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Abstract 

Misri J., P.P. Gupta, S.P. Ahuja: 
Biochemical Changes in Milk in Experimental Mycoplasmal Mastitis 
in Goats. Acta vet. Brno, 57, 1988: 19-30. 

To study the biochemical changes in milk during experimental 
mycoplasmal mastitis, 11 lactating goats were taken fld 2 ml 
of Mycoplasma mycoides subsp. capri culture containing 10 colony 
foming units per ml wer~ inoculated through the teat canal into 
their right udder halves. The left udder halves of all the goats 
inoculated with sterile mycoplasma broth served as control. Three 
animals were killed each on third, eighteenth and twenty-fifth 
day and two on seventh day post-inoculation. All the goats 
developed clinical mastitis within 24.h after inoculation of 
MYcoplasma culture, which persisted till the end of the 
experiment. The total protein, total cholesterol, total' 
phospholipids and free fatty acid content of halves of goats 
given intra-1II8IIIIIary inoculation of M. mycoides subsp. capri were 
progressively increased with the increase in days after 
inoculation. On the other hand the total lipids and glyceride 
content was decreased substantially with the increase in the 
postinuculation period. The milk/lll8lllllary secretions from the 
control and inoculated udder halves after scanning of proteins 
fractionated by polyacryl_ide gel electrophoresis showed that 
the number and proportions of various protein bands were modified . 
by MYcoplasma infection. 

Milk, biochemical changes, mycoplasmal mastitis, goats, udder. 

It has been reported (P r a sad et al. 1985) that Mycoplasma infection 
in goat produces sudden drop in milk. yield with marked reduction in the 
size of the secretory III8IIIIIary tissue and without systematic reaction. No 
work appears to have been done on the composition of milk after Mycoplasma 
infection of goat udder. The present work was, therefore, undertaken to 
study the qualitative and quantitative changes in lipids and protein in 
Riilk during experimentally produced mycoplasmal mastitis in goats. 
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Mat e ria I san d Met hod s 

Eleven· lactating goats aged from 2,5 to 4 years were kept under observation 
for 7 days before starting the experiment. All were found healthy and free 
of subclinical mastitis. The total leucocyte count (TLC) of milk ranged from 
0.28 to 0.52 x 106 mrl. No bacteria, Mycoplasma or fungi could be isolated 
from milk samples. Two ml of a 48 h culture of M. mycoides subsp. capri, 
at seventh passage level, conaining 107 colony forming units ml- l was ~ 
through the teat canal into the right half of the udder of all the 11 goats. 
The left halves of udders of these goats were inoculated with 2 ml of sterile 
mycoplasma broth and served as contro1. The temperature of all goats was 
taken daily, and they were examined for development of abnormal changes in 
the udder, as well as for any evidence of systemic disturbances and mastitis 
as assessed by the California mastitis test (CMT) and the modified whiteside 
test. Pre and postinoculation samples of the milk/mammary secretions were 
obtained from all the goats on third, seventh, eighteenth and twenty-fifth 
day after inoculation and were cultured on mycoplasma medium (B a n e r'
j e e et al. 1979), blood agar and Saboraud' s Dextrose agar. Total leucocyte 
counts (TLC) of milk/mammary secretions and haematological values of all 
the goats were also recorded. Total lipids (F 0 I c h et a1. 1957), total 
phospholipids (A m e s 1966), total cholesterol (Z I a t k i s and 
Tin s ley 1976), total glycerides (by difference), total proteins 
(1, 0 wry et a1. 1951), and proteins in milk/mammary secretions were 
characterized by polyacrylamide gel electrophoresis (PAGE, D a vis 1964), 
and they were determined before and after inoculation of Mycoplasma. 

The experiment was continued for 25 days. Three animals were killed each 
on third, eighteenth and twenty-fifth day and 2 on seventh day after 
inoculation. All the organs including udders and mammary lymph nodes, were 
examined grossly and microscopically. For microscopic examination, 5 to 6 ~ 
thick paraffin secretions, were stained with haematoxylin and eosin. The 
udder tissues and mammary lymph nodes from both halves of each goat were 
also cultured for Mycoplasma isolation as described by Ban e r j e e et 
al. (1979). . 

