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 Abstract 
A newly isolated strain of Rhizopus stolonifer LAU 07 was evaluated for the production of 

fructosyltransferase (FTase), the enzyme responsible for the conversion of sucrose to 
fructooligosaccharide (FOS), a heathful food ingredient using locally available cassava wastes in both 
solid state (SSF, cassava peel) and submerged fermentations (SmF, cassava steep liquor). High titers  
of enzyme of more than 20 U/g were obtained when 5-15 % inoculum sizes were used with minimal 
supplementation of cassava peels with yeast extract. Maximum FTase yield of 32.87 U/ml was obtained 
after 96 h of fermentation in cassava steep liquor, that was not supplemented with any nutrient. The 
systems are advantageous and economical for the production of FOS, in that the complex substrates do 
not require extensive supplementation to produce the enzyme with acceptable titer. The FTase yielded 
34 % of FOS (1-kestose, GF2; nystose, GF3) using 60 % (w/v) sucrose as the substrate. As far as we 
know, this is the first contribution towards the production of FTase and FOS by a species of Rhizopus 
using  low-cost complex media obtained from cassava peel and cassava steep liquor. The large-scale 
availability of these materials can make the process industrially relevant especially in Nigeria, where 
these agricultural wastes/residues are generated in abundance.   
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Introduction 
  
 Fructooligosaccharides (FOS) are important food ingredients that are rapidly 
becoming popular because of the numerous health benefits, which include lowering of the 
blood cholesterol and glucose levels, enhancement of mineral absorption in the body, 
maintenance of healthy intestinal microbiota, promoting the growth of beneficial lactobacilli 
and bifidobacteria in the colon, prevention of the growth of pathogenic bacteria in the colon 
and prevention of colonic cancer [1]. The physicochemical attributes of FOS particularly the 
relative sweetness to sucrose, bulk density and viscosity have also increased their use in a 
number of food and pharmaceutical applications. FOS are primarily produced industrially 
using fructosyltransferase (FTase) (E.C.2.4.1.9), which catalyzes the formation of 
fructooligosaccharides from sucrose. Several fungi have been reported to possess 
transfructosylating activity thereby producing FOS from sucrose [23]. These include 
Aspergillus niger AS0023 [14], Penicillium citrinum [10], and Aspergillus japonicus [5]. 
Aureobasidium pullulans has been a major source of fructosyltransferase (EC 2.4.1.9) for the 
industrial production of fructooligosaccharides from sucrose, and several strains of the 
organism have been extensively studied [11, 24, 28, 29, 32-35].   

There are several reports on the use of submerged fermentation (SmF) for the 
production of FTase by different microorganisms [10, 11, 14, 29, 30, 32, 35]. In all these 
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works, chemically defined media were used for the microbial fermentation. Research work on 
the use of SSF for the production of FTase lags behind that of SmF. Until now, there are only 
two of such reports in literature. Hang et al. [9], reported the use of apple pomace for FTase 
production using Aspergillus foetidus NRRL 337, while Sangeetha et al. [24] screened an 
array of agro wastes such as cereal brans, corn products, sugarcane bagasse, cassava bagasse 
(tippi), and by-products of tea and coffee processing for the production of FTase by 
Aspergillus oryzae CFR 202.  

However, the use of SSF for the production of different enzymes has increased 
tremendously due to the advantages it has over SmF. These include simplicity in operation, 
high productivity fermentation, concentrated product formation and less favorable growth of 
contaminants [4]. It is interesting to note that more agro-industrial wastes are been evaluated 
on continuous basis for their suitability to produce enzymes. Recently, De Azevedo et al. [6] 
reported the use of feather meal in SSF to produce protease by Streptomyces sp. 594. 

