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ABSTRACT

The objectives of the present study were to moni-
tor the microbiological quality and somatic cell count
(SCC) of bulk tank milk at the world’s first large-scale
camel dairy farm for a 2-yr period, to compare the
results of 2 methods for the enumeration of SCC, to
evaluate correlation among milk quality indicators, and
to determine the effect of specific factors (year, season,
stage of lactation, and level of production) on milk
quality indicators. The study was conducted from Janu-
ary 2008 to January 2010. Total viable count (TVC),
coliform count (CC), California Mastitis Test (CMT)
score, and SCC were determined from daily bulk milk
samples. Somatic cell count was measured by using a
direct microscopic method and with an automatic cell
counter. In addition, production parameters [total daily
milk production (TDM, kg), number of milking camels
(NMC), average milk per camel (AMC, kg)] and stage
of lactation (average postpartum days, PPD) were re-
corded for each test day. A strong correlation (r = 0.33)
was found between the 2 methods for SCC enumeration;
however, values derived using the microscopic method
were higher. The geometric means of SCC and TVC
were 394 x 10* cells/mL and 5,157 cfu/mL during the
observation period, respectively. Somatic cell count was
>500 x 10° cells/mL on 14.6% (106/725) and TVC was
>10 x 10” cfu/mL on 4.0% (30/742) of the test days.
Both milk quality indicators had a distinct seasonal
pattern. For log SCC, the mean was lowest in sum-
mer and highest in autumn. The seasonal pattern of
log TVC was slightly different, with the lowest values
being recorded during the spring. The monthly mean
TVC pattern showed a clear difference between years.
Coliform count was <10 cfu/mL in most of the samples
(709/742, 95.6%). A positive correlation was found
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between log SCC and log TVC (r = 0.32), between log
SCC and CMT score (r = 0.26), and between log TVC
and CC in yr 1 (r = 0.30). All production parameters
and stage of lactation showed strong seasonal variation.
Log SCC was negatively correlated with TDM (r =
—0.35), AMC (r = —0.37), and NMC (r = —0.15) and
positively correlated with PPD (r = 0.40). Log TVC
had a negative correlation with AMC (r = —0.40) but
a positive correlation with NMC (r = 0.32), TDM (r
= 0.16), and PPD (r = 0.45). The linear mixed model
with stepwise variable selection showed that the main
sources of log SCC variation were PPD, TDM, PPD x
season, and season. For log TVC, the same factors and
year contributed to the variation.
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INTRODUCTION

Following dairy cattle, water buffalo, goat, and sheep,
camels are the fifth most important dairy animals in
the world. This species provides approximately 0.3%
of globally produced milk (1.7 million tonnes), but in
some regions, such as the Horn of Africa, 10% of milk
is derived from camels (Faye and Konuspayeva, 2012).
However, most camel milk is produced in traditional
farming or pastoral systems by hand milking that
cannot provide consistent quantity and quality of raw
milk for urban markets (Abeiderrahmane, 2005). The
camel dairy industry, including machine milking, pro-
cessing, and distribution, has been established in the
last decade but it is still in an early stage of develop-
ment (Nagy et al., 2013). Along with the development
of the industry, regular and continuous monitoring of
the quality of bulk camel milk has become necessary.
Local and regional authorities and organizations have
issued quality requirements (regulations and standards)
specific for camel milk (GSO 1970/2009; GSO, 2009).
However, these regulations are not supported by solid
scientific data and require further improvement.
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As in milk of other species, the enumeration of total
viable count (TVC) and coliform count (CC) have
been used to describe the microbiological quality of raw
camel milk (Teshager and Bayleyegn, 2001; Wernery et
al., 2002; Khedid et al., 2003). However, reliable infor-
mation on bulk milk quality is scarce. Reported values
for TVC, mainly in samples from individual animals,
range from few hundreds to millions of colony-forming
units per milliliter (Wernery et al., 2002; Farah and
Younan, 2005; Merin et al., 2005; Eberlein, 2007). In
traditional management systems with hand milking
and without proper temperature control, the TVC is
generally >10° cfu/mL (Teshager and Bayleyegn, 2001;
Farah and Younan, 2005; Merin et al., 2005). On the
other hand, it is possible to produce high-quality raw
camel milk (with TVC <5 x 10” cfu/mL) in both small-
and large-scale farms by applying specific hygienic
measures, milking routines, and milk cooling (Wernery
et al., 2002; Eberlein, 2007; Nagy et al., 2013). Other
quality parameters such as laboratory pasteurization
count, psychrotrophic bacterial count, preliminary
incubation count, and differentiated bacterial count
have not yet been applied to monitor the quality of raw
camel milk (Elmoslemany et al., 2009b; Pantoja et al.,
2009; Bava et al., 2011).

In the bovine dairy industry, bulk tank SCC is a
well-established and compulsory parameter to describe
raw milk quality (Sargeant et al., 1998; Norman et
al., 2011). Somatic cell counts have been determined
in camel milk in the past but mainly from samples of
individual animals to diagnose clinical or subclinical
mastitis (Abdurahman et al., 1995; Abdurahman, 1996;
Chaffer et al., 2000; Guliye et al., 2002; Saleh and Faye,
2011). In addition, most of the methods used were not
validated and did not take into account the apocrine
nature of milk secretion in this species. Like goat milk,
camel milk contains a large proportion of anucleated
cell fragments. The size of these cytoplasmic particles
is similar to that of epithelial cells (Abdurahman et al.,
1992; Paape et al., 2001). For this reason, the use of
non-DNA-specific methods, such as particle counters
or methylene blue staining, results in the over estima-
tion of cell count in the milk (Petersson et al., 2011).
For camel milk, counting procedures that are specific
for DNA should be used to measure SCC. Recently,
bulk milk samples from our farm were analyzed with
a DNA-specific, automatic cell counter (Wernery et
al., 2008). We also reported preliminary data on SCC
values in bulk milk using direct microscopic counting
after pyronin Y-methyl green (PMG) staining (Nagy
et al., 2013). It is important to analyze a large number
of bulk milk samples and to compare different methods
to provide guidelines and reference values for SCC in
camel milk.
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The interaction between milk quality parameters and
various factors influencing milk quality has been stud-
ied extensively in conventional dairy species. In cow
and sheep milk, low bulk tank bacterial count is associ-
ated with low SCC and the increase in one parameter
coincides with the increase of the other (Jayarao et
al., 2004; Gonzalo et al., 2006a; Pantoja et al., 2009).
Milk quality parameters are influenced by many fac-
tors, including year, season, month, herd, age, parity,
breed, stage of lactation, intramammary infection, en-
vironmental factors, and management practices (Dulin
et al., 1983; Paape et al., 2001; Janosi and Baltay, 2004;
Gonzalo et al., 2005, 2010; Elmoslemany et al., 2010;
Dufour et al., 2011; Zucali et al., 2011). The complex
interactions among the above-mentioned factors deter-
mine the final quality of the bulk tank milk. The role
of these factors and their relationship with milk quality
indicators have never been studied in camel milk.

