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          N INVESTIGATION concerning the bioconversion of an alkali-

……..treated rice straw to single cell protein under fermentation 

conditions by Saccharomyces cerevisiae was done. The optimal 

environmental and nutritional conditions, which resulted in the highest 

protein production by S. cerevisiae can be summarized as following; 

incubation temperature, 30°C; incubation periods, 48 h; pH of 4.5; 

inoculum size 1 ml/100ml from a heavy spore suspension of 95x107 

Colony Forming Unit (CFU) /ml, 2 g % rice straw concentrations; 

NH4H2PO4 as best nitrogen source; carbon source 2.5 g % of lactose. 

The highest yields of single cell protein were obtained under static 

condition. High contents of nutritional compounds such as protein, 

mineral, carbohydrate, lipid, vitamins and amino acids were 

determined in the produced yeast biomass. These results show that 

Saccharomyces cerevisiae could be suitable for single cell protein 

production from cheap waste products. 
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Technically, single cell protein (SCP) is the manufacture of cell mass using 

microorganisms by culturing on abundantly available wastes. Algae, fungi and 

bacteria are the chief sources of the microbial protein that can be utilized as SCP 

(Anupama and Ravindra, 2000). It refers to the dried cells of microorganisms 

such as yeast, bacteria, fungi and algae which grow in large-scale culture systems 

for use as protein sources in human food or animal feed (Prado-Rubio et al., 2010 

and Zepka et al., 2010). Not only proteins but also free amino acids, lipids, 

carbohydrates, vitamins and minerals are often included in the single cell protein 

term (Zheng et al., 2005;  Rajoka et al., 2006; Gao et al., 2007; Zhang et al., 2008 

and  Rasoul-Amini et al., 2009). In particular protein supply possesses a problem 

since essential amino acids can not be replaced. One possible solution to this 

problem is SCP production. Much interest has been focused on the potential of 

converting agriculture, industrial, municipal or forestry wastes to microbial 

protein.  
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The production of the microbial biomass is achieved either by a submerged or 

solid state fermentation (SSF) process. After fermentation, biomass harvested and 

may be used as a protein source or subjected to processing steps like washing, 

cell disruption, protein extraction and purification. In general, the high production 

rates and protein yields as well as ease of production control make SCP more 

attractive as a protein source compared with conventional plant and animal 

sources (Xiao et al., 2009). 

 

Microorganisms have high protein content and short growth times, leading to 

rapid biomass production, which can be continuous and independent from the 

environmental conditions. The use of fungi, especially yeasts, for SCP production 

is more convenient, as they can be easily propagated using cheap raw materials 

and easily harvested due to their bigger cell sizes and flocculation abilities. 

Moreover, they contain lower amounts of nucleic acids than bacteria (Ravindra, 

2000). The main categories of their use at present were as source of single-cell 

protein for application in waste treatment, as feedstock for biofuel production and 

as a source of biochemical components of industrial interest Zepka et al. (2010).  

 

Many raw materials have been studied as substrates for the production of 

SCP. In many cases, these raw materials have been hydrolyzed by physical, 

chemical and enzymatic methods before use (Becker, 2007 and Gao et al., 2007) . 

Increasing concern about pollution that occurs from agricultural and industrial 

wastes has stimulated interest in converting waste materials into commercially 

valuable products, especially SCP (Ugwuanyi, 2008; Prado-Rubio et al., 2010 

and Silva et al., 2011).  

 

Rice straw is a by-product of rice production, and a great bio-resource as raw 

biomass material for manufacturing value-adding protein for animal feedstock, 

which has been paid more and more attention (Zheng et al., 2005). 

 

In our research, studies had been aimed primarily to the use of agro-industrial 

wastes for the production of (SCP) with resultant protection of environment. Rice 

straw was chosen as fermentation substrate for this study, firstly, it is considered 

as a typical representative of agro-industrial wastes, which is an essential and 

readily available commodity in the developing countries. Secondly, they are 

universal and commonly used agricultural crops with essential elements for 

pollutions and are readily available in Egypt.  Thus, degradation of these wastes 

requires the selection of microorganisms which are able to assimilate them. The 

cultivation of microbial biomass as single cell protein (SCP) has been studied. 
 

