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The overall kinetics of retting, a spontaneous fermentation of cassava roots performed in central Africa, was 
investigated in terms of microbial-population evolution and biochemical and physicochemical parameters. 
During the traditional process, endogenous cyanogens were almost totally degraded, plant cell walls were lysed 
by the simultaneous action of pectin methylesterase and pectate lyase, and organic acids (C, to C,) were 
produced. Most microorganisms identified were found to be facultative anaerobes which used the sugars 
(sucrose, glucose, and fructose) present in the roots as carbon sources, After 24 h of retting, the fermentation 
reached an equilibrium that was reproducible in all the spontaneous fermentations studied. Lactic acid 
bacteria were largely predominant (over 99% of the total flora after 48 h) and governed the fermentation. The 
epiphytic flora was first replaced by Lactococcus lactis, then by Leuconostoc mesenteroides, and finally, at  the end 
of the process, by Lactobacillus plantarum. These organisms produced ethanol and high concentrations of 
lactate, which strongly acidified the retting juice. In addition, the rapid decrease in partial oxygen pressure 
rendered the process anaerobic. Strict anaerobes, such as Clostridiurn spp., developed and produced the volatile 
fatty acids (mainly butyrate) responsible, together with lactate, for the typical flavor of retted cassava. Yeasts 
(mostly Candida spp.) did not seem to play a significant role in the process, but their increasing numbers in 
the last stage of the process might influence the flavor and the preservation of the end products. 

Natural fermentation of plant material is widely used .in 
underdeveloped countries to transform and preserve vegeta- 
bles because of its low technology and energy requirements 
and the unique organoleptic properties of the final product 
(12). In the case of cassava root, a tuber crop cultivated in most 
of the tropical world, the fermentation prevents the roots from 
rapid spoilage after harvest. Cassava roots are more perishable 
than other tuber crops, such as yam and sweet potato (41). The 
fermentation of cassava roots, called retting, allows the reduc- 
tion of potentially toxic endogenous cyanogens, which are 
present in variable concentrations (300 to 500 ppm) (14), and 
improves their palatability for further processing. Retting of 
cassava entails steeping roots in water for 3 to 4 days. During 
the consequent fermentation, roots are softened (34), the en- 
dogenous cyanogenic glycosides (linamarin and lotaustralin) 
are degraded (3), and characteristic flavors develop (1, 36). In 
the West and in Asia, retting is used for the treatment of 
certain Malvaceae, such as linen flax (7), and other plants, such 
as cucumber (39). In central Africa, the retted roots are mainly 
processed into foo-foo (cassava flour) or chickwangue (cassava 
bread or stick) (47). These products provide almost 50% of the 
caloric intake of the population (47). Despite the economic 
importance of these processed products, most of the published 
work on cassava retting has focused on the detoxification of the 
cyanogenic glycosides during fermentation (2,3,14,27) or the 
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influence of bacterial inoculation on foo-foo flavor and root 
softening (1,34,36). In previous studies on the microbiological 
aspects of this fermentation for production of foo-Eo0 (34) or 
related products (9, 37), aerobic or air-tolerant microorgan- 
isms were counted or isolated but strict anaerobes were noi 
considered. Measurement of some physical and biochemical 
changes has also been performed (33,35,37,38), but none of 
these studies included any kinetic measurement of biochemical 
changes during retting (e.g., enzyme activities, substrate con- 
sumption, synthesis of fermentation products), and such mea- 
surements are required to demonstrate the role of the micro- 
organisms isolated and to give an overall understanding of the 
process. 

Therefore, to provide a basis for understanding the miL.ro 
biology of this fermentation, which is needed to improve thc. 
quality of this important staple food, we monitored simulta- 
neously (i) the physicochemical environment, (ii) the compo- 
sition of the microbial community, (iii) the substrates and 
products, and (iv) the overall activities of the depolymerizing 
enzymes involved in cassava retting. 