The aims of the present study were to (1) monitor
microbiological parameters and SCC for a 2-yr period
in bulk camel milk at the world’s first large-scale camel
dairy farm; (2) compare the results of 2 methods for the
enumeration of SCC; (3) define the interaction between
milk quality indicators; and (4) evaluate the effect of
some specific factors (year, season, stage of lactation,
level of production) on these parameters.

MATERIALS AND METHODS
Animals and Management of the Farm

The study was conducted during a 2-yr period,
from January 21, 2008, until January 21, 2010, at the
premises of Emirates Industries for Camel Milk and
Products (EICMP), the world’s first large-scale camel
dairy farm in Dubai, United Arab Emirates (25° N, 55°
E). The number of lactating camels ranged from 186 to
458 during this time. Animals were between 5 to 17 yr
of age, had variable parity, and belonged to different
breeds. Dromedaries were kept in groups of 12 or 24
animals in open paddocks with sand bedding. Paddocks
were cleaned twice a day. Calves were weaned partially
and were kept in adjacent paddocks next to their dams
throughout lactation. They were allowed to suckle after
each milking. All camels had controlled exercise (1 h
walking) every day. The normal daily ration consisted
of 4.2 kg of wheat bran, 2.4 kg of alfalfa pellet (~17%
CP) and 5 kg of locally produced hay (Rhodes hay)
distributed in 4 portions throughout the day. Licking
mineral stone and water were available ad libitum.
Camels were in good body condition throughout lacta-
tion (BCS >3 on the scale of 1 to 5). All dromedaries
were identified both with a microchip and a visible run-
ning number placed on a collar on the neck.
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Milking of Dromedaries: Milking Parlor
and Milking Routine

Dromedaries were milked twice a day with an auto-
matic system in a 2 x 12 herringbone milking parlor.
Milk yield (kg) of individual dromedaries was measured
during each milking with an International Committee
for Animal Recording (ICAR)-approved milk meter.
Data were collected by herd management software
(Nagy et al., 2013). Before milking, the udder and teats
were manually stimulated by gentle massage and were
cleaned with a disposable, nonwoven tissue containing
surfactant and quaternary ammonium compound (Pro-
filac Dermapre, WestfaliaSurge, Bonen, Germany; MPS
udder wipes, Anichem, Dubai, United Arab Emirates).
The udder was also evaluated by the milker for the pres-
ence of clinical mastitis and injury. Camels with clinical
mastitis or after prophylactic treatment were milked
by hand and the milk was discarded. Postmilking teat
dipping was not applied, and milkers wore gloves dur-
ing milking. The milking system also included a plate
cooler for rapid cooling of the milk. The milk was col-
lected into a temperature-controlled bulk tank (4,400
L, RM/IB, Packo Invox, Zedelgem, Belgium) during
both the morning and afternoon milking sessions. The
temperature of the tank was recorded every 2 h and
the milk was kept <4°C at all times. Daily milk was
transported to a nearby processing facility once a day
after the evening milking. The washing of the parlor
(cleaning-in-place) was carried out automatically twice
a day after each milking alternating alkaline and acidic
detergents. Before milking, the system was rinsed with
warm water. The hot water temperature at the inlet was
>80°C. Automatic washing of the tank was done once a
day in the evening. Occasionally, the milk was collected
after the morning milking followed by cleaning-in-place
of the tank. Manual washing of the tank was performed
once a week. The milking parlor was under a preven-
tive maintenance contract including visits of competent
technical staff every 4 to 6 mo.

Sample Collection and Laboratory Analysis

Bulk milk samples for bacteriology and SCC deter-
mination were collected in duplicate into sterile, 60-mL
sample containers at the end of the day (morning and
afternoon milking combined). Before collection, the
milk was stirred by the agitator of the tank for 5 min
(Goodridge et al., 2004). Milk samples were taken to
the laboratory immediately after collection and were
kept at 4°C overnight until laboratory analysis.

Total viable count was determined on Milk Plate
Count Agar (CMO0681, Oxoid Ltd., Basingstoke, UK)
using a plate-pouring technique with slight modifica-
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tion of the reference method (ISO 4833:2003; ISO,
2003). Samples were diluted at 107", 1072, and 1077,
and incubated at 37°C for 48 h. Coliform count was de-
termined on violet red bile agar (CM0107, Oxoid Ltd.)
using the plate-pouring technique with dilutions at 10°
and 10~". Samples were incubated at 30°C for 24 h (ISO
4832:2006; ISO, 2006).

Samples were subjected to the California Mastitis
Test (CMT) on a scale from 0 to 3 (CMT-Test, Kruuse,
Langeskov, Denmark). The enumeration of SCC was
performed in 2 laboratories using different methods. In
the laboratory of EICMP, a direct microscopic method
(DMSCC) was used according to Paape at al. (2001)
and Gonzalo at al. (2003) with some modifications.
In brief, smears (10 pL) in duplicate were prepared
on somatic cell slides (5638-01930, Bellco Glass Inc.,
Vineland, NJ), air-dried overnight, and fixed in Car-
noy’s fixative for 10 min. Then, slides were left again
in air for 20 to 24 h. Smears were stained by adding
2 drops of PMG (HT70116, Sigma-Aldrich, St. Louis,
MO) for 2 min. Then, PMG stain was removed with
absorbent paper without further washing. Somatic cells
were counted on 20 fields of one smear using a light mi-
croscope at 200x magnification. For every 10 samples,
cells were counted on both smears and the coefficient
of variation was determined. Final values (cells/mL)
were calculated using the following equation: SCC/
mL = (220 fields) x 526.4. One milk sample was sent
to another laboratory (Central Veterinary Research
Laboratory, CVRL, Dubai, United Arab Emirates),
where SCC was measured in undiluted samples after
12 to 24 h of storage at 4°C with an automatic cell
counter (DCC, DeLaval, Tumba, Sweden; Gonzalo et
al., 2006b; Berry and Broughan, 2007; Wernery et al.,
2008).