In this work, we attempt to extend the frontiers in the production of FOS, by utilizing 
a new source of FTase, Rhizopus stolonifer LAU 07 (13), grown in SmF and SSF using 
cassava steep liquor and cassava peels respectively. As far as we know, these two substrates 
have not been reported for the production of FTase. In fact, there is no report on the use of 
cassava steep liquor for the production of any enzyme in the literature. The two agro wastes 
are abundant in Nigeria, the World’s largest producer of cassava. They are the major wastes 
of cassava processing in Nigeria; the peels are obtained from the peeling process, which is the 
first stage in the processing of cassava, while the steep liquor can be obtained during the 
processing of cassava to produce fermented products such as ‘Lafun’ and ‘Fufu’ [16, 26, 27]. 
As a rough estimate, about 10 million tons of cassava are processed into ‘garri’ alone in 
Nigeria [19]. Since the peels could make up to 10 % of the wet weight of cassava roots, they 
constitute a major agro waste. While cassava peels can be partially used to supplement animal 
feeds, albeit limited in doing this because of high cyanide content, the cassava steep liquor is 
of little use. The liquor is simply discharged into the environment thereby causing pollution. 

Therefore, the present work seek to find cheap sources of producing FTase and high 
valued product (FOS), using an indigenous strain of R. stolonifer. In this regard, we have 
considered two important and abundant agrowastes obtained from the processing of cassava; 
the cassava peels and cassava steep liquor. Our work, as far as we know represents the first 
mention of the use of these substrates to produce FTase by a species of Rhizopus. 
 
Materials and methods 
  
 Isolation of microorganism and preparation of inoculum  
Rhizopus stolonifer LAU 07 (black bread mold) was isolated from spoilt orange fruit using 
potato dextrose agar (PDA) that was supplemented with 20 % sucrose. Dark patches were 
scrapped with sterile scalpel to inoculate the medium and incubated at room temperature (30 
±1 oC) for 48h. This was purified to obtain the pure culture. The pure culture was 
subsequently stored on PDA slants at 4 oC, and sub-cultured every three months. It was 
identified conventionally according to its macroscopic and microscopic features following the 
scheme of Domsch et al. [7]. The combination of rhizoids (root-like hyphae), long 
sporangiophores and striations on sporangiospores are the most easily identified 
characteristics of the species. The inoculum was developed by transferring a loopful 
mycelium into the inoculum medium (1 % sucrose, 0.2 % yeast extract, pH 5.50, 50ml/250ml 
flask) as previously reported [11, 12, 25]. The Flasks were incubated at 30±1 oC on a shaker, 
at 100 rpm for  24 h.  
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 Preparation of substrates 
 Both cassava peels and cassava steep liquor were obtained from fresh cassava tubers 
procured from a local market in Ogbomoso, Nigeria. The peels were removed from washed 
tubers, and sundried for 8h, after which they were further dried at 60 oC for 12h. The dried 
peels were pulverized to 50-mesh size, and the moisture content was determined by drying to 
constant weight at 110 oC in a hot-air oven [1].  

