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Abstract: Tuna condensate, the effluent discharged from a steam cooker after precooking tuna 
at 100°C for about 1 h, is a major source of high organic loading of the wastewater in seafood 
processing factories. To reduce its organic content and to prevent environmental problems, 
it is utilized as a substrate for single cell protein production. 

Factors affecting the growth of Rhodocyclus gelatinosus R7 and the reduction of organic matter 
(represented as COD) was further investigated in the diluted tuna condensate (COD=20,000 
mgr') incubated under anaerobic-light (3000 Lux) condition. Supplementation of yeast extract 
in the medium significantly increased the biomass and the pigment content of R. gelatinosus and 
its optimumconcentration was 3.0 gr'. The highest biomass was 6.24 g1-l with COD removal 
of 38%. Without yeast extract, the corresponding values were 3.96 gl-' and 24%, respectively. 
The optimum concentration of MgCl, for cell growth was found to be 10 mM but the pigment 
content decreased significantly as the concentrations of MgC1, higher than 5 mM. Addition of 
cobalt chloride (1-160 yM) and ferrous sulphate (10-120 yM) gave results with no significant 
difference from the control. Controlling the pH at 7.0 during the cultivation in a 2 1 fermenter 
exhibited higher values of biomass and COD reduction than without pH control. With the 
added yeast extract (3 gl-') and MgC1, (5 mM) as well as controlling the pH at 7.0, the highest 
biomass obtained was 8.14 gl-' with the COD removal of 59%. Four folds increase of biomass 
(to 12.27 gr' compared to 3.96 g1 ) was achieved by repeated addition of the fresh tuna 
condensate (COD=60,000 mgl-') every 40 h. The cell contained 56% protein, 2.21 mg 
carotenoid and 22.52 mg bacteriochlorophyWg dry cell weight. The COD removals were 66% 
and 46% after 5 and 7 days cultivation, respectively. 
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INTRODUCTION 

Seafood industry is one of the three major agro-industries in Southern Thailand with 40 plants in operation. 
Thailand is the world leader in canned tuna exports. There are large quantities of waste generated during the 
process which may lead to environment problems. Tuna condensate, the effluent discharged from a steam 
cooker after precooking tuna at 100°C for about an hour, is normally discharged into the wastewater treatment 
system although it is a good source of nutrients. Too high organic loading could cause some problems such 
as the occurrence of a red color of wastewater in the pond which was found to be the photopigment of 
photosynthetic bacteria (ref. 1). 

The above problem could be mitigated by separating the high organic content sources; the tuna condensate. 
The condensate could be used as culture medium for the four isolated strains of Rhodocyclus gelatinosus (ref. 
2). Photosynthetic bacteria have been employed for the treatment of wastewater and single cell protein 
production (ref. 3,4,5). They are rich in protein (40-69% w/w), carotenoid (0.09 to 0.80 mg per g dry cell 
weight, DCW), vitamin B,, (30-79 mg per kg DCW) and essential amino acids (ref. 6) .  Cultivation of 
photosynthetic bacteria in tuna condensate therefore could have a two-fold benefit: production of single cell 
protein and reduction of organic matter in the wastewater. 
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Optimization for growth of R. gelatinosus R7 and treatment of tuna condensate has been studied (ref. 2). This 
work is a continuation of the investigation on the nutritional requirement, effects of controlling pH and 
repeated addition of the fresh tuna condensate to improve biomass production and increase COD reduction. 

MATERIALS AND METHODS 

Substrate 

Tuna condensate was kindly provided by Tropical Canning Co., Ltd., Hat yai, Thailand. 

Microor- 

R. gelatinosus R7, the strain isolated from the seafood processing wastewater(ref. 7) was used. The culture 
was maintained on G5 agar slant and kept in a refrigerator. 

Medium 

G5 medium used for the preparation of the inoculum contained (gl-') : peptone, 5.0; yeast extract, 5.0; L- 
glutamic acid, 4.0; KH,PO,, O. 12 and K,HPO,, 0.18 (ref. 8). The initial pH of the medium was adjusted to 
pH 7.0 using 5 M NaOH. 

Tuna condensate medium was prepared by diluting the tuna condensate with distilled water to reach the COD 
value of 20,000 mgl-'. The pH was adjusted to 7.0. 

vtical Methods 

The growth of the culture was measured turbidometrically at 680 nm and converted to dry cell weight (DCW) 
using a calibration curve. Cell pigments (carotenoids and bacteriochlorophyll) were determined following the 
methods described by Hirayama (ref. 9). Chemical oxygen demand (COD), total Kjeldahl nitrogen, oil & 
grease, total solids, suspended solids, total phosphorus and chloride were analysed according to the APHA, 
AWWA and WPCF (ref. lo). Protein was measured using the Kjeldahl method (ref. 11). Magnesium and iron 
were determined using atomic absorption spectroscopy (ref. 12). 

