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ABSTRACT  7 
Aims: This study was aimed as the assessment of dried cassava-fermented chips (DFCC) 
efficacy in terms of their fermentation acceleration and cyanogens reduction potential. 
Study design:  An experimental study design was employed in order to achieve the 
objective of the study.  
Place and Duration of Study:  The study was carried out in the Laboratoire de Microbiologie 
of the University of Yaoundé 1, Cameroon between October 2011 and August 2014. 
Methodology:  Commercial fermented cassava chips samples were analyzed for their 
performances to accelerate the retting of cassava roots. The performances of DFCC were 
determined by periodical measure of the degree of softening of the roots in retting process 
by penetrometry for 4 days. Further, cassava chips were produced at different fermentation 
times and assessed for the same properties. Finally, the best fermentation time to obtain 
cassava-fermented chips capable to reduce efficiently the retting time was determined and 
chips produced at this time were used after different pre-treatments in order to assess their 
impact on the fermentation performances and detoxification of cassava roots as compared to 
spontaneous retting. 
Results:  Results indicated that DFCC samples collected have high retting performances 
variability correlated to their fermentation time and microbial concentration. The best DFCC 
used as cassava retting accelerator (CRA) was obtained after 96h of fermentation (CRA-96). 
It permitted to reduce the retting time from 71.3 ±8.5 hours to 35.8±1.4 hours compared to 
the spontaneous fermentation; and final cyanides contain of 7.86±0.00 ppm corresponding 
to 98.8% reduction. Optimization assays showed that CRA-96 when soaked for 12h before 
use, reduce retting time by 58.5% but did not modify cyanides reduction. 
Conclusion:  The adoption of the CRA-96h as cassava retting accelerator by cassava 
fermented by-products producers would be great advantage for them who often only ret for 
1-2days and then get into trouble with large cyanide levels in their flour. 
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 10 
1. INTRODUCTION  11 
 12 
Cassava (Manihot esculenta Crantz) is a plant of 1-2 m shrub which starchy roots provide 13 
food for over 500 million people in the developing world and up to about 60% of their daily 14 
calorific needs [1, 2]. In spite of its importance, harvested cassava tubers cannot be stored 15 
without processing. Physiological deterioration occurs in cassava roots 2-5 days after 16 
harvest because of microbial activity [3]. In addition, cassava roots contains cyanogenic 17 
glycosides mainly linamarin and in less amount lotaustralin (or methyl linamarin) [4], which 18 
are the main nutritional drawbacks that must be avoided. One of this drawback, its toxicity [2, 19 
5], is minimised by traditional process during which, roots are transformed into many 20 
product. Among processing operations of cassava, retting, which is microbial fermentation of 21 
the root, is one of the most suitable methods to reduce the toxic and poisonous constituents 22 



 

(cyanogenic glycosides) of the raw fresh cassava [2, 6-8]. During this fermentation, roots are 23 
softened, disintegration of the tissue structure results in contact of linamarine with 24 
linamarase, which is located in the cell walls and subsequent hydrolysis to cyanhydric acid 25 
soluble in water. This retting usually takes 3-5 days depending on the roots dimensions and 26 
age, ambient temperature and microbial population involved. The need to accelerate this 27 
process has arisen due to the rapid increase of population demand. For this reason, some 28 
attempt of starter production in order to enhance the initial microbial population and faster 29 
the retting process has been proposed by some authors [9-12]. Notwithstanding these efforts 30 
to propose microbial solutions to accelerate the cassava retting, the use of selected 31 
microorganisms have very low dissemination among the producers because of the 32 
difficulties to handle strains, their cost and the detoxification not always equal to the 33 
traditional product [7, 13]. This single strain or selected strain approach to accelerate 34 
cassava retting has hence proved to be unsuccessful, indicating that microbial implication 35 
during this fermentation should be assessed in and holistic manner. It has been observed 36 
that, traditionally rural cassava producers use different empirical methods to accelerate the 37 
retting like adding, mild steel, using mother liquor of previous fermented cassava [14]. The 38 
use of cassava from previous fermentation is the one mostly adopted retting method in 39 
Cameroon even though with fluctuating results. The hypothesis behind the success of this 40 
technique is that these fermented chips contain different microbial organisms that constitute 41 
the initial flora of the fermentation with a holistic interaction. Currently, at the best of our 42 
knowledge, no study has assessed the reasons of this fluctuating results and the level of 43 
detoxification achieved when accelerating the process. It is in this perspective that the use of 44 
cassava-fermented chips (starters) for the acceleration of cassava retting was studied with 45 
the objective of assessing its impact on the cassava retting time and the total cyanogens 46 
reduction. 47 
 48 
2. MATERIAL AND METHODS  49 
 50 
2.1. Samples collection   51 

2.1.1. Fresh cassava roots  52 

Twelve months old freshly cassava roots of the bitter variety, traditionally called Six-mois, 53 
were always harvested, during the period of study, from Bafia region in Cameroon and 54 
transported directly in polyethylene back to the laboratory experience.  55 

