
 

 

Roasted pigeon pea meal replacement to soybean meal and its effect on external and 
internal egg quality parameters of Bovans Brown layers 

 

Abstract 

Background and objectiveAims: The objective of the studyresearch was to evaluate egg quality 

of Bovans Brown (BB) layers by replacing soybean meal with roasted pigeon pea (Cajanus 

cajan) seed meal in the diet.  

Study design:The experimental rations were formulated to be iso-caloric and iso-nitrogenous. A 

total of 105 commercial BB egg laying hens of 6 months old with body weight of (1412.04g ± 

71.095g) were used.  

Place and Duration of the study: The study took place at Shire Endaslasie, district, north 

western Tigray, Ethiopia located at 1406'18'' North and 340 17' 4'' East (Satellite Map) for 90 

days with 10 days of adaptation period. 

Methodology: The experimental rations were formulated to be iso-caloric and iso-nitrogenous. 

A total of 105 commercial BB egg laying hens of 6 months old with body weight of (1412.04g ± 

71.095g) were used .The experiment was designed using complete randomized design (CRD) 

with 5 treatments and replicated 3 times. The study was elapsed for 90 days with 10 days of 

adaptation Treatmentsperiod. Treatments were contain 0% (control), 25%, 50%, 75% and 100 % 

level of RPSM replaced to soybean meal for T1, T2, T3, T4 and T5, respectively. The treatment 

rations were containing a range of 2882.28 - 2899.53 kcal/kg DM of ME and 16.63 – 16.92% 

CP. Data were analyzed using general linear model (GLM) of the SAS software.  

Results:  There was no significant (p>0.05) difference in egg quality parameters among 

treatments. The average result in the experiment was egg weight 58.34 - 59.04 gram, shell 

weight 5.49 - 5.78g, egg shape index 71.70 ± 3.6. Similarly the range of albumin weight, 

albumin height and yolk weight in the experiment was 34.62 - 35.14g, 7.72 - 8.06 mm and 15.2 - 

15.9g, respectively. Yolk color result using RYCF was in the range of 4.96 - 5.07.  

Conclussion:It is concluded that roasted pigeon pea seed meal can replace soybean meal up to 

75% in layers diet without negative effect of external and internal egg quality parameters. 
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Introduction 

Feed cost for poultry production is increasing due to limited availability of cereals and oil cakes 

[1] and since the demand for the cereals is increasing highly resulted by the alarming population 

growth of the developing countries.  As a result, the commercial layer feed is expensive and not 

easily available by smallholder poultry producers which causes feed problem (both quality and 

quantity) in developing countries like in Ethiopia [2]. Therefore, there is need to reduce the 

competition between human and livestock for the same feedstuffs by turning to unconventional 

feedstuffs and it is better to utilize locally available non-conventional feed resources. 

 

In poultry industry Soybean meal is widely used as high protein feed ingredient with close to 

ideal in amino acid profile. However, there is no access of soybean meal for smallholders in the 

country in general and Tigray region in particular. Hence, based on [3] and [4] searching of 

alternative feed sources is required to reduce the feed cost. As a result one of the important but 

less known plant protein sources is pigeon pea seed meal [5] and can be used as alternative to 

replace protein sources like soybean meal. 

 

Pigeon pea (Cajanus cajan) has numerous uses in animal feeding and the seed can be fed to 

poultry [6]. As reported by [7]; [8] pigeon pea is good source protein, energy and considerable 

amount of minerals which makes close to that of soybean. This directs that pigeon pea seed meal 

can replace the commercial plant protein sources like soybean meals which are used as poultry 

protein source feed ingredient. Raw Pigeon pea seeds like other legume seeds contain Anti-

Nutritional Factors (ANFs) that can positively treat by heat treatments [9]. Generally, even 

though, pigeon pea seed is promising to the poultry feed industry; there is limited information on 

the effect of roasted pigeon pea seed meal on internal egg quality parameters of Bovans Brown 

(BB) layers by replacing to soybean meal in their diet. Therefore, the objective of the study was 

to see the effect of replacing soybean meal with roasted pigeon pea seed meal and to see its 

effect on the egg quality parameters of Bovans Brown layers. 

