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Abstract: The present study aimed to compare bacteriologically, chemically and physically between raw milk 

samples collected from local markets of Basrah, Iraq and samples collected directly from apparently normal 

cows, it also aimed to study the effects of subclinical mastitis on the quality of milk. A total of (205) samples 

were collected including: 100 samples from cows (direct samples) and 105 from local markets (indirect 

samples). By using California mastitis test (CMT), 38% of direct samples were positive (direct positive).The 

samples collected from local markets when compared with direct negative samples (direct negative) 

characterized by high values of total bacterial count, total coliform count, freezing point, pH and titratable 

acidity. However, low values were recorded for other indicators including: fat, solid not fat (SNF), lactose, 

protein and relative density. Test of difference between direct negative and indirect samples by using two tailed 

T test revealed following: highly significant difference was detected for total bacterial count, fat, SNF, lactose, 

protein, freezing point, pH, and titratable acidity, whereas, significant result was for total coliform count. On 

the other hand, the difference for relative density was not significant.Regarding the direct positive samples 

when compared with direct negative samples characterized by high values of total bacterial count, total 

coliform count, fat, protein, relative density and pH. Whereas, low values were recorded for SNF, lactose, 

freezing point and titratable acidity. The difference between direct negative and direct positive samples by using 

two tailed T test revealed following: highly significant difference was detected for titratable acidity, significant 

result was for total coliform count and relative density, however, the difference for total bacterial count, fat, 

SNF, lactose, protein, freezing point and pH was not significant. In conclusion, the indirect samples, high 

bacterial and coliform counts indicated that the handling of milk from the collection until reaching the 

consumer was unhygienic. However, the low percentage of fat, SNF, lactose, protein and relative density, this 

probably referred to adulteration of milk by water. The higher pH value may be result from using materials 

decrease the acidity of milk. Regarding the direct samples 38% of tested milk samples were positive for 

California mastitis test, the changes in affected samples (direct positive) were not considerable, ultimately the 

elevation of bacterial count especially coliform may constitute a high degree of danger to public health. 

Keywords: Raw milk, Subclinical mastitis, Total bacterial count, Total coliform count 

 

I. Introduction 
Milk is an important source of nutrients to human and animals. It is mean to be the first and the only 

food for the offspring of mammals as is nearly complete food (1).  Milk has a complex biochemical constituent 

and its high water activity and nutritional value serves as a good medium for growth and multiplication of many 

types of microorganisms when suitable conditions exists (2).The number and types of micro-organisms in milk 

immediately after milking are influenced by factors such as animal and equipment cleanliness, season, feed and 

animal health (3). Bacterial contamination of raw milk can originate from various sources: air, milking 

equipment, feed, soil, feces and grass (4). Spoilage microorganisms include aerobic psychrotrophic Gram-

negative bacteria, yeasts, molds, heterofermentative lactobacilli and spore-forming bacteria (5).Mastitis can 

manifest itself in either clinical or subclinical form. Subclinical mastitis occurs when both milk and mammary 

gland appear normal but Somatic Cell Counts (SCC) are elevated to a level above 200,000 cells/mL (6). It is 

causes change in the milk composition and any change in its percentage in turn affect the suitability of milk 

processing and quality of its product (7), degree of these changes depends on the infecting agent and the 

inflammatory response (8).  It is causes lowers of the hygienic value of milk, reduce milk production in addition 

to treatment coast (9).Adulteration is defined as the process which the quality or the nature of substance is 

reduced, it is maybe intentional or unintentional (10). Water is the most common adulterant (11).This study 

aimed to:  compare bacteriologically, chemically and physically between raw milk samples collected from local 

markets and samples collected directly from apparently normal cows, and to study the effects of subclinical 

mastitis on the quality of milk. 
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II. Material and methods 
This study was conducted from October (2015) to March (2016), the total number of milk samples 

were (205) included (100) milk samples from normally apparent cows (direct samples) and (105) milk samples 

from local markets (indirect samples). Direct samples were tested by California Mastitis Test (CMT). The test 

was done according to (6). 

Bacteriological methods 

Total bacterial count was done by pour plating methods. The appropriate dilution of milk samples (10
-

1
,10

-2
,10

-3
) were selected, one ml from milk dilution was transferred with sterile pipette to a petri dish and 15 ml 

of nutrient agar was added at (48°C), the medium was allowed to solidify, the plates were incubated at 35°C for 

48hrs (12). Total coliform was done by added one ml aliquot of milk dilution to a petri dish and 10 ml of Violet 

Red Bile Agar at (48°C) was added. The medium was allowed to solidify before incubating at 32 °C for 18-24 

hrs. The plate was examined for purple-red colonies (12). 