2.1.2. Cassava-fermented chips  56 

Fifteen Gross-sellers from the main food distribution markets in Yaoundé-Cameroon were 57 
randomly selected and for each seller, samples were collected from top, middle and bottom 58 
of bags in order to have a weight of about 2 kg. All samples (15) were placed each, in sterile 59 
plastic bags, labelled (S1 to S15), then transported to the laboratory in an insulated box 60 
containing a freezing pack, and stored at 8°C.  61 

2.2. Determination of cassava fermentation time nec essary for production 62 
of starter with the best retting performance  63 

2.2.1. Production of starters  64 

Cassava roots were peeled, cut into cylinder of approximately 4 cm length x 5 cm diameter, 65 
washed and divided in five set of 500 g each. Every set was submerged in 500 ml of 66 
sterilized tap water at the ambient temperature (between 28 and 32°C) in the laboratory and 67 
fermentation was stopped after 24 h, 48 h, 72 h, 96 h and 168 h respectively for the 5 set of 68 



 

experiment. At the end of each the fermentation time, cassava root were removed, 69 
dewatered and dried at 40°C in a ventilated oven fo r two days, when water content of 70 
samples was inferior to 15% (w/w). The dried cassava chips obtained were crushed in a 71 
blender and flours got from each set, wrapped in labelled airtight plastic sachets and named 72 
CRA-24, CRA-48, CRA-72, CRA-96 and CRA-168 (constitute the starters with CRA for 73 
“Cassava Retting Accelerator”) with respect to the length of fermentation, then stored at 4°C 74 
for subsequent analyses.  75 

 76 

2.2.2. Fermentation procedure with starters  77 

Cassava tubers were peeled cut into cylinder like previously described, washed and divided 78 
into sets of 500 g each. Fermentation was performed by submerging 500g of cassava pieces 79 
of each set in 500 ml of tap water and then, inoculated with 1% (w/v) of starters powder 80 
previously produced. One set representing the control (natural fermentation) were not 81 
inoculated. Retting (fermentation in water) was conducted at ambient temperature (between 82 
28 and 32°C) in the laboratory and followed during 4 days by evaluation of cassava root 83 
softening. Three tests were performed for each essay. 84 

 85 

2.2.3. Evaluation of cassava roots softening and de termination of the retting 86 
performances of the starters  87 

Retting performance was determined by periodical measure of the degree of cassava roots 88 
softening of the chunks with a penetrometry instrument (RPN10 Berlin). The more the 89 
softening was, the higher was the distance of penetration of the penetrometry-needle. The 90 
sigmoid nature of the softening kinetics made it possible for the data to be fitted to the 91 
Baranyi and Roberts [17] model. This fitting permitted to estimate the kinetics parameters 92 
(the time to initiate softening (TIS) and the softening rate (SR)) as shown in Fig. 1. The 93 
retting time (RT) was calculated with the expression below:  94 

RT =TIS +0.8* / SR (1) 95 

 * 0.8 is the penetrometry index, which corresponds to the level softening most 96 
suitable for most transformed cassava foods chosen. 97 

 Each retting kinetics test was carried on three times and the results presented as mean plus 98 
standard deviation 99 
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 100 

Fig.1. Evolution of penetromrtry Index with time fi tted with Baranyi and Robert model. 101 
Kinetics parameters are shown in italic. TIS= time to initiate softening; SR= softening rate; 102 

RT= retting time 103 
 104 
2.3. Improvement of Cassava starter activity 105 

In order to further improve the performance of the cassava retting accelerator (CRA) used, 106 
the best starter obtained from previous experiment was subjected to the four series of pre-107 
treatments described below before inoculation to 500g of cassava pieces submerged in 450 108 
ml of sterilised water.  109 

1- With the view to obtain rapidly the vegetative form of microorganism generally 110 
present in the flour in spore forms 5g of CRA called CRA-96 ThA, were diluted in 45 111 
ml sterile water, heated at 80°C for 10 min and imm ediately cooled down at 30°C  112 

2-  5g of CRA called CRA-96 ChA, was diluted in solution of ethanol 60%v/v, agitated 113 
at 60 rpm (rotation per minute) during one hour with the same aim as the firs pre-114 
treatment.  115 

3- To increase the initial charge of viable microorganism, 5g of CRA named CRA-96NB 116 
was inoculated in 45 ml of sterile nutrient broth made of potatoes starch 2% w/v and 117 
0.5% w/v of yeast extract, and then incubated at 37°C for 12h 118 

4- In order the revivified spore flora of CRA before his utilization, 5g of CRA called 119 
CRA-96W was simply soaked in 45ml of sterile water and incubated at 37°C for 12h 120 

Two set of control were also used (CRA-96 and set without CRA) 121 
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 122 

