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Abstract: Twenty-four browse plants samples of predominantly trees and shrubs and 24 forage types of
crop residue, grasses and forbs were collected from western Sudan in dry and wet seasons. On the other
hand 26 browse plants samples of predominantly trees and shrubs and 27 samples of crop residues, grasses
and forbs were collected from eastern Sudan in the same seasons. The samples were subjected to air
drying, prepared to proximate analysis. A multistage sampling procedure was used for the primary
sampling  units (regional locations) and secondary units (nomadic camps) were used. Nomad representative
were interviewed in the wet season and again re-interviewed during the dry season. Results showed that,
the CP, EE and Ash of the browses and forages were significantly (P<0.05) higher in the western region
than in the eastern region of Sudan.   The same increase is true for CP, EE and Ash in the wet season
than the dry season. During dry season of the year, the CP was found to be 7% or less, Ash was 10%
for both regions, while during the wet season, all browses contain above 7% CP, over 30% CF and over
10% Ash.
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INTRODUCTION

Camels in Sudan were raised mainly on nomadic
system, which enable camel herders to make a benefit
from vast areas which may be not suitable for other
ruminants. Camel is primarily a browses animal as it
obtain 90% of its diet from browse plants[28]. Faried et
al.[8] and Abbas et al.[1] reported that dromedaries spent
81% of their feeding time on herbs and acacia bushes,
and 19% of their feeding time on grasses such as
Bracharia and Aristida species (preferred species to
camel). During dry periods camels obtain the major
components of their diets from trees and shrubs leaves,
whereas in the wet season they predominantly utilize
the ground vegetation (mainly forbs). The advantages
of browsing behaviour to camels is that they are not in
a competition with other livestock species either in
terms of the feed type or the height at which they eat
above the ground[24,28]. Camels are not true ruminants
as they lack the fourth well-defined compartment of the
ruminants stomach, but in spite of this fact the camel's
digestive system can extract the nutrients efficiency
even from that meager diet; part of the urea that the
camels kidneys extract from the blood is passed back
to the stomach where, it reprocessed into new protein

when combined with the partially digested cellulose.
This explains why camels efficiently exploit the less
palatable low quality roughages. These adaptive
features offer a comparative advantage to be the main
source of subsistence for most of the people inhabiting
the arid and semi-arid lands (ASAL) of the Sudan by
supplying meat, milk and other products. Despite this
socio-economic importance of camels in (ASAL) of the
world, Bahgat[4] reported that efforts to improve its
productivity have logged behind other livestock species.
During its browsing and/or grazing movement camels
cover large areas (50-70 km/day)[19], 25-100 km/day[3]

to obtain feed materials.
The nutrients requirements of camel were lower

than those of other livestock species, the DMI/day
ranged from 5-10 kg, they can thrive well for months
by eating 5 kg of fodder/day and the minimum
DMI/day was 2 kg. Seasonal changes in the diet
components browsed by camel would result in change
in the diet quality[13], which affect the camel
performance and the subsequent well being of the
pastoralist keeping camels.

The purpose of this study is to report out the
seasonal and regional variations of the chemical and
nutritional composition of some important browse and
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forage species utilized by camels in ASAL of the
Sudan to quantify some of the nutritional problems
limiting camels production and productivity with the
aim of identifying potential interventions to alleviate
some of these constraints and to provide objective basis
for efficient and low cost nutrients supplementation,
this could be achieved through study of the chemical
composition of browse trees, pasture grasses, grass hay
and common crop residues available in camel
production area of the Sudan during dry and wet
seasons of the year to establish a data base on camel
feed nutrient profile.  