Physical and chemical analysis of milk samples 

1-pH: The pH of milk samples was determined in the laboratory using a digital pH-meter based on the 

procedure described by (13). 

2-Titratable acidity of milk: Titratable acidity of the milk samples was determined according to the method of 

(14). 

3-Instrumental analysis:  Lactoflash system was used for rapid analysis of the main constituents of milk. It 

directly measures fat and SNF and then calculates density, protein, lactose and freezing point. Sample capacity 

about 10 to 12 ml of milk (15).  

 

III. Results 
Samples 

The total number of milk samples collected from apparently normal cows was 100, also 105 samples 

was collected from local market. Samples which collected from cows were subjected to indirect mastitis test, 

38% of samples were positive for CMT. 

Total bacterial and Coliform count 

The results in Table (1) revealed that the values of total bacterial count were the highest (6.42±6.68) 

from indirect samples and the lowest values (4.08±4.31) from direct negative samples.  Measuring the 

difference of means by using two tailed T test revealed that the difference between direct negative and indirect 

samples was statistically highly significant (p<0.001), whereas, the difference between negative and positive 

direct samples was not significant (P>0.05).The highest values of total coliform count explicated in Table (1) 

were (6.28±6.73) from direct positive samples, the lowest values (2.225±2.155) from direct negative samples. 

Two tailed T test result indicated that the difference between direct positive and indirect was statistically 

significant (p<0.05), also, the difference between negative and positive direct samples was also significant 

(p<0.05). 

 

Table (1): Total bacterial and coliform count of direct and indirect milk samples. 
Samples Total bacterial count 

Mean ± SD log10 

Total Coliform count 

Mean ± SD log10 

Direct negative 4.08 ± 4.31 2.225 ± 2.155 

Direct positive 4.28 ± 4.71 6.34 ± 6.812 

Indirect 6.4 2± 6.68 6.287 ± 6.737 

 

Direct negative = samples collected from cows apparently normal and negative for CMT. 

Direct positive = samples collected from cows apparently normal and positive for CMT. 

Indirect samples = samples collected from local markets. 

 

Chemical analysis of samples 

Results of Table (2) showed that the values of fat were the highest (3.9989±1.21822) in the affected 

samples (direct positive) and the lowest values were recoded from indirect samples (2.2865±0.80888). Compare 

of means by using two tailed T test revealed that the difference between direct negative and indirect was 

statistically highly significant (P<0.001). However, the difference between positive and negative samples was 

statistically not significant.The values of SNF were the highest (7.8567±1.13051) in the normal samples (direct 

negative) and the lowest values were revealed from indirect samples (6.3618±1.39700). Compare of means by 

using two tailed T test revealed that the difference between direct negative and indirect was statistically highly 

significant (P<0.001), whereas, for direct positive samples was not significant. Table (2) showed that the values 

of lactose were the highest (4.6142±0.65846) in the samples (direct negative) and the lowest values were 

showed from indirect samples (3.1379±0.82834). The difference by using tow tailed T test (compare of means) 

between direct negative and indirect was statistically highly significant (P<0.001), on the other hand, the 

http://www.funke-gerber.de/
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difference between direct samples was not significant.Regarding protein percent Table (2) showed that the 

values of   protein were the highest (3.0609±0.55580) in the samples (direct positive) and the lowest values were 

recoded from indirect samples (2.2365±0.64248). Measuring the difference between means by using T test 

explicated that the difference between direct negative and indirect was statistically highly significant (P<0.001). 

However, the difference between direct negative and direct positive was not significant (P>0.05). 