2.4. Microbial groups cell load determination  123 

Total mesophilic aerobic flora (TMAF); sulfito-reducing flora (SRF) and total Bacillus spores 124 
count were enumerated using the traditional plate count technique. For all the CRA 125 
produced or collected, 10g of the product was mixed with 90ml of 0.9%w/v NaCl sterile 126 
solution. The suspension obtained constituted the stock solution of the sample from which a 127 
series of decimal dilutions was performed and 0.1 ml of the appropriate dilution sowed on 128 
suitable solid medium surface. TMAF was enumerated at 30°C for 24 hours on Plate Count 129 
Agar (PCA, Oxoid, Basingstoke, UK). Sulfito-reducing flora (SRF) was obtained by culturing 130 
in absence of oxygen in an anaerobic jar on TSN Tryptone Sulfite-Neomycin (TSN, Oxoid, 131 
Basingstoke, UK) at 45°C for 24 hours. Total Bacillus spores (TBF) was enumerated on BCP 132 
(Bromocresol purple) agar supplemented with potatoes starch at 30°C for 72 hours. Each 133 
sample was analysed three times and the results presented as mean plus standard deviation 134 

 135 

2.5. Determination of total cyanide content 136 

Cyanide content of cassava before and after processing, was determined using the picrate 137 
kit B2 for determination of the total cyanide content of cassava flour [15, 16]. A 100 mg flour 138 
sample was placed in a plastic vial, a small filter paper impregnated with pH 6 buffers, and 139 
linamarase was added, followed by 0.5 ml of water and a yellow picrate paper. The vial was 140 
immediately closed and left at 30°C overnight. The next day the yellow–brown picrate paper 141 
was separated from the plastic backing strip and placed in 5 ml of water. The absorbance of 142 
the solution was measured at 510 nm and the total cyanide content in ppm was calculated 143 
by multiplying by 396 [15].  144 



 

145 

Fig.2. 146 Fig.2.  Overall experimental description 

 



 

 147 
2.6. Statistical analysis 148 
The analysis of the data of the profile of softening according to time was made by adaptation 149 
to the model of Baranyi and Robert [17] by using DM-fit software made free available on the 150 
www.combase.cc site.  SPSS version 16.0 Chicago, IL, USA was used for analysis of 151 
variance (ANOVA), and statistical differences between means (p <.05) were tested by the 152 
Fisher’s least significant difference (LSD) test. 153 

 154 
3. RESULTS AND DISCUSSION 155 
 156 
3.1. Evaluation of the of cassava-fermented chips collec ted from market to 157 

accelerate the retting  158 

Retting parameters presented on Table 1, show that retting time (RT) and the time to initiate 159 
softening (TIS) varied with the commercial chips used, which confirms the observations 160 
made during traditional processing. It appears from the land survey that the use of these dry 161 
fermented cassava samples for new fermentations permitted to obtain a variety of retting 162 
kinetics differing for their TIS and SR. This result can be attributed to the different origins of 163 
the samples and the nature of the microbial communities responsible for the fermentation. 164 
Microbial analysis (Table 2) shows that, Total mesophilic aerobic flora (TMAF) value ranged 165 
from 3.6±0.2 log CFU/g to 7.4±0.0 log CFU/g while total Bacillus spores (TBS) cell loads, 166 
they varied between 2±0.0 log CFU/g and 5.6±0.2 log CFU/g (Table 2). The lowest microbial 167 
group content was that of SRF, which did not exceed 1.4 ±, 0.3 logs CFU/g and were under 168 
the detection value in some samples. The reduction of the TIS and retting time (RT) by most 169 
of the samples used as compared to the control indicates that the initial microorganism pool 170 
of dry fermented cassava samples have contributed in different ways in initiating the 171 
softening of the cassava roots. Microbial enzymes like cellulases, xylanases, pectin 172 
methylesterases, polygalacturonases, and lyases are known to be responsible of cell walls 173 
disruption, facilitating the microbial actions leading to cassava softening [18, 6]. The fact that 174 
dry fermented samples with good performances on the TIS are not always the same with 175 
good performances on the softening rate (SR) indicates that different microbial communities 176 
are involved in these phases and the retting is just the combination of their actions. This also 177 
explains why it was at the level of the retting time that the significant correlations were 178 
observed with the microbial group cell loads (Table 3). 179 

Table 1: Retting kinetics parameters of spontaneous  fermentation and fifteen 180 

dried cassava chips samples (S).  181 

Dry fermented cassava 

samples 

Retting Kinetic parameters   

TIS SR RT 

Control  53.7 ± 12.5 1.8 ± 0.7 58.8 ± 10.2 

S1 42.8 ± 2.2 0.6 ± 0.3  56.5 ± 2.8 

S2 42.3 ± 2.8 0.6 ± 0.1  55.7 ± 0.4 

S3 50.7 ± 7.5 2.5 ± 0.8 54.2 ± 6.2 



 

