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Abstract: The modi®cations occurring during the fermentation (at 20 or 35°C) and drying (under the

sun or in an oven at 40°C) of maize ¯our (ogi) and cassava starch along with their expansion ability

during baking were characterised and compared. A high temperature accelerated the fermentation but

favoured lactic acid synthesis for maize ogi and butyric acid for cassava starch. The increase in acidity

was higher for maize, but dried maize ogi did not evidence any expansion ability whatever the

experimental conditions. Cassava starch that had been fermented at 20°C then sun-dried presented

the highest expansion ability. It was associated with low paste viscosities and high swelling and

solubilisation values. When the fermentation was carried out at 35°C, an annealing of cassava starch

occurred that delayed starch gelatinisation and which could be involved in its lower baking expansion

ability.
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INTRODUCTION
Cassava and maize are widely consumed starchy crops

in tropical countries. Their traditional processing often

involves a natural lactic acid fermentation, responsible

for the speci®c functional properties and/or required

organoleptic characteristics of the end-product.

Sour cassava starch is traditionally produced in

Brazil and Colombia through the natural lactic acid

fermentation (20±30 days) of the wet extracted starch

followed by sun-drying.1,2 It is used for preparing

typical expanded products (dried snacks or cheese

brioche) with alveolar crumb structure. Expansion

occurs during the baking of a sour cassava starch-

based dough but is much less important with native

non-fermented cassava starch.3 Brioche and snack

expansion results in two phenomena: the gas produc-

tion (the driving force) linked to water vaporisation or

CO2 desorption that can be produced and sorbed

during starch fermentation4 and the presence of a

surface-active material that can trap the gas bubbles.

For sour cassava starch this function should be realised

by the gelatinised starch itself as no surface-active

material is added to the dough before baking. Thus the

functional properties of sour cassava starch are of great

importance to explain its baking expansion. Indeed,

the unique expansion ability of sour cassava starch was
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shown to be linked to the decrease in hot starch paste

viscosity1±5 and the macromolecule degradation dur-

ing processing.5,6

In Africa, particularly in the Guinean zone, ogi and

maweÂ are obtained through the natural lactic acid

fermentation of wet maize ¯ours for 2±5 days and are

used for preparing porridges and thick pastes.7±10 The

fermentation slightly modi®es the pasting properties of

maize ¯ours.11

Although fermented cassava starch (in Latin

America) and maize ¯ours (in Africa) are widely

known and consumed, their economical development

is still limited owing to their regional speci®city and

small-scale processing. Improving the control, mainly

of the fermentation and sun-drying steps, would allow

standardisation and scaling-up of the production. In

addition, transferring the sour cassava starch technol-

ogy to Africa and applying it to other starchy crops

such as maize would contribute to add value and

diversify the use of indigenous African raw materials.

This paper aims at comparing the physicochemical

and functional changes occurring during the natural

fermentation and drying of cassava starch and maize

¯our. The traditional processing conditions encoun-

tered in Latin America (20°C) and Africa (35°C) were

reproduced in the laboratory, and two drying proce-
ted 6 December 1999)
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dures, ie oven- and sun-drying, were tested. The end-

products were compared for their chemical charac-

teristics, pasting behaviour and baking expansion

ability.
MATERIALS AND METHODS
Raw materials
Maize grains (GbogboueÂ cultivar) were obtained from

the Center for Research for Food Crops in Benin.

Cassava starch was extracted in a small-scale plant in

Colombia by washing, peeling and rasping the roots;

starch was drained off through sieving the mash under

running water. After 24h of decantation, the top liquor

was discarded. The major part of the sediment was air-

dried at ambient temperature, sheltered from the sun,

to obtain native cassava starch. The rest was processed

traditionally, ie allowed to ferment in excess water for

20 days, the top liquor discarded and the sediment

sun-dried; the obtained sour cassava starch was used

as reference.

Experimental conditions
Wet-milled maize ¯our (ogi) was prepared in the

laboratory by precooking of maize grains and then

soaking in water for 18h at room temperature. After

grinding, the maize mash was wet-sieved with a

315mm mesh; the ogi was recovered after decantation

of the ®ltrate.11 Both ogi and native cassava starch

were rehumidi®ed in the laboratory, by immersion in

excess spring water (Volvic, France; 100g water per

27g dry matter), then covered and allowed to ferment

naturally at either 20 or 35°C for 15 days. After

fermentation, the sediments were either oven-dried

(24h at 40°C) or sun-dried for 10±12h. In the latter

case the product was laid out to a thickness of 5mm;

the temperature of the product ranged between 30 and

50°C and the received solar radiation energy during

drying was 2.5±3.5kJcmÿ2. Two replications were

performed for each experimental condition. An

analysis of variance was performed for each variable

using Statitcf software (ITCF, Boigneville, France);

the signi®cance of the main effects (raw material,

fermentation temperature and drying conditions) was

tested and the standard deviation was calculated from

the standard error of the residual.