MATEXIALS AND METHODS 
Origin of the plant material. Cassava roots (Manihot e s c i h m  var. R.I>YIShl 

were harvested near Brazzaville, Congo, 15 months after planting. 
Retting procedures. Approximatively 100 kg of roots was washed, peeled, anrl 

placed in a 200-liter barrel filled with rainwater, which was left at ambient 
temperature. This retting procedure was repeated four times, always yielding 
similar results; the data presented are from a single representative retting. 

Sample preparation for bacterial enumeration. Sampling was performed every 
12 h for the first 2 days and then daily until retting was completed. Six randomly 
selected root sections were cut ¡nt0 0.5-cm-diameter cubes and mixed under 
sterile conditions. A 60% sample was diluted in 540 ml of sterile peptonized 
water reduced by boiling and addition of cysteine-HCl (0.1% [wt/vol]); this 
corresponded to a lo-' dilution. The solution was then mixed in a blender 
(Turnmix ME 88; SOFRACA Bioblock, Strasbourg, France) and serially diluted 
in sterile peptonized water for aerobic counts or, for anaerobic counts, in an- 
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FIG. 1. Evolution of some physicochemical parameters in cassava roots dur- 
ing retting. Symbols: O, p 0 2  (mdliter); A, pH; ., penetrometric index (PI). 

aerobic Hungate tubes containing 9 ml of sterile water reduced with 0.1 ml of 
Na$ * 9H20 (5%) and gassed with C02-N2 (2080) as previously described (23). 

Bacterial enumeration. Two types of enumeration were performed. The first 
method, bacterial most-probable-number determination, involves bacterial growth 
!i liquid culture for the enumeration of glucose- or lactose-fermenting bacteria 
(BFB and LFB, respectively). Successive dilutions were inoculated (three tubes 
per dilution) using strict anaerobic techniques (21). Most-probable-number val- 
ues were obtained by using McCrady's tables (28). The second method involves 
plate counts on solid medium. A 0.1-ml sample of an appropriate dilution was 
inoculated in triplicate on solid medium. All the plates were incubated at 30"C, 
and the numbers of CFU were determined after 48 and 72 h of incubation. 

Media and characterization of the isolates. GFB and LFB were enumerated in 
liquid medium containing (per liter) 0.5 g of trypticase, 0.5 g of yeast extract. 0.5 g 
of cysteine-HCl, 0.1 g of sodium acetate, 0.005 g of resazurin, 20 ml of Widdel 
mineral solution (48), 1 ml of trace-element solution (48). and either 2 g of 
glucose (for GFB) or 5 g of lactate (for LFB). The anaerobic Hungate technique 
í? l )  modified by the use of syringes (26) was employed throughout this study. 
:?ter being boiled the medium was cooled under a continuous flow of 02-frce 
N2, adjusted to pH 7.2. dispensed in 9-ml aliquots into Hungate tubes, and then 
reduced with 0.1 ml of Na,S. 9H20  (5%). The tubes were gassed with COI-N2 
(2O:SO) and sterilized (35 min at 110°C). 

Lactic acid bacteria (LAB) were enumerated on MRS agar medium (13) 
supplemented with 0.1% aniline blue. Plate enumeration was preferred to the 
liquid-culture method because it facilitated the isolation and further character- 
ization of the strains involved in the process. A 0.1-ml sample of each appropri- 
ate dilution was placed in a covered petri dish with agar medium and kept at 
45°C. Subcultures were further purified by repeated plating. Strains were iden- 
tified using the criteria previously described (18). 

For yeast enumeration, 0.1 ml of each appropriate dilution was spread (in 
1. olicate) on potato dextrose agar (40 dlitcr), pH 3.5, containing 50 mg of 
c:i!oramphenicol per litcr. Subcultures were further purified by repeated plating 
on potato dextrose agar. Isolates were characterized to the genus level according 
to the criteria of Lodder (24) and Barnett et al. (4). API tests (API 5030 strips; 
Biomérieux, Marcy I'Etoilc, France) were used for the determination of carbo- 
hydrate sources. 