S4 34.2 ± 3.9* 0.8 ± 0.1 44.5 ± 3.8* 

S5 44.3 ± 3.5 4.7 ± 1.9* 46.2 ± 2.6* 

S6 41.1 ± 6.2 2.9 ± 0.2 46.8 ± 6.0* 

S7 48.2 ± 3.9 2.5 ± 0.7 51.6 ± 3.0 

S8 40.1 ± 2.5* 0.3 ± 0.0 63.2 ± 0.2 

S9 39.0 ± 1.8* 0.8 ± 0.2 61.1 ± 4.2 

S10 36.9 ± 1.9* 1.4 ± 0.2 42.8 ± 1.1* 

S11 32.8 ± 0.4* 0.8 ± 0.1 42.3 ± 1.2* 

S12 28.7 ± 3.6* 0.7 ± 0.1 39.9 ± 2.3*  

S13 37.8 ± 2.4* 1.5 ± 0.3 43.4 ± 1.2* 

S14 35.4 ± 4.0* 0.8 ± 0.1 44.9 ± 2.7* 

S15 34.9 ± 1.9* 0.9 ± 0.1 44.1 ± 1.3* 

NB: those results are results from 15 processors sampled once but analyzed in triplicate. 182 

TIS: time to initiate softening. SR: softening rate; RT: retting time. Mean ± SD = Mean values 183 

± standard deviation of error of means of three experiments. * indicates values significant 184 

different statistically with control at (P <.05) 185 

 186 

Table 2:  Selected microbial group cell loads of dr y fermented cassava samples 187 

obtained from different markets in the centre regio n Cameroon. 188 

Dry fermented 

cassava samples 

Microbial Groups (Log CFU/g) 

TAMF TBS SRF 

S1 4.4 ± 0.2 3.3 ± 0.2 0.0 ± 0.0 

S2 4.9 ± 0.1 4.6 ± 0.1 0.3 ± 0.0 

S3 4.1 ± 0.2 3.0 ± 0.0 0.0± 0.0 

S4 3.6 ± 0.2 3.1 ± 0.2 0.7 ± 0.0 

S5 4.3 ± 0.3 3.3 ± 0.0 1.4 ± 0.3 

S6 6.3 ± 0.1 4.9 ± 0.0 1.0 ± 0.0 



 

S7 6.2 ± 0.0 4.1 ± 0.1 0.0± 0.0 

S8 5.8± 0.3 5.6 ± 0.0 1.0± 0.0 

S9 7.3± 0.0 4.4 ± 0.2 0.0± 0.0 

S10 7.4 ± 0.0 5.6 ± 0.1 0.0± 0.0 

S11 5.5± 0.1 2.0 ± 0.0 0.7 ± 0.0 

S12 7.4 ± 0.0 5.0 ± 0.4 0.7 ± 0.0 

S13 7.4 ± 0.2 4.6 ± 0.3 1.0 ± 0.0 

S14 7.1 ± 0.1 3.9 ± 0.0 0.4 ± 0.0 

S15 7.2 ± 0.3 3.0 ± 0.0 0.0± 0.0 

CFU: colonny forming units; TMAF: total mesophylic aerobic flora; TBS: total bacillus spores 189 

 190 

 191 

 192 

Table 3:  Correlation results between microbial gro ups’ cell loads from different 193 

dried cassava chips and the kinetics parameters of the retting . 194 

Microbial Groups 

 

Retting kinetic parameters  

TIS RT 

TMAF 0.091 -0.390* 

TBS -0.005 -0.547* 

SRF -0.107 -0.322* 

*All correlation significant at P˂.01. TMAF: total mesophylic aerobic flora; TASF: total 195 

aerobic spore flora; TBS: total bacillus spores; SR: softening rate; TR: retting time 196 

 197 

3.2. Influence of retting time on the performances cassava-fermented chips  198 

In order to understand the origin of the variability observed with commercial samples, 199 
cassava chips were produced at different fermentation (retting) times. Those chips were 200 
compared for their microbial loads and their kinetics parameters when for retting 201 
acceleration. It can be noted from the 5 Cassava Retting Accelerator (CRA) produced, that 202 
three of them: CRA-72; CRA-96 and CRA-168) considerably reduce the retting duration with 203 