Chemical analysis
Starch content was determined through enzymatic

hydrolysis according to Mestres et al. 12 Protein and

free lipid contents were determined respectively by the

Kjeldahl method (N�6.25) and Soxhlet extraction

with ether.13 The pH value and titratable acidity were

measured on the fermentation supernatant according

to Nago et al. 11 Organic acid and ethanol contents

were determined by HPLC using an HPX87H column

(Biorad, Hercules, USA) eluted at 60°C with 5mM

sulphuric acid6 with refractometric and UV 210nm

detectors.
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Thermal analysis
Differential scanning calorimetry (DSC) was per-

formed using a Perkin Elmer DSC7 device (Perkin

Elmer, Norwalk, USA). The hermetic inox pans for

sample (10mg of sample and 50ml of distilled water)

and reference (60ml water) were heated from 25 to

160°C at a scanning rate of 10°Cminÿ1, held at

160°C for 2min and then cooled to 50°C at 10°C
minÿ1.

Pasting behaviour
Hot paste viscosities were assessed using a Rapid Visco

Analyzer (Newport Scienti®c, Narrabeen, Australia)

on 7.1 percent dry matter suspensions in 0.2M acetate

or phosphate buffer (pH 4 or 7 respectively) by heating

to 95°C and then cooling to 50°C according to

Mestres and Rouau.6 The measured parameters were

the pasting temperature, the peak viscosity and

temperature, the viscosity at the beginning of the

plateau at 95°C (V95b) and the ®nal viscosity at 50°C
(V50).

Swelling and solubility determination
The dry matter (0.70g) was dispersed in distilled water

(total mass adjusted to 28g) and cooked within the

Rapid Visco Analyzer (RVA). The dispersion was

heated from 35 to 75°C at 6°Cminÿ1 and then held at

75°C for 2.5min with constant mixing at 160rpm.

The paste was immediately transferred to a 50ml

centrifuge tube. After centrifugation for 5min at

5000�g and 25°C, the supernatant and sediment

were collected and weighed. They were dried at 100°C
for 24 and 48h respectively and then weighed (dry

matter (DM)). Three parameters were calculated as

previously described:14 the concentration of solu-

bilised material in the supernatant (SM), the swelling

power (G) and the volume fraction of the dispersed

phase (f).

Baking expansion assessment
The expansion ability was evaluated using a protocol

derived from the one used by Dufour et al. 3 for sour

cassava starch in Colombia. The starchy material

(24.1g DM) and hydroxypropyl methyl cellulose

(HPMC; Sigma #9004-65-3, 0.36g) were mixed dry

for 1min and then spring water (Volvic, France) was

added to give a total mass of 50g; the dough was mixed

in a Minorpin (Simon, England) for 6min. Two balls

of 20g of the dough were then baked at 290°C for

27.5min. After cooling, the loaf volume was measured

by rapeseed displacement. The speci®c volume

(cm3gÿ1) of the expanded products was calculated as

the ratio of loaf volume to dry matter. The mean value

of the two balls was calculated.
RESULTS AND DISCUSSION
Influence of the fermentation temperature on
metabolite formation
During fermentation, the pH of maize ogi decreased
J Sci Food Agric 80:665±672 (2000)



Figure 1. Evolution of pH in supernatant during fermentation of cassava
starch (triangles) and maize ogi (squares) at 20 (free symbols) or 35°C
(open symbols) for 15 days.

Baking expansion of maize and cassava
more rapidly than for cassava starch (Fig 1). This

decrease was more rapid when the fermentation took

place at 35°C; for cassava starch, 4 days were

necessary to lower the pH value to 4 at 35°C, and

up to 8 days at 20°C. In the traditional process in

Colombia the pH of cassava starch reaches the same

value (4) within only 3 days.15 The higher velocity of

the fermentation process in Colombia may be due to
Figure 2. Evolution of metabolite concentration (^, lactic acid; &, butyric
acid; *, ethanol) in supernatant during cassava starch fermentation at
(a) 20 or (b) 35°C for 15 days (standard deviation is represented by error
bars).
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the presence of soluble metabolites, particularly free

sugars, that are extracted from the roots but remain in

the liquor submerging the cassava starch in the

traditional process. In contrast, at laboratory scale

the dried starch was rehumidi®ed by spring water

before fermentation.

