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ABSTRACT  
The establishment of a reliable test helps early detection of mastitis on the farm for the Algerian farmer .Compte Given the role of mastitis 
in determining the future of farming. In this context, the objective of our study is to test the reliability of two methods made available to 
breeders to detect mastitis, especially subclinical in dairy cows in relation to the reference method; cell counts .The study was conducted 
from mid November 2015 mid February 2016 in two operations in western Algeria. The cell count by fluorooptoélectronique method were 
used to study the milk samples prélèves.les results averages CCI have shown that milk samples from infected cows or heifers ranged from 
887 ± 56,103 cells / ml ± 55,103 cells et1386 / ml. has the opposite milk samples from healthy neighborhoods showed an average cell count 
of 108 ± 14,103 cells / ml for primiparous and de168 ± 34,103 cells / ml in multipares.les tested judgments parameters spring low sensitivity 
electrical conductivity (51%) against the CMT exceeding 89% with a relatively strong correlation (PAC = 0.63) with the somatic cell count 
remains a reference in the mastitis at the foot of the animal. the somatic cell count in milk is a routine examination in the developed 
countries. In poorer countries, the systematization of the review is still difficult, particularly because of its high cost. An interesting 
alternative for these countries could be the CMT. 
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INTRODUCTION 
 

Algeria is dedicated to the US $ 2.7 billion food bill including 22% for milk, which is thus in second place, 
among the basic food products imported after cereals. Our country spends a sizeable budget (US $ 868 million 
in 2013 [4]. The domestic production is about 2 billion liters in 2010, representing 0.28% of world production, 
covers only the third needs, which amounts to 3 billion liters [15]. 

The efforts made by our country in enhancing the level of consumption of animal protein by the 
introduction of cattle breed improvement and intensification of farming [24]. The improvement of health 
coverage (veterinary staff training and para veterinarian) have failed to exempt results. 

The objectives remain the holder of several not yet mastered factors (food, selection, sanitary pipe) [1]. 
among those, Breast infections that must be among the plagues of livestock. The technical and financial 
consequences of mastitis are so important enough to alert farmers and technicians, and different procedures are 
implemented to solve this problem. In this context, we propose the following essential objectives was to 
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compare two main tests (the California mastitis test CMT, and the conductivity of the milk), made available to 
the Algerian farmer to detect mastitis compared to the reference method: .To cell count to assess the most 
effective and easy method was used with a low economic cost for early mastitis screening firm for Algerian 
breeder. 

 
MATERIALS AND METHODS  

 
Objective: 

We were interested to health problems, particularly mastitis due to ignorance of their importance by dairy 
producers and the underestimation of the impact on milk production. The synthesis of our work in the Western 
region of the country showed that the frequency of this pathology is dominant in our farms .By therefore reduce 
their impact results in increased milk quality and consequently an increase in quantity. 

To achieve this, our approach comprises: 
A / -The choice of a method of Mastitis: Californian Mastitis Test (CMT), electrical conductivity. 
B / -Comparée these tests the reference method: the somatic cell count for the characterization of the health 

status of livestock 
 
Study area: 

The study was conducted during the period mid November 2015 mid February 2016 in two operations in 
the west of Algeria one belonging to private farms located in Oran (City Gdyel) and the other state in the wilaya 
of Ain Temouchent (ITMAS). The method is to choose a vocation in cattle operation to determine the 
effectiveness of techniques for improved milk production (see figure1). 

The farms were chosen based on the following criteria: 
•  The stability of the activity of breeding dairy cattle. 
•  The availability of reliable information. 
•  The presence of qualified labor.  
• The number of livestock than 10 VL.  
 

 
 

Fig. 1: geographical location of the study areas 
 

Description of tests: 
three tests were applied on each sample. 

 
Californian Mastitis Test (CMT): 

This test is performed on the farm, at the head of the animal breeder or veterinarian. 
The Control Mastitis Test (CMT) is a semi quantitative method (0, +, ++, +++, ++++) easy to implement, 

which allows a correct idea of the somatic cell count level milk of a given area. The milk of each quarter is 
mixed in equal quantities with a surfactant reagent (TEEPOL®). The latter causes lysis, cells and reacts with 
deoxyribonucleic acid (DNA). This is a semi-quantitative test based on the evaluation of the viscosity and the 
importance of the precipitate obtained. More precipitation and the greater the viscosity increases, the ISCC is 
important. The formation of the precipitate occurs from a somatic cell count of greater than 300 000 cells / ml. 
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To achieve this, some rules must be respected in order to obtain a reliable result. It is necessary at first to 
remove foremilk. Then 2 ml of milk from each quarter must be collected properly on the four corresponding 
receiving wells. In each cup, 2 ml TEEPOL® added. The pallet is stirred carefully to proceed to the milk 
mixture and the reagent. Reading the results (Table 01) is made within 20 seconds under adequate lighting.  
 
