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Abstract

The physicochemical properties of twenty promising new improved cassava cultivars (13 sweet and 7 bitter), harvested at ma-

turity in Benin, were assessed. In parallel, instrumental measurements and sensorial tests were performed to assess boiled cassava

quality. These properties and physicochemical properties were tentatively correlated. The colour score of boiled cassava tuber was

closely correlated with DE measured on fresh pulp, while mealiness (or friability) could be assessed by resistance to penetration,

measured on cooked tuber slices. Mealiness could also be predicted from starch functional properties (such as apparent viscosity

after pasting), cyanide potential and the water content of fresh tubers. The cassava tubers had a narrow amylose content range

(18.2%–22.6% starch basis). In addition, bitter cultivars appeared to be quite homogeneous with, in particular, high sugar and

protein contents but low fibre contents. They also had original starch functional properties, with high solubility and low paste

viscosity.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Cassava (Manihot esculenta, Crantz) is one of the
most important root crops in tropical countries. In Be-

nin, production has multiplied almost fivefold in the last

20 years, reaching an estimated 2 million tons in 1997

(FAO, 1997). Cassava roots are consumed in Benin in

several forms, including boiled in water, roasted, fried or

after conversion into intermediate products, such as

gari, flour (from dried chips), tapioca or starch. Boiled

cassava (fingnin dida) is one of the most common forms
of consumption in both rural and urban areas. It is

prepared by peeling, cutting and boiling fresh cassava

roots. The main quality attributes of boiled cassava are

whiteness, sweetness and friability, all of which should

be high.
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The sensory quality of cassava roots is an important

factor for the acceptance of new improved cultivars by

farmers (Safo-Kantaka, Boampong, & Asante, 2002). It
is also one of the major reasons for the use of a harmful

bitter cultivar in Malawi, as farmers there believe that

bitter cultivars give a whiter flour and a less elastic stiff

porridge (Chiwona-Karltun et al., 1995). However, al-

though some publications deal with variation in starch

quality with cultivar and age of plant (Defloor, Dehing,

& Delcour, 1998; Eggleston, Omoaka, & Arowshegbe,

1993; Moorthy & Ramanujam, 1986) particularly with a
view to industrial use, very little is known about the

cultivar effect on the quality of traditional dishes pre-

pared from cassava roots. Studies by Wheatley and

Gomez (1985) and Asaoka, Blanshard, and Rickard

(1991) showed an effect of both cultivar and age at

harvesting on the organoleptic properties (taste and

texture) of boiled cassava pieces from four cultivars.

However, they were unable to find any relationship be-
tween organoleptic quality and the physicochemical
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characteristics of tubers or starch and concluded that

further data on cassava root quality were required.

More data are available on the texture of boiled po-

tato, particularly with regard to its friability (or meali-

ness), the principal sensory attribute of boiled potato
tuber (Unrau & Nylund, 1957). It is generally held that

tuber friability is due to cell rupture on chewing (Warren

& Woodman, 1974). Several authors have related potato

friability to starch content or starch properties. Starch

swells during boiling, inducing a distension of the cell

wall which facilitates cell separation in mealy potatoes

(McComber, Osman, & Lohnes, 1988). However, no

clear correlation has been found between starch content
or starch properties and potato friability (McComber

et al., 1988; Warren & Woodman, 1974) and other au-

thors have hypothesized that friability should also or

primarily be linked to cell wall properties (Iritani,

Powers, Hudson, & Weller, 1977; Nonaka, 1980).

The aim of this paper is to assess the organoleptic

properties of boiled cassava roots from 20 promising

new improved cultivars harvested at maturity in Benin,
to develop instrumental tests than can be routinely used

to screen cassava cultivars for root quality, and to at-

tempt to relate the sensory qualities of cassava roots to

their physicochemical properties.
2. Materials and methods

2.1. Material

Twenty cassava cultivars were grown at the Centre

for Food Plant Research in Niaouli, part of the Benin

National Institute of Agronomic Research. Thirteen of

these cultivars were sweet and seven bitter. The roots

were harvested 13–15 months after planting and imme-

diately transferred to the laboratory, where they were
stored at 4 �C and analyzed within a few days. Part of

the sample of each cultivar was peeled, cut into pieces,

oven-dried at 45 �C for several days, then milled in a

centrifuge mill (Roetsch, Haan, Germany) with a 250

lm outlet sieve.