MATERIALS AND METHODS

The study area, comprises the environmental belt
north of 12oN latitude, loosely referred to as ASAL of
the Sudan; and is part of the central rain lands which
stretch from the Ethiopian border in the east to Darfur
Region in the west. Made up of two distinct types of
soil the 'Qoz' sand soil and the clay soils. The main
area of the "Qoz' lies to the west of the Nile 'northern
Kordofan and Darfur' of Western Sudan relatively poor
in nutrients but it is productive due to the porous
condition and low salt content. The clay plain mainly
in the centre and east of the country includes Al
Butana, the Qash Delta, the Red Sea Hills, and the
coastal plain, the soil is deep, extensively cracking and
with about 65% clay and generally alkaline. Rainfall is
brought by southwest monsoons from about May to
October and decreases steadily from south to north.
Unpredictable rainfall, long periods of drought, limited
water, and inadequate knowledge and technology of
water resource management characterize the ASAL.
There is also rapid population growth, coupled with
low or declining real incomes, low nutritional levels
and serious environmental degradation. Important
vegetation includes woody species like Acaci spp.,
Capparis deciduas, Maerua crassifolia, Salvadora
persica and Ziziphus spina-christi. Grasses include
Aristida spp., Eragrostis spp., Cenchrus setigerus,
Cymbopogon proximus, Lasiurus hirsutus and Panicum
turgidum.

Sampling and Data Collection: A multi-stage
sampling procedure was adopted for the primary
sampling units (regional locations) and secondary units
(nomadic camps). 

During the west season, in western Sudan, around
Elobied and in eastern Sudan, Elsobag and Rawashda
forest areas of Albutana; with the help of nomad
representatives, camp elders were contacted randomly.
They were asked for participation in the study after
they were informed about its objectives and the
sampling procedure. Their  possible  dammering sites

during dry season were recorded. Out of a first list
including names of those camps elders willing to
participate, a second selection was randomly drawn[25].
A unique identification number was allocated for each
visited camp, which was retained for all samplings.
Nomad representatives interviewed in the west season
were re-interviewed during the season at the
dammering sites to capture season variations. 

Plant Sampling Collection: The plant samples
collected are those recommended by herders coupled
with direct observation to assess food preferences in
different regions. In some places the predominant grass
cover provides sufficient feed supplies, especially for
sedentary herders but its utilization is only intermittent.
If foliage e.g. Acacia nilotica is out of  reach of the
animals the herdsmen bend or cut branches. Most of all
it has to be mentioned at this stage that due to the
known flexibility of camels food selection, the list of
observed food plants does not pretend to be
comprehensive. In this study, for plant feed of camel
in eastern and western Sudan the term "Forage' refer to
common crop residues, pasture grasses and forbs;
whereas 'Browse' for shrubs and trees (as are called
hereafter). The important plant species sampled in the
different grazing areas of western and eastern Sudan
are shown in appendix (1)), which brings together the
more commonly used forage and browse plants selected
by camels per location in dry and wet season. The lists
are not exhaustive, but are meant to focus on those
feeds that are emerging as important in feeding system
for camels. Of the most important fed sources listed,
Acacia spp., Grewia spp., Maerua spp., Aristida spp.,
Cenchrus spp., and Indigofera spp., are widely used in
the study areas. In the drier areas only Balanites
aegyptiaca and Maerua crassifolia are evergreen.
Twenty-nine browse samples of predominantly trees
and shrubs and 24 forage types of crop residues,
grasses and forbs were collected from western Sudan
in dry and wet seasons. From eastern Sudan twenty-six
browse samples of predominantly trees and shrubs and
27 of crop residues, grasses and forbs were collected
in dry and wet seasons. 

The parts eaten (branches, leaves and fruits in the
case of browse, and leaves and stems in the case of
forage) were collected by hand plucking and clipping
or were cut with a sickle and freed from soil particles.
Samples of crop residues of mechanized and traditional
rainfed areas and schemes were collected using the
same procedures as for natural land forages. Their local
and botanical names were identified; regional plant
samples were pooled according to species. After air
dryness, cut into pieces (2 to 5 cm), and ground in a
hammer mill to pass through a 1 mm screen and
mixing, 50 g sample was collected into plastic bags for
subsequent chemical analysis. 
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Chemical Analysis Methods: Weende proximate
analysis was determined for percentage of crude protein
(CP), crude fibre (CF), ether extract (EE) and Ash
according to the methods of AOAC[2]. The gross
energy (GE), were calculated using equations from
Hvelplund et al. (1995) as follows:

GE (MJ/kg DM)= CP content (kg) *24.237 + crude fat
content (kg)* 34.116 + CHO content (kg)* 17.300.