Table 01: Grid interpretation of CMT (after  LEVESQUE, 2004.) 

 
Two scores are possible(see figure 2) : 
► Positive viscosity of the mixture and a precipitate even discreet. 
► Negative: absence of viscosity and precipitate. 
In our study using CMT / Teepol of RAIDEX. 
 

  
 
Fig. 2: Two scores of CMT(Negative, Positive) Photos: author, 2016 

 
Electrical conductivity (EC): 

The inflammatory condition of the udder is causing a change in ionic milk concentrations. Thus the 
concentration of elements filtered namely Na + ions and Cl- increases, which has the effect of increasing the 
electrical conductivity of milk. Conversely, the K + concentration decreases. This measurement method is very 
interesting because it allows early detection of mastitis. 

In our study we used the apparatus of conductivity DRAMINSKI 4x4Q mastitis detector(see figure3). 

n p 
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Fig. 3: conductivity DRAMINSKI 4x4Q mastitis detector Photos: author, 2016 

 
The measurement of somatic cell count ( CC): 

Determine the number of somatic cells present in milk has become the test of the gold standard to assess the 
potential presence of an infection [8]. In our work cell counter is used DCC® Delaval It is an apparatus capable 
of performing cell counts on samples of milk on samples of milk by fluorooptoélectronique method. The 
principle is identical to that used in the Fossomatic (see figure4). 

 

  
Fig. 4: DCC® Delaval cell counter Photos: author, 2016 

 
Material animal: 

The study involved 94 lactating dairy cows belonging to two farms. The cows were of different races and 
different lactation stages (Prim 'Holstein, Montbéliard). (see figure 5)So after observing the condition of the 
animal, and clinical study of the breasts, 84 cows do not show clinical signs of mastitis, and 10 cows with 
clinical mastitis symptoms that are not selected for this study. 
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Fig. 5: Prim'Holstein herd of cows Montbéliard (Oran) Photos: author, 2016 

 
Sampling: 

A total of 286 districts in milk samples from cows with subclinical mastitis (see figure 6)based on the 
absence of clinical mastitis signs; no fever, no appetite, normal appearance and no change of consistency in the 
breast [10]. 

Udder examined was carefully washed, dried with a clean towel and teats were sprayed with 70% ethanol. 
After the first milk jets were rejected and small amount was used to make the California Mastitis Test (CMT) 
and electrical conductivity. Then, 25 ml of each cow milk samples were collected in a sterile bottle stored at 4 ° 
C and transported immediately to the laboratory Sebdou the dairy for cell counting. 

 

  
 
Fig. 6: sampling milk cows Photos: author, 2016 
 
Evaluation criteria of the two diagnostic methods: 

To calculate the performance of two test we give them classes through the 4 usual criteria: 
� VP (True Positives): they are sick individuals (M) and in which the sign is present {S}; 
� FP (False Positive): the disease is absent {M} and the sign is present {S}; 
� FN (False Negative): the disease is present {M) and the sign is absent {S}; 
� VN (True Negatives): the disease is absent and the sign {M} {S} is absent. 
Then a judge the reliability of the two test through the evaluation parameters namely; 
� If the sensitivity =Se = Pr (S / M) = TP / (TP + FN) 
� Specificity = Sp = Pr (Š /) = VN / (FP + Vn) 
� The positive predictive value PPV = Pr (M / S) = TP / (TP + FP) 
� The negative predictive value PPV = Pr (/ Š) = TN / (TN + FN) 
� Efficiency and overall value EF = (VN + VP) / no total. 
� Youden index: Index Youden (Y) is a measure of the accuracy of the diagnostic method. It depends on 

the specificity and sensitivity of the test but not in the prevalence of the disease. 
Y = Se + Sp-1 
The Youden index ranges from 0 (the diagnostic method is not effective) and 1 (the method is perfect). 
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Statistical analyses: 
All data collected in the tables through the Excel have then been treated for elementary descriptive 

statistical analysis (sum, average, variance, Standard Deviation) Thereafter, analysis of ANOVA 1 factor was 
business analyzed the statue for cows and heifers through .So cell count, the Pearson correlation test for 
comparative test results and CMT DCC LAVAL through software "SPSS 20.0 statistics". 