2.2. Sensory evaluation

Roots were peeled, cut into pieces, washed twice and

boiled for 40–45 min. Four samples were prepared si-

multaneously for each test and assessed by a panel of

twenty people. The panel was previously selected and

trained for taste and colour attributes of yam thick paste

(Mestres, Dorthe, Akisso�e, & Houhouigan, 2004). Three

attributes were considered to be the most important by

the panel considering boiled cassava roots: colour, fri-
ability and taste. The assessors were thus trained to

quantify these attributes on a semi-structured scale (1–5)

by tasting 4 cultivars among the 20 (two sweet and two
bitter) with 4 replications. The scale was fitted by con-

sensus for the three attributes: from yellowish (1) to

perfectly white (5) for the colour, from hard (1) to very

friable (5) for the friability (this was evaluated by the

disintegration ability between fingers and in the mouth)
and from bitter (1) to very sweet (5) for the taste. After

training, each cultivar was tested once and mean value

and standard error calculated.

2.3. Penetration test

A penetration test was performed to determine the

firmness of the cooked roots. Two roots of each cultivar
were peeled and three 2.5 mm thick slices were cut from

each root and cooked with open steam for 20 min.

Firmness was assessed using a Texture Analyser (Ste-

vens-LFR) equipped with a cone penetrator moving at 2

mm/s to a final penetration depth of 3 mm. Firmness

was defined as the maximum value reached during the

test. Each result was expressed as the mean value (in

Newton) of 72 readings. Twelve measurements were
made on each slice (four different readings for the outer,

the middle and the inner part of the slice).

2.4. Colour

Colour was evaluated using a chromameter (Minolta)

on fresh cassava pulp obtained by crushing the peeled

root with a pestle and mortar. The chromameter was
calibrated each day with a white ceramic. The Interna-

tional Lab system (L*, a* and b) was used and DE, the
total difference from the white ceramic standard, was

calculated (Hounhouigan, Nout, Nago, Houben, &

Rombouts, 1993).

2.5. Proximate analysis

The water content of fresh roots was determined after

heating root pieces at 105 �C for several days. All other

functional and physicochemical analyses were performed

on cassava flour in duplicate. Moisture content was de-

termined after heating at 105 �C for 24 h. Protein content

was calculated from nitrogen determination by the Kjel-

dahl procedure using 6.25 as conversion factor, while lipid

content was determined after extraction with petroleum
ether (AACC, 1984). Total sugar content was determined

using the Luff–Schoorl procedure (Lees, 1968) and total

fibre content according to Osborne and Voogt (1978).

Total cyanide content was assessed by the procedure of

Essers (1995) except that linamarasewas replaced bybeta-

glucosidase from almonds (Sigma # G 0395).

2.6. Starch physicochemical and functional properties

The amylose content of the cassava flour was deter-

mined using differential scanning calorimetry according
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to Mestres, Matencio, Pons, Yajid, and Fliedel (1996),

while gelatinization onset temperature and enthalpy

change were determined during the heating run at 10

�Cmin�1 (Mestres & Rouau, 1997a). Intrinsic viscosity

was measured at 35 �C in 0.2 N potassium hydroxide
solution according to Mestres and Rouau (1997a). The

pasting behaviour of the flour was determined on 8%

(db) water dispersion using a Rapid Visco Analyser

(RVA, Newport Scientific, Narabeen, Australia). The

dispersion was heated from 35 to 80 �C at 6 �Cmin�1,

held at 80 �C for 3 min then cooled to 50 �C at 6

�Cmin�1. Pasting temperature and maximum and final

viscosities (Vmax and Vfin, respectively) were recorded on
the profile. Solubility and swelling power were deter-

mined on 4% dry matter paste prepared in the RVA: the

dispersion was heated from 35 to 70 �C at 6 �Cmin�1,

then held at this temperature for 3 min. The paste was

immediately centrifuged and swelling and solubility de-

termined according to Mestres, Nago, Akisso€e, and

Matencio (1997c).