Production Parameters

For each production day, the following parameters
were recorded: date (year: yr 1 from January 21, 2008,
to January 20, 2009; yr 2 from January 21, 2009, to
January 21, 2010); month; season (winter = December
to February, spring = March to May, summer = June
to August, and autumn = September to November); to-
tal daily milk production (TDM, kg); individual daily
milk yield (kg); number of milking camels (NMC); and
stage of lactation (postpartum days) of each milked
animal. From these data, additional parameters were
calculated: average milk per camel (AMC, kg) and
average postpartum days (PPD).

Statistical Analysis

As SCC and TVC values are typically log-normal
(Shook, 1982), data analysis was performed with log
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data. Means and SD were calculated after logarithmic
transformation of the raw data. However, the values
were transformed back to the original scale, in cells per
milliliter and colony-forming units per milliliter, result-
ing in geometric means. The test of Shapiro-Wilk was
used for verifying the normality of the raw data.

Methods (DMSCC vs. DCC SCC) for the enumera-
tion of SCC were compared first with Pearson corre-
lation, and the effect of method on SCC values was
assessed by ANOVA.

Relationships and variation factors were tested using
different approaches. First, samples were categorized
according to SCC, CC, and CMT scores. Based on SCC
distribution, 4 categories of SCC were defined: low SCC
(<300 x 10° cells/mL; n = 76), medium SCC (300-400
x 10* cells/mL; n = 290), high SCC (400-500 x 10°
cells/mL; n = 253) and very high SCC (>500 x 10°
cells/mL; n = 106). Samples were also divided into 3
CC categories: nondetectable CC (ND, n = 436), few
CC (1-10 cfu/mL; n = 272) and high CC (>10 cfu/mL;
n = 34). Quantitative data (log TVC, production pa-
rameters, stage of lactation) and qualitative parameters
(CMT and CC categories) were compared with ANOVA
and x’-test according to SCC categories, respectively.
Difference in log SCC and in log TVC among CC cat-
egories and CMT scores was tested by ANOVA.

Effects of seasonal changes and the year differences on
milk quality indicators were studied by ANOVA using
month, season, and year as independent fixed factors.
Seasonal differences in production parameters (TDM,
AMC, NMC) and stage of lactation (PPD) were also
tested by ANOVA. Group means were compared by
the least significant different (LSD) post hoc test. The
correlation between milk quality indicators, production
parameters, and stage of lactation was evaluated by
Pearson correlation.

Finally, a linear mixed model with stepwise variable
selection was applied for log SCC and for log TVC
separately. To assess autocorrelation, a correlogram
was prepared (Shumway and Stoffer, 2001). The au-
tocorrelogram showed the lack of autocorrelation af-
ter 4 d for both SCC and TVC. Therefore, the linear
mixed model with stepwise variable selection tested
the effect of quantitative and qualitative variables on
weekly means of log SCC and log TVC. The quantita-
tive explanatory variables were TDM and PPD. The
qualitative explanatory variables were year, season, and
CC category. Due to multicollinearity, AMC and NMC
were discarded from the final model. All 2-way interac-
tions were included in the model (PPD x season, PPD
x year, TDM X season, TDM x year). For all statisti-
cal analysis, the XLStat software was used (Addinsoft,
Anglesey, UK).
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RESULTS

Comparison of Methods (DMSCC vs. DCC SCC)
for Somatic Cell Enumeration

Weekly mean values are shown in Figure 1. We found
a strong correlation between results by the 2 methods
(r=0.33; P < 0.001). However, SCC values by DMSCC
were higher compared with those by DCC (geometric
mean: 398 x 10° for DMSCC vs. 363 x 10° cells/mL for
DCC SCC; P < 0.001). In addition, a year difference
was observed: the correlation was higher in yr 1 (r =
0.44) than in yr 2 (r = 0.23). Higher DMSCC values
were observed mainly at the beginning of monitoring
and then from wk 60 to 64 (March 2009) and from wk
71 to 73 (May 2009). The coefficient of variation was
the same (23.5%) for the 2 methods. For descriptive
statistics and further analysis, values obtained with the
reference method (DMSCC) were used.

Descriptive Statistics and Seasonal Changes

Mean SCC Values and Changes in SCC. Dur-
ing the observation period, the geometric mean of SCC
was 394 x 10* cells/mL with a range of 113,702 to
927,423. The median (398 x 10° cells/mL) was close
to the mean, but the distribution was not normal (P
< 0.001). Distribution of samples in different SCC cat-
egories (low, medium, high, and very high) is shown in
Table 1. Most values (75%) ranged from 300 to 500 x
10” cells/mL. Low values (<300 x 10* cells/mL) were
observed in only 10.5% of the cases. The mean coef-
ficient of variation of the duplicates was 3.5% with a
range of 0.1 to 21.0%. Daily variation in SCC is shown
in Figure 2. Monthly means decreased significantly
from April to August (P < 0.001), but the seasonal
pattern was different between the years. The decrease
in mean SCC during spring and summer was marked in
yr 1 compared with yr 2 (Figure 3). The year effect was
confirmed because the proportion of low SCC category
was higher in yr 1, whereas that of the very high SCC
category was increased in yr 2 (P < 0.001).

