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Abstract

This study was conducted in Butana area and Khartoum state
during 2012 to 2014 starting with general survey to collect the information about
the camel owners and their adopted practices in camel production in the different
seasons, collection of favored browser plant grasped by camels and camel milk
samples. This study aims to describe some field management practices adopted by
herdsmen and camel owners, evaluate the favorite browse plants for camel and its
relationship with chemical analysis of milk also to study the effect of management
systems and seasons on camel milk composition and fatty acids profiles.

A set of detailed structured questionnaires were used to collect information
from a total of two hundred camel owners in different locations in Butana area in
interview conducted over single visit. The questionnaire was designed to obtain
information on general household information, herd structure purpose and size,
management systems/field practices and feeding/watering practices, the
Questionnaire results were analyzed mainly in the form of descriptive tabular
summaries and Chi-square test was used. The results reveled that most of
camel owners was illiterate, had experience more than 20 years
in camel rearing, owned camel, sheep, goat and cattle and
majority of them adopted the semi-sedentary system, also the
results showed that more than fifty percentage of camel owners
milked their camels twice a day and most of their camels produce
more than 2.25 kg in winter, in addition to that the majority of

camels owners allow the calves to suck two quarters of udder in
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winter and less of them provide one udder quarter in summer,
moreover, half percentage of camel owners didn't provide any
additional feed to their camels and the majority of interviewed
watered their camels in less than 3 days in summer and more
than 5 days in winter. Most of camel owners did not receive any
extension services and even the existence services are oriented
to awareness about diseases, increasing the productivity and range
management.

A total of 23 Samples of browser plants (9 plants in summer and 14 in winter) of
edible parts were collected to determine the determine moisture, protein, fat, crude
fiber (CF), acid detergent fiber (ADF), neutral detergent fiber (NDF), starch, sugar
and ash using Bruker Optik GmbH, Rudolf- Ettlingen device based on specific
Infra Red spectra and Independent samples T. test was used to study the effect of
season on the chemical composition of the browser plants. The results
revealed significant effects (P<0.01) of season on all proximate
analysis parameters of the studied browser plants except for
starch and ADF. Moreover the overall proximate analysis
parameters of winter samples record higher values compare to
summer samples except starch, CF, ADF and NDF. Also the results
of proximate analysis parameters of the different browser plants
species affected by season showed significant differences in all
proximate analysis parameters of the studied browser plants
except moisture in Salam (Acacia chrenbergiana), fat in Sidir (Ziziphus
spirachristi) and ADF in Hashab (Acacia senegal). Elsewhere, the
results of weeds and grasses showed that Molaita (Launaea cornuta)
had the highest values in protein, fat, starch, sugar and ADF, also



Siha (Blepharis edulisi) records the highest value in moisture. While,
Senna maka (Cassia angustifolia) had the lowest values in moisture,
protein, starch and ash.

A total of 111 camel (Camelus dromedaries) milk samples in
different management systems and season [56 indoor (31 in
summer, 25 in winter) and 55 outdoor (30 in summer, 25 in
winter)] were randomly collected in June 2013 for summer
samples and February 2014 for winter samples to investigate the
effect of two management systems and seasons on
physicochemical components of raw camel milk using automatic milk
analyzer device Lactoscan™ and Independent samples T. test was used to analyze
the obtained data. The management systems had high significant
effect (P<0.01) on camel milk yield, density and ash and
significant affect (P<0.05) on conductivity, pH, fat and protein.
Whereas, freezing point, SNF and lactose shows no significant
differences (P>0.05). Season was significantly affected the
conductivity, pH, fat, protein and ash while, it had no significant
effect on other parameters. sixtey of camel milk samples from the
gross total number (111 samples) in different parity numbers (1
parity=16, 2" parity=8, 3™ parity=16, 4™ parity=15 and 5" =5)
and in different breed (Anafi n=10, Keneana n=20, Daili n=12 and
Arabi n=18) were randomly collected to investigate the effect of
parity and breed on milk yield and some physicochemical
components of camels milk and the data were analyzed using one
way ANOVA as complete randomized design followed by Least significant

difference test (LSD) and the correlation between different physicochemical



components of camel milk was calculated using simple correlation (Pearson).
Milk yield, solid non fat (SNF), fat and protein were affect by parity
number (P<0.05). Significant differences (P<0.05) of breed types
were recorded in milk yield, freezing point, conductivity, SNF, fat,
protein, lactose, and ash. The results showed strong positive
correlation (P<0.01) in density, freezing point, SNF, fat, protein,
lactose and ash. But between fat and lactose, fat and ash were
positively correlated (P<0.05).