2.7. Statistical analysis

Analysis of variance and comparison of means were

performed using Minitab 13.2 (Minitab Sarl, Paris,

France), considering two groups of cultivars (with low

and high cyanide content). Principal component analysis
Table 1

Chemical composition of peeled cassava roots (first column, wet basis) and

Cultivars Water Amylose Total sugars

Sweet cultivars

TMS 94/0177 75.2 18.1 2.09

TMS 94/0461 69.6 16.5 2.28

TMS 92B/00061 78.8 18.1 2.22

TMS I 94/0270 67.4 17.6 1.92

TMS I 94/0239 64.0 17.4 1.76

TMS I 94/0237 65.4 16.7 2.12

TMS 94/0583 62.1 15.7 2.16

TMS 94/0192 66.8 16.4 1.90

TMS 91B/00455 87.1 15.5 2.57

TMS 92B/00068 73.8 18.0 2.43

BEN 86052 60.3 18.9 2.44

MCN 85043 65.2 19.2 2.44

RB 89509 72.4 16.8 2.09

Mean value 69.8 17.3 2.19

Bitter cultivars

TMS 93/0700 80.9 17.3 4.68

TMS 92/0057 63.1 19.0 2.97

TMS 91/02327 63.1 18.1 4.92

TMS 93/0614 72.9 17.1 5.63

TMS 91/02324 63.8 17.4 8.93

TMS 93/0560 61.3 16.4 7.50

TMS 93/0517 75.3 15.9 3.60

Mean value 68.6 17.3 5.46

Overall mean value 69.4 17.3 3.3

Cvcb 11 6 37
aCyanide potential (ppm or mg/kg).
bCoefficient of variation between cultivars.
and regression models were also performed, using

STAT-ITCF software (ITCF, Boigneville, France).
3. Results and discussion

3.1. Chemical composition

A great variation in the water content of fresh roots

was observed: it ranged from 60.3% to 87.1% (wb)

without any significant difference between sweet and

bitter cultivars (Table 1). The range lay between that

observed by Wheatley and Gomez (1985) on four cul-
tivars harvested at various ages and seasons (from 65 to

74% wb) and the extremely wide one observed by Zak-

hia, Wheatley, O’Brien, and Dufour (1994) on a col-

lection of 565 cultivars (from 52 to 87% wb). Proximate

analysis of the dried roots revealed a low lipid content

(mean value of 0.56% db) with a very low variation

between cultivars (coefficient of variation of 12%). The

variation was two to three times higher in the case of the
total sugar, fibre and protein contents. Bitter cultivars

had higher total sugar and protein contents but lower

fibre content. This was particularly striking in the case

of total sugar content, which was more than twice as

high in bitter cultivars (mean value of 5.5% db) reaching

a value of 8.9% (db) for the TMS91/02324 cultivar. The
cassava flours (other columns, dry basis)

Fibres Proteins Lipids Cpa

2.63 1.67 0.53 10.3

4.71 1.66 0.64 8.8

3.29 3.17 0.45 8.2

3.97 3.03 0.61 8.0

4.19 2.76 0.56 10.1

4.52 3.88 0.42 8.3

4.92 1.97 0.50 9.7

4.01 3.07 0.58 10.1

4.48 2.73 0.65 9.9

3.41 2.86 0.62 20.0

2.78 2.16 0.63 10.9

3.99 2.51 0.57 11.0

4.42 2.65 0.53 11.4

3.95 2.62 0.56 10.5

3.40 2.38 0.59 15.0

4.20 4.08 0.55 9.5

2.65 3.47 0.50 11.9

3.83 3.08 0.63 9.7

2.63 3.68 0.47 9.9

2.77 3.10 0.63 11.5

3.24 2.82 0.59 10.1

3.24 3.23 0.57 11.1

3.70 2.84 0.56 10.7

20 24 12 26
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total cyanogenic potential of the flour did not vary

significantly with type of cultivar. The mean value (10.7

ppm, db) was around the FAO/WHO limit for cassava

flour (10 ppm, cited by Essers, 1995) and in the same

range as that measured by Kemdirim, Chukwu, and
Achinewhu (1995) on Nigerian cassava flour. The cya-

nogenic potential was measured on flour, i.e. after a

drying process known to dramatically lower the cyano-

genic potential of cassava roots. This explains the low

value found in our samples, particularly for bitter

cultivars. It follows that measured values cannot be used

to confirm the classification of cassava cultivars by

bitterness.

