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ABSTRACT
Modeling the lactation curve is an important step for assessing the true milk potential of dairy animals. The present study aims to
investigate the use of four different mathematical models (Wood, Cobby and Le Du,Cappio-Borlinoand and Dhanoa) to describe camel milk
lactation curves, to estimate the potential of dairy she-camels and to identify different factors that could influence produced milk quantity
and quality of Maghrebi she-camel. A total of 813 records from one experimental farm were used. Data collections were daily made
with three milking per day. The complete milking was performed on two quarters (one posterior and one anterior). The other two were
reserved for the calf and the volume collected was doubled. Among the four used mathematical models, the Wood model appeared
the most appropriate according to mean square prediction error (MSPE), coefficient of determination (R2= 83.56). The differences in
estimated total milk yields between the models were not statistically significant. All models were adequate in describing total milk yield,
although total milk yield estimated using the Wood model was very close to total milk yield. The quantities of daily produced milk differed
among individuals. Milk production peaked approximately at 3rd months postpartum and then decreased. Daily production was 6.72 ±
2.46 L. Milk yield decreased with lactation. Daily milking order as well as stage of lactation affects milk yield and its composition. These
constituents became concentrated as lactation proceeded, and protein was substituted by fat. Calving date had a similar concentrating
effect on fat whereas it decreased protein. This study showed that among the population of camels in Tunisia, improving environment
and management of camel can be a way to improve milk production.
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INTRODUCTION
Camels continue to be the preferred livestock species for
utilizing extreme dry land areas. Pastoralists are seeking
new systems of using their animals by increasing sales of
surplus rather than keeping them to accumulate wealth.
African populations represent 80 % of world camels
(Faye and Bonnet, 2012). The estimated number of camels
in Tunisia (100,000 heads) was distributed especially in
southern and center of Tunisia (Fig. 1). Despite this
important number, there is a little information on genetic
diversity of this population, but a recent classification was
done (Chniter et al., 2013).
In previous studies achieved by Kamoun (1995 and 1998a)
in Tunisia it has been demonstrated that the estimate milk
potential of the Maghrebi Negga (Camelus dromedarius) depend
on many factors that can influence quantity and quality of

produced milk as the feed composition, the milking practices,
the physiological and health status of the dairy animals.
Increased milk production is possible and intensification
can be a way to improve milk yield for Maghrebi Negga
(Kamoun 1998b). This breed has relatively high potential
milk. To improve milk quantity and quality, Dag et al. (2005)
reported that appropriate models for describing lactation
curves provide useful information for breeding programs and
management practices, especially for culling and in assessing
the nutritional and health status of animals. In order to
assess plausible forms of lactation curves, milk yield records
collected throughout the whole lactation are required.
The objective of our study was to investigate, for the
first time, the use of four different mathematical models
(Wood, Cobby and Le Du,Cappio-Borlinoand and Dhanoa)
to describe camel milk lactation curves, to estimate the
potential of dairy she-camels and to identify different
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Federation (IDF). The total nitrogen (TN), the noncasein nitrogen (NCN) and non-protein nitrogen (NPN)
are determined by the Kjeldahl method, the TN was
determined in milk without preparation, the NPN and
NCN were determined in the soluble fraction after protein
precipitation with TCA 12 % for the first and after selective
precipitation of casein (pH = 4.6) with acetic acid and
sodium acetate for the second. Nitrogen of whey proteins
was calculated by difference: NCN minus NPN.
Models tested
Fig 1. Number and location of camel population in Tunisia
(Kamoun and Jemmali, 2014).

factors that could influence produced milk quantity and
quality of Maghrebi she-camel.

MATERIAL AND METHODS
Animal and location

The study was conducted in the experimental Farm of
Higher Education in Agriculture School (Mateur, Tunisia).
Mating dates, calving and drying are recorded. Eight camels
and 26 lactations were sampled during 5 years every ten
days at the same time. Sampled she-camel had an average
age of 9±3 years.
She Camels (Neggas) spend the night and part of the day
(12:00 to 14:00 h) in the stable where they have freely water
and wheat straw and 4 kg of wheat bran per head per day.
For the rest of the day the whole goes to pasture at 7:30
am just after the morning milking and at 14:00 pm after
milking and returned in the evening, just before the evening
milking, which occurs between 17:30 h and 18:30 h.
A total of 813 records were used in the present
analysis. Data collection was made daily during the milking
which were achieved three times a day. The complete
milking was performed on two quarters (one posterior and
one anterior). The other two were reserved for the calf and
the volume collected was doubled.
Milk sampling and analyses