Materails and Methods 

Yeast Species 

Saccharomyces cerevisiae was obtained from Botany and Microbiology 

Department, Faculty of science, Al-Azhar University, Cairo, Egypt.  

 

Agricultural Wastes  

Rice straw was collected from Minet El-Gamh city in El-Sharkia Governorate, 

Egypt. 



ALKALI PRETREATED RICE STRAW AS AN INEXPENSIVE … 

  

Egypt. J. Bot., 56, No. 1 (2016) 

 

83 

Alkali- Pretreatment 

Rice straw was firstly air dried put in oven at 60C for 24 hr and grind in 

electrical blender for approximately 5 min. Dried grinded rice straw wastes were 

treated by sodium hydroxide according to the method of Zhu et al. (2005). They 

were autoclaved at 121
o
C for 30 min. The pretreated rice straw was allowed to 

cool and subsequently filtered by cloth-sheet and washed with tap water to neutral 

pH. It was then dried at 60
o
C in an oven for 12 hr, and then used at 1 % (w/v) in 

basal medium for single cell protein production. 

 

Cultivation Medium  

Yeast Malt Glucose Peptone Agar (YMGPA) was used to cultivate and 

preserve Saccharomyces cerevisiae 

 

Single Cell Protein Production Medium  

Czapek-Dox’s was prepared using a basal medium, consisted of (g/l): sodium 

nitrate, 3.0; potassium chloride, 0.5; magnesium sulfate, 0.5 and potassium di-

hydrogen phosphate, 1.0.  The pH value adjusted to 4.5-5 by citrate-phosphate 

buffer. The medium was dispensed in 100ml portion 250 ml Erlenmeyer flasks 

and supplemented with 1 g of alkali-treated rice straw. 

 

All flasks were sterilized at 121
o
C for 15 min. Each flask was inoculated with 

1 ml of S. cerevisiae suspension containing (95x10
7
) CFU/ml. They incubated at 

30
o
C for 24 hr. At the end of the incubation period, yeast cells were collected by 

centrifugation at 4000 rpm at 4°C for 10 min. and washed twice with distilled 

water. The obtained SCP was then dried at 70°C until the dry weight was constant 

for analysis. 

 

Protein Determination 

Extraction of Protein from Yeast Cells with Sodium Hydroxide  

The extraction was achieved according to the method of Herebert et al. (1971) 

in which Twenty milliliters of 1N NaOH was added to 5g yeast biomass in 15 ml 

capacity glass centrifuge tubes, and left for 10 min. in boiling water bath. After 

alkali extraction, cooled in cold water, centrifuged for 10 min. at 4500 rpm and the 

supernatant subjected to protein determination. Protein content was determined 

by the method of (Lowry et al., 1951).  

 

Some Parameters Regulating Saccharomyces cerevisiae SCP Production  

The following parameters were examined for their effects on the production of 

S. cerevisiae SCP using the alkali-treated rice straw (RS1% NaOH). In each 

experiment the optimal conditions deduced from the previous experiments were 

considered.  At the end of incubation period, the protein content was determined 

as mentioned before. 
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Incubation Temperature   

Incubation temperatures were examined on SCP production medium by S. 

cerevisiae at different temperatures viz: 20, 25, 30, 35, 40, and 45°C for 24 hr.             

 

Incubation Period  

The influence of different incubation period on SCP production medium by S. 

cerevisiae at 30°C were applied at incubation for 0, 12, 24, 36, 48, 72 and 96 h. 

 

Initial pH Value 

The effect of different initial pH values were studied on SCP production 

medium by S. cerevisiae growing on (RS1% NaOH) at 30ºC for 48. Using citrate-

phosphate buffer and phosphate buffer the pH were 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5, 7, 

7.5 and 8. 

 

Inoculum Size: Different inoculum size of heavy cell suspensions 95 x 

10
7
CFU/ml of the S. cerevisiae ranged between  0.0, 0.1, 0.3, 0.5, 1, 2, 4, 6, 8 and 

10 ml  were allowed to grow on RS1% NaOH at 30ºC for 48h  and pH 4.5 .   

