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SUMMARY 

Metal ions and cassava extracts stimulated growth of Rhizopus 
oligosporus on a model solid substrate. A large improvement in protein 
content was obtained by simultaneously increasing the nitrogen content 
and decreasing the particle size of the substrate. No improvement 
occurred when these conditions were applied to cassavas however, 
because of the sticky consistency of the cassava after gelatinization. 

INTRODUCTION 

Mitchell et al. (1986) developed a model solid substrate to 

simplify studies of basic aspects of solid-state fermentation (SSF). 

This substrate consists of starch and other nutrients embedded in a 

kappa-carrageenangel matrix. The model system was designed to mimic the 

SSF of chipped cassava tubers by Rhizopus oligosporus, a process which 

could be used for protein enrichment of cassava for use as an animal 

feed. 

A comparison of growth of Ro oligosporus on the model substrate and 

on cassava showed that growth was slower and final protein enrichment 

was poorer on the model substrate (Mitchell et al.,  1986). Despite'this, 

the model substrate has features which make i t  suitable for basic 

studies of SSF, namelythat i t  is homogeneous and can be nutrit ionally 

defined. In addition, the mycelium can be recovered from the fermenting 

substrate af ter  dissolving the carrageenan and digesting the starch, 

although biomass recovery is incomplete (Mitchell et al.,  1986}. 

The present paper describes studies aimed at improving growth of 
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R. oligosporus on the model substrate. Results obtained with the 

model substrate were then applied to improvement of growth on cassava. 

MATERIALS AND METHODS 

Microorganism and maintenance, inoculum preparation, model and 
cassava substrate preparation, fermentation, sampling and assay 
procedures were done as described by Mitchell et al. (1986), with 
modifications as noted. 

RESULTS AND DISCUSSION 

Table l shows the modifications made to the model substrate of 

Mitchell et al. (19B6) and the resulting protein enrichments. In no case 

was growth of Rhizopus oligosporus stimulated to the level obtained 6n 

the July 1985 cassava crop (CASS-85), which was the crop used by 

Mitchell et al. (1986). Growth on the July 1986 cassava crop (CASS-86) 

was significantly poorer than growth on the earlier crop. The protein 

enrichments on both crops were reproducible. Daubresse et al. (1987) 

noted that variation can occur in the composition of cassava due to the 

particular variety used and the growth and storage conditions. 

Growth on the model substrate was not improved by the addition of 

yeast extract (CS-YE), casein hydrolysate (CS-CH), corn steep liquor 

(CS-CSL) or vitamins (CS-V), indicating that organic growth factors 

were not limiting. Addition of metal ions (MZ and CS-HTEF) stimulated 

protein production. Further, either cassava flour (CF) or a soluble 

cassava extract (CSEX) improved growth. The stimulatory nutrient could 

be magnesium. Daubresse et al. (1987) showed the importance of magnesium 

.in SSF of cassava by Rhizopus oryzae. 

Neither an increased buffering capacity (CSB) nor increasing the 

proportion of urea (CSU) improved growth. Therefore, acidification 

during growth is not a problem. This is due to the presence of urea, the 

hydrolysis of which produces ammonia which causes the pH to rise 

(Raimbault & Alazard, 1980). In fact growth was poorer with the 

increased proportion of urea, probably due to an increase in pH to 

unfavorable values. 

Doubling either the nitrogen concentration (CS-2N) or the starch 
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Table I. Effect of various substrate modifications on growth of Rhizopus 
oligosporus on the model substrate. 

Medium Enrichment Medium Enrichment 
+95% confidence +95% confidence 

- limits - l imits 

Effect of nutrient additions Effect of nitrogen and size 
and modifications in combination* 

CS 8.8+1.0 
CASS-85 20.6u 
CASS-86 14.2u 
CS-YE 7.2T4.1 
CS-CH 7.2#2.1 
CS-CSL 8 .4u  
CS-V 8 . 5 T I . 4  
MZ 10.6T0.6 
CS-HTEF 12.2u 
CF 11.2u 
CSEX If.9 u 2.0 
CSB 7 . 2 u  
CSU 4.9u 
CS-2S I0.7T0.9 
CS-2N lO.Ou 

