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Optimization production conditions of 
photosynthetic purple bacteria biomass at 
pilot scale to remove sulphide from 
aquaculture pond  

Tối ưu hóa các điều kiện để sản xuất sinh khối vi khuẩn tía quang hợp ở quy mô 
pilot tạo chế phẩm xử lý sulphide trong đáy ao nuôi trồng thủy sản. 

R e s e a r c h  a r t i c l e  

D o  T h i  L i e n 1 * ,  D o  T h i  T o  U y e n 1 ,  L e  T h i  N h i  C o n g 1 , 2 ,  H o a n g  P h u o n g  H a 1 , 2 ,  C u n g  T h i  N g o c  
M a i 1  

1Institute of Biotechnology, Vietnam Academy of Science and Technology, 18 Hoang Quoc Viet, Cau Giay, Ha Noi, 
Vietnam; 2Graduate University of Science and Technology, Vietnam Academy of Science and Technology, 18 Hoang 
Quoc Viet, Cau Giay, Ha Noi, Vietnam 

For the purpose of sulphide removal in aquaculture ponds, three strains (name: TH21, QN71, 
QN51) were isolated and selected with the highest sulphide removal activity from Thanh Hoa and 
Quang Ninh coastal zones. These strains have identified and tested in a number of aquaculture 
ponds in different areas with good water quality results. With the objective of purple non sulfur 
bacteria biomass production containing 3 selected strains for wide application and suitable price 
for farmers, in this study, we study on optimum conditions of mixed purple non sulfur bacteria bi-
omass production at pilot scale. The results showed that the sources of substrates were soybean 
meal (1g/l) and acetate (0.5g/l). These substrates are low cost, easy to find, convenient in large cul-
ture. The mixture of photosynthetic bacteria can be cultured in glass tanks, under micro aerobic 
and natural lighting conditions that produce highly concentrated photosynthetic bacteria and low-
est rest media.  

Nhằm mục tiêu xử lý sulphide trong môi trường nuôi trồng thủy sản, chúng tôi đã phân lập và lựa 
chọn được ba chủng vi khuẩn tía quang hợp có khả năng loại bỏ sulphide cao nhất ký hiệu TH21, 
QN71, QN52 từ các vùng ven biển Thanh Hóa và Quảng Ninh. Các chủng này đã được định loại 
và thử nghiệm tại một số ao nuôi thủy sản ở các vùng khác nhau thu được kết quả tốt về chất 
lượng nước. Để tạo chế phẩm vi khuẩn tía quang hợp từ 3 chủng lựa chọn được ứng dụng rộng rãi 
và có giá thành phù hợp cho nông hộ, trong nghiên cứu này, chúng tôi nghiên cứu tối ưu hóa các 
điều kiện sản xuất sinh khối hỗn hợp 3 chủng vi khuẩn tía quang hợp ở quy mô pilot. Kết quả cho 
thấy đã tìm kiếm được nguồn cơ chất là bột đậu tương (1g/l) và acetate (0.5g/l) là những chất có 
giá thành thấp, dễ tìm kiếm, thuận tiện trong nhân nuôi ở quy mô lớn. Hỗn hợp vi khuẩn tía quang 
hợp có thể nuôi trong các bể kính, ở điều kiện vi hiếu khí, có ánh sáng chiếu tự nhiên có thể sản 
xuất được chế phẩm vi khuẩn tía quang hợp có mật độ cao, cơ chất còn lại sau sản xuất là ít nhất. 