Mean TVC Values and Changes in TVC.
Throughout the study, the geometric mean of TVC
was 5,157 cfu/mL, with a range of 2,018 to 63,400.
Geometric mean was higher in yr 2 (6,270 cfu/mL)
compared with yr 1 (4,220 cfu/mL; P < 0.001). The
median was 5,086 cfu/mL and TVC was <10 x 10°
cfu/mL on most of the test days (712/742, 96%). The
daily change in TVC values was relatively close to that
of SCC, especially when high values (>10 x 10* cfu/
mL; 30 samples, 4%) were discarded from the time
series (Figure 2). The seasonal variation of log TVC
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Figure 1. Changes in weekly mean SCC in bulk camel milk according to the method of somatic cell enumeration: direct microscopic method
(DMSCC) versus automatic cell counter: DCC SCC (DeLaval, Tumba, Sweden).

showed higher values in winter and autumn compared
with the spring (P < 0.001). Values reported in the
summer were at an intermediate level but were differ-
ent from those of the other seasons (P < 0.01). This
seasonal pattern was slightly different from that of log
SCC (Figure 4), as the lowest SCC values occurred in
summer. The monthly mean TVC pattern showed a
clear difference between the years (Figure 3). In 2008,
monthly mean decreased in the spring and summer. In
contrast, mean TVC increased from March to July in
2009. Most of the high TVC values (>10 x 10” cfu/mL,
25/30, 83%) have been recorded during this period.

Mean CC Values and Changes in CC. The
arithmetic mean (+SD) of CC was 2.6 £ 19.1 cfu/mL
with a range of 0 to 390. The CC was <10 cfu/mL in
most samples (709/742, 95.6%). High values (>10 cfu/
mL; 33/742, 4.4%) were concentrated in few months
during the study. This resulted in peaks of monthly
mean (September 2008 and August 2009) but no sea-
sonal variation was observed (Figure 3).

Correlation Between Milk Quality Indicators

The correlation between daily log SCC and log TVC
was significant (r = 0.32; P < 0.001) irrespective of

Table 1. Mean values of different parameters according to SCC categories’

Low SCC
n = 76 (10.5%)

Ttem?

Medium SCC
n = 290 (40.0%)

High SCC
n = 253 (34.9%)

Very high SCC
n = 106 (14.6%)

Quantitative data

Mean SCC (cells/mL) 250,665"
Mean TVC (cfu/mL) 3,963°
TDM (kg) 2,179*
AMC (kg) 6.7
NMC 329°
PPD (d) 2891
Qualitative data

CMT1 (%) 31.5"
CMT2 (%) 56.2°
CC absent (%) 68.4"
CC >10 cfu/mL (%) 2.6"

354,047¢ 442,242" 562,021"
4,831° 5,623 5,998"
2,096" 1,971¢ 1,699°

6.1 5.9° 5.8
345° 339* 286"
322¢ 340" 349°

6.7 2.9° 0.0°

72.3 73.3 89.3°
58.9" 54.1" 62.2"
5.2" 5.1° 1.9°

“IDifferent superscripts within row indicate difference at P < 0.05.
"Low SCC = <300 x 10* cells/mL; medium SCC = 300 to 400 x 10° cells/mL; high SCC = 400 to 500 x 10

cells/mL; very high SCC = >500 x 10° cells/mL.

*TVC = total viable count; TDM = total daily milk (kg); AMC = average milk per camel (kg); NMC
number of milking camels; PPD = postpartum days; CMT = California Mastitis Test (score 1 or 2); CC

coliform count.
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Figure 2. Daily changes in SCC and total viable count (TVC) in bulk camel milk throughout the study from January 21, 2008 (d 1), until

January 21, 2010.

the year (Table 2, Figure 4). By discarding high TVC
values (>10 x 10 cfu/mL), the correlation coefficient
increased slightly (r = 0.33; P < 0.001). The log TVC
also differed according to SCC categories (P < 0.001).
The geometric mean of TVC increased from low to high
SCC categories (Table 1).

No correlation was found between log SCC and CC
(r = 0.004; Table 2) and mean log SCC did not differ
between CC categories. In addition, the distribution of
low or high CC categories did not show any difference
or clear tendency among the SCC categories (Table 1).

We found a positive correlation between log SCC and
CMT (r = 0.26, P < 0.001). A CMT score of 1 was
more represented in low SCC category samples, whereas
a CMT score of 2 was more frequent in medium, high
and very high SCC samples (Table 1). The geometric
mean of SCC increased with increasing CMT score: 297
x 10%, 396 x 10°, and 405 x 10° cells/mL for CMT 1
(n =47), CMT 1.5 (n = 132), and CMT 2 samples (n
= 499), respectively. However, the difference between
CMT scores 1.5 and 2 was not significant.

We observed a weak positive correlation between log
TVC and CC categories including all data (r = 0.09, P
< 0.05). However, the relationship was different between
years. In yr 1, the correlation was highly positive (r =
0.30, P < 0.001) and the geometric mean of log TVC
increased from ND to high CC category (P < 0.001,
Figure 5). In contrast, the relationship was negative (r
= —0.11, P < 0.05) during yr 2. The geometric mean of
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ND CC category was the highest, but ANOVA did not
confirm difference in log TVC among CC categories.

Changes in Production Parameters and Stage
of Lactation, Correlation with Milk Quality
Indicators, and Factors of Variation

All production parameters (TDM, AMC, NMC)
and stage of lactation (PPD) showed a strong seasonal
variation. Mean (+SD) TDM, AMC, and NMC were
the highest during summer and lowest during winter
(Table 3). Average total daily milk was 2,346 kg in the
summer and 1,738 kg in the winter. In contrast, mean
postpartum day was the highest in the autumn (335 d)
and lowest during the spring (292 d; Table 3). In gen-
eral, a close relationship was found among production
parameters and stage of lactation (Table 2). Total daily
milk production was closely related to NMC (r = 0.87,
P < 0.001) and a negative correlation was observed be-
tween AMC and NMC (r = —0.44, P < 0.001). Average
postpartum days was significantly correlated to both
AMC (r = —0.55) and NMC (r = 0.17).

Somatic cell count values decreased with increasing
TDM, AMC, and NMC. The correlation of log SCC
was negative (P < 0.001) with TDM (r = —0.35, Figure
6), AMC (r = —0.37), and NMC (r = —0.15; Table 2).
In contrast, the correlation between log SCC and PPD
was highly positive (r = 0.40, P < 0.001). Log SCC
values increased with increasing PPD (Figure 7). These
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Figure 3. Monthly variation in mean SCC, total viable count (TVC), coliform count (CC), total daily milk (TDM), average milk per camel
(AMC), and postpartum days (PPD) according to the year of monitoring. Year 1 = January 21, 2008, to January 20, 2009; year 2 = January
21, 2009, to January 20, 2010.

results were confirmed by comparing mean values of P < 0.001, Table 2). Similar to SCC, a high positive
TDM, AMC, NMC, and PPD according to SCC cat- correlation was found between log TVC and PPD (r =

egories (Table 1). 0.45, P < 0.001, Figure 8).