The concentration of fermentation metabolites

within the steeping liquor presented rather large

standard deviations for both cassava and maize (Figs

2 and 3). Indeed, the fermentation was not induced as

no starter was inoculated. The main metabolites

recovered in the fermentation supernatants for cassava

starch and ogi were lactic and butyric acids and

ethanol. For cassava, lactic acid was the principal

metabolite at 20°C with a ®nal concentration close to

1.5mg mlÿ1, whereas butyric acid was 10 times more

abundant at 35°C with a ®nal concentration of

4mg mlÿ1. In the traditionally fermented products

the total acidity was reported to be two to three times

higher, and lactic acid was always the main fermenta-

tion metabolite, along with minor amounts of acetic

acid and sometimes butyric acid.1

For maize ogi, lactic acid was the most abundant

metabolite at either 20 or 35°C, with a four-times
Figure 3. Evolution of metabolite concentration (^, lactic acid; &, butyric
acid; *, ethanol) in supernatant during maize ogi fermentation at (a) 20 or
(b) 35°C for 15 days (standard deviation is represented by error bars).
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higher concentration at 35°C. The maximum lactic

acid concentration was observed after about 8 days of

fermentation at both temperatures, which con®rmed

the previous observations of Nago et al. 11 Ethanol was

another abundant metabolite with similar concentra-

tions at 20 and 35°C. Butyric acid was only noticeable

at 20°C.

A higher temperature (35°C) accelerated the

fermentation for both starchy materials as evidenced

by the decrease in pH and metabolite formation.

However, it favoured lactic acid synthesis for maize ogi

and butyric acid formation for cassava starch.

Proximate analysis and metabolite content of the
dried end-products
The experimental conditions, ie fermentation tem-

perature and drying procedure, did not signi®cantly

in¯uence the proximate composition of the dried end-

products. As previously described by Nago et al,7 the

maize ogi was mainly composed of starch (790g kgÿ1

DM) but contained also an important fraction of

proteins (82g kgÿ1 DM) and some noticeable residual

lipids (27g kgÿ1 DM). In contrast, the extracted

cassava starch was mainly composed of starch

(910g kgÿ1 DM) with minor protein (1.5g kgÿ1

DM) and lipid (0.5g kgÿ1 DM) contents. These

proximate analysis results were very similar to previous

data obtained for Colombian6 and Brazilian4 tradi-

tional cassava starches.

No ethanol and very little butyric acid were found in

the dried end-products, for maize or cassava, either

with oven- or sun-drying. As already observed within

supernatants and despite a relatively high standard

deviation of the residual (Table 1), the dried maize ogi

had a signi®cantly higher lactic acid content than the

dried fermented cassava starch. In addition, a sig-

ni®cant interaction was observed between fermenta-

tion temperature and raw material, ie a higher

temperature increased the lactic acid content for maize

and the butyric acid content for cassava. However, the

butyric/lactic acid ratio was close to 1 in the dried
Table 1. Concentration of lactic and butyric acids (g kgÿ1 DM) for fermen

Material

Fermentation

temperature (°C)

Cassava starch 20

35

Maize ogi 20

35

Raw material effect (RM)a

Fermentation temperature effect (FT)

Drying procedure effect (DP)

Interaction RM�FT effect

Interaction RM�DP effect

Standard error of residual (DFb)

* Signi®cant at 5% level; ** signi®cant at 1% level; *** signi®cant at 1%
a F value of effect.
b Degrees of freedom.
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cassava starch fermented at 35°C whereas it was over

10 in the supernatant. This is certainly due to the

evaporation of butyric acid during drying.