Keywords:  purple non sulfur bacteria, Rhodovulum sulfidophillum; Rhodobacter sphaeroides; 
sulphide  

1. Introduction 
 
Sulphide is generated from the rest feed and animal waste, 
which accumulates at the bottom of the aquaculture ponds 
and is converted an aerobically by microbes (Kutako et 
al., 2009). The toxicity of sulphide is mainly due to the 

inhibition of cytochrome C oxidase and to interference 
with other crucial enzymes, mainly by H2S (Affonso et 
al., 2002; Konishi et al., 2013). The presence of sulphide 
also can provide a favourable condition for bacterial pro-
liferation and increase the rate of bacterial infection in 
sediment-dwelling animals (Bourgeois and Felder, 2001). 
The studies of sulphide on aquatic animals indicate that 
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sulphide is highly toxic at concentrations frequently found 
in natural and polluted environments, as well as in shrimp 
and crab ponds, and especially in ponds densely stocked 
with animals (Ritvoet al.,2007). Due to the benthic habit 
of most crab and shrimp species, a few studies have re-
ported the toxic effect of sulphide or the response of some 
species to sulphide exposure from the aspect of the im-
mune response. Susceptibility to common pathogens is 
increased in the Asian paddle crab Charybdis japonica 
(Cheng et al., 2007; Palazzo et al., 2014) and the kuruma 
shrimp Marsupenaeus japonicas (Chenget al., 2007; 
Hagerman and Vismann, 1995; Konishi et al., 2013). This 
means that they should be controlled at levels that are safe 
for shrimp and fish growth. Among the microbes associ-
ated with the carbon, nitrogen and sulphur cycles, of aq-
uaculture ponds, purple non-sulphur bacteria (PNSB) are 
probably the most useful to improve the water quality 
during shrimp and fish cultivation (Antony and Philip, 
2006 and Zhou et al., 2009). PNSB are versatile organ-
isms able to grow with photoautotrophic or photohetero-
trophic or heterotrophic conditions depending on the 
availability of light, oxygen and a suitable source of car-
bon. This means that they can consume organic matter 
under light and dark conditions and some can also remove 
H2S (Antony and Philip, 2006 and Kornochalert et al., 
2014). Normally, PNSB exist in illuminated anoxic habi-
tats in nature such as in aquatic sediments, of freshwater 
rivers and lakes, and wastewater treatment systems in-
cluding shrimp ponds (Panwichian et al., 2010). PNSB 
are also considered to be beneficial microbes as their cells 
have a high protein content, they produce essential amino 
acids, and contain a high content of vitamin B12, ubiqui-
none and carotenoids (Shapawi et al., 2012 and Kor-
nochalert et al., 2014), so they have a great potential for 
use as probiotics in aquaculture (Shapawi et al., 2012). 
 
In Viet Nam, aquaculture is fast growing and profitable, 
but farmers are facing epidemics and environmental pol-
lution. At present, in the Vietnamese market, there are 
many biological products to remove sulphide from bottom 
of aquaculture pond. Several kinds of them are imported 
with high cost, and some products commonly used as Pro-
w, Sanolife… are not functional removal of sulphide. 
Therefore, it is necessary to produce bioproductof purple 
non sulfur bacteria from a screening process for useful 
native bacteria that not only maintain microbiological and 
environmental protection but also reduce the cost to meet 
real needs. In previous reports, we have presented the 
results of the selection and biological characteristics of 
the three strains with highest sulphide removal activity 
(Do Thi Lien., 2008; 2009). 
 
The aims of this study were to optimize conditions for 
production of photosynthetic purple bacteria biomass at 
pilot scale for sulphide removal in aquaculture ponds. 
 
2. Materials and methods 
 
2.1. Materials 
 
The study was carried out by using mixture of purple non 
sulphur bacteria strains including Rhodobacter sphaeroi-
des QN71, Rhodobacter sphaeroides QN52 and 

Rhodovulum sulfidophillum TH21 with high sulphide 
removal capacity. Three strains were isolated from the 
bottom of aquaculture ponds from Thanh Hoa and Quang 
Ninh coastal. A number of biological characteristics were 
investigated at Environmental Biotechnology Laboratory- 
Institute of Biotechnology, Vietnam Academy of Science 
and Technology. 
 