The fatty acids profiles was done using Gas chromatography,
GC-2010 and the effect of management systems and season on fatty acid profiles
were analyzed using descriptive tabular summaries, general linear model followed
by LSD test as 2 X 2 factorial arrangements. The results revealed that the fatty
acids ranged from C6 to C24, the most frequent fatty acids were C13:0, C18:2
w-6, C18:1 w-9, C16:0, C15:0 and C12:0 while the less frequent
were C24:1, C24:0, C22:6 and C6. Also the results revealed that
C24:1 w-9 and C22:6 w-3 exist just in outdoor-winter system, in
contrast to C14:1 and C20:5 which absent in outdoor-winter. The
proportion of polyunsaturated FA (PUSAT) was 18%, monounsaturated FA
(MUSAT) 20.4% and saturated FA (SAT) was 61.6% with a ratio
saturated/unsaturated FA of 1.60:1. Moreover, most of MUSAT fatty acids were
w-7 and w-9 fatty acid types and all existed PUSAT fatty acids were either »-3 or
-6 fatty acid types. The results showed that the proportion of PUSAT fatty acids
were the lowest while the SAT fatty acids were highest in both management
systems and seasons and it was showed that the most frequent SAT fatty acids were
C12:0, C13:0, C14:0, C15:0 and C16:0. Also the results revealed that SAT,
MUSAT and PUSAT fatty acids profiles were higher in indoor system.



The study concludes that majority of camel owners adopted the
semi-sedentary system and tends to reared camels with small animals, Seasons
significantly affected most of proximate analysis parameters of the studied
browser plants and winter records higher values than summer. Also it
concludes that both management system and season had no significant effect
on freezing point, SNF, and lactose. Whereas it were affected the other
physicochemical components. Most of monounsaturated fatty acids (MUSAT)
were ®-7 and w-9 fatty acid types and all existed polyunsaturated fatty acids
(PUSAT) were either w-3 or w-6 fatty acid types, PUSAT fatty acids were the
lowest while the saturated fatty acids (SAT) were highest in both management

systems and seasons.

...:'” :'!

zaxd A zeay g 2014 () 2012 o 8 (b o) adyy wlad) ddie (b A ) sda oy
2 i) il (o e gampndsall i (6 ) 2] S dniall il chlaaly Y (g (5 glae
sl ol dlaie (S Y (oo Bley dadyy dnial) aliod) hloall i iy (J) A A mina Y G e ey
Sl o qusally &lef) S adp (Y ol GleS) Sl Lty Cadly il b b sl il
Y Gl ] Ao el asliaSy .



G ) i il 350 o B 0 00 200 50 (o ] gl e i) ]
hlaslly G0l 33 ) &ld 25 Co ool 2 S sl dnant) el i dand] il
e J gl ) Bl B Mot S e iy Gl Jooll plasid & Gl /25 S adiod
1 o B9 il ) Bl o il ] (o LS ) 5 D 8 20 G S oy Cpd Cad
Y e 00 %50 (o 8 J i) il omag] AS il s il sy pgindle J LS july sl
A g0 cis OS5 gl J) Bl il (b bl B3 2.25 e S ol iy ol b e ol (b

z

Bl J oy Y Y e 0 %650 (B 5 (e Bpdle Jd) dcla) ol )y pgho iy o ool sl
laro J il 3l cvnig 1S it 4 A 5 o jSly i) 8 A3 o B ] e palano J S gl il
ol s kit sl I A (o ks s iy iy ) e J (ol Y Gl

all gl gl Ml apast) (lagee 9 5 Telis 14) dyge ) dslild JSTadl 6329 e dige 23 rirad

oo sidy oy Sl Ll o M) (AN i o gmod) (AN i 5 48 Bruker Optik GmbH,

igite G 35 dd Al o L)) il SlaSY Wil P<0.01 gyl Mol bk (K (e gl Y
ool A i Ll diish sl bl (ADF) (gl Joil) adall il sl o ) 8
Gliall (AR (i g (godod] A i Ll e lad Cadl chum 8 fie ddle 18 o, i) Cle (NDF).
o g pudl (b ol Ll b gl it gl Al gyl sl (ool o) 5 (5 (e gl T LS
S F e 08 el ity J Ay ALl ) Wil B o) WS o Lagl (b bl A0
o) ($ aisie b S Ll o] Lo ) (b bd) A5 o) A e Sl WLl (Gl (g
aloylly L) o pig .

