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 Abstract.   A digestibility trial was conducted with 12 Majaheem male camels (327 kg) to evaluate the effect of dietary inclusion of two sources of roughages and three levels of crude protein (12, 14.5 and 17%) in the diets on nutrient digestibilities Rhodesgrass hay (Chloris gayana ) and dried Salicornia biomass (Salicornia    bigelovii Torr) of this seawater-irrigated halophyte were utilized as roughage so  urces and incorporated into the diets at the rate of 25% DM. All camels were fitted with bags to collect feces and equally allotted into six dietary groups. The digestibility trial was arranged as a 3X3 Latin square design within each dietary roughage.   

Except for OM, NFE and ADF, the results showed that digestion of all nutrients was improved (P<0.01) as the crude protein increased in the diets from 12 to 14.5%; However, increasing the crude protein in the diets to 17% was not associated with further changes. The average digestibility of ADF, NDF and TDN were 75, 22 and 13% higher (P<0.01) for the diets containing Rhodesgrass hay than for those diets containing dried Salicornia biomass, respectively. On the other hand, the average digestibility of CP for the dried Salicornia biomass diets was 3.6% higher (P<0.01) than for the Rhodesgrass hay diets.
Keywords: Digestibility in camels, Protein level, Rhodesgrass hay, Salicornia  biomass. 
Introduction
Proper protein supply for meat-producing animals may have the utmost importance in a successful livestock operation. Positive effects of protein on dry matter intake or nutrient digestibility of various diets have been recognized [ 1-4 ]. On the other hand, several reports found contradictory responses with respect to dietary crude protein on DM intake and diet utilization [5,6]. Clearly, species variations, dietary energy, CP source, and source of roughage part of the mixed ration could impact those responses. In Saudi Arabia, the dried biomass residues that remain after the harvest of Salicornia (Salicornia bigelovii Torr.) can be an important resource of livestock feed. This plant is characterized by its high ash content of which NaCl is the principal constituent [7]. The 

ability of ruminants to ingest high levels of Na from Salicornia biomass without significant negative effects has been reported [7,8]. Studies have indicated that the incorporation of Salicornia biomass as a source of roughage into mixed high energy diets increased water consumption, which, in turn, enhanced the flow of undegraded dietary protein from the rumen, resulting in increased protein digestion [9,10]. Further assessment of this new feed resource and its interaction with dietary CP in various animal species is required to provide additional information on the possibility of this dietary resource to improve performance of indigenous livestock.

Arabian camels raised for meat and milk production constitute a significant part of agricultural economy of Saudi Arabia [11]. Despite the socio-economic importance of camel production, there has been a dearth of published data concerning the optimal level of CP in the diet; hence, nutrient recommendations for male camels are often based on data from bulls. There are also no previous studies on the use of Salicornia in camel feeding. For these reasons and given the camel’s ability to consume salty desert shrubs, it was decided to carryout this present work to shed light on the effect of providing graded levels of CP to male camels fed Salicornia or Rhodesgrass diets on DM intake and nutrients digestibility. 

Materials and Methods

Animals and diets

A total of 12 Majaheem male camels, weighing an average of 327 kg and circa which were 11-13 months old, were adapted over a 21-day period from open shed to closed barn facility and followed by metabolism experiments. All camels were randomly divided into two dietary roughage groups of six animals each. Within each roughage group, camels were randomly allocated to three dietary levels of CP, designated as 12, 14.5 and 17%, according to a double 3X3 Latin square design with 28-day periods. The dietary roughage groups were Rhodesgrass (Chloris gayana) hay and dried Salicornia biomass. The Salicornia biomass was obtained from a single harvest of mature plants, which had been cultivated at Ras Al-Zawr, Saudi Arabia, under seawater-irrigation. Following seed harvest, the biomass was sun-dried, baled and shipped to Arabian Agricultural Services Company (ARASCO) for diet preparations. The chemical composition (% DM) of the dried Salicornia biomass was, CP 5.9%, EE 2.6%, NDF 46.8%, ADF 23.4%, ash 39.2%, and Na 11.3%. The diets were prepared as whole-mixed pellets composed of 70% concentrate ingredients, 5% wheat straw and 25% of either Rhodesgrass hay or dried Salicornia biomass (Table 1). The contents of the concentrate ingredients in each experimental diet were slightly modified to achieve the designated CP level; all experimental diets were also formulated to be isocaloric.      