Results 

Body temperature and appetite remained unaffected. 
The right halves of the udder of all the 11 goats inoculated 
with M. mycoides subsp. capri, became, hot, tender and 
painful 2 days after being inoculated. Five days later 
the halves began to become smaller and by 18 days after 
inoculation they were firm and markedly reduced in size 
(Fig. 1) . Thereafter, these inoculated halves further 
became smaller and became more firm until the end of the 
experiment. Milk/mammary secretions from these halves 
decreased from the third day after infection and from 
eighteeenth day these became agalactic as only 2-3 drops 
of milk/secretions could be drawn till the end of 
experiment. The milk/mammary secretions from the infected 



Fig. 1. Reduction in the size of 
right half of the udder of goat 
after 18 days of inoculation of 
M. mycoides subsp. capri culture 

21 

Fig. 2. Right - Milk from right udder 
half ot a goat inoculated with M. 
mycoides subsp. capri showing 
precipitation of proteins and clear 
supernatant fluid 10. days after 
inoculation. Left - Normal milk from 
left udder half of the same animal. 

gland were yellowish, turbid, thick and upon being kept, 
the proteins precipitated leaving a clear whey-like 
supernatant fluid (Fig. 2). The milk from the left half 
of all the udders remained normal. Mastitis in the right 
halves was evident within 24 h after inoculation but was 
severe from third to the eighteenth day, after which it 
subsided, as is evident from the decrease in TLC. 

The TLC of milk/mammary secretions from inoculated 
halves increased from the basal values of 0.389 x 106 mr1 to 
3.84 x 106 ml-1 on the third day and 5.90 x 106 ml-1 
on the seventh day after inoculation. However, there 
was a slight decrease in the TLC of milk on the eighteenth 
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. Fig. 3. Section ·of right udder half of goat showing acute diffuse purulent 
mastitis after 3 days of inoculation of Mycoplasma . HE x 300. 

Fig. 4. Section of right udder half of a goat killed is days after ino
culation of Hvcopla..,... , showing marked fibrosis in the interlobular septa 
and atrophy of the glandular lobules. HE X· 70. 
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Fig. 5. Higher magnification of Fig. 4 showing marked fibrosis and 
infiltration of chronic inflaJllllatory cells in the periacinar connective 
tissue leading to the decrease in the size of acini and at places the acini 
have been replaced by fibrous tissue. HE x 300. 

day (3.10 x 10 6 ml-1 ) and on the twentyfifth day (2.50 
x 10 6 ml -1 ) after inoculation. The TLC in milk from 
control halves remained unaffected and low. 

The TLC of blood increased from the seventh day after 
inoculation (10.42 x 103 cmm -1 of blood as compared to 
the basal value of 8.64 x 103 cmm -1 ) and reached a 
maximum of 12.3 x 103 cmm -1 eleven days later. Other 
haematological parameters viz. haemoglobin, differential 
leucocyte count did not show any significant change. 

M. mycoides subsp. capri was re-isolated from 
milk/mammary secretions, udder tissues and mammary lymph 
nodes of all the affected halves at the third, seventh and 
eighteenth day after inoculation, whereas it was .not isolated 
from the milk, udder tissues and mammary lymph nodes 
of left halves infused with sterile mycoplasma broth. No 
bacterial or fungal agent was isolated from milk/mammary 
secretions of any goat during the experiment. 

Microscopically, right udder halves of all the animals 
killed on days 3 and 7 after inoculation showed acute 



T
ab

le
 1

 

P
ro

g
re

ss
iv

e 
b

io
ch

em
ic

al
 c

ha
ng

es
 
in

 m
ilk

/m
am

m
ar

y 
se

c
re

ti
o

n
s 

o
f 

g
o

at
s 

b
ef

o
re

 a
nd

 a
ft

e
r 

M
yc

op
la

sm
a 

in
o

cu
la

ti
o

n
 

D
ay

s 
a
ft

e
r 

T
o

ta
l 

p
ro

te
in

 
T

o
ta

l 
li

p
id

s 
G

ly
ce

ri
d

es
 

T
o

ta
l 

c
h

o
le

st
e
ro

l 
T

o
ta

l 
ph

os
ph

o-
F

re
e 

fa
tt

y
 

in
fe

c
ti

o
n

 
(g

 d
l-

l )
 

(g
 d

l-
1

) 
(g

 d
e
l)

 
li

p
id

s 
ac

id
s 

(m
g 

d
l-

1
) 

(m
g 

d
l-

1
) 

(m
g 

d
l-

1
) 

C
o

n
tr

o
l 

In
fe

c
t.