Milk samples were collected aseptically during the routine
milking in sterilized recipients and transported immediately
to the laboratory for analysis. Milk samples were stored in
sterile plastic container at 4°C.
Milk samples were analyzed to determine chemical
composition and physical criteria (acidity, pH, density,
dry matter, fat, protein, casein, lactose and ash) for each
sampling day and each sampling time. Analyses were
performed according to the official Tunisian methods
resulting from those described by the International Dairy
Emir. J. Food Agric ● Vol 28 ● Issue 3 ● 2016

The Gauss-Newton algorithm was used to fit lactation
curve (SAS, 2009). Observed daily milk was presented as:
Yt= a tb e-ct
Where:
Yt: is the observed milk yield at day t
a: is linked to milk yield at the beginning of lactation
b: to the ascending phase before peak yield
c: to the decreasing phase after peak yield
Persistency, peak yield, and day in milk at peak yield, were
calculated as: (b+1) Ln (c), a(b/c)b e-b, and (b/c), respectively.

RESULTS AND DISCUSSION
Milking practice could affect the amount of milk. Generally,
in extensive systems the calf is allowed to suckle for a few
minutes before hand milking. Milking must be done by a
person who is well known to the camel. In the present study
when the usual milker changed, significant milk retention
was often observed. It also appears that milking frequency
influences daily milk yield. In presence of his calf, milking
duration can be more than 3 min.
Quantities of produced milk increase with milking rank and
changing with lactation number. Quality of produced milk
was varied according to the milking order in the day and the
lactation stage (P = 0.01). The quantities of daily produced
milk differed among individuals. Average daily production
was about 6.72 ± 2.46 L. The total milk production was
on average 2642 ± 523 L for 390 days of lactation with
a range between 972 and 3538 L. This result was similar
to these recorded by Musaad et al. (2013a) and Gaili et al.
(2000) on camel population in Saudi Arabia. Observed milk
yield appeared lower than the values recorded by Aslam et
al. (2002) and Ibnoaf (1987) in Kuwait. These differences
could be partly attributed to the genetic performances.
The Wood model is the more appropriate for describing
milk production curves for she-camel in Tunisia (Fig. 2).
Milk yield will rise during the first two to three months after
calving, followed by a long period of continuous decline.
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Table 1: Lactation curve parameter of ascending slope up to
peak yield according different mathematical models and mean
square prediction error (MSPE)
Models
a
b
c
MSPE
(%)
Means SD Means SD Means SD
Wood
2,19 0,15 0,4
0,15 0,005 0,003 61,71
Cappio
1,5 0,08 0,5
0,23 0,003 0,003 60
Cobby and Le Du 9,7 1,15 0,01 0,05 0,05 0,03 83,56
Dhanoa
2,2
0,2 80,6 12,23 0,005 0,004 61,71
Fig 2. Lactation curve estimated for Magrebi she-camel milk yield (L/
day) estimated by Wood, Cobby and Le Du, Cappio-Borlinoand and
Dhanoa models.

a: is linked to milk yield at the beginning of lactation; b: is linked to the
ascending phase before peak yield; c: is linked to the decreasing phase after
peak yield; SD: Standard deviation; MSPE: Meansquare prediction error

Peak milk yield is the point where the female reaches the
highest production level. This result was similar to this
founded by Kamoun (1998b). In our study, the peak occurred
at the 3-4th month post-partum as reported by Kamoun
(1995). Peak production in camel is less marked than in cow
(Musaad et al., 2013a). In this former study, the peakin camel
was reached in the 28th week of lactation. In Ethiopia, the
peak was observed earlier, between 9 and 19 weeks (Bekele
et al., 2002). In Pakistan, the peak was reached during the
second and third months of lactation (Khan and Iqbal,
2001). In Ethiopian camels, no significant reduction in milk
production was reported until the ninth month of lactation
(Zeleke, 2007) due to the high persistency observed in camel.

Table 2: Estimated milk yield according mathematical used
models
Models
Total
Means
SD
Min
Dhanoa
2778,54
5,52
1,75
1,50
Wood
2644,03
5,47
1,90
2,18
Cobby
2641,08
5,49
1,90
2,18
Cappio
2636,33
5,35
2,03
0,46