 

Substrate Concentration: Different concentrations of RS1%NaOH (w/v) was 

applied at concentrations 0.0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5 and 5 g/100 ml on 

production medium.  

 

Nitrogenous Source: Different nitrogen sources, peptone, yeast extract, beef 

extract, ammonium di-hydrogen phosphate, urea, potassium nitrate and 

ammonium sulphate were added to medium in equivalent to sodium nitrogen 

content that located into  0.3 % (w/v) of sodium nitrate except  peptone, beef & 

yeast extract were added at 0.1% (w/v). Control was also prepared which contain 

0.3% (w/v) NaNO3.  

 

Carbon Sources: Different carbon sources were added to the production 

medium. Control was performed without carbon source. The tested carbon 

sources were D-glucose, D-dextrose, D-fructose, sucrose, maltose and lactose. 

The carbon sources were added at an equimolecular level in 2% sucrose. Starch 

was added at 1% (g/v) medium. 

 

Agitation: It was carried out by incubating the flasks containing the 

production media on the shaker at 150 rpm at 30°C for 48 hr. Other flasks for 

each one were incubated under static condition at 30°C for 48 hr. 

 

Extraction and Nutritive Value of Saccharomyces cerevisiae SCP   

S. cerevisiae was grown under optimum conditions. The cells were harvested 

by centrifugation at 4000 rpm at 4°C for 10 min., washed twice with distilled 

water and dried at 70°C until constant weight. The dried yeast cells were 

preserved in dry place as a bulk of cells for use, as well as, for determination of 

nutritional content of yeast biomass (SCP). Its nutritive value was carried out by 

determination of moisture content, dry weight, ash, mineral content, protein 

content, carbohydrate content, lipid content, vitamins and amino acids content. 
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Moisture Content and Biomass  
 Determination of moisture, constant weight and dry biomass was carried out 

according to Geary (1956).  
 
Ash and Mineral Content 
 Total ash determination was done according to Reith et al. (1948). However, 

the mineral content was estimated according to A.S.T.M. (2002) using 
Inductively Coupled Argon Plasma, ICAP 6500 Due, Thermo Scientific, 
England. 1000 µg/l multi-element certified standard solution, Merck, Germany 
was used as stock solution for instrument standardization.  

 
Protein Content 
It was determined by micro-Kjeldahl method as described by Haphries (1956) 

for total nitrogen determined.  The total nitrogen values are multiplied by the 
factors (6.25) to obtain the crude protein content.   

 
Carbohydrate Content: Extraction and determination of total soluble 

carbohydrates were carried out according to Umbriet et al., (1969). 
 
Lipids Content: Total lipids were determined according to the A.O.A.C. 

(1975) using Soxhlet lipid extractor apparatus. 
 
Vitamins Content: Vitamin C content was determined according to the A.O.A.C. 

(1990).  Vitamin B was determined using high performance liquid 
chromatography system (HPLC) according to Batifoulier et al. (2005). 

 
Amino Acids Content: The amino acids content was determined by amino acid 

analyzer {Eppendrof –LC3000} according to Block et al. (1958). 
 

Results and Discussion 
  
In the present study, the production of SCP by S. cerevisiae was performed at 

different incubation temperature (ranged from 30-45ºC) for 24hr. The data 
presented in Fig.1 showed that, the maximum SCP productivities by S. cerevisiae 
(0.3857 mg/ml) was obtained at 30ºC incubation temperature in presence of 
RS1%NaOH. Above or below this temperature, the protein yield was decreased 
gradually. These results are in agreement with the results of several workers 
(Paraskevopoulos et al., 2003 and Zhang et al., 2008) who found that the 
maximum protein production by yeast and other organisms were obtained at 
30ºC.  On the other hand, the results are partially contradictory with that obtained 
by Anupama & Ravindra (2001) and Gao et al. (2007) who reported that the 
optimum temperature for SCP production by Aspergillus niger was 28ºC. Zheng 
et al. (2005) found that the optimum temperature for SCP by Candida arborea 
was 29ºC. Xiao et al. (2009) also recorded optimum temperature ranged from 
28ºC to 32ºC for mixed fermentation by A. niger and C. utilis. 
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Fig. 1. Effect of different incubation temperatures on SCP productivity by S. cerevisiae. 