3.2. Starch physicochemical and functional properties

The coefficients of variation of amylose content and

of the thermal characteristics of starch gelatinization

were low and mean values were similar for bitter and

sweet cultivars (Table 2). Calculated on a starch basis

(assuming a starch content of 85% db), the amylose
content varied from 18.2 to 22.6%, with a mean value of

20.4%. These values and their narrow range are in

agreement with previous results (Asaoka et al., 1991;
Table 2

Starch physicochemical characteristics

Cultivars Gelatinization Intrinsic

viscosity

(ml/g db)
Enthalpy

(J/g db)

Onset temperature

(�C)

Sweet cultivars

TMS 94/0177 13.3 66.6 133

TMS 94/0461 11.1 65.4 63

TMS 92B/00061 13.2 66.7 125

TMS I 94/0270 13.5 69.0 113

TMS I 94/0239 11.5 65.7 94

TMS I 94/0237 10.8 64.8 98

TMS 94/0583 7.6 65.7 39

TMS 94/0192 11.1 63.6 96

TMS 91B/00455 10.6 65.8 72

TMS 92B/00068 12.1 66.0 82

BEN 86052 12.6 64.0 99

MCN 85043 12.3 63.9 111

RB 89509 12.5 69.1 85

Mean value 11.7 65.9 93

Bitter cultivars

TMS 93/0700 11.8 63.2 91

TMS 92/0057 11.8 70.3 139

TMS 91/02327 10.8 63.9 92

TMS 93/0614 12.1 65.5 95

TMS 91/02324 10.3 63.9 95

TMS 93/0560 9.5 66.0 71

TMS 93/0517 11.7 65.5 92

Mean value 11.4 65.5 96

Overall mean value 11.5 65.7 94

Cvca 12 3 25
aCoefficient of variation between cultivars.
Defloor et al., 1998; Moorthy, 1994; Sriroth et al., 1999),

which all showed a relatively constant amylose content

(around 20%� 2%) for cassava starch regardless of

cultivar or harvest conditions. The mean values of the

enthalpy change and onset temperature of starch gela-
tinization (11.5 J g�1 db and 65.7 �C, respectively) were
within the range of previous data (Defloor et al., 1998;

Mestres & Rouau, 1997a; Moorthy, 1994), but in the

low and high parts respectively. Intrinsic viscosity had a

high coefficient of variation (25%), ranging from 39 ml/g

(TMS 94/0583) to 139 ml/g (TMS 92/0057). However,

both sweet and bitter cultivars had similar mean values

of close to 100 ml/g, lower than the 170 to 190 ml/g
reported in previous works (Bertolini et al., 2001; Mes-

tres & Rouau, 1997a). This may be linked to interactions

with other constituents, as intrinsic viscosities were

measured, not on purified starch, but directly on the

flour in the present study. The sample with the lowest

intrinsic viscosity (TMS 94/0583) in fact had the highest

fibre content (Table 1).

Dry matter solubility, after pasting at 70 �C, was
significantly higher (at 10% level) for bitter cultivars,

whereas their swelling power mean values were not

significantly different from that of sweet cultivars (11.1

versus 12.4 g/g, Table 3). Swelling power values, mea-
Table 3

Functional properties of cassava flours

Cultivars Solubility

(mg/ml)

Swelling

(g/g)

Vmax

(RVU)

Vfin
(RVU)

Sweet cultivars

TMS 94/0177 22.8 11.8 138 103

TMS 94/0461 37.5 13.2 73 19

TMS 92B/00061 35.4 15.5 167 127

TMS I 94/0270 19.3 8.3 110 64

TMS I 94/0239 38.4 16.2 127 93

TMS I 94/0237 33.7 17.8 152 169

TMS 94/0583 11.2 8.8 102 73

TMS 94/0192 36.6 16.6 122 51

TMS 91B/00455 19.7 10.0 69 47

TMS 92B/00068 26.9 10.1 87 34

BEN 86052 10.2 12.4 126 131

MCN 85043 30.6 11.2 74 14

RB 89509 34.1 9.7 62 2

Mean value 27.4 12.4 108 71

Bitter cultivars

TMS 93/0700 40.8 11.6 70 10

TMS 92/0057 29.0 6.0 60 3

TMS 91/02327 40.8 14.8 81 22

TMS 93/0614 36.8 7.2 47 4

TMS 91/02324 43.4 15.5 74 13

TMS 93/0560 41.2 12.7 58 3

TMS 93/0517 30.1 9.6 92 27

Mean value 37.4 11.1 69 12

Overall mean

value

30.9 11.9 94 50

Cvca 13 28 31 42
aCoefficient of variation between cultivars.