Digestibility trial

The camels were housed in a well-ventilated cement floored barn with individual tie stalls and given free access to fresh water and trace-mineralized blocks. After a 5-day transition period, during which the assigned experimental diets were gradually introduced, a trial consisting of a 16-day preliminary period followed by a 7-day collection period was conducted; feces bags were fitted to the camels 7 days prior the collection period for adaptation. During the collection period, feed, orts and feces were collected daily per camel and were subsampled proportionally. A composited sample of feed, orts and feces were oven-dried at 65 ºC for 48 h, grounded through a 1-mm screen and stored for later analyses. Samples of experimental diets, orts and feces were analyzed for moisture, ash, ether extract, NDF, ADF and CP according to AOAC [12]. Feed intakes and nutrients digestibility was analyzed by SAS [13] and the differences between treatments means were measured by least squared means.     

Table 1.  Ingredient and nutrient composition of experimental diets (%, DM basis)

	                            Roughage,
	Rhodesgrass hay
	
	Salicornia biomass

	Item                     Protein %,   
	12
	14.5
	17
	
	12
	14.5
	17

	Ingredient
	
	
	
	
	
	
	

	Rhodesgrass hay
	25.00
	25.00
	25.00
	
	-
	-
	-

	Salicornia biomass
	-
	-
	-
	
	25.00
	25.00
	25.00

	Wheat straw
	  5.00
	  5.00
	  5.00
	
	  5.00
	  5.00
	  5.00

	Yellow maize
	49.23
	48.20
	44.40
	
	49.47
	47.62
	46.67

	Wheat bran
	18.10
	18.30
	20.00
	
	18.90
	20.00
	20.00

	Soybean meal
	-
	-
	  1.40
	
	-
	-
	-

	Urea
	  0.27
	  1.10
	  1.80
	
	-
	  0.76
	  1.71

	Dicalcium phosphate
	-
	-
	-
	
	  0.24
	  0.18
	  0.19

	Calcium carbonate
	  1.70
	  1.70
	  1.70
	
	  1.19
	  1.24
	  1.23

	Sodium chloride
	   0.50
	   0.50
	   0.50
	
	-
	-
	-

	Vitamin & mineral premix1
	   0.20
	   0.20
	   0.20
	
	  0.20
	   0.20
	  0.20

	Nutrient
	
	
	
	
	
	
	

	OM
	91.36
	93.49
	93.40
	
	83.29
	85.26
	82.40

	CP
	12.07
	14.49
	16.99
	
	11.97
	14.61
	16.88

	CF
	15.18
	15.93
	15.68
	
	  7.78
	  8.54
	  6.18

	ADF
	18.33
	15.28
	16.85
	
	19.37
	18.64
	17.43

	NDF
	51.93
	50.43
	53.36
	
	41.54
	44.16
	46.52

	EE
	  1.83 
	  2.45
	  3.18
	
	  1.56
	  1.56
	  1.44

	NFE
	62.18
	61.27
	57.55
	
	62.04
	60.35
	58.30

	Ash
	  8.64
	  6.06
	  6.60
	
	16.71
	14.74
	17.60

	ME Mcal/kg DM2
	  2.73
	  2.76
	  2.80
	
	  2.71
	  2.69
	  2.73


1 Contained per kg of vitamin & mineral premix, CoSO4, 0.30 g; CuSO4, 20.1 g; FeSO4, 10.0 g; ZnO, 50.0 g; MnSO4, 40.2 g; KI, 0.75 g; NaCL,  2.81 g; vitamin A, 500,000 IU; vitamin D, 500,000 IU and vitamin E, 10,000 IU.