 

 

 

 



 

 

Materials and methods 

 

Description of the study area 

The experiment was conducted in Shire Endaslassie district which is located in North-western 

zone of Tigray. Tigray regional state is located in the northern part of Ethiopia. North-western 

zone is one of the six administrative zones in Tgray region which is located at 307 km west of 

Mekelle and 1087 km from Addis Ababa via Mekelle. Shire Endaslassie district (Shire 

Endaslassie city) has an average altitude of 1923 m.a.s.l as well as it is found at 1406'18'' North 

and 340 17' 4'' East (Satellite Map). It is surrounded by Tahtay-Koraro district and it is the capital 

city of North Western Zone administration as well it serves as the center of administration for 

Tahtay-Koraro district. Shire Enda lassie has savannah climatic condition with average rain fall 

reaching 800-1000 mm and mean annual temperature of 15-20 0C [10].  

 

Feed ingredients and experimental ration 

The feed ingredients used in the formulation of the different experimental rations for the study 

were maize grain (MG), Ssorghum Ggrain, pigeon pea seed meal, wheat bran, noug seed cake, 

sesame seed cake, soybean meal, salt, limestone, and L-lysine Hcland Di-calcium phosphate. 

All the feed ingredients for the experiment were purchased from available market of Shire 

Endaslassie except Soybean meal, L-lysine Hcland Di-calcium phosphate. Soybean meal was 

purchased from Addis Ababa and both the L-lysine Hcland Di-calcium phosphate was 

purchased from Mekelle. mMaize grain, Ssorghum gGrain, pigeon pea seed meal, sesame seed 

cake,noug seed cake, and soybean meal were hammer milled to 5 mm sieve size and stored 

until required for formulation of the experimental rations. The five treatment  rationstreatment 

rations  used  in  this  study  were  formulated  to  be iso-caloric and iso-nitrogenous with 2,800 

– 2,900 kcal ME/kg  DM  and  16 - 17% CP [11]to meet  the nutrient requirements of layers 

and the ration was formulated using the feed- win ration formulation software. In the treatments 

soybean meal was replaced with pigeon pea level by level. 
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Source and roasting method of pigeon pea seeds 

The white type of pigeon pea seed was collected from Shire-Maitsebri agricultural research 

center. The pigeon pea seed was roasted for 3-5 minute at about 80 0C[12]using locally 

available frying pan until some color change comes then it was  coarsely grind before 

incorporation into the diets. 

 

 

Experimental chickens and their management 

A total of 105 commercial Bovans Brown egg laying hens of 6 month old with similar body 

weight and husbandry were purchased from the local private chicken distributor. Before the 

commencement of the actual experiment, the experimental pens, watering and feeding troughs 

were thoroughly cleaned, disinfected and sprayed. The layers were kept in deep litter 

experimental house which was partitioned in to 2.25 m2 pens by wire-mesh. The birds were 

supplied artificial light for about four o’clock in addition to the natural day light throughout the 

whole experiment. Sawdust litter material of 07 cm up to 10 cm depth was used. The wet litter 

was changed with dry, disinfected, and clean sawdust in the middle of the experiment. All health 

Table 1. Percentage composition of the feed ingredients 

Feed stuff % T1  (control)         T2 T3 T4 T5 

Maize grain 20.5 24 25.9 25.5 24 
Sorghum grain 25.3 24.5 23 21 20 
SBM 15 11.3 7.5 3.75 0 
RPSM 0 3.75 7.5 11.3 15 
Sesame seed cake  2.75  4.25  7.5 12  17 
Noug seed cake 8 11.2 12 11 9.4 
Wheat bran 15 8.5 4 3.9 3 
Limestone 8 8 8 8 8 
L-lysine Hcl 0 0.1 0.1 0.1 0.1 
Salt 0.5 0.5 0.5 0.5 0.5 
Di-calcium 
phosphate 

 5 4 4 3  3 

Total (%) 100 100 100 100 100 
SBM= Soybean meal; RPSM= roasted pigeon pea seed meal; T1= 100% soybean meal 
(control); T2=25% roasted pigeon pea seed meal+ 75% soybean meal; T3= 50% roasted 
pigeon pea +50% soybean meal; T4=75% roasted pigeon pea+ 25% soybean meal; T5= 
100% roasted pigeon pea replacement to soybean meal 



 

 

precautions and disease control measures was carefully followed throughout the study period. 