Resistance to cyanide was determined in the following manner. Filter-steril- 
¡zed potassium cyanide was added to MRS broth at the following concentrations: 
o, 100,200,300,500,650, and 1,000 ppm. After cyanide addition, the media were 
adjusted to pH 7.5 and then inoculated with the following Strains: ~nctococctis 
lactir, Leiicoiiosroc nieseizteroirles, and Lrrciulmc¿llirs plantannn. After 48 h at 
30°C bacterial growth was quantified spectrophotometrically at GOO nm. 

Physicochemical parameters. (i) pH and p02 of retting juice. A 50-ml sample 
O! retting juice was collected for estimation of pH (measured with a CG 838 pH 
meter from SCHOTT Geräte, Mainz, Germany) and oxygen partial pressure 
(PO,) (measured with an OX1 91 from WTW, Weilhein, Germany). - -, ~ 

(ii) Penetrometrv index. The Denetrometrv indcx was used as an indicator of 
root softening duri& retting. A ienetrometc; (model 10-SUR; PNR, Berlin) was 
used on six randomly cut sections according to a published procedure (1). 

(iii) Cyanide content. Total and free cyanide was assayed by enzymatic meth- 
ods according to a published procedure (19). 

(iv) Sugars and metabolites. The concentrations of sugars, volatile fatty acids, 
lactate, and ethanol in the roots were assayed by high-pressure liquid chroma- 
tography (Thermo Separation Products, San Jose, Calif.). Columns (Bio-Rad 
Laboratories, Richmond, Calif.) were as follows: (i) 11 fast carbohydrate column 
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with a O.G-llll/nlin flow of ultrapure water (pH 6) at 70"C, for monosugar analysis; 
(i¡) 811 Antincs HPX42A column With a 0.3-nWmin flow of ulttapt!rc wntcr (pH 
6) at 70"C, for analysis of polysaccharidcs with dcgrecs of polymerization of 2 to 
10; and (iii) an Aminex FII'X87H column with a O.8-ml/min flow of H,SO, (6 
mM) at GOOC, for analysis of organic and volatilc fatty acids. A rehectometer was 
used for dctcctiori (RefracloMoiiitor IV; Thermo Separation Products). 

En~yrne assays. (i) Enzynle crude extracts. An 80-ml sample of 0.1 M citrate 
buffcr, pH 6.5, was nddcd IO 40 g of cassava pulp, which was thcn homogenized 
in a Waring blcnder, kept ovcrnight at 4"C, and thcn centrifuged at 12,000 X g 
for 30 min. Thc supernatant was lyophilizcd and thcn resuspended in 0.1 volumc 
of citrate buKcr. 

(i¡) Linanlarase. Linani:irase activity was nicasured by using the chromogenic 
substrate p-nitrophenol-ß-D-glucopyranoside (20 mM) in 0.1 M sodium phos- 
phatc assay buffer, pH G.8, for 1 h at 25°C. The reaction was stopped by addition 
of an equal volume of 0.2 M sodium borate (pH 9.8), and p-nitrophenol was 
quantified spectrophotoinctrically at 400 nm (20). One unit of activity was de- 
fined as the amount releasing l pmol ofp-nitrophenol per min. 

(iii) Cellulase and xylanase. The activities of cellulase and xylanase were 
assayed by incubation of 100 $1 of retting juice with 100 FI of substrate and 50 
p1 of MacIlvaine buffer at pH 5.8 and 4.4 (25). Reducing sugars were determined 
by the Somogyi-Nelson proccdure (32,42). The substrates were microcrystalline 
cellulose (100 mgml) and Xylane (18 mdml). One unit of activity was defined as 
the amount releasing 1 pmol of glucose or xylose equivalent per min. 

(iv) Pectin methylesterase. Pectin methylesterase was assayed by titration as 
previously described (2). One unit of activity was defined as the amount neu- 
tralizing 1 pmol of COO- per min. 

(v) Polygalacturonate lyase. This enzyme was assayed by the change of absor- 
bance at  235 nm according to the procedure of Starr et al. (43). One unit of 
activity was defined as the amount forming 1 pmol of one unsaturated bond 
(between C-4 and C-5 in the galacturonide) per min. 