The average initial milk yield in our camels estimated by
Wood, Cobby and Le Du, Dhanoa and Cappio models
respectively was 2.19, 9.71, 2.19 and 1.5 L. Lactation curve
parameter of ascending slope up to peak yield varied
according used mathematical models. The descending
slope parameter for different observed milk curves were
0.003, 0.005, 0.005 and 0.05 respectively for Cappio, Wood,
Dhanoa and Cobby models (Table 1).
Estimation milk yield, for studied females, were determined
by different mathematical models. Milk production peak
was reached at the 80th, 79th, 81th and 68th test day
respectively for Wood, Cobby and Le Du, Dhanoa and
Cappio used models. Estimated milk yield was varied
according mathematical used models (Table 2).
The persistency of lactation varied between 94% for Cappio
and Cobby and 96% for Wood and Dhanoa model. The
average persistency of milk production from thepeak to
390 days of lactation was 94.7% in the study of Musaad et
al. (2013a) which was higher than the 87.3 % reported by AlMutairi et al. (2010) but a little lower than 97.1 % between 100
and200 days of lactation reported by Richard (Richard and
Gérard 1989) in Danakil camels in Ethiopia. Among the four
used mathematical models, the Wood model appeared the
most appropriate according to mean square prediction error
(MSPE) and the coefficient of determination (R2= 83.56%).
The differences in estimated total milk yields between the
models were not statistically significant (P > 0.05).
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Max
8,27
8,15
8,15
8,29

For fresh camel milk, pH was ranging from 6.17 to 6.95 with a
mean value of 6.32 ± 0.20, titratable acidity was ranged from
13 to 18 °D with a mean value of 16.95±1.52 and density
going from 1019 to 1032 with an average of 1025 ± 3. These
values are lower than those of cow’s milk. The differences
among the values in gross composition undoubtedly reflect
differences in breed and stage of lactation of our Maghrabi
Negga sampled. But in all cases, we found that the milk is low
in cheesy components such as casein and fat (Table 3 and 4).
In all cases daily milking orders affect milk yield and its
composition (P<0.05). Stage of lactation affected fat
(P<0.001), protein (P=0.002), and protein/fat (P<0.001).
These constituents became concentrated as lactation
proceeded, and protein was substituted by fat. Calving
date had a similar concentrating effect on fat (P < 0.001)
whereas it decreased protein (P = 0.002). These results
were similar to these founded by Konuspayeva and
Faye (2005) andAbdurahman (2006) and Musaad et al.,
(2013b). Konuspayeva et al. (2009) reported that the gross
composition varied according to geographical location, and
to year. Camel milk composition showed a wide variability
in its constituents depending on the physiological, genetic
and environmental factors (Abdelgadir et al., 2013).
These authors reported that no significant effect of
parity, gestation length, calf body weight at birth or adult
weight in milk contents. Little correlation was observed
between milk quantity and lactation stage. An important
lactation-gestation recovery period was observed (283
+/- 93 day) which can have an effect on the lactation length
as described recently by Nagy et al. (2014). Correlation
coefficient between persistency indices and total day milk
yield was indicated a good persistency value calculated
for this breed. The high disparity between these various
sets of data can probably be explained by differences in
Emir. J. Food Agric ● Vol 28 ● Issue 3 ● 2016
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Table 3: Gross composition of mixed samples of three milking
Gross composition (g/L)
Means
SD
Min
Max
Total solids (g/L)
116.76
11.32
92.00
145.00
Solid not fat (g/L)
80.31
10.96
60.00
94.00
Fat (g/L)
35.67
7.61
20.00
55.00
Lactose (g/L)
43.82
5.68
28.00
57.00
Ash (g/L)
8.21
0.64
5.00
11.00
Total protein (g/L)
29.45
3.29
20.90
35.9

Faye, B. and P. Bonnet. 2012.Camel sciences and economy in the
world: Current situation and perspectives. Proceeding 3rd
ISOCARD Conference. Keynote Presentations. 29th January
-1st February, 2012, Mascate (Sultanate of Oman), Pp. 2-15.

Table 4: Protein fraction of mixed samples of three milking
Protein fraction (g/L)
Nb
Means
SD
Min
Casein
128
23.37
2.60
17.9
Whey protein
161
5.10
1.17
2.60
Non Protein N
161
0.47
0.23
0.20

Iqbal, A., M. Younas and B. B. Khan. 2009. Milk production potential
of Pakistan camel under the dry condition of the Punjab.
In: Khorchani, T., (Ed.), Proceedings of the 2nd ISOCARD
Conference, Djerba, 2009, (Institut des Régions Arides
Publication. Medenine, Tunisia), p. 4.

Max
29.2
9.60
1.50

genetic potential, climate, feeding conditions and sampling
techniques. Our result suggests that intensification can be
a way to improve camel milk production.

CONCLUSION
Tunisian Maghrebi Negga had good potential for milk
production. The Wood model appearing the most
appropriate among the four tested models, it could be used
for estimating the dairy potential of camels.
The improvement of environment and management of
camel signaling pathway illustrate the way in which discover
can contribute to productive process, as well as providing
benefits to agriculture. Genetic selection can be used to
identify animal with a high genetic potential.
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