, O.M., GAY, C.C., BLOOD, D.C. & HINCHCLIFFE,
W. 2000. Veterinary medicine: textbook of the diseases of
cattle, sheep, pigs goats and horses, 9™ ed. London: WB
Saunders Ltd.

SHELDRAKE, R.F., MCGREGOR, G.D. & HOARE, R.J.T. 1983.
Somatic cell count, electrical conductivity, and serum albu-
men concentration for detecting bovine mastitis. Journal of
Dairy Science, 66:548-555.

SMITH, M.C. & SHERMAN, D.M. 1994. Goat medicine. Baltimore
& Maryland: Lippincott Williams & Wilkins.

VAN DEN HEEVER, L.W., KATZ, K.W., PRINSLOO, J.D., GIE-
SECKE, W.H., RAWLINGS, G. & JONES, A. 1983. Standard
method for somatic cell counts in bovine milk in the Republic
of South Africa (Department of Agriculture, Technical Com-
munication, No. 190).

ZENG, S.S., HART, S., ESCOBAR, E.N. & TESFAI, K. 1998.
Validation of antibiotic residue tests for dairy goats. Journal
of Food Protection, 61:344-349.

287




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