Log TVC values increased with increasing NMC (r The mixed model revealed that the main sources of
= 0.32, P < 0.001) and TDM (r = 0.16, P < 0.001), log SCC variation were the following: PPD, TDM, PPD
but were negatively correlated to AMC (r = —0.40, X season interaction, and season. On the other hand,

Journal of Dairy Science Vol. 96 No. 9, 2013
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Table 2. Pearson correlation coefficients (r) between milk quality indicators, production parameters, and stage

of lactation

Parameter’ log SCC log TVC cC TDM AMC NMC PPD
log SCC 1 0.320* 0.004 —0.352% —0.367* —0.152* 0.400*
log TVC 1 0.091% 0.164* —0.395% 0.320%* 0.446*
cC 1 0.032 0.024 0.015 0.021
TDM 1 0.052 0.870* —0.063
AMC 1 —0.441* —0.550*
NMC 1 0.171*
PPD 1

'TVC = total viable count; CC = coliform count; TDM = total daily milk (kg); AMC = average milk per camel
(kg); NMC = number of milking camels; PPD = postpartum days.

P < 0.05; *P < 0.001.

CC, year, and PPD x year, TDM x year, and TDM
X season interactions were not significant determinants
(Table 4). For log TVC, the significant sources of varia-
tion were in the order PPD, TDM, year, season, and
PPD x season interaction, whereas CC, PPD X year,
TDM x year, and TDM x season interactions did not
have an effect (Table 4).

DISCUSSION

Despite the growing demand for and interest in camel
milk, results on bulk milk quality are scarce in drom-
edaries (Wernery et al., 2008; Nagy et al., 2013). This
paper is the first comprehensive report on long-term
monitoring of SCC and microbiological quality in bulk
milk in this species. In previous reports, milk quality
indicators were determined mainly from samples of
individual animals (Wernery et al., 2002; Tuteja et

al., 2003; Farah and Younan, 2005; Merin et al., 2005;
Eberlein, 2007). As a result, reference values on SCC
and TVC in bulk camel milk are not available, and
the existing camel milk standard (GSO, 2009) is not
supported by relevant scientific data. The aim of this
study was to close this gap by providing reliable data
for use as reference values on SCC, TVC, and CC in
bulk camel milk produced under an intensive manage-
ment system. In addition, we investigated the relation-
ship between these milk quality indicators and defined

factors influencing the long-term variation within the
herd.

Comparison of Methods for SCC Enumeration

In the United States, the PMG staining procedure is
considered the standard confirmatory test and the of-
ficial reference method for DMSCC in goat milk (Paape

Figure 4. Seasonal changes in mean log SCC and log TVC (total viable count) in bulk camel milk. Season: winter = December to February;
spring = March to May; summer = June to August; autumn = September to November.
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Table 3. Production parameters and stage of lactation of dromedaries contributing to bulk milk according to

the season of the year

Season
Item' Winter Spring Summer Autumn
TDM (kg) 1,738 + 317.8 2,042 + 358.1 2,346" + 183.2 1,909° + 342.8
AMC (kg) 5.7 4+ 0.46 6.1" + 0.76 6.6" + 0.53 5.9° + 0.37
NMC 308¢ + 68 343" + 90 361% + 49 324° + 57
PPD 334.7" + 32.2 20229 4+ 25.7 315.8° 4 29.0 375.9" + 25.0

*dDifferent superscripts within row indicate difference at P < 0.001 for TDM, AMC, and PPD, and difference

at P < 0.05 for NMC.

'TDM = total daily milk; AMC = average milk per camel; NMC = number of milking camels; PPD = post-

partum days.

et al., 2001). We successfully adapted the same stain-
ing for the enumeration of SCC in camel milk (Nagy
et al., 2013). Although comparative studies between
DNA-specific and nonspecific stains for DMSCC have
not been carried out in camel milk, results of previ-
ous studies indicate that values obtained when using
methylene blue or Giemsa stains are higher compared
with those obtained using the PMG method (Tuteja et
al., 2003; Eberlein, 2007). The DMSCC in our study
showed good overall repeatability as the mean coeffi-
cient of variation of the duplicates was below 3.5%, ir-
respective of the level of SCC in the milk. However, the
direct microscopic method is labor intensive and time
consuming and it requires experienced technicians. For
this reason, we compared the DMSCC as a reference
method with a portable, battery-operated device that

uses propidium iodide stain in a cassette (DCC SCC).
The device has been used successfully to measure SCC
accurately in cow, sheep, and goat milk (Gonzalo et
al., 2006b; Berry and Broughan, 2007). Good overall
correlation was found between the 2 methods but SCC
values were lower with DCC than with the DMSCC
method. In addition, values with DCC showed higher
day-to-day variation. Gonzalo et al. (2006b) had simi-
lar findings in ovine milk. The differences in results
between the methods could be explained by the fact
that the analytical conditions of DCC were not op-
timized. It has been shown that, in small ruminants,
dilution of samples with a DNA stain, increasing the
soak time in cassette, and decreasing the sample stor-
age time improve the overall accuracy of the DCC
device (Gonzalo et al., 2006b, 2008; Sanchez-Macias

Figure 5. Geometric mean of total viable count (TVC, cfu/mL) of bulk camel milk according to coliform (CC) categories and years of the

study. ND = nondetectable.
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Figure 6. Seasonal changes and negative correlation between total daily milk production (TDM, kg) and log SCC in bulk camel milk (r
= —0.35, P < 0.001). Season: winter = December to February; spring = March to May; summer = June to August; autumn = September to
November.

et al., 2010). Further studies are required to test the correlation of the methods between the 2 study years.
effect of analytical conditions (e.g., preservative, age of For few weeks in yr 2, DMSCC values were higher than
sample, analytical temperature, dilution, soak time) in those of DCC SCC. We cannot exclude the possibil-
camel milk to improve the accuracy of DCC compared ity of laboratory error in DMSCC results that might
with the reference method. We also observed different explain this difference.