Table 4

Cassava root quality

Cultivars Instrumental measurements Sensory scores

Colour DE Firmness (N) Colour Friability Taste

Sweet cultivars

TMS 94/0177 18.7 1.18 3.0 1.9 3.2

TMS 94/0461 17.0 1.47 3.3 1.8 3.2

TMS 92B/00061 21.3 1.84 2.7 1.3 3.6

TMS I 94/0270 17.2 1.58 3.3 2.1 3.4

TMS I 94/0239 18.2 0.87 2.8 3.8 2.9

TMS I 94/0237 17.1 0.87 3.1 3.6 3.4

TMS 94/0583 23.9 2.02 1.4 1.6 3.0

TMS 94/0192 19.4 1.87 2.4 1.4 3.4

TMS 91B/00455 24.1 1.69 1.5 1.7 3.6

TMS 92B/00068 17.9 0.93 3.4 3.5 3.8

BEN 86052 24.8 1.04 1.5 2.6 4.1

MCN 85043 19.1 1.53 2.7 1.8 3.8

RB 89509 17.7 1.81 3.4 1.2 3.1

Mean value 19.7 1.44 2.6 2.2 3.4

Bitter cultivars

TMS 93/0700 18.5 2.06 2.2 1.8 3.0

TMS 92/0057 19.0 1.99 1.5 1.7 2.1

TMS 91/02327 19.7 1.8 2.9 2.2 3.3

TMS 93/0614 17.8 1.87 3.7 2.2 3.8

TMS 91/02324 17.8 1.86 2.8 2.4 2.4

TMS 93/0560 18.1 1.82 2.3 2.4 2.3

TMS 93/0517 17.1 2.13 3.1 2.0 2.3

Mean value 18.3 1.93 2.6 2.1 2.8

Overall mean value 19.2 1.6 2.6 2.1 3.2

Cvca 13 21 28 35 48
aCoefficient of variation between cultivars.
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sured at 70 �C, were lower than those measured on

cassava starch at 65 �C or 75 �C: 22 and 31 g/g, re-

spectively (Mestres, Zakhia, & Dufour, 1997b; Mestres,

Boungou, Akisso€e, & Zakhia, 2000). This may be linked

to the presence of residual cell walls in the flour, which
can limit the swelling of the starch trapped within the

cell structure. A similar phenomenon is observed when

comparing the swelling power of maize flour with that of

maize starch (Mestres et al., 1997c).

In addition, bitter cultivars had much lower hot

paste viscosities, with a Vfin mean value of 12 RVU

against 71 RVU for sweet cultivars (Table 3). Several

bitter cultivars had a Vfin value close to zero, whereas
several sweet ones had Vfin values of over 100 RVU.

Similarly, Zakhia et al. (1994) reported that starch

from bitter cultivars generally gave lower paste vis-

cosities measured with a Viscoamylograph. Also,

Malawi farmers claim that bitter cultivars give a less

elastic stiff porridge than sweet cultivars (Chiwona-

Karltun et al., 1995).
3.3. Characterization of roots

The total difference of freshly ground cassava pulp

from the white ceramic standard ðDEÞ varied between
17.0 and 24.8, with no significant difference between the

two types of cultivar (Table 4).

After boiling in water, the root slices were scored for

colour, friability and taste. Standard deviation for in-

dividual determinations ranged between 0.55 and 0.76
and standard deviation of mean score for the 20 asses-

sors was 0.13 for colour and friability and 0.17 for taste.

Mean scores were then used as single determinations for

ANOVA processing. Colour scores ranged from 1.4

for TMS 94/0583, which had a yellowish colour, to 3.7

for TMS 93/0614, the whitest sample. There was no

significant difference in the colour scores between sweet

and bitter cultivars. However, Chiwona-Karltun et al.
(1995) reported that farmers in Malawi prefer bitter

cultivars as these give a much whiter flour. This dis-

crepancy may be linked to the drying process, as colour

was evaluated on freshly ground pulp or boiled root

slices in our study.