(vi) Polygalacturonase. This enzyme was assayed by viscosimetry as previously 
described (2). One unit of activity was defined as the amount releasing 1 $mol of 
hexose per min. 

(vii) Protein content. Protein content was estimated by a published method 
(5), with serum albumin as a standard. 

RESULTS 

Physicochemical environment. From the first hours of ret- 
ting, a lowering of pH and a rapid drop in p 0 2  occurred in the 
retting juice (Fig. 1). After the second day of fermentation, 
both parameters stabilized (to around pH 4.5 and 0.05 mg of 
oxygen per liter, respectively). After the second day of retting, 
the plant cells altered considerably, inducing the softening of 
the roots as evidenced by the increase in the penetrometry 
index (Fig. 1). The cell walls were progressively lysed, releasing 
starch grains into the retting juice, which gave the retting 
medium a characteristic white color. Despite the destruction of 
the plant cells, loss of dry matter during the process was low 
(<20% of total dry matter) (data not shown). 

Cyanogenic compounds. Cyanide compounds responsible 
for the toxicity of cassava roots were assayed throughout the 
process. Linamarin, the main cyanogenic glycoside, was highly 
degraded (95%) after 4 days of retting. An appreciable de- 
crease in cyanogen content was found after 2 days of fermen- 
tation, which could be attributed to the pH decrease within the 
roots. The residual cyanogen in the last stage of retting (50 
ppm) was almost entirely in the form of cyanohydrin or free 
cyanide. 

Microflora. The composition of the microflora was esti- 
mated throughout the process (Table 1). Because of the anoxic 

TABLE 1. Evolution of microflora during cassava retting 

Microflora 
constituent 

log,, cells per g (dry wt) at time (h): 

12 24 36 48 GO 72 o 
~- ~ ~ ~ 

GFB 4.4 ND" 8.7 ND 12 12 12 
LAB 4.2 7.0 7.1 S.S 9 12 12 
LFB 4.2 ND 3.5 ND 3.5 ND 2.9 
Yeasts 4 ND 0.5 ND 2.3 ND 3.1 

ND, not detcrmincd. 
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TABLE 2. Sugar and metabolite contents of 
cassava roots during retting 

Sugar or 
metabolite 

Sugars degraded 
Maltotriose 
Maltose 
Sucrose 
Glucose 
Fructose 

Content (&/IO0 g [dry wt]) at time (II): 

O 12 24 36 48 60 72 

0.02 0.02 ND" 0.02 0.04 0.05 ND 
0.02 0.11 ND 0.03 0.11 0.06 0.008 
4.21 3.31 3.49 0.45 0.33 0.32 ND 
1.26 1.21 1.52 1.35 1.22 0.77 0.63 
0.96 0.92 1.2 0.95 0.59 0.39 0.51 

Products 
Lactate ND 0.2 0.23 1.28 2.03 1.36 0.93 
Acetate 0.08 0.10 0.25 0.47 0.47 0.26 0.23 
Propionate ND ND 0.02 ND 0.11 0.06 0.03 
Butyrate ND ND ND 0.13 0.15 0.23 0.38 
Ethanol ND 0.05 0.13 0.16 0.18 0.16 0.23 

ND, not detected. 

conditions (Fig. l), particular attention was given to the facul- 
tative and strict anaerobes. Results show that the microflora 
consisted of facultatively anaerobic fermenting bacteria (GFB) 
numbering between lo9 and lo1* cells per g (dry weight). 
Among them, LAB were predominant. They had reached lo7 
cells er g (dry weight) after 12 hours of fermentation and 

then accounted for more than 99% of the total microflora. 
Similar results were found when the enumeration was per- 
formed with the retting juice instead of the roots. 