For our cassava samples prepared in the laboratory,

the lactic acid content was signi®cantly lower than for

traditional sour cassava starch (close to 10g kgÿ1

DM).3,6

Thermal properties
The gelatinisation of maize ogi occurred at a higher

temperature and with a lower enthalpy than that of

cassava starch (Table 2). Calculated on a starch basis,

the maize gelatinisation enthalpy is about 15Jgÿ1,

which is close to previous results.16 However, for

cassava starch the gelatinisation enthalpy (around 18±

19Jgÿ1, starch basis) is slightly higher than already

measured for traditional Colombian (15.5±17.4Jgÿ1

DM)6 and Brazilian (10.7±12.5Jgÿ1 DM)4 cassava

starches. This may be linked to either the cultivar used

or the environmental conditions of growth, which are

known to in¯uence the physicochemical characteris-

tics of cassava starch.17,18 For both materials the

gelatinisation temperature was signi®cantly higher

when the fermentation was performed at 35°C,

whereas the enthalpy remained unchanged. This may

be due to an annealing phenomenon occurring during

the long-term fermentation at 35°C as already

observed for rice starch steeped in water at 40°C for

5 days.19 The presence of butyric acid in 35°C
fermented cassava starch could also in¯uence starch

thermal properties by delaying water absorption and

the gelatinisation transition as observed for lipid

molecules20 and/or by complexing amylose as sug-

gested by Phan and Mercier.21 Complexes can be

evidenced by DSC by the appearance of an exotherm

during the cooling phase;14 however, this was not

observed for 35°C fermented cassava starch. Further-

more, the replacement of water with a butyric acid

solution (2% w/w) did not signi®cantly modify the

gelatinisation temperature of 20°C fermented cassava

starch nor induce exotherm appearance during the
ted and dried cassava starch and maize ogi

Lactic acid Butyric acid

Oven-dried Sun-dried Oven-dried Sun-dried

3.2 2.5 0.2 0.1

1.2 0.9 1.6 1.4

5.7 6.0 0 0.1

10.3 10.2 0.1 0

122.7*** 120.7***
5.6* 84.6***
0.1 0.9

30.8*** 85.1***
0.3 1.0

1.1 (8) 0.1 (8)

level.

J Sci Food Agric 80:665±672 (2000)



Table 2. Gelatinisation properties of fermented and dried cassava starch and maize ogi

Material

Fermentation

temperature (°C)

Onset temperature (°C) Peak temperature (°C)

Enthalpy change

(J gÿ1 DM)

Oven-dried Sun-dried Oven-dried Sun-dried Oven-dried Sun-dried

Cassava starch 20 56.3 56.5 60.6 60.8 17.8 19.0

35 60.9 60.8 64.5 64.2 18.4 18.4

Maize ogi 20 74.1 75.1 79.9 78.7 12.4 11.6

35 73.2 75.0 80.6 80.4 12.2 12.3

Raw material effect (RM)a 479.5*** 620.0*** 261.0***
Fermentation temperature effect (FT) 16.5** 11.7** 0.1

Drying procedure effect (DP) 0.1 0.3 0.1

Interaction RM�FT effect 4.5 3.1 0.1

Interaction RM�DP effect 0.1 0.2 1.6

Standard error of residual (DFb) 1.4 (8) 1.4 (8) 0.7 (8)

* Signi®cant at 5% level; ** signi®cant at 1% level; *** signi®cant at 1% level.
a F value of effect.
b Degrees of freedom.

Baking expansion of maize and cassava
cooling phase. This proved that the presence of butyric

acid did not in¯uence the gelatinisation of starch nor

induce complex formation with amylose.

Pasting and swelling–solubility behaviour
The 7.1% fermented cassava starch dispersions

showed similar viscograms to those previously

observed for native and sour cassava starch;14 the

consistency began to increase around 60°C, presented

a maximum close to 75°C, then decreased at high

temperature and increased again during cooling

(Table 3). In contrast, no peak of viscosity was
Table 3. Pasting behaviour of fermented and dried cassava starch and maize ogi i

Material

Fermentation

temperature (°C)

Pasting temperature

(°C) Vp

Oven-dried Sun-dried Oven-

Cassava starch 20 58.8 59.0 25

35 61.8 62.2 21

Maize ogi 20 81.1 79.0 NP

35 82.5 78.5 N

Raw material

effect (RM)c

308*** Ð

Fermentation

temperature

effect (FT)

2.6 4.

Drying procedure

effect (DP)

1.6 0.

Interaction RM�FT

effect

1.3 Ð

Interaction RM�DP

effect

2.4 Ð

Standard error of

residual (DFd)

2.2 (8) 27

* Signi®cant at 5% level; ** signi®cant at 1% level; *** signi®cant at 1% level.
a Rapid Visco Analyzer units.
b No peak detected.
c F value of effect.
d Degrees of freedom.

J Sci Food Agric 80:665±672 (2000)
observed for maize ogi and the viscosities were

signi®cantly lower than for cassava starch. The paste

viscosities of dried maize ogi were similar to those

measured for fresh ogi11 and maize ¯our.14 The

pasting temperature of maize ogi dispersions was

about 20°C higher than for cassava starch, similar to

what was observed for the gelatinisation temperature.