Cassava steep liquor was obtained following the traditional method of natural 
fermentation. Peeled cassava tubers (1.5 kg), were cut into cylindrical pieces (5-7 cm length), 
before being steeped in borehole water (2: l) in a plastic container covered with muslin cloth 
for 96 h at room temperature (30 ± 1 oC). The course of pH was monitored daily throughout 
the period of fermentation. At the end of 96 h, the liquor was decanted and filtered using 
Watman No. 2 filter paper. The liquor was diluted to 25 and 50 % (v/v) using borehole water.  
The liquors were dispensed into flasks (50ml/250ml flask), sterilized at 121 oC for 15minutes 
and then used for the fermentation for up to 96 h. The final pH of both substrates were not 
adjusted prior to fermentation, while the cassava peels (25 g in 100 ml of water) gave pH of 
6.8, the final pH of cassava steep liquor was 4.8. 
 Submerged fermentation 
 Submerged fermentation was carried out in duplicate by inoculating 20 % (v/v) of    
24 h-old inoculum into the cassava steep liquor (50ml/250ml flask). Incubation was done at 
room temperature (30 ± 1 oC) at  100 rpm for up to 96 h. At the end of fermentation (24 h-
interval), corresponding flask was taken out, the broth was filtered using Whatman No. 2 
filter paper, and the filtrate served as crude extracellular FTase, and used without further 
purification. When not used immediately, the crude enzymes were stored under refrigeration  
at 4 oC. Both the inoculum and culture samples were routinely observed under the microscope 
to ascertain purity that is devoid of contamination. 
Solid state fermentation 
SSF was carried out by investigating the effects of supplementation of cassava peels with 
sucrose and yeast extract, and varying inoculum sizes on the production of FTase by R. 
stolonifer LAU 07 using an in-house genetic algorithm software developed by our research 
group. The software is the optimization search engine module of Biopro_optimizer used to 
control bioprocesses [8]. The parameters were discretized as follows: 
 Sucrose concentration (0-15 % w/w) at interval of 5 % 
 Yeast extract concentration (0-0.4 % w/w) at interval of 0.2 % 
 Inoculum size (5-15 % v/w) at interval of 5 % 
 Twenty five profiles were generated at a crossover rate of 70 %, and ten of these were 
evaluated in duplicate in the laboratory to study the interactions among these components, and 
the effects on the production of FTase by the fungus in SSF (Table 1). The experiment was 
conducted twice. SSF was carried out in 250ml capacity bottles containing 25 g of cassava 
peels. The peels were moistened to a final moisture content of 65 %, before sterilizing at 121 
oC for 1h. After cooling, the bottles were inoculated using appropriate inoculum size, 
vigorously shaken to ensure homogenization, and then fermented for 5 days. At the end of 
fermentation, samples of cultured substrates were observed under the microscope to ascertain 
purity of the fungus. Contents of each bottle were mixed with 50 ml of water and agitated at 
100 rpm for 1h, and the filtrate squeezed out in a muslin cloth. This was followed with 
centrifugation at 5000 rpm at 10 oC  for 25 minutes. The pH of filtrates were recorded and 
served as the crude FTase from SSF. 
Analytical methods 
FTase activity 
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The FTase activity of the crude extracellular enzyme was determined as previously described 
[11] by incubating 250 µl of the enzyme with 750 µl of sucrose (60 % w/v) in 0.1 M citrate 
buffer (pH 5.15) at 55 oC for 1 h in a shaking water bath at 100 rpm. At the end of incubation, 
reaction was arrested by keeping the reaction mixture in boiling water for 15 minutes. The 
enzyme activity was determined based on the amount of glucose released using glucose-
oxidase kit (Quimica Clinica Aplicada S.A, Spain). Fifty fold dilution of the reaction mixture 
was allowed to react with the test reagent according to the manufacturer’s instruction, and 
absorbance of the resulting product was measured at 505 nm on a UV/Vis spectrophotometer 
model 6405 (Jenway Ltd. Essex, UK). FTase activity is defined as the amount of enzyme 
required to liberate 1µmol of glucose under the specified conditions herein described [34]. 
The residual amount of cyanide in the crude enzymes was determined by the silver nitrate 
method [20].  
 Production and analysis of FOS  
 The production of FOS was carried out by incubating 250 µl of the crude extracellular 
enzyme with 750 µl of sucrose  (60 % w/v) in 0.1 M citric acid/K2HPO4 buffer (pH 5.15) at 
55 oC for 18 h in a shaking water bath at 100 rpm. At the end of incubation, reaction was 
arrested by keeping the reaction mixture in boiling water for 15 minutes, and then membrane 
filtered. The products formed were analyzed by HPLC with a quaternary pump (Delta 600, 
Waters) coupled to a Lichrosorb-NH2 column (250 mm × 4.6 mm, Merck, Spain). The mobile 
phase was acetonitrile : water (75:25 v/v) conditioned with helium and used at a flow rate of 
0.7ml/min. The column was kept at a temperature of 25 oC. A different refractometer (model 
9040, Varian) was used and set to a constant temperature of 30 oC. The data obtained were 
analyzed using the millenium software, using external standards for calibration in the range of 
0-100g/L.  A fructooligosaccharide standard mixture (Actilight 950P, Beghin-Meiji) was used 
for reference purpose. 
 
