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Summary: The purpose of this study was to determine milk quality status of dairy farms in Northern Cyprus. For this purpose,
total bacteria and coliform counts in milk samples taken from all 138 dairy farms were counted, and samples were evaluated in terms
of dry matter, fat, total protein, casein, lactose, free fatty acids, fat-free dry matter, acidity-SH, density, freezing point, citric acid and
antibiotic residues, once a month during a year. It was determined that annual median values of 71% of the dairy farms, and the total
bacteria count (TBC) median value of 47% of the samples was 100.000 cfu/ml; and that the annual median value was 227.738 cfu/ml.
Coliform count was >100 cfu/ml in 71.5% of the samples. Antibiotic residues were detected in 2.6% of the samples. Milk composition
analysis showed that dry matter, fat, total protein, casein, lactose, free fatty acids, fat-free dry matter, acidity-SH, density, freezing
point, citric acid rates were 12.03%; 3.30%; 3.49%; 2.62%; 4.56%; 1.13%; 8.75%; 6.56 SH; 1.031,50 g; -0.542°H and 0.131%,
respectively. In conclusion, results of the study showed that 1) annual average of TBC was high, 2) Coliform count was high in every
season (especially summer), 3) Milk composition had seasonal changes.
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Kuzey Kibris’taki siitcii isletmelerde meme saghgi ve siit kalitesi parametrelerinin arastirilmasi.
Boliim IT: Siit kalitesi

Ozet: Bu ¢alismanin amaci Kuzey Kibris taki siitcii inek isletmelerinde siit kalitesini arastirmakti. Bu amagla 138 isletmeye ait
siirii tank siitiinden bir y1l boyunca, ayda bir kez, toplam bakteri sayimi, koliform sayimi yapildi ve 6rnekler kuru madde, yag, toplam
protein, kazein, laktoz, serbest yag asitleri, yagsiz kuru madde, asitlik-SH, yogunluk, donma noktas, sitrik asit ve antibiyotik kalintis
yoniinden degerlendirildi. Y1l boyunca isletmelerin %71’inin, rneklerin ise %47’sinin toplam bakteri sayis1 (TBS) medyan degerinin
>100.000 cfu/ml oldugu, yillik ortalama TBS medyan degerinin 227.738 cfu/ml oldugu saptandi. Koliform sayisi 6rneklerin
%28.5’inde <100 cfu/ml; %71.5’inde ise >100 cfu/ml idi. Orneklerin %2.6’sinda antibiyotik kalmtis1 saptandi. Siitiin bilesimi
incelendiginde kuru madde, yag, toplam protein, kazein, laktoz, serbest yag asitleri, yagsiz kuru madde, asitlik- SH, yogunluk, donma
noktasi ve sitrik asit orani sirasiyla %12.03; %3.30; %3.49; %2.62; %4.56; %1.13; %8.75; 6.56 SH; 1 031,50 gr; -0.542H ve % 0.131
olarak tespit edildi. Sonug olarak, ¢alisma sonuglari 1) Yillik toplam bakteri sayisinin yiiksek oldugunu, 2) Koliform sayisinin her
mevsimde (6zellikle yaz) yiiksek oldugunu, 3) Siit bilesenlerinin mevsimsel olarak degistigini gostermistir.

Anahtar sozciikler: Kuzey Kibris, siit kalitesi, siit¢li isletme.

Introduction Udder health and milk quality of farms may be

In order to benefit from nutritive properties of milk,
firstly it must be of good quality. For this reason, raw milk
must be produced at the highest quality (22). With the
global rapid increase in milk and dairy product
consumption, consumer concerns over food quality have
also been increased. These developments have influenced
the definition of high quality milk, and consumer
expectations have begun to influence animal management
practices (19).

* This manuscript is derived from the PhD thesis of the first author.

evaluated with the incidence levels of mastitis, somatic
cell counts in bulk-tank milk, TBC, coliform count, bulk-
tank milk cultures, antibiotic residues, number of initial
incubation, laboratory pasteurization numbers, and
analysis of the substances that are present in milk (9, 12,
16, 20). However, none of the parameters that are used to
determine milk quality give sufficient information on milk
quality and contamination sources alone. For this reason,
some of these tests must be applied concurrently (3).
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No studies have been done specifically evaluating
status and variations of milk quality for Northern Cyprus.
The purpose of this study was to examine variations of
total bacteria counts, coliform counts, milk components
(lactose, total protein, casein, fat, fat-free dry matter, dry
matter, freezing point, acidity-SH, density, free fatty
acids, citric acid), and antibiotic residues in samples
during the year, in order to evaluate quality of the milk
produced in dairy farms in Northern Cyprus.