 

Incubation Period  

The results presented in Fig. 2 showed that, maximum yield of SCP was achieved 

after 48 hr. This result is more related with those obtained by Ghaly et al. (2005) who 

recorded protein production by yeast fermentation on acid cheese whey after 

48hr. Also, Zhang et al. (2008) reported the same results, as maximum biomass 

protein production was after 48 hr by Aspergillus oryzae. However, Rajoka et al. 

(2006) recorded optimum fermentation period of 3 days by Candida utilis for 

protein production. 

 

In contrast to our results, Zhang et al. (2008) recorded that, Trichoderma 

viride grown on winery wastewater exhibited its ability to produce biomass 

protein within 24 hr. Gao et al. (2007) reported that, optimum incubation time 

was 56 hr by Cryptococcus aureus G7a for SCP production. Silva et al. (2011) 

reported that, the optimal production for biomass production by yeast was 

obtained after 192 hr. 
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Fig. 2. Relation between different incubation periods and SCP produced by S. cerevisiae. 
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Initial pH values 

Different pH values (3-8) were also tested for its effect on SCP production. It 

could be concluded from the results illustrated in Fig. 3 that the pH value was 4.5 

was the optimum for the highest yields by S. cerevisiae grown on RS1%NaOH. 

This result is in agreement with Zhang et al. (2008) who reported that the 

maximum fungal biomass protein production was at pH 4.5 and 5.5. On the other 

hand, Rajoka et al. (2006) showed that the optimum pH for SCP from yeast and 

other organism was 6.  
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Fig. 3. Effect of different initial pH values on SCP yield by S. cerevisiae grown on 

RS1%NaOH at 30ºC. 
 
Inoculum size 

The results demonstrated that, the maximum yield of SCP was at an inoculum size 

of S. cerevisiae of 1ml/100ml production media (Fig. 4).  While, Zhang et al. (2008) 

found that, the maximum fungal biomass protein production was at 2.5 % 

(.5x10
8
). Zheng et al. (2005) reported the highest yield of biomass from Candida 

arborea at 5 % inoculum size. 
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Fig. 4. Relation of inoculum size (ml) to SCP yield by S. cerevisiae grown on RS1%NaOH at 

30ºC. 
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Substrate Concentration 

The production of SCP reached the maximum yield in presence of 2 g of 

RS1%NaOH as substrate in the production media (Fig. 5).  Rajoka et al. (2006) 

used 9 g % from rice polishing for SCP by Candida utilis and Gao et al. (2007) 

used 6 g % Jerusalem artichoke for maximum production of SCP from 

Cryptococcus aureus G7a.  
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Fig. 5. Relation of substrate concentrations to SCP yields produced by S. cerevisiae 

grown on RS1%NaOH at 30ºC. 

 

Nitrogen Sources 

 It is apparent from the results that the addition of nitrogen sources efficiently 

affects the SCP productivities by S. cerevisiae (Fig. 6).  Addition of ammonium 

di-hydrogen phosphate to the production medium resulted in the highest amount 

of SCP. Zhang et al. (2008) reported that using (NH4)2SO4 as nitrogen source 

give the highest yield of SCP by A. oryzae and A. niger. 
 

 
 

Fig. 6. Effect of different nitrogen sources on SCP productivity by S. cerevisiae grown 

on RS1%NaOH at 30ºC. 
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Carbon Sources 

Data emphasized that the maximum yield of SCP was achieved by the addition 

of lactose to the production medium (Fig. 7).Camacho-Ruiz et al.  (2003) recorded 

that initial sugar concentration controlling SCP production by S. cerevisiae. Omar 

(2006) showed that ribose was the best carbon sources for give the highest yield 

of SCP by S. cerevisiae.  Moreover, maximum yields of biomass, its protein 

content and total protein were produced by S. cerevisiae in the presence of 1% 

(w/w) glucose (9.46 g/kg orange peels; 40.89%, w/w; 50.89%, (w/w) Hossam 

(2013). 