2 Calculated. 

Results and Discussion

Feed and water intakes

The effects of feeding graded levels of CP in Rhodesgrass hay or Salicornia biomass diets on camel intakes are presented in Table 2. Increased level of CP in the Rhodesgrass diet from 12 to 14.5% increased (P<0.01) the daily DM and OM intakes by 12.6 and 15.2%, respectively, but such responses (P<0.01) were 5.9 and 8.5%, respectively, when the camels were fed Salicornia diets. The higher intakes with increased dietary protein are in agreement with numerous other studies [3-5]. It is possible, however, that increasing level of dietary protein may improve the digestion of fibrous constituents of the diet [14] and such improvement in fiber digestion is closely associated with increases in digesta passage rate [15]. The increased rate of digesta passage, in turn, may be related to the observed increases in DM consumption. Likewise, Thorton and Minson [16] found that supplemental protein altered ruminal fill and that such changes in ruminal fill were closely associated with changes in dietary intake. On the other hand, increasing level of CP to 17% in the Rhodesgrass or Salicornia diets resulted in no further changes in daily DM and OM intakes. Similar results were reported by DelCurto et al. [6] who found that DM intakes in beef steers responded in a quadratic fashion with increased level of CP in diets; the variability in responses may have related to the dietary protein- energy interaction effects [17,18]. In the present experiment, feed ingredients were chosen to formulate isocaloric diets. However, increasing the level of dietary protein to 17% without increasing the level of energy probably altered the dietary protein, energy ratio to a status that may not support microbial actions in the rumen [19]. Moreover, the high amounts of urea-N compound contained in the 17% CP-diets (1.71- 1.8% DM) could have limited the DM intake [5]. Similar results were reported by Milton and Brandt [20] and Shain et al. [21], who found that, supplementation with urea above 0.9% of the dietary DM was of little value and did not improve daily DM intakes due to its higher solubility in the rumen.  
Table 2. Effect of increasing levels of crude protein and source of dietary roughages on feeding and drinking performances by camels

	                       R,
	Rhodesgrass hay
	
	Salicornia biomass
	
	Probability1

	Trait         CP %, 
	12
	14.5
	17
	
	12
	14.5
	17
	SEM
	CP
	R

	DM intake, kg/d
	  5.54b
	  6.24a
	 6.15a
	
	6.24b
	6.61a
	6.67a
	0.22
	**
	**

	OM intake, kg/d
	  5.06b
	  5.83a
	 5.74a
	
	5.20b
	5.64a
	5.50ab
	0.24
	**
	NS

	Water intake, l/d
	18.93
	19.40
	18.36
	
	27.47
	29.50
	26.61
	3.11
	NS
	**

	Water/kg DM, l/kg 
	  3.43
	  3.11
	 2.99
	
	4.40
	4.45
	3.99
	0.19
	NS
	**


1 Main effect of either crude protein (CP) levels or source of dietary roughages (R);  **P<0.01;

NS= not significantly different (P>0.05).

a,b Values in the same row, within an effect, bearing different superscripts are different (P<0.01).

 Camels fed Salicornia diets were utilizing similar amounts of OM to camels fed Rhodesgrass diets even though the consumed DM was higher (P<0.01) with Salicornia biomass diets. The former difference in DM intakes can be attributed to the high amounts of ash contained in the Salicornia diets in comparison to Rhodesgrass diets (14.7-17.6 vs. 6.1-8.6 %), which agrees with the results of Swingle et al. [9]. This, however, could explain how the experimental camels were able to increase their DM intake to compensate for the lower OM content of the Salicornia diets (Table 2) compared with Rhodesgrass diets. Increased the CP level in Rhodesgrass or Salicornia diets has resulted in negligible changes (P>0.05) in daily water intake, but the average drinking consumption for camels fed Salicornia diets were 50% higher (P<0.01) than those camels fed Rhodesgrass hay diets. Likewise, the average water intakes per kg DM consumed were 35% higher for the camels fed Salicornia diets than those camels fed Rhodesgrass diets The increased daily water consumption probably reflected the amount of ash in the Salicornia biomass diets; the increased voluntary water intake is most likely due to the need of the kidneys to excrete excess minerals. This is consistent with the findings of Swingle et al. [9]  and Kraidees et al. [8] when the diets contained various levels of Salicornia by-products. Under similar feeding and environmental conditions, the estimated requirements for the local Najdi sheep fed on Rhodesgrass and Salicornia diets [8] were 3.25 and 5.56 l. water/kg DM, respectively, whereas the corresponding mean values for the studied camels were 8 and 28%, respectively less than sheep, but there is conjecture over whether observed differences are directly attributable to genotype due to differences in body size, growth rate, level of DM intake, or salt tolerance. In general, the present data indicated that camels are more salt tolerant than sheep.  