Results and discussion 
 
 Solid state fermentation 
 The result obtained in this study showed that cassava peel not only supported the 
growth of R. stolonifer LAU 07, but it also led to the production of FTase, with high enzyme 
activity in the range of 5.82-22.13 U/g, and 60 % of them yielding more than 15 U/g (Table 1). 
The cyanide content of the crude enzyme was about 1.4 ppm; having reduced the cyanide 
content of cassava peels through fermentation by 90. 6 % from the initial value of 14.7 ppm. 
The cyanide content is far lower than the reported cyanide contents of a number of fermented 
cassava products [20].  
 

Table 1 The profiles generated by the genetic algorithm software and the corresponding  FTase activity in SSF. 
 

*, all the substrates were fermented for 5 days. 

 
*Profile no. 

 
Inoculum size 

 
Sucrose 

 
Yeast extract

FTase activity 
(U/g ± SD) n = 4 

1 5 0 0.2 21.28 ± 1.8 
2 15 10 0.2 17.32 ± 2.1 
3 10 10 0.4 14.38 ± 2.1  
4 10 4 0.2 11.3 ± 1.2 
5 5 6 0.2 5.82 ± 0.9 
6 15 10 0 15.85 ± 3.2 
7 15 2 0.4 20.47 ± 3.1 
8 10 0 0.4 21.33 ± 2.6 
9 15 8 0.2 12.0 ± 1.6 

10 15 10 0.4 22.13 ± 3.8 
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 The microscopic examination of cultured substrates showed that the purity of the 
fungus was maintained and devoid of contaminants, while profuse growth patterns were 
generally noticed. The pattern of enzyme activity indicates that probably, the solid substrate 
does not need to be supplemented with sucrose, however the presence of yeast extract 
contributed to higher enzyme activity. Despite the absence of sucrose in profiles 1 and 8, 
higher enzyme titers of 21.28 and 21.33 U/g were obtained respectively, whereas in profiles 2, 
3 and 6 with 10 % sucrose supplementation, lower enzyme titers of 17.32, 14.38 and 15.85 
U/g were obtained. However, higher titer of 22.13 U/g in profile 10, could be as a result of 
high levels of inoculum (15 %) and yeast extract (0.4 %). It seems that high enzyme titer can 
be obtained using any of the inoculum size studied in this work, but considering the cost of 
production, 5 % level inoculum size is acceptable. We verified this claim in a number of 
validation experiments in profiles 1 and 8 using inoculum size of 5 % (w/v), where FTase 
titers of 19.55-21.80 U/g were obtained. Therefore, this work concludes that FTase can be 
produced using cassava peels with only supplementation with  0.4 % yeast extract. Sangeetha 
et al. [25] previously reported FTase activity of 15, 18, 18 and 22 U/g for Aspergillus oryzae 
CFR 202 grown on oat bran, wheat bran, corn germ and rice bran respectively. 
 The use of cassava peels for different purposes have been reported. It contributes to 
the agro wastes that are used to feed sheep and goats [22], however its low protein contents 
and high cyanide content have been limiting factors. Asagbra et al. [3], also reported the 
evaluation of cassava peels to produce tetracycline by some species of Streptomyces. It was 
found out that cassava peels supported the growth of the organisms to produce 2.16 mg/g of 
tetracycline ranking third after peanut shells (4.36 g/mg) and corncorb (2.64 mg/g).  
 However, there are only few reports on the use of cassava peels to produce enzyme. 
Sani et al. [28] reported that when grown on cassava peel, the highest amylase activity in the 
culture filtrate of Aspergillus flavus was 170-times higher than that on soluble starch, while 
that of Aspergillus niger was 16-times higher. The study concluded that cassava peel might be 
a better substrate for the production of amylase by A. flavus and A. niger than commercial 
soluble starch.  In a recent study, Oboh [19] reported the use of squeezed liquid from cassava 
pulp fermented with strains of Saccharomyces cerevisiae, Lactobacillus coryneformis and 
Lactobacillus delbruckii to ferment cassava peels for 7 days to improve the nutritional quality. 
The study concluded that fermented cassava peels could be a good protein source in livestock 
feed. The present study proposes another use for the cassava peels, that is solid state 
fermentation by R. stolonifer LAU 07 for the production of fructosyltransferase, and 
ultimately, a functional food ingredient, FOS. We have recently reported that R. stolonifer 
LAU 07 improved both the nutritional quality and antioxidant activity of cassava peels as a 
result of fermentation  for the production of fructosyltransferase [12], and was capable of 
producing FTase in chemically defined medium (13). 
 