MZ-6mm 10.6 + 1.3 
MZ-2mm II.6 # 1.0 
MZ-2N-6mm 12.7 u 1.6 
MZ-2N-2mm 18.4 u 1.8 

Effect of inoculum density r 

MZ-4xlO 6 I0.4 + 0.9 

MZ-3xlO 5 7.3 + l . l  

MZ-3xlO 4 5.0 + 0.4 

Effect of pregermination time/~ 

MZ-Oh 5 . 9 + 0 . 5  
MZ-6h 7 . 3 u  
MZ-12h 7.9u 

Key: CS = 25 g cassava starch, 4 g kappa-carrageenan, 1.5 g (NHa)2SO a, 
0.5 g urea, O.17g K.HPO,, 0. I g KH.PO~ and lOOml dist i l led water, 6~m 
cubes, 10 to lO sp~res~ml in inoc~lu~, inoculum I0% (v/w), incubated 
at 37 vC (Mitchell et al., 1986); CASS = cassava, variety MAUS VII 
harvested at the Unive-rs~y of Queensland Agricultural Farm in July of 
the year indicated and prepared as described by Mitchell et al. (1986); 
YE = 0.5% yeast extract; CH = 0.5% casein hydrolysate; CS~=--O.5% corn 
steep liquor; V = 0.008% thiamin HCI, 0.006% fol ic acid, 0.008% calcium 
pantothenate, 0.003% BI~, 0.002% biotin, 0.002% p-aminobenzoic acid, 
0.008% nicotinic acid ah~ 0.006% pyridoxal phosphate; MZ = CS plus 0.1% 
MgSOm.7H~O and 0.1% ZnSOa.THpO; HTEF = 0.1% Hortico Trace Element 
Ferti l izer; CF = CS but ca~sav~ starch replaced with cassava flour pre- 
pared by grinding dried tubers to pass a l mm sieve; CEX = CS but dis- 
t i l led water f i rs t  homogenized with an equal weight of tuber and solids 
then removed by f i l t ra t ion;  CSB = CS but the concentrations of buffer 
components increased lO-fold; CSU = CS but with the N content changed to 
1% (NH4)~SO 4 plus I% urea; CS-2S - CS but with starch concentration 
double~;"CS-2N = CS but with each N component increased 2-fold. 

Particle size and doubled N concentration specified. 

r 6 h, spore concentration in inoculum specified.. 

#Spore concentration in inoculum 3xlO 5 spores/ml, pregermination time 
specified. 
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concentration (CS-2S) improved growth slightly, indicating that 

diffusion may be limiting the rate of growth. With higher concentrations 

more substrate is available close to the surface and diffusion occurs 

over a shorter distance. 

MZ was chosen as a suitable compostion for the model substrate 

because i t  stimulated growth and was defined, whereas all the other 

stimulatory supplementary nutrients were not. Table l shows tha~ 

in general, defined media gave more reproducible protein enrichments than 

undefined media. A further disadvantage of cassava flour and Hortico 

Trace Element Ferti l izer was the presence of insoluble residues, 

which would interfere with the biomass recovery procedure of Mitchell 

et al. (1986). 

Therefore both nutrition and diffusion affect growth of R. o!igo ,- 

sporus in SSF. I f  diffusion is limiting then a smaller particle size 

should increase the rate of growth, by decreasing the distance over 

which diffusion occurs. The surface area to volume ratio wil l  also 

increase, allowing more mycelial development before overcrowding halts 

growth. At a small enough particle size the growth rate should be only 

minimally affected by diffusion and exhaustion of the limiting nutrient 

should be the factor which halts growth. 

MZ medium was used to compare two substrate particle sizes, 2 mm 

and 6 mm cubes. For each particle size cubes were prepared with the 

usual nitrogen content and with the nitrogen content doubled. The 

results are shown in Table I. As previously observed, at the 6 mm 

particle size the higher nitrogen content (MZ-2N-6mm) improved growth 

.slightly. Also, a decrease in particle size at the usual nitrogen 

content (MZ-2mm) had l i t t l e  stimulatory effect. However, a combination 

of smaller particle size and higher nitrogen content (MZ-2N-2mm) 

markedly improved growth; indicating that in the original model 

substrate (MZ-6mm) the nitrogen content and the available surface 

area were approximately equally limiting. 

Inoculum preparation can be an important factor in SSF (Kronenberg, 

1984). Both inoculum density and time of germination prior to in- 

oculation were varied, Increases in both led to increased protein 

enrichment with inoculum density having the greater influence (Table l ) .  
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The resu l ts  suggested that growth would be best with a new model 

substrate (MAX) consisting of 50 g cassava starch, 6 g ammonium sulfate, 

2 g urea, O.l g potassium dihydrogen phosphate, O.l g di-potassium 

hydrogen phosphate and O.l g Hortico Trace Element Fertil izer per lO0 ml 

dist i l led water. The substrate was mashed to a particle size of 1 to 2 

mm and the inoculum density was increased lO-fold over that used 

by Mitchell et al. (1986). Fig. l shows the growth obtained on MAX 

compared with growth on MZ-2N mashed to a similar particle size. Early 

growth on the two substrates was similar but growth on the mashed MZ- 

2N ceased at 24 h whereas growth on MAX continued to 36 h. The protein 

enrichment on MAX of 22.75 mg protein per gram in i t ia l  substrate was the 

best enrichment yet obtained on the model substrate. The small particle 

size enabled 75% of the starch to be utilized within 36 h. 
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Fig. 1. Comparison of growth of R. oligosporus on (o) MAX (composition 
in text); and (,) mashed MZ-2N {composition in Table ~). 

The results obtained on the model substrate should apply to 

cassava, enabling improved protein enrichment under similar conditions. 

A mashed cassava substrate was prepared by the method of Mitchell et al. 

(1986) except that the concentration of nitrogenous components was 

doubled, the gelatinization solution was supplemented with 0.3% (w/v) 

Hortico Trace Element Fertil izer and the tuber was mashed with a 

mortar and pestle prior to gelatinization. Growth was poorer on this 
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mashed cassava than on chipped cassava prepared by the method of 

Mitchell et al. (1986), as shown in Fig. 2. The mashed cassava became 

very sticky after gelatinization and the particles formed a large clump, 

decreasing the accessible surface area. Therefore, substrate consistency 

is just as important as particle size. 
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Fig. 2. Comparison of growth of R. oligosporus on (.) chipped cassava 
prepared by the method of Mitchell et al. (1986); and (o) mashed 
cassava (see text). 

In conclusion, nutrition, diffusion, and particle size and 

consistency are parameters influencing the growth of Rhizopus oligo- 

sporus in SSF. Further optimization of nutrition should be done by 

response surface mapping. The problem of diffusion in SSF is poorly 

researched and deserves attention. 
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