Indeed, the onset gelatinisation and pasting tempera-

tures were highly correlated (r =0.96). The pasting

behaviour of maize ogi was similar using pH 4.0 or 7.0

buffer (results not shown), but as already observed,6

the paste viscosity of cassava starch decreased when
n pH 4 buffer

eak (RVU a) V95b (RVU) V50 (RVU)

dried Sun-dried Oven-dried Sun-dried Oven-dried Sun-dried

0 233 167 98 98 54

0 197 197 143 98 78
b NP 47 50 54 55

P NP 42 46 45 49

175*** 35.2***

1 4.3 0.18

6 13.2*** 7.7*

6.9* 3.4

16.6** 10.5*

(4) 16 (8) 11 (8)
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Table 4. Solubility and swelling values (measured at 75°C) for fermented and dried cassava starch and maize ogi

Material

Fermentation

temperature (°C)

Solubility (mg mlÿ1) Swelling index (g gÿ1)

Volume fraction of

dispersed phase (f)

Oven-dried Sun-dried Oven-dried Sun-dried Oven-dried Sun-dried

Cassava starch 20 10.4 11.9 30.4 31.1 0.69 0.69

35 4.5 5.0 20.5 20.7 0.50 0.50

Maize ogi 20 2.7 2.4 6.4 6.1 0.18 0.17

35 3.2 2.7 6.1 6.1 0.17 0.18

Raw material effect (RM)a 150.6*** 1339.1*** 890.9***
Fermentation temperature effect (FT) 49.5*** 93.9*** 43.6***
Drying procedure effect (DP) 0.5 0.1 0.2

Interaction RM�FT effect 63.6*** 86.8*** 43.6***
Interaction RM�DP effect 2.6 0.3 0.1

Standard error of residual (DFb) 0.9(8) 1.1(8) 0.03(8)

* Signi®cant at 5% level; ** signi®cant at 1% level; *** signi®cant at 1% level.
a F value of effect.
b Degrees of freedom.
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the pH increased, especially for the sun-dried samples;

for instance, the ®nal viscosity of 20°C fermented and

sun-dried cassava starch was 8 RVU when the

suspension was made with pH 7.0 buffer, and 54

RVU (Table 3) with pH 4.0 buffer.

Swelling and solubility indices were determined at

75°C (for 2.5% dispersions) in order to explain these

differences in pasting behaviour (Table 4). The

swelling power of cassava starch ranged between 20

and 30ggÿ1, indicating a volume fraction for the

dispersed phase (f) of between 0.5 and 0.7. This

implied that close packing was obtained for 7.1%

dispersions. In contrast, the swelling power was 6ggÿ1

for maize ogi and f around 0.17; the calculated f for

7.1% dispersions was then 0.51. As the starch

dispersion consistency is primarily linked to f,14,22

the low value observed for maize ogi might explain the

absence of measurable consistency at 75°C. More

generally, the lower swelling ability of maize starch at

all temperatures23 could explain its lower consistency

along the heating step during the measurement within

the RVA.

The effect of the fermentation temperature on the

viscosity parameters was not signi®cant (Table 3).

However, considering cassava starch alone, the pasting

temperature was signi®cantly higher (3°C more) when

the fermentation was achieved at 35°C. This might be

linked to the lower swelling and solubility values

(measured at 75°C) for this fermentation condition

(Table 4). This delay in starch swelling and leaching

shows the same tendency as that observed for the

gelatinisation temperature (Table 2) and should be

due to the annealing phenomenon during steeping at

35°C.

The drying procedure signi®cantly affected the

viscosity parameters V95b and V50 for cassava starch.

The sun-dried samples had lower viscosities than the

oven-dried ones, but sour cassava starch processed in

Colombia had still lower viscosity (V50=43 RVU).

This agrees with previous observations,3,6 and
670
Camargo et al4 proposed that the lower hot paste

viscosity of sour cassava starch was due to its high

disintegration and solubilisation during pasting.