      

 
Fig. 7. Effect of carbon sources on SCP productivity by S. cerevisiae grown on 

RS1%NaOH at 30ºC. 

 

Agitation 

Results indicated that, the static condition is more favorable for protein 

production by yeast isolate (Fig. 8). On the contrary, Zhang et al. (2008) 

produced SCP in shaked conditions.    

   

 
 

Fig. 8. Effect of agitation on SCP productivity by S. cerevisiae grown on RS1%NaOH 

at 30ºC. 
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At the end of parameters optimization, S. cerevisiae was grown under 

optimum conditions and by the end of incubation period, cells were harvested and 

weighted as mentioned before. The biomass was found to be 35 g/l 

 

Analytical Characterization of Yeast Biomass Single Cell Protein  

The composition of single cell protein obtained from the fermentation of 

RS1%NaOH by S. cerevisiae is shown in Tables 2, 3, 4 & 5. From Table 2 the 

moisture content of the dry cells was about 20.64 % (w/w) which higher than that 

reported by Zepka et al. (2010) who found that the dry matter of SCP by 

Haloarcula sp was 79.36%, (w/w). 

 

This in partial agreement with Shojaosadati et al. (1999) who obtained dry 

matter   97.3 % from yeast biomass. Concerning carbohydrates content, it was 

found to be 30 % (w/w), which is near the value (24 % carbohydrates content) 

obtained by Shojaosadati et al. (1999)  SCP by Hansenula sp.  In view of finding 

of other workers, Zepka et al. (2010) recoded that the carbohydrate content of 

SCP was 64.16 %.  In this work, the lipids content showed high value 5.1 % 

(w/w). The result was closely with the result (5.4 %) for lipid content recorded by 

Kurbanoulu (2001). On other hand Parajo et al. (1995) reported 9 % of crude 

lipid in SCP of yeast.  With respect to crude protein produced in our study, which 

found to be 28%. Significant increases in protein content by yeast have been 

found by Ziino et al. (1999). Rajoka (2005) also recorded 60 % crude protein by 

Candida utilis. Gao et al. (2007) showed that, the content of protein in marine 

yeast reached 53%. 

 
TABLE 2.  Composition of yeast biomass SCP production 

Component Yeast biomass SCP 

Moisture content % 20.64 

Dry weight % 79.36 

Ash content % 84 

Protein content (mg/ml) 1.98 

Crude protein (g/100g) 28 

Carbohydrates content (mg/ml) 0.26 

Lipids content (g/100gm) 5.05 

 

Table 3 illustrates single cell protein composition of elements. It was detected 

the SCP obtained is a good source for a number of elements but cadmium was not 

found. These results were higher than the values which previously reported for 

similar products by Paraskevopoulou et al. (2003). 

 

The importance of vitamins content for the quality of SCP indicated from that, 

vitamin C is essential for normal growth and for many physiological functions of 

majority of marine fishes (Chi et al., 2006). Therefore, vitamin C and B contents 

in the S. cerevisiae were determined. 

 

The data in Table 4 indicated the fact that yeast cells have the capacity to 

synthesize vitamin C and B by direct fermentation from simple sugars. Our 

results also showed that the yeast cells can synthesize higher amounts of vitamin 
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C (32.64 mg/100g) of cell dry weight. These results were similar with Hancock et 

al. (2000) who reported that S. cerevisiae can synthesize a considerable amount 

of vitamin C under specific conditions. The results of this study also indicated 

that S. cerevisiae has high ability to synthesize vitamins B likes B1, B2, B3, B9 

and B12 but not able to produce B6.  

 
TABLE 3. Elemental analysis of some minerals of dry yeast cells S-RS1%NaOH 

grown under static conditions.   

Parameter 
Results mg/kg 

Elements 

Aluminum 489.75 

Boron 4.775 

Cadmium 0.0 

Cobalt 0.93 

Chromium 46.15 

Copper 79.28 

Iron 1162.5 

Manganese 566.25 

Molybdenum 2.83 

Nickel 16.98 

Lead 12.93 

Strontium 68.15 

Vanadium 2.0 

Zinc 186.68 

 
 

TABLE 4. Vitamins content of dry yeast cells S-RS1% NaOH grown under static 

conditions. 