. .  
ICS of Tuna C o n d m  

Tuna condensate was analysed for COD, total Kjeldahl nitrogen, oil & grease, total solids, suspended solids, 
total phosphorus, chloride, magnesium and iron according to the procedure mentioned above. 
Optimization Procedure 

The inoculum of R. gelatinosus R7 was prepared in G5 medium (ref. 2) and inoculated (10% v/v) into the 200 
ml tuna condensate medium. The culture was incubated under anaerobic-light (3000 Lux) conditions. 
Samples were taken every 24 h, when pH, biomass, COD and pigment contents were measured. The effect 
of yeast extract was studied at concentrations of 0.1, 0.5, 1.0 and 3.0 gl-'. The metal ions investigated 
were CoC1,.6H,O (10-160 FM), MgC1,.6H,O (0.5-30 mM) and FeS0,.7H,O (10-120 pM). 

The effect of pH on growth and waste treatment was investigated by controlling the pH at 7.0, using 1 N HCI, 
during the cultivation under anaerobic-light conditions with an agitation speed of 100 rpm. The experiment 
was conducted in a 2 1 fermenter containing 1.5 1 working volume of the tuna condensate medium 
supplemented with yeast extract. The medium was flushed with nitrogen gas at a pressure of 69 kP for 3 h 
to remove air before the inoculation. Batch culture in the presence of selected metal ion(s) was carried out 
for comparison. The effect of repeated addition of the fresh tuna condensate (COD = 60,000 mgl-') was 
conducted by adding the condensate every 40 h. 
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RESULTS AND DISCUSSION 

The characteristics of tuna condensate are presented in Table 1. The pH of 6.07 was slightly lower than the 
optimal pH range (6.5-7.5) for photosynthetic bacteria and the pH optimum (7.0) of R. gelatinosus R7. 
Therefore, the pH of the tuna condensate medium was adjusted to pH 7.0. The COD of this batch (74,000 
mgr') was approximately half of that reported earlier (ref. 2) and the oil & grease content was also lower. The 
variation was due to the difference in tuna species, fish sizes, catching area and season. The other parameters, 
however, did not differ very much from those reported previously except for the high content of magnesium 
and chloride. 

The effect of yeast extract addition (0-5 gr') on growth, COD removal and pigment synthesis of R. gelatinosus 
R7 in tuna condensate medium is illustrated in Table 2. Results indicated that biomass, COD removal and 
cellular pigment content increased as the concentrations of yeast extract increased. The optimum concentration 
of yeast extract was 3 grl which gave the highest biomass of 6.24 gl-' with a maximal COD removal of 38%. 
The highest carotenoid and bacteriochlorophyll contents were 3.09 and 26.35 mg g*' DCW, respectively. The 
optimum concentration of yeast extract noted during this work was higher than that (2 gr') required for the 
growth of Rhodopseudomonas capsulata with the maximum biomass of 1.18 gl" (ref. 4). It should be noted 
that in both cases, the highest biomass was obtained at the highest concentration of yeast extract tested. 

The influence of yeast extract on the growth and pigment synthesis of R. gelatinosus R7 was due to the 
presence of nitrogen, carbohydrate, and various growth factors including biotin and thiamine (ref. 13). A 
positive requirement for biotin and thiamine during growth of R. gelatinosus R7 has been reported previously 
(ref. 7). Biotin was needed for the activity of 5-aminolevulinic acid (ALA) synthetase in the formation of ALA 
which is the intermediate of bactenochlorophyll synthesis. Thiamine, on the other hand, is the substrate of the 
coenzyme thiamine pyrophosphate that converts alpha-oxaglutarate to a C4-intermediate which combines with 
glycine to produce porphyrin, the precursor for the synthesis of bacteriochlorophyll, heme and vitamin B,, (ref. 
14). Histidine and glutamic acid in the yeast extract were found to enhance the assimilation of propionate by 
Rhodopseudomonas capsulata (ref. 15). 