Expansion ability
An expansion occurred during the baking of cassava

starch-based dough but not for maize ogi-based dough

(Table 5). Both the fermentation and drying condi-

tions signi®cantly in¯uenced the expansion ability of

cassava starch. The 20°C fermentation temperature

and sun-drying led to the highest baking expansion

(9.5cm3gÿ1), though the value was still lower than

that measured for the reference sour cassava starch

processed in Colombia (16.7cm3g1). This might be

related to our experimental laboratory conditions that

also led to lower lactic acid production and higher

paste viscosities. In contrast, the cassava starch sample

fermented at 35°C and oven-dried gave a lower loaf

speci®c volume (4.4cm3gÿ1 DM) than the unfermen-

ted sample (6.4cm3gÿ1 DM).

As previously observed,3,6 the expansion ability of

cassava starch during baking was negatively correlated

with the paste viscosity (Fig 4). This should mean that

the baking expansion increased with starch disintegra-

tion and degradation during cooking.4 Indeed, Mes-

tres et al5 found that the baking expansion of cassava

starch increased with its solubilisation capacity

measured at 65°C. In contrasts the maize ogi

presented a very low starch disintegration at the

beginning of cooking as shown by the low solubility

and swelling values (Table 4) and did not expand

during baking. Similarly, for cassava starch the

samples fermented at 35°C presented lower solubility

and swelling values and less expansion during baking.

Furthermore, these samples had a higher gelatinisation

temperature that could also in¯uence the expansion

ability. Indeed, at the beginning of baking, the starch

gelatinisation induces its partial solubilisation and

swelling and leads to the formation of a viscoelastic

material. This latter can trap the gas being produced
J Sci Food Agric 80:665±672 (2000)



Table 5. Specific volume measured after dough
baking for fermented and dried cassava starch and
maize ogi

Material

Fermentation

temperature (°C)

Speci®c volume

(cm3gÿ1 DM)

Oven-dried Sun-dried

Cassava starch 20 6.8 9.5

35 4.4 7.8

Maize ogi 20 2.3 2.3

35 2.3 2.3

Raw material effect (RM)a 220.7***
Fermentation temperature effect (FT) 9.9*
Drying procedure effect (DP) 21.1**
Interaction RM�FT effect 9.9*
Interaction RM�DP effect 21.1**

Standard deviation of residual (DFb) 0.7

* Signi®cant at 5% level; ** signi®cant at 1% level; *** signi®cant at 1% level.
a F value of effect.
b Degrees of freedom.

Baking expansion of maize and cassava
during baking, mainly before the formation of a rigid

crust due to the progressive dehydration and which

can impede the dough expansion. Thus samples that

present low temperatures of gelatinisation and pasting

should have higher expansion during baking before

hardening of the crust. In the case of maize ogi the

presence of non-starch material, particularly ®bres,

may also impede the formation of the bubbles by

disrupting the structure of the solid foam.

The relationship mentioned above between starch

disintegration and expansion during baking was

observed in acidic conditions, ie at the pH value (4)

of the sour cassava starch-based dough, but was no

longer valid at neutral pH. Indeed, the use of a buffer

at pH 7 reduced both hot paste viscosity and loaf

speci®c volume. In the case of traditional sour cassava

starch, for instance, V50 was lowered from 43 to

3RVU and the loaf speci®c volume from 16.7 to

9.6cm3gÿ1. This reduction of the starch functional

properties has already been observed by Mestres and

Rouau6 but is still not understood. Nevertheless, this

could suggest that the starch degradation should be

low for favouring the expansion during baking.4
Figure 4. Relationship between loaf volume and paste viscosity (V95b)
measured at pH 4 for fermented and dried cassava starch.

J Sci Food Agric 80:665±672 (2000)
CONCLUSION
The lactic acid production and the resulting acidi®ca-

tion were faster and more pronounced for maize ogi,

though this latter did not expand during baking, in

contrast to cassava starch, whatever the fermentation

temperature and drying procedure. On the other hand,

the usual temperature (20°C) reported in the tradi-

tional fermentation of cassava starch in Colombia

allows a predominant lactic acid fermentation to take

place and promotes the expansion ability during the

baking of a sour starch-based dough. Performing the

fermentation at 35°C causes a starch annealing that

increases its gelatinisation temperature and reduces its

swelling and solubility indices and hence its expansion

ability during baking. The transfer of sour cassava

starch technology from Latin America to Africa,

though potentially interesting, should then be adapted

to the African context, ie ambient temperatures

around 35°C. The sun-drying of fermented cassava

starch proved to be a key step for acquiring the

expansion ability during baking, in relation to the drop

in starch hot paste viscosity. A study is under way for

better understanding the in¯uence of sun-drying on

the structural and rheological changes of fermented

cassava starch and thus the mechanism of its expan-

sion during baking.
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