Statistical Analysis: The data was entered into excel
spread sheet and checked for error and consistency.
SPSS and stata intercool statistical package were used
in the analysis. The mean and parameters of dispersion
(standard error and standard deviation) were calculated.
T-test, Analysis of Variance (Anova) and nested
Anova; The t-test was used to compare between two
groups such as dry and wet season and analysis of
variance (Anova) was used when more than two groups
were compared. Nested Anova was used when the
effect of certain factors nested within other factors was
assessed such the season within region. 

Appendix 1:  Eastern Sudan trees
Latin name Local name
Acacia albida Haraz
Acascia seyal Tallih
Acacia Senegal Hashab
Acacia tortilis Sayal
Balanites aegyptiaca Heglig
Boscia angustifolia Sereh
Capparis decedua Tundub
Combretum aculeatum Shuheit
Dichrostachys cinerea Kadad
Grewia tenax Goddeim
Guiera senegalensis El Gibaish
Salvadora persica Arak
Zizyphus mauritianus Siddir
Acacia nubica Laaot
Acacia mellifera Kitter
Prosopisjuliflora Mesquite
Acacia nilotica Sunnut
Sclercarya birrea Homyaid
Acacia etbaica Arrad, Q'arad
Combretum glutinosum Hebeel
Terminalia spp. Daroot
Boscia senegalensis Mokhait-Korsan
Cordiaafricana Gimbeel
Khaya senegalensis Mahogany
Maerua senegalensis Sereh
Bauhinia rufescens Kulkul

Results: Results of the plant samples proximate
analysis are presented in table (2).

Effect of Location on Browse and Forage Proximate
Composition: The levels in browses and forages of
crude protein (CP), ether extract (EE) and Ash were
significantly higher (P<0.05) in the western region than
in the astern region; whereas crude fiber (CF),
carbohydrate (CHO)  and  gross  energy  (GE)  were

higher in the eastern region plants. In both region high
levels of CP and EE were detected in browse than in
forage, while high levels of Ash, CHO, CF and GE
were detected in forage then in browse. 

Effect of Season on Browse and Forage Proximate
Composition: With few exceptions, the general trend
for browse and forage CP, EE and ash is to increase
significantly (P<0.05) while CF, CHO and GE declined
during wet season.

The Interaction Effect of Location and Season on
Browse and Forages: Variation between western and
eastern regions, in distributions of seasonal proximate
analysis components of browse and forage are shown
in table (2) and (3) during dry season and table (4) and
(5) during wet season, respectively. 

During Dry Season: Almost 3.7% of browse in both
regions, 54% of forges in the western region and 55%
in the eastern region contained 7% CP or less. 

Eighteen percent of the western region and 19% of
the eastern region browse contained over 30% crude
fiber. Likewise 22 and 19% browse contained over
10% Ash. 

Fifty percent of the western region and 59% of the
western region forage contained over 30% crude fiber.
Likewise 22 and 57% forage contained over 10% Ash

During Dry Season: All browse entries contained CP
above 7% and the percentage of deficient forage
declined to 33 and 40% in western and eastern region
respectively. 

Fourteen percent of the western region and 11% of
the eastern region browse contained over 30% crude
fiber. Likewise 27 and 50% browse contained over
10% Ash. 

Forty two percent of the western region and 52%
of the eastern region browse contained over 30% crude
fiber. Likewise 42 and 50% browse contained over
10% Ash. 

During dry and wet season, forage CF and ash
levels are significantly higher in the eastern region than
in the western region (P<0.05). In wet season, forage
CP level increased in the western region than in the
eastern region.

Discussion: Camels possess a split upper lip showed
preference for trees and shrubs in addition to the crop
residues especially in the eastern region during the dry
season while in the wet season, they selected more of
herbaceous and grass species. In western region, camels
mostly browsed on trees and shrubs in both dry and
wet seasons, possibly because they dominated the
vegetation. Camels browse trees and select a very wide
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Table 1: Proximate composition of browses and forages by region, dry and wet season as DM%.  
Parameter level Type of feed Season Region

---------------------------------------------------------------------------------------------
Eastern Western
------------------------------------------ ---------------------------------------
Mean S.E. Mean S.E.