 

respect to the control experiment where fermentation was spontaneous with respective 204 
retting times of  34.3±4.6 hours, 30.9±3.1 hours and 28.1±4.5 hours. While retting time of 205 
control was 71.3±8.5 hours (Table 4). Although the RT of those three CRA was not 206 
significantly different, the data of this parameter and those of TIS obtained with CRA-96 and 207 
CRA-168 were much closed and slightly better than that of CRA-72. From these results, 208 
because of the time, saving with respect of CRA-168, 96 hours appears, as the time require 209 
for cassava retting accelerator production. For microbial load (TBS and SRF), it can be 210 
observed that, SRF did not increase with the fermentation time chosen for the CRA 211 
production as it was the case for TBS, or TBF (Table 4). The variability and the quantity of 212 
microbial groups are result of the different fermentation length of the samples used as 213 
cassava retting accelerators. CRA obtained after 48 h of cassava fermentation (CRA-72; 214 
CRA-96 and CRA-168) proved to have statistically the same performances in accelerating 215 
the retting process. Generally, before 48 hours of fermentation, all microorganism groups 216 
that contribute to the retting of cassava are not well developed [7, 19]. After the 48 hours, 217 
Abriba et al., [20] and Kostinek et al., [8] shown that Bacillus subtilis and Latobacillus 218 
plantarum are the most dominant flora throughout the cassava retting. The choice of the 219 
CRA-96 was hence a balance between the attribute obtained with CRA-72 and CRA-168. 220 
The process of drying in order to produce CRA favours the survival of spore forming bacteria 221 
that are mainly Bacillus and Clostridium. Fermentation of cassava roots using Bacillus rich 222 
dough as inoculums showed to permit the achievement of the disintegration of the cassava 223 
tissue due to the production of wide range of pectinolytic enzymes [21].  224 

The presence of SRF generally less than 1 log cfu/g in dry fermented sample and 4 log 225 
CFU/g at the end of fermentation or in the pre-incubated CRA, conducted us to an 226 
experiment where pre-incubated CRA in water was tenfold diluted and all the dilutions used 227 
as inoculums for a new cassava retting. As result, all the fermentations were accelerated, 228 
but the butyrate odour perception was very low in the retting with the inoculums of the fifth 229 
decimal dilution and hence, with low probability of SRF. This experiment, which data are not 230 
presented in this work, indicated the sulfito-reducing spores were the most responsible of the 231 
butyrate odour and were not capital in the retting process.  232 

 233 

 234 

Table 4:  Retting kinetics parameters and microbial  groups cell loads of cassava 235 

retting accelerator (CRA) compare to spontaneous fe rmentation (control). 236 

 237 

Retting 

conditions 

Retting kinetic parameters 
Microbial groups cell 

loads (log CFU/g) 

TIS (h) SR (mm/h)  RT (h) TBS SRF 

Control 42.2 ± 8.3b 0.3 ± 0.1a 71.3 ±8.5e Nd Nd 

CRA-24 38.1 ±11.8ab 0.4 ± 0.2a 62.1±6.1d 2.9±0.0a 0.7±0.0a 

CRA-48 39.5 ± 6.1ab 1.0 ± 0.1ab 47.2±5.1c 3.5±0.8a 1.4±0.2b 



 

CRA-72 34.3± 4.6b 1.7 ± 0.7b 40.4±1.7ab 4.9±0.6b 4.0±0.1d 

CRA-96 30.9± 3.1ab 1.8 ± 0.6b 35.8±1.4a 5.7±0.1b 3.2±0.2c 

CRA-168 28.1 ± 4.5a 1.6 ± 0.5b 33.3±2.7a 5.4±0.1b 3.2±0.2c 

CFU: colony forming unit; RT: retting time SR: softening rate; TBS: total Bacillus spores; 238 

SRF: sulfito-reducing flora; TIS: time to initiate softening. Nd: no detected. Mean ± sd = 239 

Mean values ± standard deviation of error of means of three experiments. The means in the 240 

same column followed with different letters are significantly different at (P <.05). 241 

 242 

3.3. Influence of some pre-treatment of CRA-96 on t he reduction of cassava 243 
retting time and cyanide contain. 244 

In Table 5, the addition of 1% of CRA-96 during fermentation or the same accelerator 245 
previously treated at 80°C for 10 min did not impro ve significantly the TIS as it was the case 246 
with the other pre-treatments (Chemically activated; water soaked and pre-culture in nutrient 247 
broth). The best performance in the reduction of the retting time of chemical activation with 248 
respect to the thermal activation may be due to the low damage induced to the vegetative 249 
cells, which could easily regenerate after the pre-treatment. Regarding the softening rate, 250 
only two pre-treatments of CRA-96 (CRA-96W and CRA-96NB) induced a significant 251 
increase with respect to the control and other pre-treatments. The calculation of the retting 252 
time indicated that, it ranged from 54.9 ± 9.3 hours in the control to 25.7 ± 1.9 hours to the 253 
fermentation accelerated by the addition of CRA-96 previously pre-incubated in water (Table 254 
5). It can be observed that the use of accelerators after incubation in nutrient broth (CRA-96 255 
NB), in water (CRA-96 W) and activated with ethanol (CRA-96 Ch A) significantly improved 256 
de the retting time with respect to the control, the use of thermally activated CRA and CRA 257 
without pre-treatment. The best gain in retting time was observed with the use of CRA-96 W, 258 
which permitted to reduce the retting time of the control experiment, by 58.5%. Using CRA-259 
96 without any pre-treatment only permitted to reduce the time of the control experiment by 260 
42.6%. When the pre-treatment involved an incubation of the CRA in a solution before the 261 
use, enriching the solution with nutrients (CRA-96 NB), reduced the softening rate of the 262 
accelerator. This may be explained by the fact that nutrient rich solution favours the growth 263 
of all microorganisms in the CRA, reducing the cell load advantage of spores that have to 264 
initiate the softening. On the other hand, pre-incubating CRA-96 in simple water aerobically 265 
or in anaerobic condition, results in the hydration of the spores that favours their germination 266 
and the growth of micro flora present in a less pronounced way due to nutrient limits. 267 

