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Abstract  

We treated barley straw with sodium hydroxide, ammonium hydroxide and urea to improve the nutrition efficiency. 
Some macro minerals “calcium, potassium and phosphor were measured. No effect for chemical treatments on Ca, 
K and P (%). Potassium content (%) was 0.033, 0.038, 0.042 and 0.035 for untreated straw or treated with NaOH, 
NH4OH and Urea. Phosphor content (%) was 0.6, 0.65, 0.89 and 0.82, while calcium (%) was 0.90, 0.95, 0.88 and 
0.93 for untreated straw or treated with NaOH, NH4OH and Urea respectively. In conclusion: No effects for treated 
straw with NaOH, NH4OH or urea on macro minerals like Ca, K and P and in respectively for other minerals.  
Key word: Chemical treated straw, calcium, potassium, phosphor, macro elements. 

1-Introduction 

Highly cellulosic plants like barley straw are widely uses for ruminants feeding with high crude fiber contents 
and low in other nutrients like nitrogen, fats, soluble carbohydrate. So, researchers treated straw with different 
treatments: physical, chemical and biological treatments to improve nutritive value Hassan and Tawffek (2009). 
Straw introduced to ruminants in a winter and in rear feed stuff season. Its agricultural byproduct for gramineae 
family crops production. Chemical treatments affect positively to ligno-cellulose/hemicelluloses linkage but it 
may negatively to other component (Al-Ani, 1986). Minerals, macro and trace minerals, important for microbial 
growth efficiency, digestibility and intake of forage, movement of calcium ion (Ca+2) into and out of cytoplasm 
make a signal for many cellular processes. Most minerals received from diets. However, more details are 
required in order to clarify the effects of traditionally chemical treated like sodium hydroxide, ammonium 
hydroxide and urea for cellulosic plants. 

 

2- Materials and Methods 

The effect of three chemical treatments for barley straw: sodium hydroxide (NaOH), ammonium hydroxide 
(NH4OH) and urea (NH2-CO- NH2) were investigated. Chemical treated straw was done using sodium hydroxide 
solution 4% as straw dry matter basis, ammonium hydroxide solution 23% and urea solution (N 3.3% as straw 
dry matter basis) at 39˚c and 60% humidity for 30 days for all treatments (Hassan et al., 1998). Putting barley 
straw in plastic pans with water to give 60% humidity and mixed well. Added 4% sodium hydroxide solution as 
a percent 1:1 with continuous mixing to mixture then put it in nylon bags and closed well for 30 days. After that, 
opened to dried in plastic pens and sampled for further analysis. The same thing when treated barley straw as dry 
matter basis with ammonium hydroxide or urea (3.3% N). 

 
2-1-Chemical Analysis 

Samples of treated/untreated barley straw were dried at 60°c for 48 hour before chemical analysis, then ground 
through a 1mm screen for chemical analysis. Dry matters (DM), organic matter (OM) and total nitrogen (TN) 
were determined according to A.O.A.C. (2005). Neutral detergent fiber (NDF), acid detergent fiber (ADF) and 
acid detergent lignin (ADL) were determined by the method of Goering and Van Soest (1970), Hemicellulose 
was estimated as the difference between NDF and ADF, Cellulose was estimated as the difference between ADF 
and ADL (table1). Determination of some macro minerals which it calcium (Ca), potassium (K) and phosphor 
(P) was done according to Tandon(2005) using quantitive procedure for calcium, colorimetrically method for 
phosphor at the standard curve (fig. 1.) with absorption at 882nm. in LKB,Bio chrom\ Novaspec 
spectrophotometer and ignition method for potassium with standard curve (fig.2.). 
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Fig. 1. Standard curve for phosphor standard solution 
 

 
 
 
 
 
 
  
 
 
 
 

Fig. 2. Standard curve for potassium standard solution 
 

2-2-Statistical Analysis 

Data was statistically analyzed with completely randomized design (CRD) (2006). Duncan’s multiple range tests 
was used to determine the significance of differences between treatments means (1955).  