Figure 7. Seasonal changes and positive correlation between the stage of lactation (postpartum days, PPD) and log SCC in bulk camel milk
(r = 0.40, P < 0.001). Season: winter = December to February; spring = March to May; summer = June to August; autumn = September to
November.
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Descriptive Statistics and Seasonal Changes

The geometric mean of bulk tank SCC over the 2-yr
period was close to 400 x 10 cells/mL, with large
variation throughout the study. Counts by the DMSCC
method peaked at 927,423 cells/mL and values exceeded
500 x 10° cells/mL on 14.6% of the test days. Our find-
ing suggests that SCC values in bulk milk of clinically
healthy dromedaries are higher than those from dairy
cows but lower than those in sheep and goats. Recent
studies from the United States and Europe show that
the mean of bulk tank SCC ranges from 187 to 363 x
10* cells/mL in dairy cows (van Schaik et al., 2002;
Jayarao et al., 2004; Berry et al., 2006; Olde Riekerink
et al., 2007). On the other hand, mean bulk tank SCC
in small ruminants is >800 x 10° cells/mL and values
frequently exceed 1,000 x 10° cells/mL (Droke et al.,
1993; Gonzalo et al., 2005, 2010). Wernery et al. (2008)
suggested that raw camel milk could easily comply with
the existing European Union regulation of raw bovine
milk (SCC <400 x 10° cell/mL). However, the present
study demonstrated that SCC values in bulk milk of
this species could be above the threshold of acceptance
for cow milk. For this reason, the determination of a
legal limit for SCC in bulk camel milk requires further
study.

Our present findings in bulk milk were higher than
recent reports on SCC values in individual animals
(Hamed et al., 2010; Saleh and Faye, 2011). Hamed et
al. (2012) reported an arithmetic mean of 100 x 10
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Table 4. Sources of variation for log SCC and log TVC (total viable
count) included in the linear mixed model with stepwise variable
selection (on weekly basis) and probability associated with F-value
of Fisher test

Source' df F P>F
Log SCC

PPD 1 55.576 <0.0001
TDM 1 29.733 <0.0001
PPD x season 3 11.474 <0.0001
Season 3 3.249 0.025
TDM x season 3 1.575 0.201
Year 1 1.022 0.315
PPD x year 1 0.701 0.405
CC 1 0.689 0.409
TDM x year 1 0.303 0.583
Log TVC

PPD 1 64.073 <0.0001
TDM 1 12.482 0.001
Year 1 8.222 0.005
Season 3 5.490 0.002
PPD x season 3 3.469 0.019
PPD x year 1 2.613 0.109
TDM x season 3 1.633 0.187
TDM x year 1 1.417 0.237
CC 1 0.008 0.930

'"PPD = postpartum days; TDM = total daily milk (kg); CC = coli-
form count (cfu/mL).

cells/mL for dromedary milk based on result from 36
camels. Merin et al. (2005) stated that “good” camel
milk does not exceed the acceptable levels for bovine
milk; that is, around 120 x 10” cells/mL (Chaffer et
al., 2000). These studies suggest that in dromedaries,
as in cows and sheep, somatic cells in milk remain low

Figure 8. Seasonal changes and positive correlation between the stage of lactation (postpartum days, PPD) and log TVC (total viable count)
in bulk camel milk (r = 0.45, P < 0.001). Season: winter = December to February; spring = March to May; summer = June to August; autumn

= September to November.
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in the absence of IMI. Intramammary infection seems
to be the most important factor for increased SCC in
this species (Guliye et al., 2002; Saleh and Faye, 2011).
These earlier findings also suggest that the level of IMI
in our camel population was elevated, resulting in higher
bulk milk SCC. However, direct comparison of our re-
sults with those from individual samples is questionable
for several reasons. In previous studies, samples have
been taken from a relatively small number of selected
animals kept under different management conditions.
Analytical methods were different and other factors
that influence SCC levels, such as method of milking,
stage of lactation, or season, were not documented or
controlled.

In our study, bulk milk SCC showed a distinct sea-
sonal pattern: values decreased from winter to sum-
mer and then increased again. However, the seasonal
pattern was not pronounced during the second year
of the study because of a temporary increase in SCC
from May to July. During the autumn to winter period,
SCC values were higher. The amplitude of the seasonal
change was important because the highest monthly
mean (November 2009) was twice as high as the low-
est monthly mean (June 2008) during the observation
period. We could not correlate this seasonal change in
SCC to any previous data in camels. However, such a
seasonal pattern has been also demonstrated in both
dairy cows and sheep. Berry et al. (2006) reported a
highly seasonal change of SCC in Irish dairy herds, with
low values from spring to summer and high values dur-
ing the autumn to winter period. Others also described
seasonal change in bulk milk SCC but the variation
of the geometric mean was lower (<100 x 10° cell/
mL) and the peak occurred from July to September
(van Schaik et al., 2002; Olde Riekerink et al. 2007;
Elmoslemany et al., 2009a). In dairy sheep, month and
month within herd were significant variation factors,
and maximum SCC values were observed from July to
September (Gonzalo et al., 2005, 2010).

In the present study, we demonstrated that good
quality camel milk with low TVC (geometric mean:
5,157 cfu/mL) can be produced consistently under
intensive management. Similar results (TVC <5.0 x
10” cfu/mL) have already been achieved on both small-
and large-scale farms by applying specific hygienic
measures, milking routine, and milk cooling (Wernery
et al., 2002; Eberlein, 2007; Nagy et al., 2013). On
the other hand, in traditional management systems
without proper hygiene and temperature control, the
TVC frequently exceeds 100 x 10 cfu/mL (Teshager
and Bayleyegn, 2001; Khedid et al., 2003; Farah and
Younan, 2005; Merin et al., 2005). According to most
milk regulations, plate count at 30°C for raw cow milk
should be <100 x 10° cfu/mL. Our present results are
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well below this legal limit (<10% of the threshold). It
is interesting to note that the TVC in our bulk camel
milk was in the same range as that reported for good
quality bulk cow milk (Jayarao et al., 2004; Elmosle-
many et al., 2009a; Bava et al., 2011) but much lower
than values published for bulk sheep milk (>120 x 10°
cfu/mL; Gonzalo et al., 2006a, 2010).

