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Abstract: A Steam roller in laboratory scale was designed and built in order to determine parameters on quality and quantity of processed barley. To evaluate rollers performance a series of experiment using split factorial design was conducted. Factors in the experiment design included rollers speed (250, 300 and 350 rpm), rollers gap (0.8 and 1.3 mm) and steaming duration (9, 12, 15 and 20 minutes) with three replications. A local barley variety was used for the experiments. Rollers were adjusted on speed and gap spacing factors first and samples were steamed at four above mentioned levels. Processing index (PI) and particle size analysis was performed using a sieve shaker based on ASAE standards S424.1 after experiments were done passing samples through the rollers. Result of experiments indicated that rollers rotational speed had no significant effect on processing index as well as on particles weight distribution. However, roller gap had a significant effect at one percent probability level. Also, steam duration had a positive effect on processing index as well as on particles weight distribution. Also, mean comparisons for steam duration indicated that no significant difference exists for 9, 12and 15 minutes periods for grain particles larger than 2.38 mm, but for particles smaller than that size and processing index a difference exists. Moreover, the least amount of fine particles can be obtained with 20 minutes steam duration.  
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INTRODUCTION

Barley is an important grain for livestock feeding and constitutes the main source of energy in ruminant animal food rations. On a dry matter basis, barley contains around 80-82 percent digestible nutritive matter, up to 3111 kilocalorie metabolic energy kg-1[1], and 50-60 % starch. Pericarp is the outer layer of barley grain containing the nutritive parts. This layer has high resistance and prevents enzymatic digestion of inner material.  In addition to Pericarp there is another inner layer which has low digestible capability, thus making barley digestion for ruminants to be difficult [19]. Grain processing is one way to increase digestibility of barley. Grinding is perhaps the least expensive method to process barley, but because of extensive grain fracture and physical grain size reduction, certain metabolic diseases and particularly digestive disorders are caused. Small particles rapid fermentation in animal stomach results in a decrease in stomach pH level causing acidosis which is a metabolic disorder [19]. Therefore, other methods of processing should be considered.


Rollers are extensively used for cracking, grinding and flaking grains. Often two counter rotating rollers with flat or corrugated surface in a horizontal position are used to perform processing operations [9]. Barley steam rolling as a method for animal feed processing was commercially developed in 1960’s [7]. One important characteristics of steam rolling is the reduction in percent small particle size which usually is high in dry rolling [10]. Moisture and steam heat during steam rolling changes grain to a plastic form and stabilizes its formation during and after processing [12]. Steam would soften grain endosperm and nuclei, therefore, grains going through the rollers pass with least breakage and particles are hold together in the form of a solid layer or flake. Steam rolling also causes grain inner chemical changes which make its digestion more effective.  
Brown (1975) presented a roller for grain flaking and rolling. His proposed machine had two horizontal rollers, one stationary and the other with an adjustable mechanism [5]. Bolling (1979) presented a flaking machine for small grains. Grains were processed after steaming with two rollers. A pneumatic jack controlled sudden load fluctuations as a result of change in material passing through the rollers. A hydraulic jack was used to maintain rollers spacing [4].  Ballew (1998) developed a processing roller system in which rollers were operated by an electric motor with less power consumption [3]. Yang et al. (2000) steamed barley under high pressure for 5 minutes and passed it through two rollers of 12 inches diameters for proper processing [19].   McDonough et al. (1997) used a set of 18 inches diameter and 12 inches length rollers to steam flake sorghum. They applied particle size analysis method using a shaker with 4 sieves of 4, 5, 8 and 10 meshes to determine grain processing quality by particles separation [12].  Zinn et al. (2002) presented quality standards for flaked corn based on physical measurements such as processed grain thickness and density [20]. Hunt (1996) considered bulk density to be an easy and proper way to evaluate processed barely [10]. Yang et al. (2000) introduced processing index (PI) as an indicator for determination of barley processing rate. PI is the ratio of processed grain bulk density to grain bulk density before processing and is expressed as a percentage. They applied particle size analysis for steam rolled barley using 0.6, 1.18, 2.36 3.35 meshes shaker sieves. Higher quality grain had less small particles in the lower sieves and the bottom pan [19]. Research results indicate that rollers spacing and pressure of rollers’ spacing adjustment springs affect grain processing quality and its density [20].

MATERIALS and METHOD

A laboratory scale steam roller was designed and fabricated for evaluation of effective parameters  on barley processing. Three rollers rotational speeds of 250,300 and 350 RPM proportional with roller diameter of 25 Cm were adopted for experiments by change of pulleys with different diameters on an electric motor. Rollers spacing were selected at two levels of 0.8 and 1.3 mm. A feeler gauge was used to adjust appropriate rollers spacing lengthwise while moving one of the rollers’ drive shaft at the bearings location to maintain effective processing in the processing region. Steaming was done at four duration levels of 9, 12, 15 and 20 minutes at 1 bar pressure. Given the treatments 24 experiments with 3 replications and overall in total 72 experiments were conducted with a split factorial design.