B1) dalls 56] ogalls 2 o it o (ol il ) B (o Uit (ol e 111 e a6
i (& i) ey 2013 gig (b cad) e Caa [(41525 iy 30) a5 55 f(elis 25 igo
e Al fsl Y ol BlaSedl (2Ll (o qgally 8J3) (L ST (e mall Y33 2014 Lactoscan™

igl) o) e (it S dine 111 S aall e Ulgeie (o dine 60 sl . glasdl i o gy ) i
= 3hic) L) iy (57 danalsl 5glly 15= ) 833531 16=asll) s3Jg)] B=apldl) Sl 6=

9



3 B ol @laSopdl) ol e iy gl e 5T dpmd (18=(gp09 12= dica 20=0lS (10
e 3p B i i ol LS S sl ool Ll o5 sid (LSD) Ll Wil e LS
gie g e 511 ol dslhaSdl Cisiall iz Gy 80 2 P<0.05 &) ol ol ) e
Lyime A il LS cuiglly diasdl) P<0.05 sl dsall o Sl gl il dmp ol ) Yo
zze (g8 W) a5 A g LS doly 35S (igpd) il P<0.00L) Hlgad) caazeil] i 0 8LSI)
) of) ol 5 () Gy W IS5 oy 55 (gl iasdl P<0.05.

& gl OB G ) ugs s i) ol el g iy dtad) (Ao hells -
sl o) WS gine (38 B i g allst) alaall g plasind 5 oy Yo o b i) s
(factorial arrangement) 2X2. (w 7 devinall (bl e (4 diadl) uioili J Zt) ~id C6 9
C24 (o legs aiad) AY 1 Jy C13:0. C18:2 w-6. C18:1 w-9. C16:0. C15:0
5C12:0 o leguis lelslg C24:1w-9 . C24:0.C22:6 W-3 5 .C6 waisil Lyl
bl w-9 C24:1 , C22:6 W-3 lsliw az Wl )l wlus 9 lais ylazes
sasiidl leg C14:1 gC20:5 W-3  camiogl .Islii )l wlusll (8 Oluks
5 %18 & 393 0ll lalg Jl 8ayae ainadl jolomYl e ol dawl)all gl
assinal| dgina)l JolosYl g %20.4 a9 0l alaylJl ol aunsll JolasYl
aruiinall s ainall Jolam Yl (W] aruioll ainall JolasYl Gu dwwilly %61.6
oo i295 50l alayl Il &bl ainl jolosYl alass ol s ] &slo] 11:1.6
£9 W-7 5 W-9 o azg2all Lylg I 8228 aina)l JolasYl (K laiy ol che (4
£oill W-3 5 W-6 lailg Jl soyae ayidall olasYl dnw ol il couogl LS
8,191 ol 58 LiSYI (o dzinel | axinadl Jolom Yl Loiy JSYI s a243 ol
1 o—elo aziinall amnall yolasYl el ol wldl o el LS «omgalls C12:0.
C13:0. C14:0. C15:0 4 C16:0 .azuiroll apinall jolom Yl ol wlidl caisly
Lolg Jl 8aaae ainall yolasVl g d9 ol adayl I apbl ayimall jolas Yl
aals |l ag,il el (8 S5 slel az g3 sall.

e pugall il Y 2o Al el (g fiall ans il Cpestes Y Cogo (it J I & Jl s
I ad s Lol ol e 8 (o) i) e long age ) blall o) ol ChS dans

10



i aliaSd) Aot a e 55 i 5Ny aindl) ald) dpale snill e e (335 ¥ ogally el s
£5 (n a9l ] ol aiall daoNomeega 7 5 omega Go dall azysie asiad) AesY 5 Ly
ggomega3 gl omegas.iS (% arxviall (HorYl laiy alls (1550 ayianll daxdl ) (I el ) cudls
regally ale) (ollsh i

List of Contents Pag
e
Holy Quran I
Dedication I
Acknowledgment 1
Abstract \Y
Arabic abstract VI
List of contents Xl
List of tables XV
List of figures XVII
Chapter One 1
1.Introduction
Chapter two 4
2. Literature review
2.1 Camel classification 4
2.2 Importance of camel 5
2.3 Camel production system 6
2.3.1 The traditional nomadic system 6
2.3.2 The semi- nomadic system 7
2.3.3 The sedentary system 7
2.3.4 The semi-intensive system 8
2.4 Husbandry practices of camels in the field 8

11



2.5
2.6
2.7
2.8

2.9

2.1

2.11

w W
N

24.1
2.4.2
2.4.3
2.4.4
2.4.5
2.4.6
2.4.7

2.8.1

2.8.2
2.8.3

2.8.4
2.8.5
2.8.6

NINNN O
VLo
ubhwN"

3.2.1

2.8.1.1
2.8.1.2

2.8.3.1
2.8.3.2

Breeding practices

Pregnancy detection

Milk Letdown and milking procedure
Calves management

Calves weaning

Feeding

Watering

Favorable browse plants

Camel milk production

Physical properties of camel milk
Camel milk composition

Protein

Caseins

Whey proteins

Lactose

Fat

Lipid profiles

Cholesterol

Vitamins

Ash

Camel milk pH

Factors affecting yield and composition of camel
milk

Management systems

Season

Stage of lactation

Parity

Breed

The relationship between yield and
composition of camel milk
The medical significance of camel's milk