Changes in bulk milk TVC showed a seasonal pattern
that was slightly different from that of SCC—the nadir
occurred during the spring, not summer. The mean log
TVC was highest during the autumn but the geometric
mean remained below 10 x 10° cfu/mL even during
that period. Such a seasonal change in bacterial count
has also been described in bulk cow and sheep milk.
However, in cows, the peak tended to occur during
the summer and values were lower during winter (van
Schaik et al., 2002; Elmoslemany et al., 2009a; Zucali
et al., 2011). In sheep, TVC was found to be elevated
during the autumn to winter period (Gonzalo et al.,
2006a, 2010). According to Pantoja et al. (2009), the
seasonal effect varies substantially among farms, being
demonstrated at some locations and absent at others.
In addition, Elmoslemany et al. (2009a) reported a
significant year difference in TVC pattern in cow bulk
milk. Our results are in accordance with this finding.
The geometric mean of TVC was higher during yr 2
and monthly geometric mean increased from March
through July, resulting in a different seasonal pattern
compared with yr 1 of the study. Most of the high TVC
values (83%) in the current study were recorded in
the spring and summer of 2009. During this period,
disinfectant solution was not available for premilking
teat preparation, which explains the elevated mean
bulk milk TVC and increased incidence of high values.
Following the reintroduction of disinfectant wipes for
premilking preparation in July 2009, TVC values de-
creased immediately. Our rationale is also supported
by recent results showing that TVC is associated with
animal and paddock hygiene, and premilking teat prep-
aration (Elmoslemany et al., 2009b). Our data suggest
that bulk milk TVC is influenced by factors of different
origin, and problems of general milking hygiene could
obscure the effect of other factors such as season. This
was likely the reason why the seasonal pattern of bulk
milk TVC differed between the 2 years of the study.

Our CC results coincided with those on bulk milk
TVC; CC was <10 cfu/mL in 96.5% of the samples and
the mean of the 2-yr period was 2.6 cfu/mL. This result
is lower than CC reported in recent studies on bulk
bovine milk from various countries (mean CC ranging
from 70 to 257 cfu/mL; Jayarao et al., 2004; Pantoja et
al., 2009; Zucali et al., 2011). We observed occasional
increases randomly throughout the study with a peak
(390 cfu/mL) in September 2008. These higher values
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(>10 cfu/mL) were associated with well-defined techni-
cal problems, mainly with the failure of the automatic
washing system. Following the repair of the malfunc-
tions, CC returned to <10 cfu/mL. This observation is
in agreement with recent findings showing that elevated
bulk milk CC is associated with low water temperature,
poor equipment hygiene, and milking machine failure
(Elmoslemany et al., 2009b; Bava et al., 2011; Pantoja
et al., 2011). The overall results of our study on TVC
and CC indicate that good hygiene practices (e.g., milk-
ing routine, cleaning, and sanitation of equipment) had
been developed in the milking parlor and in general,
the Hazard Analysis Critical Control Points (HACCP)-
based food safety management system was efficient.

Correlation Between Milk Quality Indicators

A high positive correlation was found between bulk
milk SCC and TVC, in agreement with results of Gon-
zalo et al. (2006a) and Pantoja et al. (2009) in sheep
and cows, respectively. Others have reported low cor-
relation between SCC and bacterial counts in bulk milk
of dairy cows (Jayarao et al., 2004; Elmoslemany et al.,
2009a). This positive correlation could be the manifes-
tation of a cause-effect relationship between TVC and
SCC, but could also represent parallel changes caused
by other factors exerting similar effects on these quality
indicators. The association between SCC and subclini-
cal mastitis is well documented. In camels, as in other
dairy animals, pathogenic bacteria result in an increase
of SCC (Guliye et al., 2002; Saleh and Faye, 2011).
However, in our study, TVC exceeded 10 x 10° cfu/mL
in only 4% of the cases. In addition, the incidence of
clinical mastitis remained low and pathogenic bacteria
were rarely isolated from individual samples during the
period of the study (J. Juhasz and P. Nagy, personal
observation). These observations suggest that IMI did
not play a major role in the increase of bulk tank TVC.
We assume that the correlation between SCC and
TVC was not a simple causal association in our study.
Rather, it was the consequence of mutual interaction
and the effect of common variation factors.

As expected, no correlation was demonstrated be-
tween SCC and CC, in agreement with previous results
for cow bulk milk (Jayarao et al., 2004; Elmoslemany
et al., 2009a). This finding indicates that the source of
coliform contamination and variation factors are differ-
ent from those of SCC (Bava et al., 2011; Pantoja et
al., 2011; Zucali et al., 2011).

The California Mastitis Test has been used as a sim-
ple, practical method to diagnose subclinical mastitis in
dromedaries (Abdel Gadir Atif et al., 2006; Aljumaah et
al., 2011). Based on individual samples, several authors
reported strong positive correlation between CMT,
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SCC, and bacterial contamination (Abdel Gadir Atif et
al., 2006; Eberlein, 2007). Somatic cell counts increased
regularly with additional quarter CMT score from 0.37
x 10* (CMT 0) to 550 x 10° cells/mL (CMT 4; Saleh
and Faye, 2011). In agreement with these results, we
found a positive correlation between SCC and CMT in
bulk camel milk, but mean log SCC was not different
between CMT scores 1.5 and 2. In addition, CMT score
on most of the test days (73.6%) was 2. Therefore, it
seems that the usefulness of CMT for bulk camel milk
is limited, as the test did not provide any additional
information on the quality of bulk milk.