 268 

Table 5. Variation of retting kinetics parameters and percentage reduction of retting time with 269 

respect to the spontaneous retting (control) obtained using different pre-treatments 270 

modalities of CRA-96 271 

Different pre -treatments TIS (h) SR RT (h) %RT 



 

modalities of CRA  (mm/h)  reduction  

Control  39.8 ± 6.6b 0.5±0.3a 62.0±11.5c 0 

CRA-96 27.4 ± 6.3a 1.2±0.6ab 35.6±2.3b 42.6 

CRA-96 ThA 38.1 ± 9.8b 0.7±0.2ab 50.3±6.1a 18.9 

CRA-96 ChA 20.4 ± 2.5a 0.8±0.0ab 30.3±2.1a 51.1 

CRA-96W  19.2 ± 0.7a 1.2 ± 0.0b 25.7 ± 0.4a 58.5 

CRA-96NB 19.5 ± 1.7a 0.9 ± 0.1ab 27.9±1.71a 50 

CRA-96: ThA= thermal activation in water at 80°C fo r 10 min; ChA = Chemical activation 272 

using ethanol 60%. BN= Pre-culture in nutrient broth. W= soaked 12h in water; RT: retting 273 

time SR: softening rate; TIS: time to initiate softening. Mean ± sd = Mean values ± standard 274 

deviation of error of means of three experiments. The means in the same column followed 275 

with different letters are significantly different at (P <.05). 276 

 277 

Retting independently of the method always resulted in cyanide content reduction (Table 6). 278 
The use of pre-treated CRA-96 did not result in higher detoxification compared to the direct 279 
use of CRA-96. Moreover, the use of CRA-96 and CRA-96 NB produce a cassava flour with 280 
HCN content of 7.86 ± 0.00 ppm and 36.3 ± 0.0 ppm respectively that was lower than that of 281 
control (52.3±0.0 ppm) (Table 6). Using CRA-96 brought to a 98.8% reduction of total 282 
cyanide contain compared to 92.% of the spontaneous retting; this reduction using the 283 
cassava retting accelerator should be associated the 33.5% reduction of the retting time 284 
achieved, while CRA-96W which induced a 53.2% reduction of the retting time only brought 285 
to a 85.8% reduction of the cyanide content (Table 6). The initial pH of the retting 286 
environment did not specifically influence the detoxification based on the present data. 287 
Cyanide reduction is known to be combination of endogen enzyme and microbial enzyme 288 
action [22, 11, 7, 23]. The best cyanide content reduction was obtained when CRA-96 289 
without any pre-treatment was used to accelerate the retting. In fact, it can be observed that 290 
pre-incubation of CRA-96 leads to inoculums with a low pH that also lowers the initial pH of 291 
the cassava fermentation batch. This may result in the reduction of linamarase activity 292 
obtains by cassava cell disintegration or by microbial growth. Ogbonnaya and Oyebuchi, [24] 293 
observed between pH 4 and 5 more than 60% of linamarase relative activity is expressed 294 
with a maximum at around pH 4.5. The fact that the initial pH does not have a direct impact 295 
on the level of cyanide reduction suggests that the endogen enzyme activity alone is not 296 
enough for the retting and the action of each group of the microorganism with their 297 
enzymatic diversity are fundamental. Although, the cyanogens residues obtained in the 298 
cassava flour were higher than the limit of 10 ppm propose by WHO in all cases except for 299 
none pre-treated CRA-96. Agbor and Mbome [25] demonstrated that steam cooking could 300 
further reduce these values to about 12% of the dry material concentration.  301 

 302 



 

Table 6.  Cyanide levels of peeled root and ferment ed cassava flour obtained 303 

after retting using different CRA-96 pre-treatments  and initial pH of the retting medium 304 

Peeled 

root/Different CRA 

pre-treatments 

Cyanide levels 

(ppm) 

cyanide levels 

reduction % 

RT (h) Initial pH of 

the retting 

medium 

Peeled root  655 ± 0.9g 0 0 - 

Spontaneous retting 52.3± 0.0c 92.0 54.9±9.3a 6.3 

CRA-96ThA 110.7 ± 0.0f 83.1 52.5±9.6a 5.2 

CRA-96ChA 90.4 ± 0.0d 86.2 30.3± 2.8c 5.2 

CRA-96 7.8 ± 0.0a 98.8 36.5±2.8b 5.3 

CRA-96W 92.7 ± 0.0e 85.8 25.7 ± 1.9c 4.8 

CRA-96NB 36.3 ± 0.0b 94.4 27.7 ± 2.7c 5.0 

CRA-96: ThA= thermal activation in water at 80°C fo r 10 min; ChA = Chemical activation 305 

using ethanol 60%. BN= Pre-culture in nutrient broth. W= soaked 12h in water; RT: retting 306 

time Mean ± sd = Mean values ± standard deviation of error of means of three experiments. 307 