Chapter three
3. Materials and Methods
Questionnaire
Source of samples
Browser plant samples
Milk samples

12

10
10
11
11
12
13
15
16
17
18
19
20
20
21
21
22
23
24
24
25
26

26
27
28
29
30
30

31
33

33
33
33
34



3.3

3.4

PR BAA s
uhwiv -

oy
o

3.2.3

3.3.1
3.3.2
3.3.3

3.3.3.1

Camel milk samples for fatty acids
Analysis of samples
Browser plants analysis
Physicochemical analysis of camel milk
Preparation of samples for fatty acids analysis
Fatty acids analysis
Feeding of camels
Statistical analysis
Chapter four

4. Results
General household information
Herd structure, purpose and size
Management systems and milking practices
Feeding and watering practices
Effect of season on proximate analysis of browser
plants
Effect of management systems and season on
some physicochemical components of camel milk
Effect of parity on some physicochemical
components of camel milk

Effect of breed on some physicochemical
components of camel milk

Fatty acids composition of camel milk in
different management systems and
seasons

Fatty acids profiles frequency and
concentration in different management
systems and seasons

Omega fatty acids profiles frequency
and concentration in different
management systems and seasons
Saturated fatty acids profiles frequency
in different management systems and
seasons

Mono unsaturated fatty acids frequency
in different management systems and
seasons

Poly unsaturated fatty acids frequency

13

35
35
35
35
36
36
36
37
38

38
39
40
43
46

50

52

54

57

60

62

64

67

70



4 in different management systems and

seasons
4.15 Effect of management system and
season on fatty acids profile
4.16 Effect of management systems and
season on omega acids
Chapter five
5. Discussion
Conclusion and Recommendation
References
Appendices
List of tables
Table Page
Table 1: Dromedary camel classification 4
Table 2: Composition of camel milk lipid and colostrum 23
Table 3: favorable plants for camel found in outdoor system 34
Table 4. Age group of camel owners 38
Table 5: Experience of camel owners 39
Table 6: Livestock species in the studied area 39
40
Table 7: Purpose of keeping camels in the studied area
40
Table 8: Camel herd composition in the studied area
43
Table 9: Effect of season on amount of milk providing
to young camel
44
Table 10: Effect of season on feeding camels
44
Table 11: Effect of season on drinking interval
45
Table 12: Type of extension services provided in the study
area
47

Table 13: Effect of season on moisture, protein, fat and ash of

14

712

74

76

84
85
97



different browser plants in the study area

Table 14: Effect of season on carbohydrates of different browser
plants in the study area

Table 15: proximate analysis of different weeds and grasses in winter
in the study area

Table 16 Effect of management system and season on some
physical components of Sudanese camel’s milk

Table 17: Effect of management system and season on some
chemical components of Sudanese camel’s milk

Table 18: Effect of parity number on milk yield and component of
Sudanese Camel

Table 19: Effect of breed type on milk yield and components of
Sudanese camel

Table 20: Milk components correlation matrix of some Sudanese
camel breed types

Table 21: Fatty acid composition of camel milk fat in
study area

Table 22: Fatty acid concentration (area %) in different
management systems and season

Table 23: Frequency of fatty acid profiles in different
management systems

Table 24: Frequency of fatty acid profiles in different
seasons

Table 25: Fatty acid profiles concentration (area %) in
different management systems and season

Table 26: Frequency of omega fatty acids in different
management systems

Table 27: Frequency of omega fatty acids in different
seasons

Table 28: Omega fatty acids concentration (area %) in
different management systems and season

Table 29: Frequency of saturated fatty acid in different
management systems

Table 30: Frequency of saturated fatty acid in different

15

48

49

51

51

53

55
56
58
59
60

61

61

62

63

63

65

66



S€asons

Table 31: Frequency of mono saturated fatty acid in 68
different management systems
Table 32: Frequency of mono saturated fatty acid in 69
different seasons
Table 33: Frequency of poly unsaturated fatty acid in 71
different management systems
Table 34: Frequency of poly unsaturated fatty acid in 72
different seasons
Table 35: Effect of management system and season on 73
fatty acids profile
Table 36: Effect of management system and season on 75
omega fatty acids
List of figures

Figures Page
Figure 1: Education level of camel owners 38
Figure 2: Management systems in the studied area 41

Figure 3: Milking numbers practiced by camel 42
owners

Figure 4: Effect of season on average milk 42
production (kg)

16



17