Table 1: Characteristics of tuna 
condensate from a seafood processing 
plant 

Parameter* 

PH 

COD 

Total Kjeldahl nitrogen 

Oil & Grease 

Total solids 

Suspended solids 

Total phosphorus 

Magnesium 

Iron 

Chloride 

Mean 

6.07 

73,617 

6,644 

668,450 

6,541 

586 

95 

530  

2,625 

19,656 

Table 2: Effect of yeast extract on growth, pigment 
synthesis and COD removal from cultivation of R. 
gelatinosus R7 in tuna condensate medium 

Yeast Biomass Pigment (mg g-' DCW) COD 
extract (gl-I) 

carotenoid 

5.02 
1 .o 5.69 2.24 
3 .O 6.24 3.9 

removal 
Bacteriochloro- (%) I phyll 

20.76 
21.46 
23.33 
23.02 
26.35 

The effects of the concentrations of Co2+, Fe2+ , M g '+ onthegrowth, 
COD removal and pigment content of R. gelatinosus R7 cultivated 
in the tuna condensate medium with yeast extract (3 gT') were also 
investigated. The growth decreased at CoCl, concentrations higher 
than 1 pM giving a biomass yield of 6.14 gl" and COD removal of 
37% (Fin. 1). Cobalt (10-160 LLM) inhibited the cell growth with - - .  . .  

the biomass decreasing as the concentration of cobalt increased. This also occurred during chivation of 
Rhodospirillum rubrum G-9 BM in Hoshino's basal medium with the same range of CoC1, concentrations (ref. 
16). CoCl, (4 /AM) together with yeast extract was reported to increase the growth and vitamin B,, content 
of Rhodopseudomonas sphaeroides S grown in a propionate medium (ref. 17). Supplementation of 4 pM 
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CoCl, also enhanced the production of vitamin B,, by Rhodopseudomonas sphaeroides 8253 in GM medium 
by approximately 2.5 and 12-fold under aerobic-dark and anaerobic-light conditions, respectively (ref. 18). 
The higher cellular content of both carotenoid (2.39 mg g-I) and bacteriochlorophyll(21.29 mg g-I) than the 
control was observed at 10 pM CoCl, after 5 days cultivation, although these values were not particularly 
different from those obtained at other cobalt ion concentrations. The pigment content of this strain was higher 
than that of Rhodopseudomnas sphueroides S grown in pineapple juice medium with the addition of 1.2 mgl-' 
(20.37 pM) of cobalt chloride (ref. 19). A high concentration (1.9 mgT') of cobalt chloride caused a reduction 
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Fig. 1 Effect of the concentrations of cobalt chloride on growth, COD removal and pigment synthesis of 
Rhodocyclus gelatinosus R7 grown in tuna condensate medium supplemented with yeast extract (3g/l) under 
anaerobic-light condition at room temperature. 
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The influence of ferrous sulphate is shown in Fig. 2. The addition of 10 pM FeSO, slightly increased both the 
biomass (6.34 gl-I) and the COD removal (44%), after 5 days cultivation, but decreased at higher 
concentrations. This concentration (10 pM) was lower than that (36 pM FeSO,) required for the growth of 
Rhodospirillum rubrum G-9 MB (ref. 16). Ferric citrate was the source of iron for growth and pigment 
synthesis of Rhodopseudomonas sphaeroides S and its optimum concentration was 4 mgl-' (ref. 19). The 
carotenoid content of R. gelatinosus R7 remained almost constant regardless of the quantities of FeSO, added 
except at 60 pM FeSO,. The bacteriochlorophyll content, however, increased slightly as the concentrations 
of FeSO, increased. High iron concentrations inhibit growth and pigment synthesis of photosynthetic bacteria 
by negative feedback control. Iron normally enhances the synthesis of a heme compound which is the final 
product inhibiting ALA synthetase. This enzyme is the first enzyme in the synthesis of the intermediate (ALA) 
for pigment synthesis. ALA synthetase activity could be increased (2.15-fold) by adding ferric citrate (Fe3+) 
instead of FeSO, (Fez') (ref. 20). 
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Fig.2 Effect of the concentrations of ferrous sulphate on growth, COD removal and pigment synthesis of Rhodocyclus gelatinosus 
R7 grown in tuna condensate medium supplemented with yeast extract (3 g/l) under anaerobic-light condition at room temperature. 