 

Table (2): Chemical analysis of direct and indirect milk samples. 
Samples Fat 

Mean ± SD 

SNF 

Mean ± SD 

Lactose 

Mean ± SD 

Protein 

Mean ± SD 

Direct negative 3.7029 ± 0.86080 7.8567 ± 1.13051 4.6142 ± 0.65846 3.0398 ± 0.56347 

Direct positive 3.9989 ±1.21822 7.854 2±1.21780 4.4963 ± 0.60960 3.0609 ± 0.55580 

Indirect  2.2865 ± 0.80888 6.3618 ±1.39700 3.1379 ± 0.82834 2.2365 ± 0.64248 

 

Physical analysis of samples 

Physical analysis of milk samples indicated that the relative density value of affected samples (direct 

positive) was the highest (1.1984±0.20005) however, the lowest value was from indirect samples 

(1.0306±0.00817). Tow tailed T test result indicated that the difference between direct negative and indirect 

samples was statistically not significant (P>0.05), however, the difference between direct samples was 

significant (P <0.05).According to the Table (3) which revealed that the values of freezing point were the lowest 

value (-0.53839 ± 0.056668) in the affected samples (direct positive) and the highest value (0.46104±0.089498) 

obtained from indirect samples. Two tailed T test revealed that the difference between direct negative and 

indirect was highly significant statistically (P<0.001).The Table (3) explicated the values of pH were the highest 

(7.101479 ± 0.2640885) in the indirect samples and the lowest values were explicated from direct negative 

samples (6.588274±0.4822700). Two tailed T test revealed that the difference between direct negative and 

indirect samples was highly significant statistically (P<0.001), however the difference between direct positive 

and direct negative was not significant (P>0.05). Physical analysis of milk samples showed that the titratable 

acidity of indirect samples was the highest (0.0212892±0.00809420) and the lowest values were from direct 

positive samples (0.009174±0.00022540).  Compare of means by using two tailed T test explicated that the 

difference between direct negative and direct positive was very significant (P<0.001), however, the difference 

between direct negative and indirect samples was not significant (P>0.05). 

 

Table (3): Physical analysis for direct and indirect milk samples. 
Samples Relative density 

Mean ± SD 

Freezing point 

Mean ± SD 

pH 

Mean ± SD 

Titratable acidity 

Mean ± SD 

Direct negative 1.0322 ± 0.03196 -0.52642±0.74761 6.588274±0.4822700 0.014319±0.0018717 

Direct positive 1.1984 ± 0.20005 -0.53839±0.056668 6.993158±0.2684507 0.009174±0.0022540 

Indirect  1.0106 ± 0.00817 -0.46104±0.089498 7.101479±0.2640885 0.021289±0.00809420 

 

IV. Discussion 
Samples collection and result of California Mastitis Test: 

Subclinical mastitis is one of the most prevalent, important and costly diseases of dairy animals 

worldwide, with losses of over 1.7 billion dollars a year in the USA alone (16). The different rates of subclinical 

mastitis in different countries may be due to the difference in animals breed, management conditions and 

methods of diagnosis (17).Result of this study indicate that 38% of milk samples was positive with California 

Mastitis Test (CMT), this result is in agreement with (18).       

 

Total bacterial and total coliform count 

In this study the direct samples (CMT positive) showed high level of total bacterial count when 

compared with direct negative, this result agreed with (19), who indicated that the infected quarters by a major 

pathogen gave rise to 46.6% of the total number of colony forming unit. (20) stated that the total number of 

bacteria in raw milk should not exceed more than (5.698) log
10

 cfu per 1ml milk.The total bacterial count of 

indirect samples was the highest (6.42±6.68) and this result is in accordance with (21) and (22)   who concluded 

that the market milk samples had higher bacterial count. Microorganisms were introduced to milk by a number 

of ways, such as, excretion from the udder of infected animals or contamination from dairy farm environment, 

packaging, and production facilitates (23). Coliforms are almost always found in raw milk but with good 

methods of production number of coliforms can be kept very low (24). The presence of these organisms in milk 

and milk products is an indication of unsanitary production and/or improper handling of either milk or milk 

utensils (25). In this study the value of total coliform count was high in milk samples positive for CMT. These 

results are in agreement with (26) and (27) who reported that the milking udder with sub-clinical mastitis and 

wet environment lead to contamination of raw milk and reaches the consumers with elevated coliform count. 

Moreover, the count of coliform was high in samples collected from local markets, this result is in accordance 
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with (28) who noted that coliform count above 500 cfu/ml indicates poor hygiene either during equipment 

cleaning or between milking with common contaminants such as bedding, manure, water.  