One hundred and four LAI3 strains were isolated and fur- 
ther characterized. An evolutionary trend in the composition 
of the LAB population during retting was found. This was 
reproducible in the four rettings studied. In the roots, LAB 
represented the main epiphytic flora (67% of total fermenting 
bacteria). Several species were identified and their relative 
importance (percentage of total LAB) estimated; they were 
Lactobacillus coprophilus (53.3%), Lactobacillus delblueckii 
(13.3%), Lactobacillus fermentum (6.7%), Leuconostoc mesen- 
teroides (20%), and Lactococcus lactis (6.7%). In the first step 
of the fermentation, this flora was supplanted by Lactococcus 
lactis (65% at 24 h) and then by the heterofermenting LAB 
Leuconostoc mesenteroides, which accounted for 59 and 71% of 
total LAB after 48 and 72 h, respectively. In the final stage, we 
observed a significant increase in the homofermenting popu- 
lation (mainly Lactobacillus plantarum), which could represent 
up to 100% of total LAB after 8 days of fermentation. The 
effect of free cyanide on LAB growth was investigated with the 
three most representative strains of the process: Lactococcus 
lactis, Leuconostoc mesenteroides, and Lactobacillus plantaluum. 
The three strains were resistant to free cyanide at growth 
medium concentrations of up to 100 ppm. Lactococcus lactis 
was found to be the most resistant (still growing with 650 ppm 
of cyanide), followed by Lactobacillus plantalum (maximum 
resistance, 400 to 500 ppm) and Leuconostoc mesenteroides 
(maximum resistance, 100 to 200 ppm). 

Strict anaerobes were enumerated on lactate (LFB) as the 
numerous LAB prevented the use of other substrates, such as 
sugars, for enumeration. The production of relatively high bu- 
tyrate concentrations together with the presence of sporulated 
rods in the counting tubes strongly suggested the presence of 
Clostridium spp. The isolation of strains with phenotypes close 
to that of Clostridium butyn'cum has confirmed these observa- 
tions (22). 

Yeasts appeared only after 48 h, their numbers increasing to 

>lo1 P cells per g (dry weight) at the end of the process; LAB 
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a maximum of lo3 to IO5 CFU per g (dry weight) at the end of 
the process. All the strains found belonged to the genus Can- 
dida. 

Substrates and products. Sucrose was the main and pre- 
ferred growth substrate for all of the microorganisms. Of the 
initial sucrose content (4.21 d100 g [dry weight]), 90% was de- 
graded during the first 36 h (Table 2). In the same time period, 
the glucose and fructose concentrations remained fairly con- 
stant. These monosaccharides were then slowly metabolized, 
The presence of other oligosaccharides was also investigated. 
Only a little maltose and maltotriose were detected, and their 
concentrations did not vary significantly during the fermenta- 
tion. In parallel with sucrose degradation, the accumulation of 
fermentation products in the medium was observed (Table 2). 
High amounts of lactate (2.03 g/lOO g [dry weight]) and, to a 
lesser extent, acetate (0.47 dl00 g [dry weight]) were produced 
during the first 2 days of fermentation. In the same period of 
time, ethanol was also produced (0.18 g/100 g [dry weight] after 
2 days). After 36 h, butyrate was detected in the roots. During 
the third day of fermentation, the concentrations of lactate and 
acetate decreased to 0.93 and 0.23 g1100 g (dry weight), re- 
spectively, whereas the ethanol concentration remained con- 
stant and the butyrate concentration increased gradually to 
reach 0.38 dl00 g (dly weight) at the end of the fermentation. 

Enzymatic activities. Depolymerizing and detoxifying en- 
zymes were assayed throughout the fermentation (Table 3). No 
cellulase or xylanase activity was found. High pectin methyles- 
terase activity was found from the onset to the end of the 
process (1,400 to 2,200 U/100 g [dry weight]). Significant 
polygalacturonate lyase activity was found after 24 h and until 
the end of the fermentation (24 and 45 U/lOO g [dry weight], 
respectively). Endopolygalacturonase activity was also detect- 
ed, but the levels found were low and not reproducible. 
Linamarase activity was high (50 U/100 g [dry weight]) during 
the first 2 days of fermentation and slowly decreased until the 
end of the process (8.5 U/lOOg). 