Materials and Methods

Study design: This study was conducted between
October 2009 and September 2010 in Northern Cyprus.
Bulk tank milk samples taken from 138 dairy farms (all
farms in Northern Cyprus in that period, containing
15.552 Holstein cows in total) in Northern Cyprus was
used as material. Samples were taken from the farms on a
monthly basis for one year and 1643 bulk tank milk
samples were examined (at the beginning of the study,
number of farms were 134 and reached 138 at the end of
the study). Therefore, 1643 bulk tank milk samples were
collected. TBC, coliform count, antibiotic residue and
milk components were analyzed in all samples.

Sampling: Milk samples were collected in the
morning using a sterile dip cup from the bulk tank which
was mixed well after milking. Samples were taken into 3
sterile tubes. Disposable gloves were used during the
samplings. One of each 3 sterile 20 ml milk bottles taken
from the farms were frozen at -20 °C and brought to the
laboratory, and the others were sent to the laboratory at
+4°C,

Measuring  total bacteria counts: TBC
measurements were performed with BactoScanTM FC
(Foss ®, Denmark) device in Cyprus Turkish Milk
Industry, Quality Control Department Laboratory.

Determining coliform counts: Coliform count
measurements were performed by culturing raw milk on
Violet Red Bile Agar (VRB) in Cyprus Turkish Milk
Industry, Quality Control Department Laboratory,
Microbiology Section. Petris were incubated at 32 °C
temperature for 24 hours and results were evaluated.

Determining antibiotic residues in milk: Antibiotic
residue measurements were performed with CHARM
ROSA MRL Beta-Lactam Test and TwinsensorBT (Beta
59 Lactam and Tetracycline Group) test in Cyprus Turkish
Milk Industry, Quality Control Department Laboratory.

Collecting meteorological data: In order for the
obtained data to be evaluated according to climatic
conditions, meteorological data (temperature, relative
humidity, and rainfall data) were obtained from the
Ministry of Public Works and Transportation,
Meteorology Department, North Cyprus.

Biochemical analyses: Measurements of lactose,
total protein, casein, fat, fat-free dry matter, dry matter,

freezing point, acidity-SH, density, free fatty acids, citric
acid in milk samples were determined using a MilkoScan
TM FT-120 device, and freezing point was determined
with Fiske Mark 2 Cryoscope device in Turkish Cypriot
Milk Industry, Quality Control Department Laboratory.
Statistical analysis: Total bacteria counts and
descriptive statistics for milk yields, coliform counts, milk
chemical analysis results and antibiotic residue findings
were calculated on monthly, seasonal and annual basis. In
order to determine whether there was significant
difference between TBC and milk vyields, one-way
ANOVA and Tukey's HSD tests from Post-Hoc tests were
used. Chi-Square Test was performed in order to
statistically compare the results of coliform bacteria
obtained in sample basis in terms of seasons. To compare
chemical analysis results of milk with reference values,
One-Sample t-test method was used. Results obtained
were tested at 95% significance level. Statistical analyses
were performed using the SPSS® for Windows 14.01
(SPSS Inc., Chicago, Illinois, USA) (License No:
9869264) and STATISTICA®7 Package Program.

Results

Average number of the cows for each farm was 175,
and the total number of cattle on the farms was 24.150
during the study period.

Meteorological data:  Meteorological  data
(temperature, relative humidity, and rainfall data) received
from the Ministry of Public Works and Transportation,
Meteorology Department, Northern Cyprus are given in
Table 1.

Evaluation of the findings on TBC: TBC median
value was the highest during December (134.000 cfu/ml),
March (122.000 cfu/ml) and February (112.000 cfu/ml);
and TBC was similar across all seasons (P>0.05). TBC
median average value was >100.000 cfu/ml for all
seasons; but higher in winter following heavy rainfall
(Table 2).

It was determined that 71% of the farms, and 47% of
the samples had TBC median value >100.000 cfu/ml. At
the end of the study, it was also determined that annual
average TBC median value was 227.738 cfu/ml.

Evaluation of coliform count findings: It was
determined that coliform count was high in every month
throughout the year, and coliform count was high
especially in months when the temperatures were higher
(Figure 1).