In certain instances in order to ensure accuracy in experiment design for determination of the effect of several factors, split plot design may be used instead of factorial design. To provide ease of experimentation, factors under study are considered as primary and secondary factors. Since rollers performance capacity and pressure exerted on the grain depends on rollers’ speed and spacing and grain  passage duration inversely is related to rollers speed, therefore, combination of speed (S) and spacing (D) were considered as primary factors and steaming duration (t) as secondary factor. For each experiment 1 kg samples of a local barley variety was placed in plastic bags and their moisture content and bulk density was determined. Then samples were steamed in an autoclave steamer at 1 bar pressure. Three levels of roller rotational speed and two levels of spacing as primary factors were randomly designated. Rollers speed was selected for each experiment by change of pulleys with specified diameter. Rollers spacing was adjusted using a feeler gauge. Steaming duration to obtain desired moisture content at four levels was monitored using a hand chronometer from the time autoclave door was closed until it was opened. After steaming, samples of 100 grams weight were taken for moisture content determination. The rest of the material was put in a holding bin before passing through the rollers and the machine was started and a grain flow control lid was opened to let the barley enter the processing zone. For each 4 steaming duration one rotational speed and one roller spacing was randomly set and experiments were conducted accordingly. Bulk density of each processed barley sample was determined by a one liter graduated cylinder. Processing index was determined by ratio of processed grain bulk density to unprocessed grain bulk density. Particle size analysis was performed using a shaker sieve. A sample of 600 grams processed barley was placed in the shaker with series of sieves from 4, 3.35, 2.36, 1.7 and 0.6 meshes and pan at the bottom.  The shaker was run for 10 minutes and samples in each sieve was weighed  separately. Weight of material in each   sieve was measured and compared to total weight of original sample to obtain particle size percentage for different particle sizes. A set of sieves after sample sieving is shown in figure 1. After performing all experiments, processing index and particle size percentages were calculated and recorded. Statistical analysis of data and analysis of variance and mean comparisons was done using SAS and MSTAT-C software. 

RESULTS and DISCUSSION

 Table 1 presents results of analysis of variance for percent particle size weight for each sample and its processing index (PI). Percent particle size weight are given by x1, x2, x3, x4, x5 and x6  for sieves 4, 3.36, 2.38, 1.7 and 0.6 meshes and pan, respectively.  Results indicate that rollers’ rotational speed had no significant effect on dependent variables of percent particle size and PI. However, results for rollers spacing was different and indicated that its effect was significant for both dependent variables (P=0.1) and it may be inferenced that in processing barley there exist a significant difference in different levels of roller spacing. Also, there is a significant effect of roller spacing on processing index at 1% significant level. Effect of steaming duration on particle size characteristics (x1, x2, x3, x5 and x6 ) became significant at 5% probability level and for x4  at 1 % level. Effect of steaming duration on processing index was significant at 1% level. Research results on sorghum processing indicate that an increase in moisture content from 17% to 23% would decrease the amount of broken grain flakes and powder and more intact flakes are produced through processing operation [12]. Results obtained in this research show that 20 minutes steaming duration  produce  least  broken  grain  kernels   and
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          Figure 1: Set of shaker sieves, from left to right, 4, 3.35, 2.36,1.7 and 0.6 mesh and pan.
Table 1- Analysis of variance for weight percentage and processing index(PI).
	Source
	df
	X1
	X2
	X3
	X4
	X5
	X6
	PI

	Replication
	2
	130.5 n.s
	10.5 n.s
	53.5 n.s
	3.5**
	3.5**
	0.13 n.s
	5.46 n.s

	Speed (S)
	2
	41.2 n.s
	17.1 n.s
	4.75 n.s
	0.1 9 n.s
	0.81 n.s
	0.004 n.s
	12.8 n.s

	Spacing (D)
	1
	8615.9**
	3654.8**
	3654. 5**
	40.24**
	287.4**
	25.6**
	1933.4**

	S*D
	2
	294.7 n.s
	77.4*
	93.2 n.s
	0.24 n.s
	0.05 n.s
	0.026*
	4.1 n.s

	Steam Duration ( t)
	3
	390.8*
	76.9*
	173.4*
	0.4**
	1.86*
	0.21*
	17.5**

	S*t
	6
	147.8 n.s
	8.45 n.s
	65.3 n.s
	0.985 n.s
	0.35 n.s
	0.037 n.s
	3.2 n.s

	t*D
	3
	13.1 n.s
	6.89 n.s
	4.4 n.s
	0.31 n.s
	0.09 n.s
	0.008 n.s
	1.55 n.s

	S*D*t
	6
	67.35 n.s
	7.45 n.s
	39.9 n.s
	0.66 n.s
	0.332 n.s
	0.015 n.s
	3.21 n.s


ns: no significant difference     * : significant difference at 5% level    **: significant difference at 1% level    

Figure 2: Effect of roller spacing on grain particle size
powder compared to other time durations. This may be because of softening of nucleus due to more moisture and heat absorbed. Rollers spacing within the range of 0.8 to 1.3 mm would significantly affect particle size percentage and processing index at 1% probability level. Figure 2 shows weight percentage of powdery particles with less than 1.7 mm diameter. These particles constitute the content of feed material which are not suitable for animal digestion and are main cause of digestive disorders especially in dairy cows. As it is shown, weight percentage of particles having less than 1.7 mm diameter for all treatments is 
higher for 0.8 mm roller spacing than with 1.3 mm spacing. 

CONCLUSIONS

Barley steam rolling with a laboratory scale steam roller was performed having considered the roller speed and spacing as main factors and steam duration as secondary factor which affect grain processing quality determined by Processing Index(PI) and weight percentage of particles obtained through sieve analysis. Results of this research indicated that a combination of rotational speed of 350 RPM with roller spacing of 0.8 mm and steaming duration of 15 minutes give more intact flaked grains. However, considering the fact that the best processing pattern is when more flakes with least powder is obtained, therefore, it is concluded that a combination of roller spacing of 1.3 mm with rotational speed of 350 RPM and steaming duration of 20 minutes would be the best option in steam rolling barley grain.
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