DISCUSSION 

The results presented here provide the first overall kinetic 
study of cassava spontaneous fermentation. Cassava fermenta- 
tion was shown to be a complex microbial process in which a 
small amount of LAB rapidly replaced the epiphytic microflora 
and governed the retting of cassava roots. This dominance 
within the fermentation process could be explained by several 
factors. (i) As facultative anaerobes, LAB could develop from 
the onset of retting, when oxygen was still present in the me- 
dium, and thanks to their high growth rates on the fermentable 
sugars present (sucrose, glucose, and fructose), they could 
overcome the other flora. (ii) LAB produced high amounts of 
lactic acid, leading to a rapid drop in pH to around 4.5 as 
previously found during the preparation of foo-foo (34,35) or 
lafun, a similar product (37); the environment then became 
selective against less acid-tolerant microorganisms, as occurs 
during sauerkraut fermentation (40). (iii) LAB strains isolated 

TABLE 3. Enzyme activities in cassava roots during retting 

Activity (pmol/min . 100 g [dry wt]) at time (h): 

O 24 48 72 96 
Enzyme 

~- 
Pectin methylesterase 1,414 1,616 1,869 2,070 2,171 
Polygalacturonate lyase ND" 24 54 45 15 
Linamarase 50 55 31.5 22 8.5 

ND, not detected. 
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were wcll adapted to this toxic cnvironnient, as thcy wcrc all 
resistant to frce cyanidc at high concentrations (100 ppm) 
which inhibitcd other acrobic organisms. (iv) In addition, 
strains of Lacfococcils lactis isolated during the fcrnientations 
clescribcd here werc found to produce bacteriotoxins (data not 
shown), anothcr way to limit the dcvelopmcnt of othcr micro- 
organisms. 

As far as LAB are concerned, a three-step microbial succes- 
sion trend was observed: the epiphytic homofermenting micro- 
flora was rapidly supplanted by Lactococcirs lactis and thcn by 
the heterofermenting Leuconostoc meseiiteroides, which gov- 
erned the process. Finally, Lactobncilliis plaritar~irn became the 
dominant flora in the last hours. The same pattern was ob- 
served in earlier studies of foo-foo (34) and lafun production 
(37). However, the production of ethanol and acetate, together 
with the dominance of Le~~conostoc mesenteroides within the 
fermentation, makes the heterofermenting part of the process 
more important than previously thought (34, 36). This pattern 
of population succession was observed in other vegetable fer- 
mentations, like those of cucumber (39) and sauerkraut (12, 
40). The dominance of heterofermenting LAB (Leizconostoc 
rizesenteroides) over homofermenting lactobacilli in cassava 
roots is a general feature of plant materials (12). The rapid 
growth of Lactococciis lactis in the early stage of retting could 
!le due to its high resistance to cyanide together with its 
 nam ma rase activity. Its comparatively low, growth-limiting in- 
ternal pH and its ability to maintain a pH gradient at high 
organic acid concentrations contribute to the ability of Lacto- 
bncilliisplaritari)r7i to terminate these plant fermentations (29). 
Moreover the lower growth rate of this species on cassava as 
compared with those of the other LAB (17) may explain why 
this species was not present in the earlier stage of the process. 

Our results also show that in cassava fermentations in which 
sucrose, glucose. and fructose are present simultaneously, su- 
'rose is the preferred substrate. Growth of LAB on mistures of 
~ c r o s e  and either glucose or fructose is not known, and this is 
the first evidence that sucrose inhibits glucose and fructose 
consumption in vivo. Such a preference for a disaccharide was 
previously observed during growth of Lactococciis lactis on 
lactose-galactose mixtures; lactose was degraded prior to ga- 
lactose when it was transported via its phosphotransferase 
system (46). In Lactococciis lmtis and Streptococcus rizritirris, 
sucrose is mainly transported through a high-affinity phospho- 
transferase system (45), but further evidence is needed before 

mclusions about the mechanisms responsible for substrate 
(eferencc with mixtures of sucrose and cither glucose and 

tructose can be made. 
Another major characteristic of the rettings described here 

was the very rapid drop in p02. The installation of reducing 
conditions enabled the anaerobic microflora to develop. These 
anoxic conditions have not been reported before but clearly 
explain the disappearance of the epiphytic molds observed by 
Oyewole and Odunfa (37) and confirm that organisms such as 
Geotriclziiriz spp. cannot play a significant role in retting, con- 
trary to the suggestion of Collard and Levi (9). 