Coliform count was very high during summer
months, when temperatures were high (92.5% >100
cfu/ml). It is worth noting the fact that more than half of
the samples exceeded 100 cfu/ml. Coliform counts were
similar in autumn and spring, with the lowest and highest
values seen in winter and summer respectively (P<0.01;
Table 3).
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Table 1. Monthly meteorological data received from Northern Cyprus, Ministry of Public Works and Transportation, Meteorology
Department.
Tablo 1. Kuzey Kibris Baymndirlik ve Ulagtirma Bakanligi Meteoroloji Dairesi’nden alinan aylik meteorolojik veriler.

Average of the Lowest Average Air Average of the Highest ~ Average Relative  Rainfall Averages
Air Temperature Temperature Air Temperature Humidity (%) (mm)
October 17.8 22.8 28.4 62.0 35.5
November 12.3 16.7 215 66.2 419
December 10.6 14.3 18.5 75.3 154.5
January 9.3 13.0 16.8 735 112.0
February 9.0 12.8 16.7 73.2 158.0
March 10.0 14.8 19.6 68.9 7.6
April 12.3 17.7 23.0 62.3 12.7
May 16.1 21.2 26.6 63.3 13.9
June 19.6 24.7 29.8 63.1 7.6
July 22.2 27.2 32.2 66.2 2.3
August 24.6 29.6 35.2 62.5 0.4
September 215 26.5 31.8 61.1 21
Table 2. TBC according to the seasons.
Tablo 2. Mevsimlere gore toplam bakteri sayisi.
Median Min Max
Autumn 114.333 20.666 3.262.333
Winter 178.166 32.666 3.598.333
Spring 182.000 8.666 8.979.333
Summer 131.166 8.000 6.531.000
Table 3. Coliform counts according to seasons.
Tablo 3. Mevsimlere gore koliform sayilari.
<100 cfu/ml >100 cfu/ml
AutumnP 26.8 73.2
Winter¢ 48.7 51.3
Spring® 315 68.5
Summer? 7.5 92.5

P

<0.01

abc The different letter in the same column symbolizes the difference.
ab¢ Ayt siitundaki farkls harf anlamliligi simgeler.
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Figure 1. Coliform count according to months.
Sekil 1. Aylara gore koliform sayilari.
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Milk components: Results are given according to
months in Table 4, and seasons in Table 5.

Annual mean values for all these components were
as follows: Lactose 4.56%; total protein 3.49%; casein
2.62%; fat 3.30%; fat-free dry matter 8.75%; dry matter
12.03%; freezing point -0.542°H; acidity 6.56 SH; density
1.031,50 g; free fatty acids 1.13%; citric acid 0.131%
(Table 6).

Antibiotic residues: There were no statistical
differences in terms of antibiotic residues between seasons
(P>0.05; Table 7). Antibiotic residues were found in 2.6%
of the dairy farms throughout the year.

Table 6. Annual average levels of chemical analysis
Tablo 6. Kimyasal analiz bulgularinin y1llik ortalamasi.

Milk components

Lactose (%) 4.56+0.004
Total protein (%) 3.49+0.005
Casein (%) 2.62+0.004
Fat (%) 3.3+0.01
Fat-free dry matter (%) 8.75+0.01
Dry matter (%) 12.03+0.01
Freezing point ("H) -0.542+0.001
Acidity (SH) 6.56+0.02
Density (g) 1031,50+0.03
Free fatty acids (%) 1.1340.02
Citric acid (%) 0.131+0.001

Table 7. Rates of antibiotic residues according to seasons.
Tablo 7. Mevsimlere gore antibiyotik kalint1 oranlari.

Antibiotic Residue

. Negative
0,
Positive (%) %) p

Autumn 2 98

Winter 2.7 97.3

. >0.05

Spring 2.9 97.1
Summer 2.9 97.1

Discussion and Conclusion

TBC is a method used in monitoring udder health and
milk quality. European Union Regulation number 92/46
requires that bacteria counts in milk must be <100.000
cfu/ml (4). In this study, annual average (median) of TBC
in Northern Cyprus was 227.738 cfu/ml and TBC median
value was higher particularly during the months of
December (134.000 cfu/ml), February (112.000 cfu/ml)
and March (122.000 cfu/ml). When examined in terms of
seasons, median value was >100.000 cfu/ml across all
seasons. However, there were no significant differences in
TBC’s according to seasons (P>0.05). These consistantly

high levels in TBC led us to assume that milk production
hygiene was not seen as a priority by milk producers.