 
RESULTS AND DISCUSSION 

 
The results of this study are presented in the table depending on the type of test and evaluation factors. 

 
Study repeatability of the reference method (the method opto fluoroélectronique DCC® Delaval):  

To assess the repeatability of the method of cell counts, a tank of milk samples from two different breeding 
were analyzed. We have done this 07 times with each sample to see the way in Table 02. 
 
Table 02: Study repeatability of the reference method (the method opto fluoroélectronique DCC® Delaval) 

Groups Number of samples Sum Average Variance 
Milk1  7 5232,5 747,5 18495,731 
Milk2  7 3959,666 565,666 2993,9629 

 
Our results are similar to those reported by Pearson et al [17] and those of Grapple and Jeunet [9]. 

However, regardless of the source of variation, the repeatability of our the findings for different cell 
concentrations did not exceed the threshold of 5%. 
 
EC -Interpretation results and CMT: 

Classification of cows (84) according to their health status obtained by the CMT and CE tests in Table 03, 
 
Table 03: Classification of health status of animals obtained by CMT and EC testing is reported as follows: 

Means testing health status of the cow farms 
(N = 2) 
number % 

The electrical conductivity 
n=234 

Healthy 113 48.29 
Doubtful 87 37.17 
Ill 34 14.52 

Californian MastitisTest n=286 Healthy 150 52.44 
Doubtful 64 22.37 
Ill 72 25.17 

 
Table 04: Proportion des différentes moyennes (± Ecart Type) du comptage cellulaire somatique (CCS) dans t le lait provenant des quartiers 

sains et infectés des vaches et génisses des deux fermes  
health status of the Cow/ Heifers  farm d'Oran 

n= 64 
farm d'Aïn Témouchent 
n =20 

Heifers cows Heifers cows 
Healthy < 300.000 97±14.103 

cellules/ml 
185±66103 cellules/ml 111±25.103 

cellules/ml 
168±34.103 cellules/ml 

Doubtful    Between 300,000 and 
800,000 

468±44103 
cellules/ml 

686±22103 cellules/ml 386±66.103 
cellules/ml 

745±16.103 cellules/ml  

Ill            > 800.000 989±18.103 

cellules/ml 
1022±12.103 
cellules/ml 

887±56 .103 
cellules/ml 

1386±55.103 cellules/ml 

 
According to the result in Tables (03) (04) we note three groups of animals which have been defined: the 

healthy animals (cows and heifers) for which the counting of individual cells is less than 3x 105 cells / ml and 
and mastitis in animals that do not meet these criteria and questionable animals .on noted that 25.17% of the 
sample animals have shown a significant modification of the ICC a sublclinque mastitis for the CMT test against 
only 14.52% for electrical conductivity despite this. The distribution of healthy and sick animals (respectively 
48.29% and 14.52%, 52.44% and 25.17%) did not differ from one farm to another. Similarly, no significant 
difference (P <0.05) (P = 1) between the distributions of healthy and sick animals in the two farms. Finally, 
there is a very impact significance that found for the age categories: cows have significantly more cells than 
heifers with threshold (P <0.05) (P = 0.011 **). these results joining that of most authors who observe 
substantial variations in the cell concentration and increased with age (Kennedy et al ,, 1982 and Kuck et al ,, 
1990), even in animals free of mastitis [5]. 

The Average CCI in milk in animals with subclinical mastitis are respectively 1022x 103 cell / ml and 
1386x 103 cell / ml in multiparous and 989x 103 cell / ml and 887x 103 cell / ml in primiparous. These values 
appear very high compared to those found by some countries such as Tunisia (626x 103 cells per ml in the study 
[14] or some European countries (427x 103 cells per ml [2] 227x 103 cells per ml [7]. These high values of 
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counting CCI we found can be explained by a high level of mammary infections of two Algerian farms from 
previous and underscore the urgency of establishing a prevention policy of mastitis during lactation. 
 