Table1. Chemical composition for untreated and treated straw 

 

Chemical Composition 

Untreated 

Straw 

Treated Straw 

With    NaOH 

Treated Straw 

With NH4OH 

Treated Straw 

With Urea 

Dry Matter (gm/kg) 943.228 925.03 900.93 935.57 

ASH  (%) 14.187 10.889 10.787 12.870 

Organic Matter (%) 80.136 81.604 79.306 80.687 

Nitrogen (% ) 0.297 0.301 1.408 1.197 

NDF (%) 78.556 66.936 74.337 74.356 

ADF  (%) 47.985 45.591 47.708 46.849 

Cellulose (%) 35.506 39.627 38.763 36.125 

Hemicellulose (%) 30.571 21.345 26.629 27.507 

(ADL)Lignin (%) 12.479 5.964 8.945 10.724 

NDF= Neutral detergent fiber, ADF=Acid detergent fiber,   ADL=Acid detergent lignin 
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3-Results and Discussion  

3-1- Effects of NaOH Treated  

The content of calcium, potassium and phosphor for untreated straw or treated with sodium hydroxide are 
presented in fig.(3). Treated barley straw with NaOH was no effects on the minerals content comparing with 
untreated. There was little increasing in these macro minerals for treated barley straw but it wasn’t significant. 
Strong alkaloids significantly effect on glycoside linkage and lignin-cellulose/hemicelluloses ester bounds (Zhu 
et al., 2005) with no effects on other components.  
 
 
 
 
 
 
 
 
 
 
 

Fig.3. Ca, P and K contents (%) for untreated straw and treated with NaOH 

Treating rice straw with calcium hydroxide improves feeding value and raises calcium content compared to 
untreated (Fadel Elseed, 2003; Wanapat et al., 2009). NaOH treatment increased degradability and palatability of 
treated straw (Vadiveloo, 2000). The increases for calcium in blood plasma may increase abortion in ewes 
(Aytekin and Aypak, 2011). So, this real problem increases when treated straw with calcium hydroxide. Feeding 
ruminants treated straw with NaOH lead to increase renal excretion of phosphorus (Becker et al., 1984). 

3-2- Effects of NH4OH Treated 

The main effect of ammonium hydroxide treatments on calcium, potassium and phosphor was measured and the 
resulted in fig. (4). All results wasn’t significant with little increasing in phosphor and potassium value in treated 
barley straw comparing with non treated. The supply of minerals needed to meet requirements of rumen 
microorganisms which it more important from availability of energy for fermentation (Durand at al., 1988) and 
ruminants have to feed roughages in daily feeding about 60% from all diets. So, it’s important to added minerals 
as supplemented with ruminants daily feeding as additives to the concentrate or mixing with water or submitted 
as blocks in the pasture (Wu et al., 2005).  
 
 
 
 
 
 
 
 
 
 
 

Fig.4.Ca, P and K contents (%) for untreated straw and treated with NH4OH(3%N) 
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Most of low quality roughages needed to minerals as supplemented when administrated to ruminants for 
improving rumen environmental especially the efficiency of microorganisms growth (Milad et al. 2010).  
 
3-3- Effects of Urea Treated  

Treated straw with urea solution (3.3% N) as a proportion 1:1 dry matter straw: urea solution 3.3% N resulted in 
fig. (5). The dehydration of urea with urease into two groups of ammonia as following equation:  
 
 NH2 – CO – NH2                              2NH3 + CO2 

 
The resulted weak base (ammonia) effects on organic materials. So, there were no significant differences 
between untreated and treated straw with urea on macro minerals. While the treated with urea leading to 
significant increases in proportion of nitrogen content and agree with Nisa et al. (2010) when treated wheat straw 
with urea and molasses, without affecting the milk yield and its quality or mineral contents for early lactating 
buffaloes. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Ca, P and K contents (%) for untreated straw and treated with urea 

 
References 

A.O.A.C.2005.Association of Official Analytical Chemists, Official Methods of Analysis, 14th edn. 
Washington, DC. 