 
C

o
n

tr
o

l 
In

fe
c
t.

 
C

o
n

tr
o

l 
In

fe
c
t.

 
C

o
n

tr
o

l 
In

fe
c
t.

 
C

o
n

tr
o

l 
In

fe
c
t.

 C
o

n
tr

o
l 

In
fe

c
t.

 

0
(1

1
) 

2
.8

5
 

2
.6

1
 

5
.0

0
 

4
.9

6
 

4
.9

2
 

4
.8

9
 

3
8

.7
 

3
8

.7
 

3
.0

 
3

.0
 

30
 

30
 

1
(1

1
) 

2
.8

5
 

3
.8

0
 

5
.0

6
 

4
.5

0
 

4
.9

9
 

4
.3

6
 

3
3

.9
 

72
.7

 
3

.0
 

5
.0

 
30

 
32

 
2(

11
) 

3
.0

 
3

.8
0

 
5

.1
8

 
4

.3
0

 
5

.1
0

 
4

.1
7

 
3

6
.3

 
7

8
.7

 
3

.0
 

7
.0

 
37

 
78

 
3

(1
1

) 
2

.3
8

 
4

.2
8

 
5

.0
0

 
3

.9
0

 
4

.9
2

 
3

.7
5

 
3

6
.5

 
8

4
.8

 
.3

.0
 

8
.0

 
34

 
12

4 
7

(8
) 

2
.6

1
 

5
.0

0
 

5
.0

8
 

3
.2

5
 

5
.0

1
 

3
.0

0
 

3
6

.8
 

1
0

1
.8

 
3

.0
 

9
.0

 
30

 
13

0 
1

1
(8

) 
2

.8
5

 
5

.0
0

 
5

.1
8

 
3

.2
7

 
5

.1
0

 
2

.9
0

 
3

6
.3

 
11

9.
7 

3
.0

 
1

0
.0

 
37

 
17

5 
1

3
(8

) 
3

.0
 

5
.2

3
 

4
.9

8
 

3
.1

6
 

4
.9

0
 

2
.8

4
 

3
8

.7
 

1
2

5
.2

 
3

.0
 

1
1

,0
 

37
 

18
6 

1
6

(8
) 

2
.3

8
 

5
.2

3
 

5
.0

0
 

3
.1

4
 

4
.9

2
 

2
.7

1
 

3
6

.3
 

1
6

9
.6

 
3

.0
 

1
3

.0
 

34
 

24
8 

1
8

(6
) 

2
.8

5
 

5
.9

5
 

5
.0

6
 

2
.7

7
 

4
.9

9
 

2
.2

4
 

3
6

.8
 

21
3.

3 
3

.0
 

1
6

.0
 

30
 

29
8 

2
5

(3
) 

2
.3

8
 

6
.1

9
 

4
.9

5
 

2
.8

8
 

4
.8

7
 

2
.3

4
 

3
6

.3
 

21
8.

2 
4

.0
 

1
8

.0
 

33
 

30
7 

M
ea

n±
SD

 
2

.7
2

 
4.

70
+

 
5

.0
5

 
3.

61
+

 
4

.9
7

 
3.

32
+

 
3

6
.6

 
12

2.
17

+
 

3
.1

1
 

1
0

.0
 

3
3

.2
 

1
6

3
.8

 
±<

>.
24

 
±

1.
03

 
±

0.
08

 
±

0.
7 

±
0.

08
1 

±
0.

86
 

±
1

.2
8

 
±

5.
73

 
:!:

,0
.3

 
±

4
.4

4
 

±
2.

93
 

±
91

.9
 

F
ig

u
re

s 
in

 p
ar

en
th

es
es

 r
ep

re
se

n
t 

nu
m

b 
r 

o
f 

sa
m

pl
es

 p
o

o
le

d
 a

nd
 

th
es

e 
v

al
u

es
 r

ep
re

se
n

t 
th

e 
a
n

a
ly

si
s 

o
f 

p
o

o
le

d
 s

am
pl

es
 

+
S

ig
n

if
ic

an
tl

y
 d

if
fe

re
n

t 
a
t 

5%
 

le
v

el
 

t..
:l 

,;
. 