Submerged Fermentation 
The steeping of cassava in water witnessed changes in pH during the course of 96 h of 
fermentation. The pH drastically dropped from 7.1 at 0 h to 5.1 within 24 h, thereafter, it 
fluctuated between 4.8 and 4.4 during the last 72 h of fermentation. This is in agreement with 
reported changes in the pH of cassava steep liquor. Obadina et al. [17] reported that the pH of 
cassava steeping water during ‘fufu’ production decreased from 6.95 at 0 h to 3.78 after 96 h 
of fermentation. The marginal difference might be attributed to the type of cassava tuber, and 
the quantity steeped in specified amount of water.  
 The activity of FTase produced by R. stolonifer LAU 07, grown in 25 % (v/v) cassava 
steep liquor increased gradually during the period of fermentation. The FTase activity rose 
from low-level of 2.34 to reach 32. 87 U/ml at 96h of fermentation (Fig 1), which was 
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comparable to the results obtained in 50 % (v/v). The FTase activity fall within the range of 
12.31-45.70 U/ml  obtained for the organism when grown in a chemically defined reference 
medium. During the period of fermentation, little changes were observed in the pH of the 
fermenting liquor from initial value of 4.8 to 4.1 at the end of 96 h of fermentation (Fig 1). 
There was no trace of cyanide in the fermenting liquor. 
 The cassava steep liquor from all indications should be rich in nutrients. A similar 
waste (cassava waste water) obtained from processing of cassava to produce ‘garri’, have 
been studied for the production of gin [31], due to the presence of high levels of fermentable 
sugars and essential elements, which equally supported the growth of different bacteria and 
fungi. The squeezed out liquid from the fermented cassava pulp (waste water) had been 
previously assessed as an important source of microbial enzymes [21]. Oboh [18] reported the 
presence of amylase in the cassava waste water. Most recently, a number of microorganisms 
obtained from cassava waste water from ‘gari’ processing were found to produce amylase and 
cellulase [2]. There seems to be a basis for using cassava steep liquor for the fermentation of 
R. stolonifer LAU 07 to produce FTase.  
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Fig. 1 The course of pH and FTase activity of R. stolonifer LAU 07 grown in submerged fermentation (25 and 
50% (v/v) cassava steep liquor).  
 
Production of FOS 
The FTase was used to produce FOS, which gave average yield of 34 % (29 % GF2,  1-
Kestose and 5 % GF3, Nystose). Although, the amount of FOS is lower compared to a range 
of 44-60 % that have been reported for several organisms by different authors [11, 24, 25, 29, 
30], efforts are underway to manipulate the growth parameters and reaction conditions to 
optimize the production of FOS by this new isolate. The ability of the fungus to produce 
FTase in complex media of cassava peels and cassava steep liquor, and subsequently the 
production of FOS, may open a new way in the industrial production of FOS using agrowaste 
materials for the production of FTase. 
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Conclusion 
 
 In the present study, R. stolonifer LAU 07 was able to utilize cassava wastes in both 
SmF and SSF to produce FTase, which was subsequently used to produce a high valued 
product, FOS. As far as we know, our work is the first contribution towards the production of 
FTase by a strain of Rhizopus using low-cost wastes from cassava (cassava peels and cassava 
steep liquor). The only related report was the use of cassava bagasse (tippi) for the production 
of FTase by A. oryzae CFR 202 [25]. These indications offer an interesting potential for 
enzymatic or microbial production of FOS, including cheap and readily available substrates, 
such as cassava peels and cassava steep liquor at the industrial level. 
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