Al-Ani, A.N.1986. Associative effects of untreated and ammoniated wheat straw and Alfalfa fed to sheep. PhD. 
thesis. Oklahoma State Univ. U.S.A. 

Aytekin, I. and S. U. Aypak .2011. Levels of selected minerals, nitric oxide, and vitamins in aborted Sakis sheep 
raised under semitropical conditions. Trop. Anim. Health Prod. 43(2):p.511-4. 

Becker, K.; S, Bartels and E, Pfeffer. 1984. Nitrogen and mineral metabolism of growing lambs fed straw treated 
in different ways. Arch Tierernahr.34(3):p.219-225. 

Duncan, D. B.1955. Multiple ranges and multiple "F" test. Biometrics, 11: p. 1-12 
Durand, M and S, Komisarczuk. 1988. Influence of major minerals on rumen microbiota. J. Nutriyion.118 

(2):249-260.   
Fadel Elseed, A. M.; J. Sekine; M. Hishinuma and K. Hamana. 2003. Effects of ammonia, urea plus calcium 

hydroxide and animal urine treatments on chemical composition and in sacco degradability of rice straw. 
Asian-Aust. J. Anim. Sci. 16:p.368-373. 

Goering, H.K. and P.J. Van Soest.1970.Forage Analysis.No.98.387-598. Agriculture Handbook, U.S. 
Department of Agriculture. Washington DC, p.156-194. 

Hassan, S.A. and J. A. Tawffek. 2009. Effect of washing and physical form of chemical treated barley straw on 
nutritive value, phenolic compound and activity of rumen bacteria. 1-Sodium hydroxide treatment. Iraqi J.of 
Agric.Sci.40 (1):138-147.  

Hassan, S.A.; .A.Al-Sultan and A.N. Al-Darraji.1998. Effect of dried reed treated with caustic soda or ammonia 
hydroxide or urea on intake and nutrients digestion coefficients (in vivo). Dirasat. Agric. Res.25 (1):135-
145. 

H2O 

 Urease 



Chemical and Process Engineering Research                                                                                                                                    www.iiste.org 

ISSN 2224-7467 (Paper) ISSN 2225-0913 (Online) 

Vol.36, 2015 

 

51 

Milad, I. S.; C. Rymer and R. W. Radley.2010. Effects of ammonia treatment and undegradable protein 
supplementation on nutrient digestion of sheep fed on wheat straw based diets. Archiva Zootechnica. 
13(1):p. 39-46. 

Nisa, M. ; M. Sarwar ; M. Shahzad and Z. Hassan. 2010. Influence of urea-molasses treated wheat straw 
fermented with cattle manure on nutrient intake, digestibilities, milk yield and its composition in early 
lactating nili ravi buffaloes.Italian J.of Ani. Science. http://www.doaj.org/doaj. 

SAS.2006. SAS/STAT User’s Guide for Personal Computers. Release   6.12.SAS.Institute Inc., Cary, NC, USA. 
Tandon, H.L.S.2005. Methods of Analysis of Soils, Plants, Waters, Fertilizers & Organic Manures. Fertiliser 

Development and Consultation Organisation, pp.203. 
Vadiveloo, J. 2000. Nutritional properties of the leaf and stem of rice straw. Anim. Feed Sci. Technol. 83:p. 57-

65. 
 Wanapat, M., S. Polyrach, K. Boonnop, C. Mapato and A. Cherdthong. 2009. Effect of treating rice straw with 

urea and calcium hydroxide upon intake, digestibility, rumen fermentation and milk yield of dairy cows. 
Livest. Science 125:p.238-243. 

 Wu, Y.M.; W. L. Hu and J. X. Liu.2005. Effects of supplementary urea-minerals lick block on the kinetics of 
fibre digestion, nutrient digestibility and nitrogen utilization of low quality roughages. Journal of Zhejiang, 
University Science 6(8):p. 793- 797. 

Zhu, S.; Y. Wu; Z. Yu; J. Liao and Y. Zhang. 2005. Pretreatment by microwave/alkali of rice straw and its 
enzymic hydrolysis. Process Biochemist. 40:p.3082-3086. 

 
  