Costello et al. (6) reported that TBC was increased in
winter, and Rhone et al. (18) reported that TBC was
increased in the tank-milk in the seasons when rainfall was
higher in Thailand which has a tropical climate. In
accordance with these findings, this study found the
highest TBC during winter and spring (P>0.05). Stulova
et al. (21) reported that TBC was the highest in 131 farms
in Estonia in June, and the lowest in November; and that
TBC was >100.000 cfu/ml in 0.02% (3/131) of the farms.
Similarly, in this study, TBC was at the lowest level in
November, however highest levels were seen during
winter. In addition, average TBC was >100.000 cfu/ml in
71% of the farms. The fact that TBC is higher in winter
months may be the result of cows being kept in wet
conditions due to excessive rainfall; and as a result, udder
becoming dirty and having poor hygiene care before
milking.

Bouman et al. (5) reported that TBC was 558.000
cfu/ml in Uruguay in 1996, and 56.000 cfu/ml in 2004.
They reported that the decreases in bulk tank milk somatic
cell count (BTMSCC) and TBC thanks to the measures
taken by the state in 1995, and to the quality classification
of milk production, and added that the studies were still
continuing. Similarly, Stulova et al. (21) conducted a
study and reported that TBC was 500.000 cfu/ml in 1990;
however, it was decreased to 5.000-10.000 cfu/ml during
2004-2007 period thanks to an intense works program and
investments. The results of this study show that similar
intensive program of work must be conducted and
measures must be taken in Northern Cyprus to produce
safe and quality milk and dairy products, because
BTMSCC and TBC are currently above the required legal
limits.

Another method for examining milk quality
iscoliform counts in milk. Existence of coliform bacteria
in bulk tank milk is an indicatior that feces have
contaminated the milk. Another potential source of
coliform infections is the water used for cleaning milking
equipment. Drinking water on the farm may be
contaminated by storage tanker, rodents, bird droppings,
insects, dust and dirty buckets and hoses (11). Coliform
count must be <100 cfu/ml in milk of good quality
provided that it is pasteurized before consumption (19).
High levels in coliform numbers seen throughout the year
in Northern Cyprus, is a cause for concern. At the end of
the study, it was determined that annual averages from
coliform counts in 71.5% of the samples exceeded 100
cfu/ml. The lowest coliform count occurred during
December, with levels <100 cfu/ml in 63.4% of the
samples. It was considered that coliform count being high
in bulk tank milk was associated with poor milking
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hygiene practices, and/or milking devices being washed
with contaminated water.

Seasonal coliform counts were 26.8%; 48.7%;
31.5% and 7.5% <100 cfu/ml in samples in autumn,
winter, summer and spring, respectively. It was especially
high exceeding the recommended levels in summer
(92.5% >100 cfu/ml). It is important to note that, the
results were higher than the limit values in more than half
of the samples, in all seasons. Coliform count was similar
(P>0.05) in autumn and spring, while higher in winter
when compared to summer, spring and autumn; similarly,
coliform count was higher in summer when compared to
autumn and spring (P<0.01).

Jayarao and Wolfgang (12) conducted a study and
reported that coliform mastitis was observed more during
hot, humid weather conditions, and depending on this, led
to increases in coliform count. As it was observed from
the data received from Northern Cyprus Meteorology
Department, depending on the increasing heat and
humidity, coliform count was >100 cfu/ml in 92.5% of the
samples, and this result confirmed the findings of Jayarao
and Wolfgang (12).

Pantoja et al. (16) reported that the seasons
influenced TBC and coliform count at different levels
between the farms. Similarly, in this study, increases were
determined in many farms in summer season especially for
coliform counts, while in some of the farms coliform count
was below the required level. These differences may stem
from differences in management, nutrition, and milking
hygiene protocols of the farms.