The means in the same column followed with different letters are significantly different at (P 308 

<.05). 309 

4. CONCLUSION 310 
 311 
This study has shown that the use of dry fermented cassava chipsat 1% (w/v) can contribute 312 
in the acceleration of the retting time of cassava. This acceleration can also provide up to 313 
98.8% of cyanogens content reduction as compare to the fresh root and about 85% when 314 
compared to the traditional spontaneous fermentation. These results can boots cassava 315 
based foods production as this CRA can be easily implemented compared to the 316 
management of pure strains based starters. 317 
 318 



 

Acknowledgements 319 
The authors thank the australian national university-rsb, Canberra, through the Dr Howard bradbury who provide 320 
the kit b2 that help for total cyanides determination in flour sample. This publication is an output of a project funded 321 
by eu (contrat de subvention n° dci-food/2010/252-8 86), with the support of aird (agence inter-etablissements de 322 
recherche pour le développement), in the framework of the research team tqi2a (technologie, qualité et innovations 323 
agro alimentaires). 324 
 325 
Competing interests  326 
Authors have declared that no competing interests exist. 327 
  328 
Authors’ Contributions  329 
Essia Ngang Jean Justin designed the study. Nkoudou Ze performed the statistical analysis 330 
with Sado Kamdem, wrote the protocol with Bouqet Agnia and Ezo’o Mengo, and wrote the 331 
first draft of the manuscript with Sado Kamdem and Essia Ngang.  332 
Essia Ngang Sado Kamdem and Nkoudou ze  managed the analyses of the study. Nkoudou 333 
managed the literature searches. All authors read and approved the final manuscript. 334 
 335 
 336 
REFERENCES 337 
 338 

1.  J.A. Montagnac, C.R. Davis and S. A. Tanumihardj, “Nutritional Value of Cassava 339 
for use as a staple food and recent advances for improvement”, Comprehensive 340 
Reviews In Food Science And Food Safety, 2009; 181-194. 341 

2. S.C. Kobawila, D. Louembe, S. Keleke, J. Hounhouigan, and C. Gamba, “Reduction 342 
of the cyanide content during fermentation of cassava roots and leaves to produce 343 
bikedi and ntoba mbodi, two food products from Congo”, African Journal of 344 
Biotechnology. 2005; 4:689-696. 345 

3. O.K. Achi and N.S. Akomas, “Comparative assessment of fermentation techniques 346 
in the processing of fufu, a traditional fermented cassava product”, Pakistan journal 347 
of nutrition. 2006; 5: 224-229.  348 

4. J.H. Bradbury, W.D. Holloway, “Chemistry of Tropical Root Crops: Significance for 349 
Nutrition and Agriculture in the Pacific”, Australian Centre for International 350 
Agricultural Research, Monograph No. 6, Canberra, Australia, 1988. 351 

5. A.O. Onabolu, O.S.A. Oluwole, M. Bokanga and H. Rosling. “Ecological variation of 352 
intake of cassava food and dietary cyanide load in Nigerian communities”, Public 353 
Health Nutrition. 2001;4: 871–876.  354 

6. A. Brauman, S. Kéléké, M. Malonga, E. Miambi and F. Ampe, “Microbiological and 355 
biochemical characterization of cassava retting a traditional lactic acid fermentation 356 
for foo-foo (cassava flour) production”, Applied and Environmental Microbial, 1996; 357 
62: 2854-2858.  358 

7. V.M. Kimaryo, G.A. Massawi, N.A. Olasupo and W.H. Holzapfel, “The use of a 359 
starter culture on the fermentation of cassava for the production of ‘kivumde’, a 360 
traditional Tanzanian food product”, International Journal of Food Microbiology. 361 
2000; 56:179–190.  362 

8. M. Kostinek, I. Specht, V.A. Edward, C. Pinto, M. Egounlety, C. Sossa, S. Mbugua, 363 
C. Dortu, P. Thonart, L. Taljaard, M. Mengu, M.A.P. Franz and W.H. Holzapfel, 364 



 

“Characterisation and biochemical properties of predominant lactic acid bacteria 365 
from fermenting cassava for selection as starter cultures”, International Journal of 366 
Food Microbiology. 2007; 114: 342–351.  367 

