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Improvement in Subclinical Mastitic Milk

Detection Methods

Abstract: Subclinical mastitic milk presents
composition sensitively different from normal milk which
could be reflected in milk products. Among the diagnostic
methods of subclinical mastitic milk proposed, the
enzymatic method (NAG-ase determination) and somatic
cell count (SCC) are the most utilized. According to
several authors, NAG-ase determination could be
considered as one the best to detect mastitic milk.

We present here a method for the determination of
NAG-ase (N-Acetyl-B-D-glucosaminidase) activity in
cow’s milk. The analysis procedure was derived from that
of Kitchen and Middleton (1976), where the precipitation,
centrifugation and filtration steps were replaced by the
transparization technique. A dissolving reagent was used
at the end of the enzymatic reaction which rendered the
medium transparent and thus could be directly read by
spectrometer.

The reproducibility of the procedure was satisfactory
and good correlations with a fluorimetric enzymatic
method and somatic cell count were observed. Our results
show that it is possible to classify milk according to its
degree of infection while being based only on the activity
of NAG-ase.

Key words :Mastitis, NAG-ase, SCC, Milk, Transparization

a

el (b gpayull Gad g pall QLA G BASL daas duyb
gk e
Sllgaall Go waadl iay M ¢ uall OGS (650 S palaiual)
Ll Ula By LIV patio aalys 3l Lagall JSUall (e iy plal
S5 (5 e i3 Badl cgumdl @a gl (gonse S sl lags
Callae caaty dua o 33 aSaid GARAS JUll 5 culall S
Lol e 50 all Gkl g5 pall o pacal dlli] e 1y pa3
Gob Ui aa g3 el JLaal Gasbe G om O 43S 3 5 (o ally
oL@l (CMT) L 5llS Hlanal Ly 5S00 ,Laaadlslad susie
ol gall S

O)siesl aBs AL Sl Glia 3l Lulis (g plasll
(SCC) . Luawall LA suc 1X 4 (ATP)

Jalo NAG-ase a0 Ludlas wass of e Gatalill e a3 335
& ool 5, Llea ¥ e it S Alasiucall Gl Gual Go calall
g_,..__)“.ﬂ aad gall

Sill cala 3 NAG-ase blas saat! 23,k sadl laa jl] 5 ¢ 358
(Kitchen & Middleton , 1976)‘ ke o Fikie Gllaill mgiall
oldae Ho JS Wi o5 aan 5,0 abiall (5 Ll ciliay <)
b Ll Ay laa Lethaasul g ea il (5 Soall il 5 a3
by e Jgeanll 5 a3 Jelanll aay 5,400 (transparization)
stalall Lol Uty dnlid Jouy Slaks

Lk oo S g ol 3l Lo Gy WL, Y1 Lk 5 2l Akl La]
o5 a3l LaS | Lin 53 iy 03 Lpawndl LA sy (g, il uludl
LI o G p Ll B ) LIV apis

Lalisal o laiII

8,523, SCC. a8l Gy b walalt NAG-ase ¢ all Lyl

Introduction

The biological variation of N-Acetyl-B-D-
glucosaminidase  (NAG-ase, EC; 3.2.1.30) has
permitted the diagnosis of numerous pathogenic
states in men as well in animals. In milk, the level
of NAG-ase varies considerably during mammary
infections, which makes it a good indicator of
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mastitis and mastitic milk (Kitchen and Middleton,
1976; Kitchen and Al 1978; Kitchen, 1981;
Nagahata et al, 1987). Among the technological
consequences of mastitic milk, we can state the
depressive effect on milk production, thermal
instability and organoleptic quality alteration of
various products (Serieys, 1987; Kerjean et al,
1986; Chassagne et al, 1998).

Several authors had compared NAG-ase activity
with other subclinical diagnostic methods, such as
antitrypsin, albumin, somatic cell count (SCC) and
bacteriological analysis, and found NAG-ase level
determination to be the best method for the
detection of mastitis (Mattila es af, 1986; Riipinen,
1988; Pyrola, 1989). According to Emanuelsson et
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al, (1987), and Rupp and Boichard 1999), NAG-ase
activity determination and leukocyte count present a
similar diagnosis. The cytological technologies are
numerous and diversifying, among which direct
microscopic cellular numeration is considered as the
reference method, while indirect tests such as the
California Mastitis Test (CMT) and the Wisconsin
Mastitis test (WMT) are used frequently.