The importance of strict anaerobes, which had not been 
previously investigated, was demonstrated in this study both 
through the production of typical fermentation products (bu- 
tyrate and, to a lesser estent, propionate) and the isolation of 
Clostridiiini spp. (22). Contrary to the other major fermented 
vegetables, for which the presence of butyric acid-forming clos- 
tridia is seen as an indication of spoilage, in cassava retting, 
these organisms contribute to the flavor of cassava fermented 
products. They might also play an important role in the de- 
struction of plant cell walls, as strains with pectinolytic &vi- 
Lcs have becn isolated. Previous reports have indicated the 
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prcscnce of clostridia in the retting of lincn flax (Clostridiuni 
felsirieiirll) and hemp (7) and in the latter stage of the lactic 
acid fernicntation of olivcs (15) but not in cassava retting. 
Clostridia such as C. birfyriciur7 could resist the acidic condi- 
tions of retting, as acid-producing clostridial strains are still 
able to grow at low pH (pH 4.5) in the presence of 5 g of 
butyrate or acetate per liter (11). Butyratc, propionate, and 
ethanol seem to be characteristic of retting, since these prod- 
ucts were not detected in other cassava fermentations, such as 
that used for gari preparation (44). 

Yeasts only appearcd at the end of retting and could play an 
important role in the case of prolonged storage. However, 
contrary to previous suggestions (9,34,37), they could not play 
a significant role in thc fermentation process. 

Retting allowed the elimination of more than 90% of en- 
dogenous cyanide compounds in the roots. This elimination 
mostly occurred after 48 h, when the endogenous cassava 
linamarase reached its optimum pH (5.5 [lo]). LAB linama- 
rase may participate in the degradation (this work), and the 
bacterial pectinases have also been shown to help the process 
(2). Interestingly, the removal of linamarin during retting was 
slower than that observed during the fermentation of cassava 
for the production of gari, in which it was eliminated in less 
than 5 hours (16). In the case of the preparation of gari, prior 
grating favored the contact between the linamarase, located in 
the plant cell walls, and its substrate (linamarin), located in the 
cell vacuoles (30). On the other hand, the slower fall in pH 
compared with that observed during gari production allowed a 
greater dissociation of the cyanhydrin into free cyanide, a pro- 
cess which is inhibited at pH values below 5.5 (10). Total free 
cyanide levels measured in the retted root at the end of fer- 
mentation (between 10 and 60 ppm) were comparable to those 
measured in similar fermentations (14, 44). They remained 
higher than the maximum recommended intake (10 ppm) (6, 
S). However, in the production of chickwangue and foo-foo, 
retted roots are subjected to subsequent processes which fur- 
ther decrease their free cyanide content to 6 to 8 ppm (47). 

Softening allows further processing of cassava roots. The 
presence of high pectinase activities together with the absence 
of cellulase and xylanase indicated that the former are respon- 
sible for the softening. However, the presence of pectin meth- 
ylcsterase has already been reported in traditional rettings (35) 
and in an artificial inoculation of cassava with Coryrzebacteriiir~z 
spp. (34). As was the case for linen flax (31), cassava softening 
can be characterized by thc dissociation of cellulose fibers from 
their pectin ccment because of the action of enzymes, such as 
hydrolases and lyases, on the pectin glycosidic linkages. The 
fact that softening began on the second day of retting indicates 
that the bacteria responsible for this phenomenon were acid- 
tolerant anaerobes. The recent isolation of pectinolytic Clos- 
tridiiiriz spp. (22) supports this hypothesis. 

From all these results, spontaneous cassava fermentation 
can bc seen as the combination of a typical natural heterolactic 
acid fermentation of a plant material, such as cucumber or 
sauerkraut, and a spontaneous retting (i.e., softening) resem- 
bling that of linen flax. 
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