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Abstract:  
Single cell protein (SCP) was produced by aerobic fermentation of natural gas by Methylomonas. A continuous 
system was developed on a bubble column bioreactor, and batch systems were arisen as inoculums in sealed flasks. 
The experiments were conducted under controlled pH (7) and temperature (32 °C) conditions. The Tughochi method 
was used for the system optimization with 4 variables in 3 levels. According to the optimum condition result the 
maximum protein content of biomass was 69.25%.  
Key words: single cell protein, natural gas, bubble column, optimization.  
 
1) Introduction:  
   Most of the developing countries of the world have been facing malnutrition problem. The 
deficiency of protein in human food and animal feed is well recognized due to the rapid growth 
of population. It is therefore, important to increase protein production by utilizing all the 
available ways and means. The increasing world demand for food and feed protein spurred the 
search for non-conventional protein sources to supplement the available protein source. A great 
deal of interest has been focused on the potential of agricultural wastes to microbial protein or 
single cell protein (Yakoub Khan, 1992). 
   Industrial SCP production was significant in the second half of the 20 century (1964-1985) 
(www.europabia.org). Undesirable weather conditions, the lack of agriculture potentiality and 
using traditional production methods are the reasons in most countries for protein manufacture 
(Springer-Verlag, 1985; Peppler H.J. 1979 and Sharp D.H. 1989). Decomposition in industry, 
easy transportation, no smell, natural taste, non toxic and well balanced amino acid composition 
are some of the SCP characteristics (technical report from Norform co.). After 1960 (C1) 
composition were used for producing of SCP instead of n-paraffines (Yoshiki Tani, 1985). Easy 
and continuous measurement, simple separation from products and its selectivity that minimize 
the possibility of pollution with other microorganisms are some of using methane benefits. 
Natural gas by the reasons of availability, abundance and being cheap, contains 85-90% 
methane and has a high value of energy (55.8 MJ/Kg) is utilized for SCP manufacture and It has 
a greatest carbon to hydrogen ratio through the other hydrocarbons (Jens Het Land, 1998).  
  Methanpthoroph bacteria are one of the Methylothroph’s branches which utilize methane 
individually as a course of carbon and energy (Moo-Young Murry, 1985; I.Goldgerg, 1991 and 
J.C.Murrell, 1992). These kinds of microorganism were found in the entire natural environment 
which have C1 compositions and they have an important role in carbon cycling. Most of them 
are aerobic and disperses rapidly in water and soil (Springer- Verlag, 1985). Methanotorphs are 
obtained in Methane’s associations such as oily islands, oil rich lands, reserve tanks, gas 
transportation systems, animal’s excrements and waste water treatment’s pools (Anne Grethe 
Hestenes, 2003). 
In this research SCP was produced from isolated local microorganism by natural gas, the bubble 
column bioreactor was used and it reached the higher optical density in comparison with others 
(David E.F. Harrison, 1977; Audrey House, 1972). By Tughochi design method 9 tests were 
done. 
 
 
2) Materials and Methods: 
  The microorganisms were chosen from Faculty of Engineering of Tarbiat Modares collection. 
There were 3 kinds of medium, MSB (Methanol Salt Broth natural gas instead of methanol), 
NMS (Nitrate Mineral Salt), and MWC (Medium without Carbon). Some colonies of sample 
bacteria were added in to 100mL media in a sealed flask. At first 5 different kinds of 
microorganisms which were utilized methane were chosen. For comparison the natural gas and 
pure methane in growth rate, experiments were done with these two gases at the same time in 
different flasks. The flask and the method of gassing are shown in figure (2-1). Air and natural 
gas (or pure methane) was entered with specific ratio (30 to 70). Flask was heated in incubator 
in 32 °C with 200 rpm shaking.  
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A long with the batch systems, the continuous system was set. The bubble column bioreactor 
was used for production of biomass in larger scale. For turbidity determination optical density 
was read by spectrophotometer at the 600 nm wave –length at the beginning and during the 
process regularly. 
In order to evaluate the optimum condition in continuous system Tughochi method was applied 
with 4 variables in 3 levels, which explained in table2-1. 
 After 120 hours, the biomass was separated from broth with centrifuge for 15 min with 
5000rpm; biomass was transferred to a sterilized plate in the oven at 70-80°C for drying. 
  The quantity of protein was determined by Micro Kjeldahl method for measuring the total 
nitrogen. Then for determination of the protein quantity, the amount of nitrogen multiplied by 
factor 6.25(Lang, C.A. 1958). 
 
3) Result and discussion: 
  It was observed that there were no advantages between pure methane and natural gas as shown 
in table (3-1). Therefore natural gas was used for the continuation of experiments. The optical 
densities of samples were shown in figure (3-1) at 600 nm. The specific maximum growth rate 
was displayed in table (3-2). Table (3-3) displays the quantity of a protein in different medium 
with various nitrogen contents. Factors of (culture, nitrogen source, aeration rate and inoculums 
rate) for optimizing the growth rate in constant pH, temperature and the culture volume were 
considered in continuous system. The optical density of the optimum experiment at 600 nm is 
shown in figure (3-2). 
Amino acids profile of SCP produced by natural gas is comparable with other samples as it was 
shown in table (3-4).  
  