CP% Browse Dry 12.87b 0.65 13.75a 0.68
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Wet 14.35b 0.68 15.26a 0.70
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Forage Dry 6.86b 1.13 9.54a 1.28
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Wet 9.85b 1.15 11.00a 1.33
EE % Browse Dry 2.72 0.21 2.87 0.20
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Wet 3.04b 0.28 3.18a 0.27
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Forage Dry 2.01b 0.31 2.51a 0.45
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Wet 2.00b 0.35 2.46a 0.45
Ash % Browse Dry 9.29b 0.86 9.43a 0.92
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Wet 9.15b 0.81 9.56a 0.81
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Forage Dry 9.87 0.45 9.88 0.63
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Wet 10.44 0.48 10.59 0.64
CHO % Browse Dry 75.12 73.95
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Wet 73.46 72.00
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Forage Dry 79.44 78.07
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Wet 77.70 75.95
CF % Browse Dry 26.65 1.70 25.71 1.81
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Wet 25.64c 1.84 24.21d 1.80
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Forage Dry 34.23c 1.53 31.72d 1.66
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Wet 34.03 1.41 31.16 1.53
GE MJ/kg Browse Dry 25.21 24.89
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Wet 25.07 24.40
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Forage Wet 27.50 26.60
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Dry 27.3 26.40
a,b,c,d Regional means within a row or seasonal within a column with different superscripts differ (P<0.05)

Table 2: PA comparison between regions browse (DM%), dry season
Distribution crud protein means (%)
Location No. of samples 0-7.0 7.1-10.0 10.1-15.0 > 15.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Western 27 1 4 15 7
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eastern 26 1 4 15 6
Distribution ether extract means (%)
Location No. of samples 0-3 3.1-5.0 5.1-7.0 > 7.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Western 27 16 11
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eastern 26 17 8 1



J. Appl. Sci. Res., 6(8): 1265-1272, 2010

1269

Table 2: Continue
Distribution crude fiber means (%)
Location No. of samples 0-20 20.1-30 30.1-40 > 40
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Western 27 6 14 5 2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eastern 26 3 16 5 2
Distribution ash means (%)
Location No. of samples 0-5 5-10 10.1-15 > 15.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Western 27 3 16 6 2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eastern 26 1 15 5 5

Table 3: PA comparison between regions browse (DM%), wet season
Distribution crud protein means (%)
Location No. of samples 0-7.0 7.1-10.0 10.1-15.0 > 15.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Western 29 5 10 14
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eastern 26 3 13 10
Distribution ether extract means (%)
Location No. of samples 0-3 3.1-5.0 5.1-7.0 > 7.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Western 29 15 14
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eastern 26 16 8 1 1
Distribution crude fiber means (%)
Location No. of samples 0-20 20.1-30 30.1-40 > 40
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Western 29 10 13 4 2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eastern 26 8 12 3 3
Distribution ash means (%)
Location No. of samples 0-5 5-10 10.1-15 > 15.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Western 29 20 8 1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eastern 26 1 11 13 1

Table 4: PA comparison between regions forage (DM%), dry season
Distribution crud protein means (%)
Location No. of samples 0-7.0 7.1-10.0 10.1-15.0 > 15.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Western 22 12 4 2 4
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eastern 27 15 4 3 5
Distribution ether extract means (%)
Location No. of samples 0-3 3.1-5.0 5.1-7.0 > 7.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Western 22 18 4
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eastern 27 23 4 1
Distribution crude fiber means (%)
Location No. of samples 0-20 20.1-30 30.1-40 > 40
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Western 22 1 5 13 3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eastern 27 1 5 16 5
Distribution ash means (%)
Location No. of samples 0-5 5-10 10.1-15 > 15.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Western 22 1 10 11
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eastern 27 2 11 15
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Table 5: PA comparison between regions forage (DM%), wet season
Distribution crud protein means (%)
Location No. of samples 0-7.0 7.1-10.0 10.1-15.0 > 15.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Western 21 7 4 4 6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eastern 25 10 5 4 6
Distribution ether extract means (%)
Location No. of samples 0-3 3.1-5.0 5.1-7.0 > 7.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Western 21 19 2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eastern 25 22 2 1
Distribution crude fiber means (%)
Location No. of samples 0-20 20.1-30 30.1-40 > 40
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Western 21 3 8 9 1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eastern 25 2 7 13 3
Distribution ash means (%)
Location No. of samples 0-5 5-10 10.1-15 > 15.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Western 21 10 9 2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eastern 25 11 13 2