25 

diffuse purulent mastitis, characterized by marked 
infiltration of neutrophils in the lumina of acini and 
vacuolar degeneration in epithelial cells lining ,the acini 
(Fig. 3). The left udder halves of these animals ,did not 
show any abnormal changes and contained, normal milk. 
Eighteen' days after inoculation, the right udder halves, 
showed chronic interstitial mastitis with marked, fibrosis 
in' the interlobular septa and periacinar interstitial tissue 
leading to the thickening of interlobular septa and decrease 
in the size of lobules (Fig. 4). The lobules were subdivided 
into pseudolobules by penetrating fibrous connective 
tissues. There was' a marked decrease in size of acini 
with periacinar 'fibrosis and, at places· the, acini were 
replaced by fibrous tissue. There was a marked infiltration 
of chronic inflammatory cells in the interstitial tissue (Fig. 
5) . Twenty-five days after inoculation the changes. in 
the right udder halves were more severe and chronic than 
those observed at day 18 after inoculation. The left udder 
halves of these animals did not show any pathological 
change. 

The total protein, total cholesterol, total phospholipids 
and free fatty acid content of mastitic milk/mammary 
secretions, from the udder halves of goats given intrammary 
infusion of Mycoplasma mycoides subsp. capri were 
progressively increased significantly with time after 
inoculation. The total lipids and glyceride content was 
dereased substantially with the increased length of the 
post~inoculation period (Table 1). 

Total lipids in mastitic milk/mammary secretions were 
reduced significantly and ranged from 2.77 to 4. 9~ g dl-1 

as compared to 5.05 ± 0.08 g dl-1 in normal milk. Total 
protein' content in. mastitic milk/mammary secretions was 
increased and ranged from 2.61 to 6.19 g dl-1 as compared 
to that of normal value of 2.72 + 0.24 g dl -1 • The 
glyceride content was decreased in the mastitic 
milk/mammary secretions and ranged from 2.24 to 4.89 
g dl-1 as compared to that 'of normal values of 4.97 + 
0.08 g.dl-1 total cholesterol content increased in mastitic 
mi!k/mammary secretion and varied, from '38.7 to 218 mg 
dl 1 as compared to the normal value of 36.6 + 1.28mg 
dr1 -

Total phospholipid content obtained from mastitic 
milk/mammary, secretionS was increased' and varied from 
3'.0 to 18.0 mg'dl-1 a~compared ,to that of normal" value 
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of 3.11 ± 0.3 mg drl. The free fatty acids content 
in mastitic milk/mammary secretions was increased and varied 
between 30 to 307 mg dr1 as compared to the normal 
value of 33.2 ± 2.93 mg dl -1. All the biochemical changes 
produced in mammary secretions after inoculation, were 
significant at 5 per cent level (Table 1). 

The number of proteins fractionated by PAGE were 5 
in control milk. Their molecular weights ranged from 10 
Kd to about 240 Kd as determined from the relative 
mobilities. The mastitic milk/mammary secretions collected 
on days 1, 2, 3, 7, 11, 13, 16, 18 and 25 after Mycoplasma 
inoculation showed 6 to 12 protein bands some of which 
were of different molecular weights than those in the control 
milk (Fig. 6). The milk/secretions respectively from control 
and inoculated udder half 25 days post inoculation, 
fractionated by PAGE and then scanned by densitQmetry 
(Fig. 6) showed that the proportions of high molecular 
weight of various - proteins was decreased by 
Mycoplasma infection (Fig. 6) and the number and 
proportions of relatively low molecular weight proteins was 
increased. 