Feed  was  offered  in  hanging  tubular  feeders,  which  was  suspended approximately  at  a  

height  of  the  backs  of  the  birds  and  water was provided  in  plastic fountains freely. The 

feeding and watering troughs were cleaned every morning. 

 

Experimental design and treatments 

The experimental design was cCompletely rRandomized dDesign (CRD), with five treatments 

having 3 replications and 7 birds per replicate. Birds were randomly allocated to dietary 

treatment. The experiment was conducted for 90 days and 10 days of adaptation period. 

The treatments were pigeon pea replacement to soybean meal at the rate of 0%, 25%, 50%, 75% 

and 100 % level in the rations to be formulated for T1, T2, T3, T4 and T5, respectively. Because 

different authors [13],[14]have recommend different percentage of pigeon pea replacement to 

soybean meal and different level of inclusion in the layers diet.   

 
Table 2. Layout of the experiment 
 
Treatment 

                               Number of birds  per replication 
No of Rep    R1 R2 R3 

T1: No RPSM replacement  
(100% soybean meal)  

3 7 7 7 

T2: 25% RPSM replacement to 
soybean meal 

3 7 7 7 

T3: 50% RPSM replacement to 
soybean meal 

3 7 7 7 

T4: 75% RPSM replacement to 
soybean meal 

3 7 7 7 

T5: 100% RPSM replacement 
to soybean meal 

3 7 7 7 

RPSM: roasted pigeon pea seed meal; Rep: Replication; R1, R2, R3: replication 1, 2, 3, respectively. 
 

 

 



 

 

Chemical analysis of the feed ingredients 

Representative  samples  was  taken randomly from  each  of  the  feed  ingredients  that were   

used  in  the experimental diet for laboratory analysis except the premixes and salt before  

formulating  the  actual  dietary  treatments.  Samples were also taken for chemical analysis from 

each treatment ration. Feed samples were analyzed for dry matter (DM), crude protein (CP), ether 

extract (EE), crude fiber (CF) and ash according to Weende or proximate analysis method [15].  

Nitrogen (N) content were determine by Kjeldahl procedure and crude protein (CP) were 

calculated as Nx6.25. Chemical analyses of feeds were done in the nutrition laboratory of Hawasa 

University. Metabolizable energy (ME) of the experimental diets was determined by indirect 

method according to [16] as follows:  

ME (Kcal/kg DM) = 3951 + 54.4 EE – 88.7 CF – 40.8 Ash  

Egg quality measurements 

 For the measurement of egg quality  parameters 03 eggs per replication ( 09 eggs per  treatment)  

were  randomly  taken  weekly  and  the  average value from each replication  was  computed  for  

each quality  parameters.  

Egg weight and egg mass 

The average egg weight was computed using the sensitive balance of 0.005- 5kg weighing 

capacity by dividing the total weight of egg mass to the number of eggs laid. Egg mass = HDEP* 

Average egg weight in gram  

Eggshell quality 

Egg shell is one of the major quality parameters to evaluate the egg quality and viability in 

poultry production and has high influence in the acceptance of consumers. Both the egg shell 

weight and the eggshell thickness were measured by destruction of the egg. The average of the 

blunt, middle and sharp points of the egg was measured using the digital caliper and was 

summarized to get the shell thickness. The eggshell weight was measured using a sensitive 

balance that have 0.005- 5kg weighing capacity. 



 

 

Shape index 

The shape index was calculated based on the commonly used formula of [17]by using the ratio of 

egg width to egg length. The width and the length were taken carefully from the sample eggs 

used for quality parameters measurements. 

Egg albumen quality 

The eggs were break carefully to allow passage of albumin and yolk easily. Then after, albumin 

and yolk were separated each other in their own pre weighed Petri dish to take their weight 

separately. Then weight of Petri dish containing the albumen was measured and then the weight 

difference of the container before and after will be the weight of albumin. Simultaneously, the 

height of albumen was measured using the eElectronic digital caliper.   

 

Haugh unit (HU) is one of the most significant measures of egg quality like the other egg quality 

measurements and the higher the Haugh unit number, the better the quality of the egg (fresher, 

higher quality eggs have thicker whites) [18]. HU = 100 log (ALH +7.6 – 1.7W0.37)  

Where: ALH = Observed height of the albumen in mm, and W = Weight of egg in grams 

 

Egg yolk quality 

After breaking the egg, yolk and albumin were separated each other in their own pre weighed 

Petri dish. Then the egg yolk with its Petri dish was weighed using the sensitive balance. Then 

the weight difference of Petri dish with yolk and empty Petri dish will be taken as yolk weight. 