 

Data recorded in Table 5 showed that, the biomass cells had 16 kind of essential 

amino acids, These results show that the yeast strain S. cerevisiae was suitable for 

single-cell protein production. In agreement with our results Zheng et al. (2005) 

and Rajoka et al. (2006) recorded that, the biomass obtained from Candida utilis 

contained all the essential amino acids. 

 

 

Vitamins mg /100g 

Thiamine B1 62.096 

Riboflavin B2 1.654 

Nicotinic acid B3 89.051 

Pyridoxine B6 - 

Folic acid B9 0.700 

Cobalamine B12 1.750 

Vitamin C 32.64 
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TABLE 5. Amino acids content of dry yeast cells S-RS1%NaOH grown under static 

conditions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusions 

 

The results of this work shown that the yeast isolate strain can be used to 

produce valuable SCP from low cost agro-industrial waste. This approach could 

be also used to minimize the environmental pollution. However, further 

investigations are necessary to scale up the treatment of agro-industrial wastes 

and product yield. The  results also suggested that rice straw wastes which 

selected  as raw materials was suitable and could be used to produce SCP by S. 

cerevisiae. 

 

In order to serve as a health-conserving animal feed supplement, the microbial 

biomass must fulfill certain nutritional prerequisites including high contents of 

nutritional compounds such as protein content, mineral content, carbohydrate 

content, lipid content, vitamins and amino acids content. Analysis of the 

nutritional quality of biomass suggests that it could be used as a source of 

supplemental protein for animal feed.  
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 لإنتبج  البروتيناستخذام قش الارز الوعبلج قلويب كبيئت رخيصت 

  الحيوى بواسطت خويرة الخببز

 
شريف هوسي حسيني

1
هوذوح سبلن الجول – 

2
هين  سيذعلي إبرا – 

3
عس الذين   - 

هحوود عبذ الرحون
2

حبهذ هحوذ حسنين خشبت   - 
3 

1
و خبيعت عيٍ شًض –كهيت انبُبث نلآداة وانعهىو وانخزبيت 

2
خبيعت  –كهيت انعهىو 

والاسهز 
3 

يزكش انبحىد  –يعهذ بحىد حكُىنىخيب الأغذيت  –قظى الاغذيت انخبصت 

 يصز. –انشراعيت

 

 

م انبيىنىخً نقش الارس انًعبنح قهىيبً انً بزوحيٍ أخزيج دراطت حخعهق ببنخحىي

حيىي ححج ظزوف انخخًز بىاططت خًيزة انخببس وقذ اثبج انظزوف انبيئيت 

وانغذائيت انًثهً أطفزث عٍ أعهً اَخبج نهبزوحيٍ انحيىي يًكٍ حهخيصهب  عهً 

طبعت ، أفضم أص  44و  ، فخزة ححضيٍ ° 33درخت انخحضيٍ ، انُحى انخبنً 

يههً يٍ يعهق كثيف يٍ انخًيزة  1، حدى انحقُت الايثم كبٌ  4.5يًُ هى هيذروخ

 °55حزكيشِ  
7
يٍ قش الارس وايىَيىو  ٪خزاو  2وحذة حكىيٍ انًظخعًزة ،  13

 انلاكخىس كأفضم يصذر كزبىًَ .  ٪ 2.5فىطفبث كأفضم يصذر َيخزوخيٍ ، و 

  

حى انحصىل عهً أعهً اَخبخيت يٍ انبزوحيٍ انحيىي ححج ظزوف طبكُت . وقذ 

وحى ححذيذ يحخىيبث عبنيت يٍ انًزكببث انغذائيت يثم انبزوحيٍ، وانًعبدٌ 

وانكزبىهيذراث وانذهىٌ وانفيخبييُبث والأحًبض الأييُيت في انكخهت انحيىيت 

يًكٍ أٌ حكىٌ يُبطبت  نهخًيزة انًُخدت. وحشيز هذِ انُخبئح إنً أٌ خًيزة انخببس

 لإَخبج بزوحيٍ حيىي  يٍ يخهفبث رخيصت.

 

 

 

 

 