Nutrients digestibility

 Digestibility of OM, ADF and NFE were not affected (P>0.05) by increased level of CP for the Rhodesgrass or Salicornia fed groups (Table 3). This observation supports the data obtained by Milton et al. [22], which failed to show differences in DM and ADF digestibilities as dietary protein level increased. As level of CP increased from 12 to 14.5%, CP and NDF approached their maximum (P<0.01) digestibility exhibiting 8.3 and 14.2% increases in Rhodesgrass diets, and 5.4 and 22.1% increases in Salicornia diets, respectively. Wiedmeier et al.[1] and Petersen [2] stated that one of the benefits of supplemental protein is to improve N status of the ruminal environment and therefore enhances microbial fermentation, which is in turn improves nutrients digestibility and energy utilization.  Accordingly, the increases in digestible CP and NDF with increasing CP level from 12 to 14.5% in the diet were expected and inagreement with Bunting et al. [23] and Chase and Hibberd [24] who reported similar improvements in CP and NDF digestibility related to high N availability. On the other hand, increasing level of CP to 17% in the diets, however, resulted in small but nonsignificant depression (P>0.05) in CP and NDF digestibility. Likewise, the digestibility of CP [5] and NDF [6] responded in a quadratic trend with increased levels of dietary CP. These results indicated that, over the range of dietary CP tested using either Rhodesgrass or Salicornia diets, changes in CP and NDF digestibility with higher protein diets can not be completely explained by the improvement of N status of the rumen; responses are apparently related to some other factors available in the diets used. It is possible that the alteration of protein, energy ratio in the 17% CP-diets may have established a new ruminal status that improper for maximum CP and NDF digestibility [6,18,19]. Another probable explanation for the slight depression (P>0.05) in CP and NDF digestibility is the high urea-N content in the 17% CP-diets as opposed to the 14.5% CP-diets used in this experiment (table 1). The excess content of urea-N compound in the 17% CP-diets (1.71- 1.8% DM) may caused a sub-acute ruminal N-toxicity and limited the microbial fermentation [25]. Similarly, the slight reduction in digestion observed at the high level of urea (17% CP-diets) may have resulted from reduced availability of amino acids or peptides per se [26] or other microbial growth factors that altered microbial protein production [2]. 

Camels fed Salicornia biomass diets as a source of roughage in comparison with Rhodesgrass-fed groups tended to have similar (P>0.05) OM digestibility. Several reports have shown that the addition of high amounts of mineral supplements to the diets did not affect the OM digestibility [27]. Also, Abouheif et al. [10] found that OM digestibility in local Najdi lambs did not differ between the Rhodesgrass hay diets and Salicornia diets containing up to 126 g ash/kg DM. Camels fed Salicornia diets had higher (P<0.01) CP digestibility and lower (P<0.01) ADF and NDF digestibility than those fed Rhodesgrass diets. The changes in CP, ADF and NDF digestibility were presumably a direct consequence of the higher mineral intakes on digestibility of Salicornia diets [9, 10]. The average daily intake of 1063 g of ash and the concomitant increases (P<0.01) in daily water consumption by the camels fed Salicornia biomass diets, probably increased the ruminal dilution rate and thereby the rate of microbial protein synthesis [28]. In addition, the implied reduction of digesta-residue time in the rumen might have increased the flow of intact dietary protein to the small intestine and resulted in higher protein utilization [29]. In contrary to these findings, the reduction of digesta-residue time might have depressed the digestibility of dietary fibers [30]. 
Table 3  Effect of increasing levels of crude protein and source of dietary roughages on nutrient digestion by camels

	                                         R,
	Rhodesgrass hay
	
	Salicornia biomass
	
	Probability1

	Trait                          CP %, 
	12
	14.5
	17
	
	12
	14.5
	17
	SEM
	CP
	R

	Apparent digestibility (%)
	