Discussion 

The re-isolation of M.:.. mycoides subsp. capri from the 
mammary secretions even on the 18th day post-inoculation 
confirmed that the mastitis was of mycoplasmal origin. The 
increased TLC and cessation of mammary secretions of goats 
after inoculation with M. mycoides subsp. capri are similar 
to those described in contagious agalactia caused by M. 
agaiactiae (H e i d ric hand R e n k 1967; Bar 
- M 0 she and Rap- a p p 0 r t 1978; Cot t e 
w 1979; Bar ton and Cot t e w 1980), M. 
putrefaciens mastitis in' goats (A d· 1 e r et al. 1980) 
and M. bovis mastitis in cows (R u h n k e et al. 1976). 
Aboveobserva1;ions are also similar to the findings in goats 
inoculated with M. agalactiae subsp. bovis (0 j 0 and 
Ike d e 1976), M bovigenitalium (P a 1 et al. 1983), 
M. argtmm (P r as a d et al. 1985) and in cows 
inoculated. with M. bovis mastitis (B e nne t t and 
J asp e r 1978). 

The increase in total protein, cholesterol, phospoholipids 
and free fatty acid content of milk/mammary secretions 
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Fig. 6. PAGE scan pattern of the control goat milk and mastitic mammary 
secretion (25th day) showing proportions and nature of each protein 

from the goats given intrammary inoculation of M. mycoides 
subsp. capri and decreased total lipid and glyceride content 
respectively indicated increased cellular contents, and lipase 
activity due to the presence of Mycoplasma. The presence 
of non -specific lipase, capable of hydrolysis of glycerides, 
fatty acid esters has been reported in some species of 
Mycoplasma (S mit h 1979). 

The increase in cholesterol content indicated that 
Mycoplasma hydrolyses cholesterol esters, but does not 
catabolize cholesterol, and retains the cholesterol for 
biosynthesis of its own membranes. S mit h (1979) also 
demonstrated the presence of cholesterol esters in M. 
arthritidis, M. gallinarum and A. laidlawii. Mycoplasmas 
are known to require preformed cholesterol for their growth 
(S mit h 1979), therefore, the cholesterol present in 
the mammary secretions may be used by these organisms 
for formation of their membranes and for their multiplication. 
The increase in total phospholipids and the protein content 
of mastitic milk/mammary secretions from the right inoculated 
udder halves of the goats supported these conclusions, 
viz. production of higher content of membranous material 
of the Mycoplasma. The higher levels of these constituents 
may also be due to the presence of membranes of the 
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lymphoid cells whose numbers were increased. It may also 
be due to the mucilaginous secretions induced by Mycoplasma 
infection. 

Comparison of the PAGE pattern (Fig. 6) of the control 
milk and the mastitic mammary secretions from the inoculated 
udder halves indicated the presence of additional protein 
bands both of low and very high molecular weights which 
are n~t present in normal milk. These additional proteins 
most probably orig\nate from the Mycoplasma organisms 
and also from the mycoplasmal degradation of milk protein 
as these are absent in normal milk. The. presence of some 
of the proteins of electrophoretic mobilities similar to 
additional proteins detected during their studies have been 
reported by R a z i n (1979) in membranes of A. laidlawii, 
confirming in part the mycoplasmal origin of these proteins 
in milk/mammary secretions from infected udder. . 

The data on the effect of Mycoplasma infection on the 
composition of mastitic milk/mammary secretions of goats 
is not available. However, biochemical changes in the 
mammary gland secretion of different species with bacterial 
mastitis are available (A gar w a I and N a ray a -
nan 1976; Man d a I et al. 1977; Man d a I and 
A h u j a 1985). These workers also reported increase 
in free fatty acids (M and a I et aI.· 1977; Ran
d 0 I p hand E r win 1977; 1974) cholesterol (M a n -
d a I and R a h· e j a 1985), phospholipids (A gar -
w a I and N a ray a nan 1976) and decrease in total 
lipids/glycerides (M and a I et ai. 1985) after bacterial 
infections. Such reports and the results of the present 
study indicate that mastitis of microbial origin 
in general produces hydrolysis of milk lipids. The vacuolar 
degeneration in epithelial cells lining the acini, marked 
fibrosis in the interlobular septa and periacinar interstitial 
tissues and replacement of acini with fibrous connective 
tissue indicated decrease in the mass of the secretory tissue 
leading to agalactia. 