The enzymatic activity of NAG-ase is measured
by a quantitative method using a spectrophotometer
(Kitchen and Middleton, 1976; Choukri 1990;
Choukri 1997) and a fluorimetric method (Kitchen
et al, 1978; Obara, 1985). In the present article, we
propose a determination method of NAG-ase
activity in cow’s milk. The analysis procedure was
derived from the method of Kitchen and Middleton
(1976), but the precipitation, centrifugation and
filtration steps were replaced by the transparization
technique at the end of the enzymatic reaction.

Materials and Methods

Reagents

Commercial N-Acetyl-B-D-glucosaminidase in
lyophilised form (20 mU NAG-ase from ox’s
kidney/ml; Boheringer Mannheim); 4
—Methylumbelliferyl-N-Acetyl-B-D glucosaminide;
p-nitrophenyl —N-Acetyl- B-D-glucosaminide; 4-
methylumbelliferone, sodium salt (Sigma).

The dissolving reagent (Prolabo Society)
consists of a basic detergent mix and a solvent
which has the clarification properties toward certain
biological fluid medium. It was conducted after
completion of the enzymatic reaction (Guingamp et
al, 1989; Choukri, 1991).

Milk samples:

In thé procedure optimization, mixed whole
fresh bovine milk was used. Individual whole fresh
bovine milk was used in the correlation studies.

Spectrometric determination of NAG-ase activity:

The method principle is based on the hydrolysis
of p-nitrophenyl N-Acetyl- B-D-glucosaminide by
NAG-ase. The paranitrophenol liberated was
colored yellow. After the addition of a solution to
stop the enzymatic reaction, the dissolving reagent
was added to obtain a transparent liquid. Color
intensity was read directly with a spectrometer at
410 nm. The spectrometric determinations were
read off a calibration curve prepared with
paranitrophenol.
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Results are expressed in nanomoles of released
paranitrophenol per ml of the sample and time unit.

Determination of NAG-ase activity by a
fluorimetric method:
The method used was proposed by Kitchen et al,

(1978). To 0.05 ml of milk, 02 ml of
4-Methylumbelliferyl-N-Acetyl-B-D glucosaminidase
in 0.25M citrate buffer, pH 4.6, was added. After
incubation at 37°C for 15 min, the reaction was
stopped by adding 5.5 ml of 0.1 M, pH 10, sodium
carbonate buffer solution. Fluorescence intensity
liberated  from  4—methylumbelliferone  was
measured with a spectrofluorimeter (Shimadzu R.F
5000).

Excitation wavelength was fixed at 365 nm and
emission wavelength at 450 nm, while the bandwith
was fixed at excitation and emission of 5 nm.
Instrument standardization was done using a
solution of 4—methylumbelliferone 5 mM in 0.1 M,
pH 10, carbonate buffer.

Determination of somatic cell count ( SCC):

The somatic cell count was determined by
fluorescence on fossomatic material (Foss-Electric,
Paris).

Results and Discussion

Optimization of experimental conditions

We have optimized the experimental conditions
of buffer and pH which were suitable to the
enzyme’s activity in the reaction medium and to the
clarification at the end of the reaction. The medium
system was kept stable as long as possible to allow
the reading of a greater sample series.

The reaction medium is similar to that proposed
by Kitchen and Middleton (1976). The optimum
condition for commercial NAG-ase activity was
determined in milk and in buffer medium. In the two
cases the optimum pH was found to be 4.6, which
was comparable to that reported by Kitchen and
Middleton (1976) and Nagahata (1987), who found
a value of 4.4. NAG-ase is more active at 50°C, we
found, like Kitchen et al, (1978), that at 37°C the
enzyme lost almost half of its activity.

In our conditions, the rate of paranitrophenol
liberation was practically linear during 15 min and
the Km constant evaluated to 1.016 mM.

Mellors (1968) reported a value of 1 mM. The
same result was found by Kitchen et al, (1978) using
the fluorimetric method, but they found Km value of
0.8 mM using colorimetric method. Finally,
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Nagahata et al, (1987) reported a Km of 1.03 mM.
Substrate stability in ftransparent medium had
permitted us to increase its concentration to get a

value of S times the Km. o
Proposed procedure for the determination of

NAG-ase activity in milk:

Based on the result obtained, we propose the
following procedure. To 0.2 m! of milk, add 0.3 ml
of 0.33 M, pH 4.6, citrate buffer containing 5 mM p-
nitrophenyl-N-Acetyl-B-D-glucosaminide.  After
vortexing, incubate 15 min at 50°C. At the end of
the reaction, add 1.5 ml of inactiving solution (1 vol
Ethylen-Diamine tetra-acetic-acid (EDTA) 2 %
pH10 + 2 vol IM glycine-NaOH buffer, pH 10) and
1.5 ml of dissolving reagent. Follow by agitation.