Soon after taking the weight, the egg yolk color was compared with rRoche yolk color fan 

(RYCF) which consists of a series of fifteen colored plastic strips, with one rated as very pale 

yellow to a deep intense reddish orange [19]. During yolk color measurement, first the yolk 

membrane was removed, the whole yolk was thoroughly mixed and yolk sample was taken on a 

piece of white paper and compared with Roche yolk color fan measurement strips. RYCF is 

important to define the desired yolk color and helps to formulate the hens' feed according the 

target yolk color.  

 



 

 

Statistical model and data analysis 

The collected data was analyzed using General Linear Model of SAS software[20]. The 

Significant differences (p≤0.05) between treatments mean were separated using Tukey’s 

Studentized Range Test (HSD) method. The following model was used for the experiment 

(Gomez and Gomez 1984). Yij = µ + i + eij; Where, Yij = Response variable; µ = overall mean; i 

= ith treatment effect (1, 2, 3, 4, 5); E ij = Random error effect 
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Results 

Chemical composition of feed ingredients and treatment diets 

The result for the chemical composition of each ingredient used in the formulation of dietary 

rations for each treatment is described inTable 3. 

Table 3. Proximate chemical composition of ingredients used in formulation of dietary treatments (% 

DM Basis) 

 
Composition 

Feed ingredients 
Maize Sorghum SBM RPSM SSC NSC WB Limestone 

Dry matter 
(%) 

91.03 90.9 92.7 92.7 91.5 92.7 90.9 99 

ME (Kcal/kg 
DM) 

3,880.7 3,651.6 3,373 2,956 3,141 1,690.6 3,010.8  

Crud protein 
(%) 

6.12 12.9 42.9 19.7 34.5 34 15.3  

Ether extract 
(%) 

3.85 1.71 6.45 0.69 9.25 1.8 2.66  

Crud fiber 
(%) 

2.68 3.32 7.85 10.1 10.5 21.4 9.78  

Ash (%) 1.03 2.4 5.7 3.45 9.38 6.5 5.33  
Ca (%) 0.04 0.03 1.02 2.83 2.31 0.90 0.91 32 
P (%) 0.3 0.3 0.24 0.53 1.29 1.21 1.21  
DM= Dry matter, SBM=Soybean meal, RPSM=Roasted pigeon pea seed Meal, ME= Metabolizabe 
energy NSC= noug seed cake, WB=Wheat bran, Ca= Calcium, P= Phosphors  

 

Table 4. Chemical composition of treatment diets containing different level of processed pigeon pea 
seed meal on DM basis 
 
 Chemical  composition                      

Treatments 
T1 T2 T3 T4 T5 

Dry matter (%) 92.4 92.4 92.5 92.4 92.4 
ME(kcal/kg DM) 2896.8 2897.9 2882.3 2899.5 2892.1 
Crud Protein ( % ) 16.9 16.9 16.6 16.7 16.6 
L-Lysin HCL (%) 0.72 0.78 0.76 0.76 0.74 
Methionin (%)  0.3 0.32 0.34 0.38 0.42 
M+C ( % ) 0.61 0.63 0.67 0.72 0.77 
Ether Extract (% ) 2.99 2.91 2.94 3.07 3.19 
Crud Fiber (%)  6.03 6.38 6.54 6.8 6.9 
Ca (%) 4.08 3.97 4.11 4.03 4.2 
P (%)  1.38 1.2 1.21 1.08 1.12 
T1= 100% soybean meal (control); T2=25% roasted pigeon pea seed meal+ 75% soybean meal; T3= 50% roasted 
pigeon pea seed meal +50% soybean meal; T4=75% roasted pigeon pea seed meal + 25% soybean meal; T5= 100% 
roasted pigeon pea seed meal replacement to soybean meal; ME= Metabolizabe energy; M+C=  Methionin + Cystine;  
Ca= Calcium; P = Phosphors 



 

 

Egg quality parameters 

There was no significant (p>0.05) difference in all external and internal egg quality parameters 

among treatments by replacing soybean meal with RPSM in layer’s diet as indicated in Table 5.  