range of plants, in contrast to other ruminants, accept
the highest number of plant species in their diet.
Browse and forage nutrient constituents tended to be
higher in the western region than in the eastern region.
This may be attributable to the rich porous sandy soil
and climatic conditions. During both seasons, compared
with forages, browse appears to be lower in fibre and
ash, richer in protein, fat and minerals (except for
protein for young grasses) as already shown by Rose-
Innes[20-23] and later by Boudet[5]. Forage fibre content
declined while CP and ash increased from dry to wet
season was in agreement with Kayongo[12]; Field[9] and
Abbas et al.[1]. The increase in fibre and ash content of
forages while protein level declined from wet to dry
season was consistent with earlier reports by Wilson[27]

and Van Soest[26] who noted that, the high levels of
ADF  and ash in most of the grasses indicates the
presence of large amounts of silica which may
seriously reduce digestibility. These attributes made the
browse more palatable in both seasons and were thus
preferred by camels. The most interesting point to
consider is that camels browsed selectively, preferring
the more nutritious browse materials, with high
moisture and electrolyte contents[18,9].

Approximately 5% crude protein is the minimum
level required for positive nitrogen balance in mature
grazing animals[15,16]. The microbial requirements are
met at 6-8% CP while the animal requirements range
from 7-20% CP in the diet depending upon species,
sex and physiological status[15,11]. During dry season,
more than 50% of forage has CP below the level of
7% whereas only 3% of browse in both regions.
During wet season, all browse entries contained CP
above 7% and the percentage of deficient forage

declined to 33 and 40% in western and eastern regions
respectively. Wilson[28] reported that, camels are well
adapted to low protein diets (although their feeding
selectivity to some extent allows them to ingest
material with higher total nitrogen content than the feed
on offer) through efficient urea cycling mechanisms.
This explains why camels can exploit efficiently dried
grass at its least palatable, of poor feed value and often
present in inadequate quantities or the byproducts of
large-scale mechanized durra (sorghum) cultivation. The
browses analyzed in the present study have good levels
of nutrients particularly protein but lower CHO and GE
contents than forage. The browses lower energy value
than forage plants may be due to their lower CHO and
digestibility. In addition browse plants provide the
following resources: a fresh green stage during the dry
season, new shoots and buds and/or flowers and fruit.
Some of the trees were evergreen shrubs at as
precursors for vitamin A. they were therefore available
throughout the year although herders perceived them as
more important during the dry season. This was
possibly because, in the dry season, such plants served
the dual roles of supplying protein to camels and also
acted as the main components of the basal feed. This
suggests that the browse species were preferred and
therefore sought after by the camel. 

Browses foliage also generally has higher lignin
contents than grasses, and often has higher levels of
tannins and other astringent compounds[14]. Tannins
adversely affect the digestibility of dry matter and
utilization of nutrients[17]. However, tropical browses
have been shown to contain varying quantities of
condensed tannin and other anti-nutritional substances
in their biomass that affect their optional utilization by
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animals. From the above analysis it may be seen that
levels of CP in browse are sufficient for camels
maintenance in both seasons while forage in the wet
season only; therefore, the two types of plants are
complementary for feed purpose. There is need to
expand the study for levels of toxic constituents such
as tannin, phytin and hydrocyanic acid and anti-
nutritional factors such as oxalate, nitrite saponins and
alkaloids. Feeding trials using ruminants and
monogastric animals are recommended in order to fully
ascertain the nutritional values of these browses. 
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