Biochemicke zmeny v mh~ce pri experimentalni mastitide 
vyvolane Mycoplasma mycoides 

Pro studium' biochemickych zmen v mlece v prubehu expe
rimentalni mastitidy vyvolane mY:koplasmaty . bylo pouzito 
11 . laktujfcfch koz, jimz byly pres strukove kanalky do prave 
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poloviny vemene inokulovany 2 mI· kultury Mycoplasma 
mycoides subsp. capri· s obsahem 10 7 CFU . ml- I •. 
Leve poloviny yemen techto zvii'at inokulovane sterilnim 
bujonem pro kultivaci mykoplasmat, slouzily jako kontroly. 
Tn zvii'ata byla utracena treti, pak osmnacty a petadvacaty 
den po inokulaci, dYe zvii'ata sedmy den po inokulaci. Do 
24 h po inokulaci se u vsech zvii'at vyvinula klinicka 
mastitida, ktera pretrvavala do konce pokusu. Koncentrace 
celkovych bflkovin, celkovych fosfolipidli a volnych mastnych 
kyselin v mlece (resp. sekretu mlecne zlazy)zmenenem 
zanetem mlecne zl8.zy z polovin yemen inokulovanych M. 
mycoides subsp. capri se progresivne . zvysovala s 
pnbYvajicimi dny po infekci. Naopak, koncentrace celkovych 
lipidli a glyceridu se podstatne snizovala. Mleko (resp. 
sekret z mlecne zl8.zy) z kontrolnich a pokusnych polovin 
yemen obsahovalo take zmenene frakce bflkovin, vyvolane 
infekci Mycoplasma mycoides. 

BHOXHMHqeCKHe H3MeHeHHft MonOKa npH 3KcnepHMeHTan~HoM 
MaCTHTe, Bbl3BaHHOM Mycoplasma mycoides 

,nnft Hccne,o;OBaHHft OHOXHMHqeCKHXH3MeHeHHH B KlTDKe 
B xo,o;e 3KcnepHMeHTan~HOI'O MacTHTa, Bbl3BaHHoro 
MHKonna3MaMH, Hcnon~30BanH 11 naKTHpym~Hx K03, 
KOTOPblM HHoKynHpoBanH Qepe3 KaHan~~ COCKa B 

npaBymnonOBHHY BblMeHH 2 Mn Kyn~TYQbl Mycoplasma 
mycoides subs. capri C co,o;eplCaHHeM 107 CFU .Mn- I . 
neBaft nonOBHHa BblMeHH ,o;aHHblX lCHBOTHblX, 
HHoKynHpoBaHHaft cTepHn~HblM Oyn~oHoM ,o;nft 
Kyn~THBHpOBaHHft MHKOnna3Mbl, CTana KOHTpon~HoH. 
Tpoe lCHOOTHblX OblnH YMep~BneHbl Ha TpeT~H, 
BoceMHa,o;ua Tble H ,o;Ba,IUla T~ nftTble CYTKH nocne 
HHoKynftUHH, ,o;Boe lCHBOTHblX Ha ce,o;~e CYTKH 
nocne HHoKynftUHH~ qepe3 CYTKH nocne HHoKynftUHH 
y Bcex· lCHBOTHblX pa3BHnCft KnHHHqeCKHH MacTHT, 
,o;nft~HHCft ,0;0 KOHua 3KcnepHMeHTa. KOHueHTpaUHft 
oO~HxOenKoB, OO~HX ~oc~onHnH,o;oB, CBOOOnHblX lCHPHblX 
KHcnOT B MonOKe HnH ceKpeTe MOnOqHOH lCene3bl, 
H3MeHeHHOM ee BocnaneHHeM, H3 nonOBHHbl BblMeH, 
HHoKynHpoBaHHblX M. mycoides subsp. capri nporpeccHBHo 

. YBenHqHBanaC~ C npHObJBa~HMHnOCne . HH~eKUHH 
cYTKaMH. HaoOopoT; KOHueHTpaUHft OO~HX' JIHnHnOB 
H '. rnHuepH,o;a c~ecTBeHHo' nOHHlCanaC'b. MonOKO (HnH 
ceKPeT MonOqHOH lCene3bl) . KOHTpOn'bHblX H 
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SKcnepHMeHTan'bHbIX nOnOBHH BbIMeHH co.Itep)I(ano TaK)I(e 
K3MeHeHHble ~paKllHH 6enKOB, BbI3BaH,HbIe HH~eKllHeH 
Mycoplasma mycoides. 
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