	
	
	
	
	
	
	
	
	

	OM
	74.12
	77.43
	75.75
	
	77.68
	75.71
	75.08
	1.65
	NS
	NS

	CP
	74.47b
	80.63a
	80.84a
	
	79.18b
	83.42a
	81.96ab
	1.55
	**
	**

	ADF
	42.67
	46.83
	40.44
	
	26.26
	26.80
	21.00
	5.35
	NS
	**

	NDF
	64.71b
	73.87a
	69.14a
	
	51.51b
	62.91a
	55.80ab
	3.08
	**
	**

	NFE
	79.32
	83.77
	78.71
	
	81.94
	80.11
	79.06
	1.87
	NS
	NS

	EE
	84.80b
	90.15a
	89.92a
	
	88.83
	90.27
	89.85
	1.71
	**
	NS

	Nutritive value
	
	
	
	
	
	
	
	
	
	

	TDN
	69.56c
	78.00a
	74.33b
	
	66.43
	66.31
	63.48
	1.54
	**
	**

	DCP
	  8.94c
	11.64b
	13.81a
	
	  9.42c
	12.35b
	13.84a
	0.26
	**
	*


    1 Main effect of either crude protein (CP) levels or source of dietary roughages (R); *P<0.05;  **P<0.01; NS= not significantly  different (P>0.05).

 a,b,c Values in the same row, within an effect, bearing different superscripts are different (P<0.01).

In conclusion, the results suggested that adjusting CP at 14.5% in the camel diet improved the digestibility of CP and NDF, and the TDN value. However, the incorporation of Salicornia biomass at the rate of 25% in the diet in comparison with Rhodesgrass diet had shown an adverse effect on the nutritive value of the diet, ADF and NDF digestibility, and may have increased the flow of undegraded dietary components out of the rumen.  
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تـأثير مستويات من البروتين الخام على النسب الهضمية  لدريس الساليكورنيا أو حشيشة الرودس  في حواشي الإبل
سعيد باسماعيل ، محمد الصيادي ، محمد ابوهيف ، سليمان زهران ، ياسين الشيخ. 

قسم الإنتاج الحيواني ، كلية زراعة ، جامعة الملك سعود ،

ص. ب. 2460  ،الرياض  11451

(قدم للنشر في 3/2/1423هـ ؛ وقبل للنشر في 16/1/1424هـ ) 

ملخص البحث. تم تنفيذ تجربة هضم باستخدام  12 رأسا من حواشي الإبل بمتوسط وزن 327 كجم لقياس تأثير إدراج مصدرين من الأعلاف الخشنة وثلاثة مستويات من البروتين الخام (12.0% ، 14.5%  ، 17.0%) في العليقة على النسبة الهضمية للعناصر الغذائية. وقد تم استخدام دريس حشيشة رودس أومخلفات زراعة نبات الساليكورنيا الملحي المروي بمياه البحر في العليقة بمعدل 25% من المادة الجافة. وقد تم تثبيت أكياس جمع الروث على جميع الحيوانات، وتم توزيعها بالتساوي على سـت مجامع غذائية.  وقد صممت تجربة الهضم بطريقة 3×3  مربع لاتيني لكل مجموعة غذائية.
  أظهرت النتائج أنه فيما عدا النسب الهضمية للمادة العضوية، المستخلص الخالي من النتروجين، والألياف الحمضية،  فان باقي العناصر الغذائية حدث لها تحسن معنوي  (P<0.01)في النسبة الهضمية مع زيادة نسبة البروتين في العليقة من 12% إلى  14.5% ، بينما  زيادة البروتين الخام الى 17.0% لم تحدث أي تغير. وكان متوسط النسبة الهضمية للألياف الحمضية  والمتعادلة ومجموع المواد المهضومة  75% ، 22% و 13% على التوالى أعلى معنويا  (P<0.01) للأغذية المحتوية على دريس الرودس عنه للمحتوية على مخلفات الساليكورنيا. بينما النسبة الهضمية للبروتين الخام للأعلاف المحتوية على الساليكورنيا كانت 3.6% أعلى معنويا (P<0.01) من المحتوية على دريس الرودس.
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