Evaluation of two test: 
 
Table 05: Comparison of results of CMT and CE relative to cell count 

Threshold / test CMT CE 
electronic opto-fluoro method 
DCC® Delaval 

0 T > 1 < 250 250-300 > 300 

< 300.000 134 8 17 7 58 82 
Between 300,000 and 800,000 10 44 6 4 11 9 
> 800.000 6 12 49 23 18 22 
Total 150 64 72 34 87 113 

 
Table 06: The results of evaluation of the two test criteria. 

Judgment / Test parameters. CMT CE 
The sensibility 89.1% 51.1% 
The specificity 88.7% 94.5% 
The positive predictive value 74.2% 76.7% 
The negative predictive value 95.7% 78.8% 
Efficiency 63.98 % 52.57 
Youden index 0.77 0.45 

 
Our results join those made by SHELDRAKE et al. [22] and Renaud [19], justifying the poor performance 

of this technique in the diagnosis of subclinical mastitis. with positivity rates in our study of approximately 
14.52% and a sensitivity which neighbor the 51.1% despite our result gives a specific amounts of around 94.5%. 
thus notes a Youden index "y" exceeds 0.7 which means that Californian Mastitis Test is a diagnostic method 
with high reliability compared to an index "y" has lower electrical conductivity 0.5. 

 
Table 07: Values obtained by counting the DCC® Delaval are reported relative to those estimated by CMT. 

California Mastitis Test 
(According SCHALL & Noorlander, 1957) 

Counting the DCC® Delaval 
(Cells / ml)  n = 286 

Score minimum Maximum Average Minimum Maximum Average 
0 0 200 000 100 000 72 400 264 500 154 336 
1 – 2 200 000 800 000 600 000 290 000 822 200 577 051 
3 800 000 5 000 000 2 900 000 857 800 2 586 000 1 339 092,4 

 
Table (5) and (6) summary of our results shows that the CMT has the highest sensitivity (89.1%) among all 

two tests and compared to cell counts .these results are comparable to those obtained in the study NORBERG et 
al. [16]. our results are superior to the study [3] conducted in eastern Algeria has shown a sensitivity and 
specificity of the CMT test respectively 75 and 89 percent. 100. These results confirm those of Sargeant et al. 
[20], Smith et al. [23], and Rasmussen et al. [18], who found a good correlation between the results of CMT and 
isolation for the identification of intra-mammary infections in dairy cows in the conditions of the Malagasy 
breeding. 

Our results show that the device gives cell concentration values close to those obtained by the CMT test 
with a relatively strong correlation (correlation coefficient of Pearson (CCP) = 0.63) .The mean values obtained 
cell count s' fit into the defined reference intervals for CMT notation by Schalm et al., [21] and Renaud The cell 
concentration of 264 500 cells / ml associated with the reaction at 0 CMT denoted in the table (7) is high. We 
probably interpreted the test as negative while the milk had a response trace. 
 
Application of the cell count for the characterization of the health status of livestock: 
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Fig. 7: distribution of farms / medium NCT (4 months). 

 
A from the average cell counts farms determined for the period of 4 months, that is to say 4 passes, the 

average count Cellular Tank obtained is 760,042 cells / ml with extreme 276 860-1 804 000 cells / ml. This 
average NCT is high by European standards, Slightly above that reported by Mtaallah et al [14] is 624,317 cells 
/ ml / TCT for a similar study in Tunisia .The distribution of farms based on average NCT (See Figure 7) shows 
that they fall into three categories: Category 1/03 farms (20%) for which the average NCT is <400 000 cells / 
ml; Category 2/07 farms (46.66%); for which the average NCT is between 400 000 and 800 000 cells / ml; 
Category 3/05 farms (33.33%); for which the average NCT is> 800,000 cells /ml.Il shows that 80% of our farms 
(category 2 + 3) have an NCT> 400,000 cells / ml. Therefore, the health of our livestock is of concern and the 
percentage of cows with mastitis is very high. According to Le Roux 1999), the reform is to rule for incurable 
when NCT exceed 600,000 cells / ml. 
 
Conclusion: 

In the absence of rigorous monitoring of the health status of the animals, and a control strategy, existing 
diseases are multifactorial and reflect deficiencies recorded at the structure and operation of farms .This study to 
pinpoint the performance of two practice tests in the subclinical mastitis detection at the end of our work we 
come to the conclusion that the Californian mastitis test compared to the reference method remains the most 
powerful test and the easiest to use in the Algerian breeding condition with respect to the conductivity has the 
ease of use and low cost. 
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