 

Table 5. External and internal egg quality parameters of Bovans brown layers fed dietary 
treatments 
 
Parameters 

                    Treatments   

SEM 

 

p-value   T1   T2    T3   T4   T5 

Egg Weight (g) 58.74 58.91 58.79 58.34 59.04 0.16 0.7446 

Egg Width (mm) 40.42 39.98 40.19 40.10 40.31 0.06 0.1379 

Egg Length (mm)  56.41 56.41 56.56 56.30 56.71 0.11 0.785 

Shape Index (SHI) 72.22 72.44 71.33 71.25 71.26 0.31 0.5973 

Shell weight (g) 5.63 5.55 5.49 5.64 5.78 0.035 0.0846 

Shell Thickness (mm) 0.39 0.37 0.37 0.37 0.39 .004 0.2408 

Albumin Weight (g) 34.79 34.62 35.14 35.14 35.07 0.16 0.773 
Albumin Height 7.95 8.03 7.96 7.72 8.06 0.05 0.2456 
Haugh Unit Score 89.54 90.00 89.60 88.23 90.10 0.28 0.1079 
Yolk Weight (g) 15.48 15.42 15.28 15.20 15.93 0.09 0.217 
Yolk Color 4.96 5.07 4.89 4.96 4.96 0.07 0.9385 
T1= 100% soybean meal (control); T2=25% roasted pigeon pea+ 75% soybean meal; T3= 50% 
roasted pigeon pea +50% soybean meal; T4=75% roasted pigeon pea+ 25% soybean meal; T5= 
100% roasted pigeon pea replacement to soybean meal; SEM = Standard Error of mean  
 

 

 

 

 
 

 



 

 

Discussion 

Chemical composition of feed ingredients and treatment diets 

The Chemical Composition result of RPSM used in this study was 92.7% DM, 2956.3 kcal ME, 

19.7% CP, 0.69% EE, 10.1% CF and 3.45% Ash as indicated in Table 3. The CP content of the 

RPSM in this experiment is found in the range of 17.9 - 24% CP content reported by [21] 

and[22]. In comparison with the result of [23]; [5]; [24] the current experiment shows the lowest 

crud protein content. The result of these authors was reported in the range of 22-27 % CP content 

by [23]; [24]. Similarly 25.4- 27.3 % of CP content was reported by [5]. The CF% of RPSM in 

the current experiment was similar with the proximate composition of RPSM results reported by 

[24] and [25] but higher value than the report of ([23];[5]). The reason for different results of 

nutritional value of pigeon pea seen by different authors may be come from the difference in 

variety, growth condition, storage duration, soil, processing method and other reasons. These 

differences in results are supported by [26] that shows the protein content of pigeon pea cultivars 

vary between 17.9% up to 24.3% of CP. Feeds with > 18% protein content is classified as 

protein feeds. As a result pigeon pea seed meal is classified in the protein feed ingredients. 

 

There was no difference between the experimental diets in their proximate composition as they 

were formulated to be iso-caloric and iso-nitrogenous based [11] as indicated in Table 4. The 

experimental diets was prepared in the range of 2882.28 – 2899.53 kcal/kg DM metabolizable 

energy and 16.6% – 16.9% crud protein content with the recommended ratio of 2:1 up to 4:1 Ca: 

P ratio (FAO 2003). Both the ether extract and crud fiber percentages were thoroughly prepared 

to be less than the maximum tolerable level (<8%) and the minimum requirement of layers for 

those critical essential amino acids and minerals was considered [11]. 

 

Egg quality parameters 

The current result shows non-significant (p>0.05) difference in all external and internal egg 

quality parameters as indicated in Table 5. The current result was in contrast with the finding of 

[27] that describes feeding of 30% toasted pigeon pea seed meal to layers positively affect to 

produce eggs with better external and internal egg quality characteristics than the control diets. 

Generally, the differences in external and internal parameters among the present study and 



 

 

findings from different authors could be associated with the feed type, age of birds and strain of 

layers used in the experiment [28]. 