Jayarao et al. (11) reported that coliform count was
<60 cfu/ml in 50% of the farms in 126 farms in the USA.
In a similar study, ElImoslemany et al. (7) reported that
coliform count was <50 in 89% of the 235 farms in Prince
Edward Island in Canada, and that coliform count was
higher in summer season when compared to other seasons.
Lower results were obtained in the study that was
conducted in Canada than the study conducted in the USA
and Northern Cyprus. It was emphasized by ElImoslemany
et al. (7) that this difference between the countries might
stem from geographical regions, seasonal conditions and
different management regimes on farms. EImoslemany et
al. (8) reported that high temperature values especially in
summer might lead to growth of thermoduric bacteria and
coliforms in milking equipment, and negatively affect the
quality of the milk. In addition, authors have also reported
that high coliform counts originated from mistakes during
milking and storing practices, and these mistakes could be
alleviated by ensuring good hygiene of equipment, using
water at very high temperatures for cleaning milking.

Average values that should to be present in a good
quality milk obtained from healthy udder which are not
infected with mastitis are as follows; lactose 4.9%; total
protein 3.61%; casein 2.8%; fat 4%; fat-free dry matter

8.9%; dry matter 13%; freezing point -0.530°H; acidity 6.6
SH; density at 20°C 1.027-1.033 g; free fatty acids 0.7%;
citric acid 0.14% (10, 13, 14, 19). At the end of the study
that was conducted to reveal various elements in milk
obtained in Northern Cyprus average values were
determined as follows; lactose 4.56%; total protein 3.49%;
casein 2.62%; fat 3.3%; fat-free dry matter 8.75%; dry
matter 12.03%; freezing point -0.542°H; acidity 6.56 SH;
density at 20°C 1031.50 g; free fatty acids 1.13%; citric
acid 0.131%. Harmon (10), Korhonen and Kaartinen (14),
Ruegg (19) and Pyordld (17) conducted studies and
reported that as BTMSCC increased, rates of lactose, total
protein, casein, fat, dry matter and fat-free dry matter,
which existed in the milk were decreased. Similarly,
Allore et al. (1) reported that, as BTMSCC rate increased,
rate of fat might decrease by 10%, and rate of lactose and
casein might decrease by 15%. In this study, significant
decreases (P<0.01) were detected in important
components of milk and this decrease was associated with
average BTMSCC levels being high (it was shown that in
the other part of the study). This result showed that
subclinical mastitis level was one of the main factors that
determined the quality of the milk.

Morsi et al. (15) reported that, as herd mastitis rates
was increased, fat content of milk was decreased. In this
study, similar results were obtained, and this situation
supports the findings of Morsi et al. (15).

Rate of milk fat in Holstein cattle is around 3.56%.
Mastitis influences the composition of milk, and feeding
the cattle is also influential on the rate of fat in milk.
Feeding in cows is closely related to milk yield and
structure. For example, in cows that are fed with rations
that possess less fibrous substances or that has rations rich
in starch, fat content of milk decreases. These rations
change the structure of volatile fatty acids in rumen; and
fat metabolism in udder tip is also influenced by this
situation. Ration changes generally do not influence milk-
protein ratio, however, milk fat and protein ratios may
decrease during summer period. Reason of this is the
decrease in dry matter intake depending on the increase in
atmospheric temperatures. Parallel to the increase in green
vegetation in spring and autumn (fresh grass, wheat,
barley and similar green plants contain carbohydrates that
can be digested easily at a very high level), a decrease is
observed in milk fat levels in cattle which graze on forage.
Rate of milk fat and protein is lower than that in winter by
0.2-0.4%. In mastitis, fatty acids are disintegrated
depending on increasing lipase enzyme activity within
milk, therefore rate of milk fat decreases (as low as 10%),
milk turns sour and odor changes, and therefore dairy
products at the desired quality cannot be obtained (3).

Ballou et al. (2) conducted a study in 200 dairy farms
in Wisconsin, the USA, for 1 year, and reported following
values; fat 3.73%; protein 3.13%; lactose 4.65%; casein
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2.42%; and associated the decrease in rates with high
levels of BTMSCC. In this study, obtained values were as
follows; fat 3.3%; total protein 3.49%; lactose 4.56% and
casein 2.62%. It was considered that the changes in milk
fat rates might be associated with the same reasons that
were reported by Bastan (3) and Ballou et al. (2).

This study is the first nationwide report that provide
important data about the state of the quality of bulk tank
milk in dairy farms in Northern Cyprus. It has been
concluded that there were important problems in terms of
milk quality in the dairy farms in the Northern Cyprus, and
that there were seasonal changes in fat, casein, total
protein, lactose, fat-free dry matter, free fatty acids, and
dry matter rates in milk. The study stands as a basic for
future studies and can be valuable for veterinarians,
advisor and farmers.
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