DSMZ 27 medium which consists of the following com-
ponents: (1L); K2HPO4: 1 g; KH2PO4: 0,5 g; MgSO4. 
7H2O: 0.4 g; NaCl: 15 g; NH4Cl: 0.4 g; CaCl2. 2H2O: 
0.05 g; yeast extract: 0.3 g; sodium acetate: 1 g; succinic 
acid: 0.5 g; trace element solution: 1ml; vitamin solution: 
1ml; agar: 20 g; filled distilled water to 1000 ml; pH of 
the medium: 6.8–7.0 before autoclaving. The trace ele-
ment solution (1L): HCl (25%) 6,5 ml; FeCl2.4H2O 1,5 g; 
H3BO3 0,3 g; MnCl2.2H2O 0,03 g; CoCl2.6H2O 0.2 g; 
ZnSO4. 7H2O 0,1 g; CuCl2.2H2O 17 mg; NiCl2.6H2O 24 
mg; Na2MoO4.2H2O: 36 mg, H2O 993 ml: 1 ml. The 
vitamin solution (1L) contain thiamine, 500 µg; niacin, 
500 µg and biotin, 15 µg in 1000 ml of distilled water is 
disinfected with a filter and added to the medium before 
use. 
 
2.2. Methods 
 
Culturing mixture of three purple non sulfur bacteria 
 
In the laboratory: mixture of purple non sulfur bacteria 
are cultured in glass flask or cylindrical glass jars with a 
rubber cap. The medium in the glass flasks is aerated with 
sterilized nitrogen gas replacing oxygen in the medium 
then dissolved oxygen concentration is 0 mg/l. Mixture of 
purple non sulphur bacteria are cultured under anaerobic 
conditions, and their growth in the logarithmic phase with 
a cell density of about 109 transferred to a test flask with a 
volume of about 5-10% (v/v) to reach an initial density at 
OD800 of 0.1. The light intensity at the surface of the 
tests were controlled by incandescent lamps 
 
Pilot scale: mixed purple non sulphur bacteria are cul-
tured in plastic tanks or glass tanks with volume of 100 
litter containing soybean and acetate media, placed out-
doors in natural light. 
 
Growth of purple photosynthetic bacteria assessment 
Evaluating the growth capacity of the bacteria by deter-
mining the optical density increase of the cell suspension 
at the 800nm wavelength (OD800) on the spectrophotome-
ter. 
 
Determination of COD content: Mixture of purple non 
sulphur bacteria were centrifuged at 9000 r/min for 10 
min. The supernatant was used to analysis COD by 
APHA standard methods [3]. 
 
Statistical analysis: All experiments in this study were 
conducted in three replicates. Mean values and the stand-
ard deviations are presented. Analysis of the data using 
one-way ANOVA and significant differences at a p-value 
<0.05. 
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3. Results and discussion 
 
3.1. Selection of some suitable substrate 
sources of culturing media 
 
Although the mixture of three purple non sulfur bacterial 
strains were well grown in the DSMZ 27 media, it is 
aimed to select the appropriate substrates which are easy 
to use and cost effective for biomass production at pilot 
scale. We have determined the biomass accumulation 
capacity of the mixed purple non sulfur bacterial strains in 
DSMZ 27 media, carbon sources in media were replaced 
by some kinds of substrates such as acetate, succinate, 
glucose, glutamate, rice flour or soybean powder with 
amount of 1 g/l. The experiment was conducted under 
anaerobic conditions. The results determining the biomass 
accumulation of the mixture purple non sulfur bacterial 
strains for 5 days were estimated by DOD800 and are 
presented in Figure 1 and Figure 2. 
 

 
Figure 1. Levels of biomass accumulation in different 
media 
 

 
Figure 2. Mixture cultured in different substrate 
sources 
 

 
Figure 3. Levels of biomass accumulation in media 
containing only substrate sources 
 

 
Figure 4. Mixture cultured in media containing only 
substrate sources 
 
The results showed that the mixture grow well on media 
containing substrates such as acetate, succinate, glucose, 
glutamate, rice flour and soybean powder. In particular, 
the growth of strains is the best on the medium containing 
the substrate of soybean powder. However, the DSMZ 27 
media were replaced carbon by soybean powder, which 
include many expensive chemicals such as yeast, trace 
element and contain many components. It is not conven-
ient to produce biomass at pilot scale. Therefore, we con-
tinue to test with media that contain only substrate 
sources of acetate, succinate, glucose, glutamate, rice 
flour and soybean powder with 1 g/l. The experiment was 
preceded under anaerobic conditions. The results of de-
termining the biomass accumulation (in accordance with 
DOD800) of the mixed strains of purple non sulfur bacte-
ria for 5 days are presented in Figure 3 and 4. 
 