 

Egg weight 

The average egg weight in this finding was 58.3-59.04 gram with a mean of 58.76 ± 1.96 gram 

which satisfy the standard for large size in United State and the medium size in Africa, 

respectively as presented in Table 5. The average egg weight of the present study was similar 

with the result obtained by[29] and [27]. But the result was higher than those obtained from 

autoclaved pigeon pea and soybean seed meal [25], Pigeon pea inclusion[5], Brewery Spent 

Grain Inclusion [30] and it was lower than from the result obtained by diet of pigeon pea seed 

meal in layers [14], egg quality traits of Bovans Brown managed intensively [31] and rapeseed 

expeller cake inclusion [31] in layers diet. The different result of egg weight by different authors 

in different time could be due to environmental and nutritional factors [28]. Egg weight of the 

birds is significantly increased as the result of high protein consumption [32]; [33]. The standard 

check for eggs based on the weight varies from country to country.    

 

Egg shell quality 

There was no significant difference in egg shell quality among the treatments as presented in 

Table 5. The shell weight in the current experiment was with the range of 5.49-5.78g and with a 

mean of 5.62 ±0.4g which shows similar result with [30] reported as 5.58-5.9 g and ([27]; [5]). 

But this result was below the finding of [29] which was in the range of 6.4-6.5 g. The 

environmental conditions, feed quality and breed could be the main factors for difference in egg 

shell quality [34]. The range of egg shell thickness in the current study was between 0.37-0.39 

mm which is non- significant among treatments ([5]; [14]). This result was higher than the result 

found by Girma et al (2011) and [30] reported in the range of 0.29-0.3 mm and 0.32-0.34 mm, 

respectively. The differences in these results could be associated with the fact that shell thickness 

is closely correlated with the deposition of calcium which is metabolized from the skeleton of the 

birds and the dietary feed used.  
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Egg shape index 

There was no statistically significant difference in egg shape index among the treatments since 

difference in egg width and length among the treatments was not present. It is because the shape 

index is the ratio of egg width to egg length [17] The standard eggs from hens had a shape index 

of 74% with blunt and pointed ends and elongated eggs have lower shape index while rounded 

eggs have higher value [36]. The average egg shape index result for this experiment was 71.70 ± 

3.6 which is categorized in the sharp type but it approximate to the range of normal shape index 

value of 72-76% [36]. 

Egg albumen quality 

There was no significant difference in albumin weight, albumin height and HU among the 

treatments as indicated in Table 5. Nutrition has minor impact on albumen quality, and the 

change in egg albumin quality is mostly related to age of the hen and egg storage conditions 

([37]; [38]). As pointed by [38] albumen quality decreases as the age of egg increases and 

albumen height can be influenced by the age and strain of hen [39]. The range of albumin weight 

and albumin height in the present experiment was 34.62-35.14g and 7.72-8.06 mm, respectively. 

The result was in line with [29], but greater than the [30]. In case of albumin height similar range 

with [30] and greater result from [32] was observed. The higher average value of the albumen 

height in the experiment (7.95 ± 0.6) shows the better internal quality. The range of HUS in this 

result was 88.23 - 90.1 which was lower when compared with [29]; [30] and higher compared to 

the result from rapeseed replaced to soybean in layers feed [32]. The Average HU’S result from 

the current experiment was 89.49 ± 3.24 which shows rank of a good quality (70 -100HU) and 

ensures the USDA standard for AA quality and the higher the HUS, the better the quality of the 

egg (fresher, higher quality eggs have thicker whites) [18].   

 

Egg yolk quality 

There was no significant (p>0.05) differences in egg yolk weight, height and egg yolk color 

among treatments as presented in Table 5. Yolk weight obtained in the present experiment 

(15.20-15.93g) was higher than those reported by ([27] and [5]; [14]). Similar average yolk 

weight result of Bovans Brown layers was reported by [30] but the current yolk weight result 
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was lower than the finding of [29]. The yolk color result of the current experiment in references 

tothe RYCF was in the range of 4.96-5.07 (with average of 4.97±0.76) which shows no 

significant (p>0.05) differences in yolk color among treatments. Since yolk color mainly 

influenced by diet [40], in the current experiment yellow maize was used as a major feed 

ingredient which contains carotenes and xanthophylls which can help in producing yellow 

colored yolk. 

 

Conclusion 

To conclude, 75% of SBM could be replaced by RPSM in layers diet without any adverse effect 

on internal and external egg quality parameters. Therefore it can be concluded that RPSM would 

be a good alternative solution when the price of SBM become very expensive and limited access. 
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