The final pH is around 9.42 . The absorbency is
read spectrometrically at wavelenth 410 nm. The
reagents used resulted in a good clarification and the
medium is stable for 30 min.

Reproducibility of the method:

The procedure proposed was satisfactorily
reproducible. The same analysis repeated 33 times
using the same milk gave a coefficient of variation
of 3%.

Correlation with the fluorimetric method:

A good correlation was found with the
fluorimetric method. The coefficient of correlation
was 0.96 with 52 different samples. The correlation
line is given in Figure 1.
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Fig. 1. Linear correlation between proposed
method and fluorimetric method

Correlation with somatic cell count:

The present procedure correlated well with the
number of somatic cells. The coefficient of
correlation was 0.90 with 52 different samples
(Figure 2). Other works show that the count of milk
somatic  cells correlated  well  with  the
spectrometrically measured NAG-ase activity with a
correlation of 0.84 (Kitchen ef al, 1980).
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By measuring the level of NAG-ase by the semi-
quantitative method using lovibond comparator,
Kitchen and Middleton (1976) found a correlation
of 0.87 with the somatic cell count.
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Fig. 2. Linear correlation between proposed
method and SCC

Correlation between SCC and the fluorimetric
methods is evaluated to 0.85 (Figure 3). The same
result (0.86) was also found by Kitchen er af, (1978)
and Kitchen (1978).
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Fig. 3. Linear correlation between fluorimetric

method and SCC

Milk classification following the degree of
infection:

We distributed our milk samples in 3 classes
according to the number of total somatic cells (SCC
x 1000/ml of milk):

SCC < 200,600/ml
200,000/ml < SCC < 400,000/ml
SCC > 400,000/ml

In practice, several authors fix the value Himit at
400,000 /ml. When the SCC lies between 80 and
200,000/mli, this indicates that milk comes from a
healthy cow (Bailleul, 1983). Cell count levels
varied according to breeds, age and lactation stage.
They also varied among regions (Harmon 1994,
Rupp et al, 2000).
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When the SCC is between 200 and 400,000 /ml
we can regard milk as suspect. The results of the
average value of SCC as well as the enzymatic
activities for each milk class are consigned in Table
1. We noted that more than 60% of the milk samples
belonging to class | have a rate of average somatic
cells of 150,000/ml with a minimum of 21,000 and
one maximum of 196,000/ml.

Table 1.: Classification of milk according to
SCC,NAG-ase activity and fluorescence

| u '
B B ~_ 'Class 1 | Class2 Class 3
SCCX1000/ml

<200  200-400 >400
% 61,5 | 25 13.5
Average 150 | 264 680
NAG-ase (nM/ml/min) 9,13 | 12,1 27,3
Units of fluorescence | 20, 5 26, 25 57

Class 1:

The NAG-ase activity of milk of class 1
determined by our method lies between 3.2 and 18
nM /ml /min., with an average of 9.13 nM /ml/min.
These results are relatively higher than those of
Kitchen et al, (1978) which bring back an average of
5.3 nM/ml/min. 80 % of this class has an enzymatic
activity lower than the average of the NAG-ase
activity of class 2 which is 12.1 nM/ml/min., with a
SCC lower than 300,000 cells /ml.

Class 2:

Milk of class 2 presents variable activities
ranging between 4.6 and 19.2 nM/ml/min.
Variability is less important on the level of the SCC,
which concentrates between 200 and 300,000/ml.

Class 3:

This class is characterized by strong enzymatic
activity and higher than 24.6 nM/ml/min. in almost
the totality of the samples. The corresponding
number of somatic cells in all classes of milk lies
between 500 and 900,000 cells/ml.

These results show that it is possible to classify
milk according to its degree of infection while being
based only the activity of NAG-ase. We thus
propose the classification that follows:

Normal: < 12 nM/ml/min.
Suspect: 12 — 24 nM/ml/min.
Anormal: > 24 nM/ml/min.

We evaluated the activity of NAG-ase in milk of
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mixture directly from the farm. The found values lie
between 9.4 and 17.8 nM/ml/min. It should be
recalled that the age and stage of lactation should be
taken into account.

Conclusion

The procedure of the NAG-ase activity analysis
proposed is a simple, rapid and efficient method. It
could be used for routine analysis such as mastitic
milk detection and diagnosis. Compared to the
fluorimetric method, this method gave practically
the same results but did not require a more
sophisticated instrument because it uses a molecular
absorption spectrometer read in the visible region.
The  preliminary  steps of  precipitation,
centrifugation or filtration are unnecessary. The
sensitivity of the two methods is comparable while
the turbidity could lead to the conclusion that the
two enzymatic methods are applicable in the control
of milk quality.
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