In this study, a significant but low correlation was
reported between TVC and CC including all data.
However, a major difference was observed between the
years of the study. In yr 1, the positive correlation was
confirmed, and mean log TVC was lower when coli-
forms were not detected. In contrast, during yr 2, a
reverse relationship was observed between log TVC and
CC categories. Notably, our CC categories were rather
stringent. For dairy cows, CC <10 cfu/mL is consid-
ered good, CC <50 cfu/mL is acceptable, and CC >160
cfu/mL are categorized as high (Pantoja et al., 2009).
Our finding is in agreement with those in dairy cows,
demonstrating a low correlation between different bac-
terial counts (Jayarao et al., 2004; Elmoslemany et al.,
2009a). The strength of the relationship indicates that
these parameters have different sources. Elmoslemany
et al. (2009b) showed that total aerobic count was as-
sociated mainly with animal and environment hygiene
and premilking teat preparation, whereas CC was
related to equipment hygiene, water temperature, and
hardness, among other factors. However, some of the
risk factors are the same, as CC is also correlated with
fecal contamination and teat-end cleanliness. This ex-
plains the difference in correlation between the 2 years
of our study. During yr 1, most environmental factors
were properly controlled and TVC and CC showed
parallel changes. During yr 2, however, the effect of
independent sources (problem in premilking prepara-
tion for TVC and failure of automatic washing for CC)
resulted in the disappearance of a positive correlation
between TVC and CC.

Changes in Production Parameters and Stage
of Lactation, Correlation with Milk Quality
Indicators, and Factors of Variation

All production parameters (TDM, NMC, and AMC)
showed the same, pronounced seasonal pattern, with
values being highest in summer and lowest in winter.
This phenomenon is the consequence of seasonal distri-

bution of births and lactation curve characteristics in
this species (Musaad et al., 2013; Nagy et al., 2013).
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Dromedaries are seasonal breeders and most births
(70%) occur from December to March. In addition,
the lactation curve peaks during mo 4 or 5 postpartum
and persists over 500 d. For these reasons, most newly
delivered camels enter production in the spring, and
late-lactating animals are usually dried off during the
autumn to early winter period. As a result, the num-
ber of available milking animals, their individual daily
yield, and total daily production are highest during the
summer months from June to August. In accordance
with this, the stage of lactation of the milking herd
also showed a clear seasonal pattern, but its peak and
nadir were different from those of the production pa-
rameters. We calculated the PPD for each production
day, including all dromedaries that contributed to the
bulk milk, and this PPD was used as summary data to
characterize the stage of lactation of the entire milking
herd. Mean PPD was the lowest during the spring (292
d) and highest during the autumn period (376 d). This
finding corresponds to the reproductive physiology of
the species and to present management practices. The
seasonal pattern of PPD indicates that the proportions
of early-lactating and late-lactating camels increased
during the spring and autumn, respectively.

As expected, production parameters were highly cor-
related. In addition, AMC and NMC were closely relat-
ed to the stage of lactation (PPD). For this reason, we
chose TDM as a representative production parameter
along with PPD as a physiological factor to include in
a linear mixed model with stepwise variable selection.

Somatic cell count showed a strong negative cor-
relation with all production parameters and a strong
positive association with PPD. Somatic cell count
decreased with increasing milk production and decreas-
ing mean postpartum days (spring, summer), and then
increased with decreasing production and increasing
stage of lactation (autumn, winter). Berry et al. (2006)
suggested that the highly seasonal pattern in SCC of
bulk cow milk is the function of the seasonal-calving
system and changes in SCC throughout lactation. Our
findings are in agreement with this and suggest that
SCC increases throughout lactation in the milk of
dromedaries. Increasing SCC with lactation stage has
been documented in cows several years ago (Serieys,
1985). Regarding camel milk, the published results
are contradictory. According to Hamed et al. (2010,
2012) and Saleh et al. (2013), SCC in dromedary milk
decreases significantly with the stage of lactation. How-
ever, those studies included a limited number of camels
(<38), individual samples were collected, the method of
milking was not documented in 2 studies, and lactation
length (~180 to 300 d) was much shorter compared
with that in our study. Hence, these findings on the
interaction of SCC and lactation stage might not be
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valid for machine-milked dromedaries under intensive
management with long lactation periods.

Results on correlation between TVC, production
parameters, and stage of lactation were more difficult
to interpret because of the important year difference in
our study. During yr 1, log TVC was negatively corre-
lated with AMC but strongly positively associated with
PPD and NMC. In part, this finding is similar to that
of SCC interrelationship with production parameters
and stage of lactation. We assume that under optimal
hygienic conditions, the seasonal pattern in TVC is also
the result of seasonal calving and perhaps of the in-
crease in TVC in individual samples throughout lacta-
tion. However, this presumption needs to be confirmed
by further studies. Nevertheless, if milking hygiene is
not controlled properly, the association between these
parameters might disappear or change direction. This
happened during the second year when TVC increased
from April to July due to problems in premilking
preparation. As a result, only AMC showed positive
and not negative correlations, but PPD and NMC lost
interrelation with log TVC.

A linear mixed model with stepwise variable selec-
tion was performed on weekly mean data because
autocorrelation was detected between daily results up
to 4 consecutive days. We observed no autocorrelation
between days that were at least 5 d apart. The model
confirmed previous findings on seasonal trends and
correlation between milk quality indicators, production
parameters, and stage of lactation. For both log SCC
and log TVC, stage of lactation (PPD) and level of
production (TDM) were the main factors explaining
the variation. In addition, season and PPD x season
interaction were significant determinants. For log TVC,
the effect of year was also confirmed. In general, the
models explained most of the variation in log SCC and
log TVC. Our results are in agreement with those of
Gonzalo et al. (2005, 2006a, 2010) in dairy sheep, in-
dicating that the same external factors influence varia-
tion of bulk milk SCC and TVC.

CONCLUSIONS

This study is the first comprehensive report on the
long-term monitoring of SCC and microbiological qual-
ity in bulk tank milk of dromedary camels kept under
intensive management. We have reported basic refer-
ence values for SCC, TVC, and CC in this species that
may assist authorities and regulatory bodies in improv-
ing existing camel milk regulations. We demonstrated
that raw milk of excellent microbiological quality can
be produced in dromedaries but SCC levels could ex-
ceed the threshold of acceptance set for bovine milk.
The use of specific cell counters can be a cost-effective



MICROBIOLOGICAL QUALITY AND SOMATIC CELL COUNT OF BULK CAMEL MILK

alternative to DMSCC in bulk camel milk. We found a
strong positive correlation between SCC and TVC. The
important variation in both SCC and TVC throughout
the year was associated with seasonal changes in pro-
duction levels (TDM) and stage of lactation (PPD).
We suggest that the seasonal variation in milk quality
indicators in bulk camel milk is the consequence of sea-
sonal reproduction and lactation curve characteristics
of dromedaries.
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