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Introduction

 There are serious problems in the industrial fermentation of filamentous microorganism such as antibiotics, enzymes and food additives. Today, one of the most challenging tasks is to solve problem for highly viscous fermentation broths. This problem may lead to oxygen limitation and heterogeneity within the fermentor before the carbon source being exhausted. Therefore, to maintain well-mixing condition and prevent oxygen limitation inside the fermentor, dilution with water or increasing agitation speed or high aeration can be needed. Also, control of growth rate can prevent the highly viscous fermentation broths. Temperature is one of the important environmental factors affecting growth in the microorganism. In the study, we investigated the effect of temperature on the growth and the production of Monascus sp. J101 in a stirred vessel. Also, we performed rheological analysis and investigated morphological characterization of fermentation broths cultivated at different temperatures. 

Material and Method

microorganian and cultivation

 The strain of Monascus sp. J101 was used for a high pigment. Saccharomyces cerevisisae KCCM 11991 was used as co-culture organisms. The compositions of the used medium are given in Table I. The pH of all media was adjusted to 6.6 prior to sterilization. For the investigation of the fungal development, two identical 5L jar fermentors operating at 25℃ and 30℃ containing 3L of Sucrose-dextrin liquid medium were used. Both fermentations were inoculated with 7 % seed cultures broth. The stirred and airlift reactors were provided with closed-loop control of temperature and open-loop control of stirrer speed and aeration rate. Rushton type impeller (D/T = 0.472) was used with a stirring rate of 500rpm and an aeration rate was kept at 3vvm. The dissolved oxygen levels and the pH could not be controlled. The dissolved oxygen levels were monitored with sterilizable oxygen electrodes (Ingold, Urdorf, Switzerland).

 500ml of baffled flasks containing 75ml of YM medium, inoculated with S. cerevisiae, shaken for 24h on a rotary shaker at 180rpm at 30℃. Culture filtrates of S. cerevisiae were prepared by centrifugation followed by filtration in a MFS25 disposable syringe filter unit. 10% and 5% feedings of S. cerevisiae culture filterates were added to the 5L jar fermenters at 24h and 72h of the fermentation times, respectively. 

pigment extraction and measurement

 Solutions of 10ml of culture broth and 20ml of 95% ethanol were shaken at 30℃ for 1h at 180rpm on a rotary shaker. Supernatant was obtained by centrifuging the solutions. The optical density (OD) of the resultant supernatant was measured at 510nm as red pigment with a spectrophotometer.

determination of cell concentration

 Cell concentration was measured as dry cell weigh. 5ml of culture broth were filtrated under vacuum, washed with distilled water. The cells filtrated through filter paper were dried in an oven at 80℃ for 24h and weighed. 

rheological characterization

 Investigation of the rheological characteristics was carried out at the culture temperatures (25℃ and 30℃) at the rotational speeds of 1 - 250rpm with a rotational type Brookfield Viscometer DV-III (spindle 31 or 34)
. 
Table I  Compositions of culture medium

Sucrose-dextrin medium
Mizutani  medium
YM medium

Ingredient
Content (g/l)
Ingredient
Content (g/l)
Ingredient
Content (g/l)

Sucrose
75.0
Glucose
50.0
Glucose
10.0

Dextrin
25.0
Peptone
20.0
Peptone
5.0

MSG
5.0
KH2PO4
8.0
Malt extract
3.0

Yeast extract
3.0
CH3COOK
2.0
Yeast extract
3.0

NaNO3
2.0
NaCl
1.0



KH2PO4
1.0
MgSO4·7H2O
0.5



MgSO4·7H2O
0.5





KCl
0.5





FeSO4
0.01
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Result and Discussion
Fig. 1 Time course of growth and red           Fig. 2 Relationship apparent viscosity and

pigment production by Monascus sp. J101       shear rate in both fermentation at 30℃ (A)   

in both fermentation                         and at 25℃ (B)
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Fig. 3 Relationship between cell concentration     Fig. 4 Time course of dissolved oxygen (DO) 

and consistency index, K of Power-law model      concentration 

 In fermentation at 30℃, high cell concentration (23g/L at 48h) through the exponential growth phase maintained strong interaction between cell aggregates and made mostly dense bulk characteristics, which increased the viscosity of fermentation broths suddenly. 
These highly viscous and strong non-Newtonian characteristics of culture broths caused heterogeneity and oxygen limitation. Therefore, death growth phase was early observed after 96h and the red pigment production were remained low (17.2 OD units at 120h). In contrast,  fermentation at 25℃ which provided moderate growth could reduce interaction between cell aggregates, and made bulk-characteristics scattered uniformly. Even at high cell concentration at the end of fermentation, well mixing was maintained. Oxygen supplies were also sufficient. As a result, cell growth and red pigment production increased steadily up to 26g/L, 162.2 OD units at 120h. The apparent viscosity of 48h (DCW, 23g/l) at 30℃ was about 5 times higher than that of 120h (DCW, 26g/l) at 25℃. It is clear that morphology is more important factor affecting rheological characteristics of fermentation broths than cell concentration.
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