The results indicated that the mixture of purple non sul-
phur bacterial strains grew best on media containing only 
soybean powder with significant difference from each 
other media containing acetate, succinate, glucose, gluta-
mate or rice flour (p≤0.05). Hence, soybean powder was 
used for further experiment. 
 
3.2. Selection of the optimal soybean powder 
concentrations for biomass production 
 
Bioproduct of purple non sulphur bacteria will be added 
directly to the aquaculture ponds periodically to treat 
sulphide, so bioproduct of purple non sulphur bacteria 
with the rest nutrient will pollute the secondary environ-
ment. Thus, study to find the exact composition of media 
which is just enough for the high-density growth of purple 
non sulphur bacteria and no nutrient redundancy is neces-
sary. 
 
In this experiment, mixture of three purple bacterial 
strains are cultured in media containing soybean powder 
at concentrations from 0.2g/l to 2g/l. Results of their bio-
mass accumulation (by DOD800) after 5 culture days are 
shown in Figure 5 and 6. 

Soybean 
powder      rice flour  Succinate Glucose    Glutamate   Acetate 

Soybean 
powder   Rice flour   Acetate Glucose   Glutamate Succinate 
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Figure 5. Levels of biomass accumulation in different 
soybean concentrations 
 

 
Figure 6. The mixed were cultured on different con-
centrations of soybean media 
 
The results indicated that the density of mixed purple non 
sulphur bacteria was increased along with increasing of 
soybean concentration. The higher concentration, the 
greater density of mixed purple non sulphur bacteria in 
the medium. There was a gradual increase in biomass 
from the 0.2g/L concentration to the 2g/l concentration. 
At a substrate concentration of less than 1 g/l (0.2 and 0.5 
g/l), the growth of strains of purple non sulphur bacteria is 
poorly, ranging from 28.5 to 72.6%. Collected biomass in 
media containing soybean concentrations from 1 to 2 g/l 
is higher than in the DSMZ 27 media. The difference in 
biomass accumulation at concentrations of 1 with 1.5, 1.7 
and 2 g/l is no statistically significant difference (p≥0.05). 
We conducted an assessment of excess nutrient concen-
trations in the culture medium (by COD) at soybean con-
centrations from 1- 2g/l. Result are shown in Table 1. 
  
Table 1. Remaining COD concentration in culture 
media 

Soybean concentrations (g/l) COD (O2mg/l) 
1 92 

1,5 247 
1,7 535 
2 864 

The results showed that the highest biomass production 
was achieved in medium containing 2g/l of soybean pow-
der, but the COD content in the medium was the highest. 
So, the medium containing soybean concentrations of 1g/l 
was selected and supplemented other sources of sub-
strates.  

3.3. Study on combining soybean powder 
with other carbon sources  
 
The objective of this part is to improve the substrate 
quality and expand the production of purple non sulfur 
bacteria without leaving the high rate of COD. Acetate 
and glutamate were carbon sources which are low cost, 
easy to find and quite good for purple non sulfur bacteria 

growth (Fig 4), Culturing medium contains soybean (1 
g/l) supplemented with another carbon sources such as 
acetate or glutamate (concentrations from 0.5 – 1 g/l). 
After five days of standing culture in illumination, the 
results were presented on the Table 2. 
 