   4) Conclusion: 
The microorganism (Methylomonas) was chosen due to the higher growth rate. According to 
Tughochi method optimum experimental design was selected as; MSB as a medium, sodium 
nitrate as a nitrogen source, inoculums volume (7%) and 40% of natural gas in inlet gas. The 
quantity of protein was determined in optimum test as 69.25%.  
 

 
Figure 2-1: Schematic representation used for inoculu preparation; 1) flask, 2) mineral culture, 3) the silicon bung, 4) 

Screwed Sealer, 5) glass pipe with silicon pipe, 6) air filter 
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Table 2-1: the Tughochi’s tests 
 
Variable                        level   1 2 3 
Medium MSB    NMS  WMC  
Nitrogen course        (NH4)2SO4  NaNO3  Urea  
Inoculums volume         7% (Culture volume)  5%  10%  
Inlet gas percentage (%) 20%  40%  80%  
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Figure 3-1: The OD of the Tughochi experimental design at 600 nm 
 

Table 3-1: Comparison the optical density at 600 nm between natural gas and pure methane 
 

              time 
  

0 24 48 72 96 

Natural gas 0.12 0.46 0.73 0.97 1.1 
Pure methane 0.2 0.27 0.54 0.60 0.65 

 
 

Table 3-2: The maximum specific growth rate for SOS1183 
 

(λ=600nm), µmax 
(h-1) 

           tests   

0.014 1 
0.03 2 
0.027 3 
0.028 4 
0.021 5 
0.029 6 
0.012 7 
0.024 8 
0.043 9 
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Figure 3-2: The optical density for optimization experiments at 600nm 
                      
                                                         Table 3-3:  The amount of protein in the experiments 
 

MWC NMS MSB                           Media           
Nitrogen source               

45 
48 
40 

33.3 
50.33 
51.21 

58.52 
63,*69.25 

50 

(NH4)2SO4 
NaNO3 
Urea 

 
* Quantity of raw protein in optimization test 
 
                                    Table 3-4: The amino acid content of SCP in compared to fish meal and Soya meal 
 

Soya 
meal* 

Fish 
meal* 

The 
produced 
biomass 

 

45.8  63.8 63 Raw protein (%) 
    Amino acid 

( mg AA mg-1 
Sample)        

5.6  16.1 13.1 Methionine 
6.1  5.6 2.8 Cystein 
24.6  44 19.62 Lysine 
15.7  24.3 15.7 Threonine 
5.5  6.6 8.68 Tryptophan 
29.2  33.8 21.07 Arginine 
86.7  130.4 80.97 Total 

 
* The Amino Acid Composition of Feed stuffs, Degussa AG. 
 

 www.SID.ir



Arc
hi

ve
 o

f S
ID

 
5) References: 
 

1) M. Yakoubkhan, M. Umar Dahot, M. Yousufkhan, “Single cell protein production by Penicillium  Javanicum 
from pretreated rice husk”, Journal of Islamic Academy of Sciences, 5:1, 39-43, 1992 

2) WWW.Europabia.Org/upload/documents/wb-100403/ol27-03%20Biovision %20April%20b,% 
3) Goldberg Israel; “Single Cell Protein”; Springer-Verlag, 1985; 67-125. 
4) Peppler H.J. and perlman D; “Microbial Technology”; Academic Press; 1979; 1; 13-146. 
5) Sharp D.H.; “Bioprotein Manufacture”; John Wiley & Sons; 1989; 53-105. 
6) www.Norferm.no/norferm/srg02599.nsf/web/SA834C430BE 00631C125632003BES-20K. 
7) Yoshiki Tani; “Methylotrophs for Biotechnology; Methanol as a Raw material for fermentation production”; 

Biotech. And Genetic Eng. Reviews; 1985; 3:111-135. 
8) Jens Het land, ph.D. Sintef Energy Research, Trondheim, Norway, “Advantages of natural Gas over other 

fossil Fuels”; 1998. 
9) Moo – Yaung Murray; “Comprehensive Biotechnolgy”; 1985 463-78. 
10) Anthony, C; “Assimilation of Carbon in methylotrophs”; 1991; P. 79-109. In I. Goldberg and J.S. Rokem 

(Ed), Biology of methylotrophs. Butterworthy-Heinemann, Stone hum, Mass.  
11) Hanson. R. S; “Methane and Methanol utilizers”; Introduction; 1992; P. 1-22. In J. C. Murrelll and H. Dalton 

(Ed); Plenum Press, New York. 
12)  Mette M. Svenning, “Ingvild wartiainen, Anne Grethe Hestnes and Svend J. Binnerup; Isolation of 

methane oxidising bacteria from soil by use of a soil substrate membrane system”; 2003: 347-354. 
13) Lang, C.A (1958), Simple micro determination of Kjeldahl nitrogen in biological materials, Analytical 

Chemistry, 30, 1692-1694. 
14) US Pat No. 4042458, David E.F. Harrison; Harmannus J. Doddema et al; (1977), P, (1-6). 
15) GB Pat. No. 1270006, Audrey House, Ely place; 1972; P, 1-12. 
 

 www.SID.ir



 

 

https://sid.ir/1791
https://sid.ir/1792
https://sid.ir/1793
https://sid.ir/1795
https://sid.ir/1794
https://sid.ir/1796
https://sid.ir/1702
https://sid.ir/1700
https://sid.ir/1699
https://sid.ir/1698
https://sid.ir/1787