9. J.B. Assanvo, G.N. Agbo, Y.E.N. Behi, P. Coulin and Z. Fara, “Microflora of 368 
traditional starter made from cassava for‘‘attieke’’ production in Dabou (Côte 369 
d_Ivoire)” Food Control. 2006; 17: 37–41. 370 

10. E. Giraud, L. Gosselin, and M. Raimbault, “Degradation of cassava linamarin by 371 
lactic acid bacteria”, Biotechnology Letter.  1992; 14: 593-598.  372 

11. V. Lei, W.K.A. Amoa-Awua, and L. Brimer, “The ability of isolates of Lactobacillus 373 
plantarum from spontaneous cassava fermentation to degrade cyanogenic 374 
glucosides”, International Journal of Food Microbiology. 1999; 53: 169–184.  375 

12. I. Ahaotu, C.C. Ogueke, C.I. Owuamanam, N.N. Ahaotu and J.N. Nwosu, “Protein 376 
improvement in gari by the use of pure cultures of microorganisms involved in the 377 
natural fermentation process” Pakistan Journal of Biology. Science. 2011; 14: 933–378 
938.  379 

13. V.A. Edward, M. Egounlety, M. Huch, J. Petrus, S.V. Zyl, Singh, D. Naledzani, 380 
Nesengani, M.V. Haakuria and M.A.P. Franz, “Isolation and screening of 381 
microorganisms from a gari fermentation process for starter culture development” 382 
African Journal of Biotechnology.  2012; 11: 12865-12877.  383 

14. V.O. Njoku and O. Chidi, “Assessment of some fermentation processes of cassava 384 
tubers”, International Archive of Applied Sciences and Technology. 2010; 1: 20–25. 385 

15. M.G. Bradbury, S.V. Egan, and J.H. Bradbury, “Picrate paper kits for determination 386 
of total cyanogens in cassava roots and all forms of cyanogens in cassava 387 
products”, Journal of the Science of Food and Agriculture. 1999; 79: 593–601.  388 

16. S.V. Egan, H.H. Yeoh and J.H. Bradbury, “Simple picrate paper kit for determination 389 
of the cyanogenic potential of cassava flour”, Journal of the Science of Food and 390 
Agriculture. 1998; 75: 258-262.  391 

17. J. Baranyi, and T.A. Roberts, “A dynamic approach to predicting Bacterial growth in 392 
food”, International Journal of Food Microbiology. 1994; 23: 277-294.  393 

18. O.B. Oyewole and Odunfa, “Extracellular enzyme activities during cassava 394 
fermentation for « fufu » production”, World journal of Microbiology and 395 
Biotechnology. 1992; 8:71-72,  396 

19. K.C. Abodjo, G.S. Tagro, K. Olo, K.F. Akissi, N.R. Koffi, and C.M. Koussemon, 397 
“Biochemical and microbial changes during traditional spontaneous lactic acid 398 
fermentation process using two varieties of cassava for production of a “Alladjan” 399 
starter”,  International Food Research Journal. 2010; 17:563-573.  400 

20. C. Abriba, Effiom, E. Henshaw, J. Lenox, M. Eja, S. Ikpoh, L. Ikpoh, Bassey, E. 401 
Agbor, “Microbial succession and odour reduction during the controlled fermentation 402 
of cassava tubers for the production of ‘foofoo’, a staple food consumed popularly in 403 
Nigeria”, Journal Microbiology and Biotechnology Research. 2012; 2:500-506.  404 



 

21. W.K.A. Amoa-Awua, and M. Jakobsen, “The role of Bacillus species in the 405 
fermentation of cassava”, Journal of Applied Bacteriology. 1995; 79:250–256.  406 

22. W.K.A. Amoa-Awua, O. Filtenborg, S. Sefa-Dedeh, M. Jakobsen, “The contribution 407 
of moulds and yeasts to cassava dough ‘Agbelima’ fermentation”, Journal of Applied 408 
Microbiology. 1997; 83:288– 296. 409 

23. B. Nambisan, “Strategies for elimination of cyanogens from cassava for reducing 410 
toxicity and improving food safety”, Food and Chemical Toxicology. 2010; 411 
doi:10.1016/j.fct.2010.10.035. 412 

24. E.M. Obilie, T.D. Kwaku and W.K. Amoa-Awua, “Souring and breakdown of 413 
cyanogenic glucosides during the processing of cassava into akyeke” International 414 
Journal of Food Microbiology. 2004; 93:115–121. 415 

25. N. Ogbonnaya and A.F. Onyebuchi, “Linamarase Enzyme from Lactobacillus 416 
delbrueckii NRRL B-763: Purification and Some Properties of a β-Glucosidase”, 417 
Journal Mex. Chem. Soc. 2011; 55: 246-250.  418 

26. E.T. Agbor, I.L. Mbome, “The effects of processing techniques in reducing cyanogen 419 
levels during the production of some Cameroonian cassava foods”. Journal of Food 420 
Composition and Analysis. 2006;19: 354–363,  421 

 422 
 423 
 424 

 425 