Table 2. Growth and remaining COD in the culture 
media

Media DOD(800) COD (O2mg/l) 
Soybean (1 
g/l) add 0,5 
g/l carbon 
sources 

Acetate 1,515±0.05 74 

Glutamate 1,332±0.02 101 

Soybean (1
g/l) add 1 
g/l carbon 
sources 

Acetate 1,530±0.05 97

Glutamate 1,432±0.04 117 

Soybean (2 g/l) 1,52±0.04 857 
DSMZ - 27 1,205±0.02 104 

 
The results in Table 2 showed that the highest biomass 
accumulation was in the medium containing soybean 
powder (1 g/l) supplemented with acetate carbon (at 0.5 
and 1 g/l concentrations). The biomass accumulation in 
these media and soybean medium containing 2 g/l soy-
bean meal were not statistically significant different 
(p≥0.05). The COD concentration in the medium contain 
ing soybean (1g/l) and acetate (0.5g/l) was the lowest. 
Thus, it is possible to use medium containing soybean 
(1g/l) and acetate (0.5g/l) to produce purple nonsulfur 
bacteria biomass at pilot scale for high biomass accumula-
tion and the lowest rest media. 
 
3.4. Study on the effect of culture conditions 
on purple bacteria biomass production 
 
Purple non sulfur bacteria grow optimally on anaerobic 
conditions with illuminate, but for pilot biomass produc-
tion, anaerobic conditions such as in the laboratory are 
difficult. So, we conducted the culture in media contain-
ing soybean meal (1g/l) and acetate (0.5g/l) in three con-
ditions: anaerobic (nitrogen aeration, rubber cap, oxygen 
concentration ̴ 0mg / l); micro aerobic condition (static 
flask, oxygen concentration from 0.5-1mg/l) and aerobic 
(shake 120 rpm, oxygen concentration> 6 mg/l) under 
light. Results of their biomass accumulation (by DOD800) 
after 5 culture days are shown in Figure 7. 
 

  
Figure 7. The ability of biomass accumulation in cul-
ture conditions 
 
The results showed that the biomass accumulation of the 
mixed purple bacteria at micro aerobic and anaerobic 
conditions is similar and there is no statistically signifi-
cant difference (p≥0.05). Under aerobic conditions, the 

0,2g/l    0,5g/l      1g/l       1,5g/l      1,7g/l       2g/l    DSMZ  

anaerobic  microaerobic  aerobic 
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growth of the mixed was lowest, there was statistically 
significant difference compared with anaerobic and micro 
aerobic conditions. Thus, mixed purple non sulfur bacte-
ria are not only the ability to grow in anaerobic conditions 
- light, but also in micro aerobic conditions- light. There-
fore, the production of biomass in large tanks does not 
require absolute anaerobic. 
 
3.5. Study the growth of purple photosynthet-
ic bacteria on different material containers to 
produce biomass at pilot scale 
 

 
Figure 8. PNSB culture in different material bioreac-
tors 
 
After finding the appropriate substrate sources and con-
centrations, we conducted PNSB culture at pilot scale, 
such as glass tanks (100 l) and plastic tanks (100 l), under 
light-anaerobic condition. The aim of this experiment is 
finding the material that make the best condition for the 
biomass production of PNSB. The experiment was con-
ducted in natural conditions, with a temperature of about 
35-37oC, biomass accumulation was monitored daily. 
Results were shown in Figure 8. 
 
The results showed that the growth of PSNB in natural 
conditions affected by the day-night cycle and by weath-
er, the growth of purple non sulphur bacteria was slower 
than conditions of light in laboratory. The growth rate in 
glass tank was faster than plastic tank. It takes about 10 
days for high density in glass tank and 15 days in plastic 
tank. This explains that glass tanks can absorb more light 
than plastic tanks. Thus, production of biomass in scale 
pilot, we can use glass tanks to culture the mixed purple 
non sulphur bacteria to make bio–product. 
 
4. Conclusion 
 
• The medium for culturing of mixed purple non sul-

phur bacteria on pilot scale contains soybean powder 
(1g/l) and acetate (0.5g/l). Medium is cost effective, 
high biomass accumulation and no surplus substance. 

• The glass tank was selected to culture purple non 
sulphur bacteria to obtain high biomass at pilot scale. 
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