The effect of magnesium chloride is presented in Fig. 3. MgZ' showed no effect on growth in the range of 0.5- 
2 mM which was similar to the results for Rhodospirillum rubrum G-9 BM (ref. 16). The biomass increased 
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from6.24 to 7.39 and 8.10 gT' as the concentration of MgCl, increased from 2 to 5 and 10 mM, respectively 
and decreased thereafter. The influence of magnesium may be due to the requirement of Mg in the 
phosphorylation reaction and as an activator for many enzymes (ref. 2 1). The COD removal achieved at 5 and 
10 mh4 MgC1, after 5 days cultivation was 46% and 48%, respectively. Slightly higher pigment content was 
observed at 0.5 mM MgCl, with the carotenoid and bacteriochlorophyll contents of 2.33 and 20.61 mg g-' 
DCW, respectively. This concentration (0.5 mM) was reported to be the optimal concentration for the 
synthesis of vitamin B,,(47 pg g") from Rhodospirillum rubrum G-9BM (ref. 16). Increased concentrations 
of MgCl,, however, markedly lowered the pigment content especially at concentrations higher than 5 mM 
MgCl,. The concentration of 5 mM was selected for subsequent work. 
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Fig3 Effect of the concentrations of magnesium chloride on growth, COD removal and pigment synthesis of Rhodocyclusgelarinosus 
R7 grown in tuna condensate medium supplemented with yeast extract (3 gA) under anaerobic-light condition at room temperature. 

The effect of pH was studied by comparing the results obtained from control and no control of pH during the 
cultivation of R. gelatinosus R7 in tuna condensate medium supplemented with the yeast extract (3 gT'). 
Under controlled pH, the biomass increased 1.7-fold; from 3.69 gT' to 6.61 gl-' after 4 days cultivation. The 
COD removals were 54% and 36% under pH control and no pH control conditions, respectively. Without pH 
control, the pH started to increase after 40 h and reached pH 7.7 after 4 days cultivation. This may indicate 
the degradation of protein in the tuna condensate and the release of ammonia and CO,. Controlling the pH 
was also found to enhance the production of ALA from Rhodobacter sphaeroides IF0 12203 as the pH was 
maintained at pH 6.8-7.0 and the maximum ALA production (16 mM) was obtained at pH 7.0 (ref. 22). 

Supplementation of MgCl, (5 mM) in the batch culture with controlled pH could increase the maximum 
biomass to 8.14 gl-' after 5 days cultivation. This was higher than that (6.70 gT') without the added MgCl,. 
The protein c o n k t  was also higher; 53% (w/w) compared to 
50% (w/w) respectively. The concentrations of carotenoid and 
bacteriochlorophyll were 2.13 and 21.83 mg g-', respectively. 
The COD removal reached 51% after 3 days cultivation and 
increased slowly to 59% after 5 days cultivation. 

The effect of repeated addition of the fresh tuna condensate into 
the culture broth is shown in Fig. 4. With the first addition after 
40 h cultivation, the biomass reached 8.49 gl-' only after 3 days 
(80 h) incubation. Accumulation of the biomass to 11.21 and 
12.27 gT' was achieved at the end of the second and the third 
additions, respectively. The COD reductions were 66,66 and 
46% after 3, 5 and 7 days cultivation, respectively. The 
diminished COD removal correlated with a decrease in the 
specific growth rate after 7 days cultivation. This may have 
been due to either an accumulation of some metabolic products 
which may cause growth inhibition or repression, or to the 
shortage of some growth factors contained in the yeast extract. 
The specific growth rate of Rhodopseudomonas capsulata was 
reported to increase from 0.015 h-' to 0.053 fi by adding 
histidine and glutamic acid (5 mgT' each) into the medium (ref. 
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4). The cells of R. gelatinosus R7 contained 56% (w/w) protein, 2.21 mg carotenoid and 22.52 mg 
bacteriochlorophylVg-' dry cell weight. 

CONCLUSIONS 

Tuna condensate could be utilized as culture medium for Rhodocyclus gelatinosus R 7 grown under anaerobic- 
light conditons. The cell mass was increased by the addition of yeast extract (3 gl-') and 5 m M  MgCl, into 
the tuna condensate medium as well as controlling the pH at 7.0. Cobalt chloride and ferrous sulphate were 
found to have no effect in the increase of biomass. The highest concentration of biomass obtained under the 
above conditions was 8.14 gl" with the COD removal of 59% after 5 days cultivation. The equal value for 
biomass concentration was obtained within 3 days after the first addition of the tuna condensate at 40 h 
cultivation. Further increases of biomass to 11.21 and 12.27 gl-' were achieved after a second and the third 
addition respectively. The COD removal remained constant at 66% during the first 5 days cultivation but 
decreased to 46% after 7 days. The cells produced contained 56% protein, 2.21 mg carotenoid and 22.52 mg 
bacteriochlorophyll/g dry cell weight. 
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