                                                                                                                                                                                                                                           

Chemical analysis of samples 
The percentage of fat in cows which affected with subclinical mastitis (direct samples) was increased 

about (3.9989±1.21822) this results were in agreement with (29) who reported that milk fat increased during 

subclinical mastitis.  According to (30) the increase in fat concentration indicates that there is a reduce in lactose 

synthesis and reduced milk volume. The difference between direct negative and indirect highly significant, the 

lowest fat percentage of milk from indirect samples may be due to the adulteration of milk by added water or 

skimming, this result is in agreement with (31). The percentage of SNF in direct positive samples was 

(7.8567±1.13051), whereas lower percentage was from milk samples infected with sub-clinical mastitis. The 

decrease of SNF in direct positive samples may be caused by infecting pathogen which reduce the synthetic 

activity of mammary gland, this result is in agreement with (32). The difference between direct negative and 

indirect was highly significant (p<0.001), this result is in agreement with (33), (34), (35), (36), (37) and (31) 

who noted that the milk sold at market was lower due to malpractices such as skimming and adulteration with 

water.The values of lactose in Table (2) of direct samples (CMT positive) were lower than direct samples (CMT 

negative) these results are in agreement with (38) who noted that mastitis causes decrease in milk lactose 

through damaging the secretory cells that produce milk in mammary gland. The lactose content in indirect 

samples also was low due to adulteration of milk by added water, this result is in agreement with (39).  The 

protein percent was the highest in positive samples due to affection with subclinical mastitis and this result is in 

agreement with (40) who showed that the protein in milk sample from affected cows with SCM increased. (41) 

reported that the increment in protein concentration is caused by alteration in the permeability of the secretory 

epithelium and capillary wall, these changes induced by bacterial toxins. Also the difference between direct 

negative and indirect was highly significant due to commercial adulteration by added water to milk this result is 

in accordance with (42), (43), (37) and (44).                                                                                       

 

Physical analysis of samples 

The density of milk at 20°C should be within the range of 1.028‐1.036 g/ml. The difference between 

direct negative and direct positive was very significant due to descent the inflammatory cells with milk, this 

result is in accordance with (40) and (49) who showed increase of protein concentration in affected milk 

samples increased and increase amounts of sodium and chloride. While density of indirect milk samples lower 

due to commercial adulteration by added water this result is in agreement with (45), (44) and (46) who noted 

that adulteration of extraneous water in milk apparently increase the moisture content of corresponding milk, so 

this lead to lower the relative density.The freezing point of milk is an important indicator of the milk quality. 

Increment of freezing point of indirect samples (samples that taken from market) are in agreement with (39) 

who noted that added extraneous water to milk samples increase the freezing point. While the freezing point of 

affected samples was the lowest maybe due to descent of solutes from blood to the milk during inflammation of 

udder. The normal pH for raw milk is about 6.6 (47). The pH of affected samples increased 

(6.993158±0.2684507) these results are in accordance with (37) who reported that the difference between 

affected and not affected was highly significant. The pH value for indirect samples was (7.101479±0.2640885) 

in accordance with (48) who noted that the use neutralizers such as (caustic soda, caustic potash sodium 

carbonate, sodium bicarbonate and lime water) resulting in neutral or basic pH, in spite of growth and 

multiplication of bacteria.                                                                                                             

Normal fresh milk has apparent acidity range from 0.014% to 0.016% (13). Table (3) showed that the 

titratable acidity for direct positive samples was the lowest, this result is in agreement with (49) who reported 

that the change of ionic equilibrium often due to increase the amounts of sodium and chloride and reduced 

potassium ion in mastitic milk as the most important reason.  The titratable acidity of milk samples obtained 

from markets were recorded higher values this result is in agreement with (50) who recorded high titratable 

acidity value from market milk samples and might be due to bacterial growth and multiplication during 

transportation of milk and longer storage of milk before sale.                                                                                               

      

V. Conclusion 
The results of this study revealed that 38% of milk samples were positive for subclinical mastitis (CMT 

test). The percentage of total bacterial count and total coliform count in indirect milk samples were elevated. 

These results of high bacterial count in milk samples collected from local markets indicated that the handling of 

milk from the collection until reaching the consumer was unhygienic.With regard to commercial adulteration, 

the study found that the percentage of fat, SNF, protein, lactose and relative density were low in indirect milk 

samples, this probably referred to cheating of milk with water.                      
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The pH value for normal direct samples were very close to normal value, while direct samples which 

were positive for CMT had high pH value due to affection with mastitis. Values of indirect samples were the 

highest and this may be result from using materials that decrease acidity of milk.Concerning titratable acidity, it 

was almost normal in direct samples negative for CMT, whereas, direct positive samples had lower values than 

normal and the reason may be due to descent some ions. However, the titratable acidity of indirect samples was 

high due to presence lactic acid bacteria and also bad storage that help the growth of this bacteria. 
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