The sensory score for the colour of boiled cassava

roots was very significantly correlated with the DE of the

fresh pulp (r ¼ 0:78; Fig. 1). The colour score could thus
be predicted from the instrumental measurement of pulp

whiteness according to the formula:

Colour score of boiled cassava

¼ 7:0� 0:23� DE of fresh pulp:



0

1

2

3

4

16 18 20 22 24 26

∆E

C
o

lo
u

r 
sc

o
re

Fig. 1. Relationship between DE measured on fresh pulp and colour

score of boiled tubers.
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Firmness, determined on steam cooked root slices,

ranged from 0.87 N (TMS I 94/0237 and TMS I 94/

0239) to 2.13 N (TMS 93/0517) (Table 4). Sweet culti-

vars had a significantly lower firmness than bitter ones

(mean values of 1.44 and 1.93 N, respectively). In par-

allel, the panel scored the boiled cassava slices for fria-
bility. Scores ranged from 1.2 for RB89509 to 3.8 for

TMS I 94/0239, the most friable sample. Despite great

variability between samples (coefficient of variation of

around 30%) there were no significant difference in the

friability scores between sweet and bitter cultivars.

However, the three cultivars with a friability score of

over 3.5 were sweet. In addition, the four cultivars with

a firmness of close to or below 1 N had the highest fri-
ability scores, i.e. close to or above 3. A firmness of close

to or below 1 N should thus be chosen when screening

cassava cultivars for friability. Sensory friability was in

fact inversely correlated with instrumental firmness

(r ¼ �0:75; Fig. 2) and could be predicted from the

latter according to the formula:

Sensory friability ¼ �1:3� Firmness ðNÞ þ 4:2:

Similarly, Unrau and Nylund (1957) showed a negative

correlation between the cooked potato mealiness and
the energy required to shear mashed potato. It is gen-

erally held that tuber friability (or mealiness) is due to
0.5
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Fig. 2. Relationship between firmness of boiled tubers measured by

penetration test and their friability score.
cell rupture on chewing. Accordingly, the higher the

instrumental cohesion force between cells, the lower the

sensory mealiness. It should be noted, however, that

many other publications reported a positive correlation

between potato mealiness and resistance to deformation,
resulting in a rejection of the cell wall separation theory

(Warren & Woodman, 1974).

BEN 86052 had the sweetest taste after boiling (score

of 4.1) and TMS 92/0057 the most bitter, with a score of

2.1. As expected, bitter cultivars were rated significantly

lower (mean value of 2.8) than sweet ones (mean value

of 3.4), and it was possible to set the boundary between

sweet and bitter cultivars at 3. However, it should be
noted that several sweet cultivars were rated around or

even below this limit (such as TMS I 94/0239) while

some bitter cultivars had scores of above 3 (such as TMS

93/0614). This may be linked to the higher soluble sugar

content of bitter cultivars (Table 1), which may mask

their bitterness. In Amazonia, bitter cultivars are thus

considered to give sweeter products (Dufour & Wilson,

1996).

3.4. Principal component analysis

A principal component analysis was performed to

evaluate the most important variables for describing

cassava quality and those able to discriminate between

sweet and bitter cultivars. The first three components

accounted for 21.0, 17.7 and 14.1% of the variation,
respectively. The first component showed an opposition

between paste viscosity (Vmax and Vfin) and firmness of

boiled cassava slices (Fig. 3). Solubility was also neg-

atively correlated with this axis. The second component

was highly correlated with colour parameters (sensory

colour opposed to DE) and proximate composition

(protein content opposed to fibre content). Flour total

sugar content was plotted in opposition to boiled root
taste, in an intermediate position between the first and

second axes. Several starch physical properties (gelati-

nization temperature and enthalpy change, swell-

ing power) were highly correlated with the third

component.

The 20 cultivars were plotted on a plan, with the

percentage of variation associated with the first and

second components (Fig. 4). Bitter cultivars were all
located in the top left-hand quarter. According to vari-

able plotting (Fig. 3), bitter cultivars were thus mainly

characterized by low paste viscosities, high firmness af-

ter boiling and high solubility (negative part of the first

axis) and high sugar and protein contents (positive part

of the second axis), but low fibre content. Sweet culti-

vars were scattered over the other three quarters without

any common trend. Three were plotted separately at the
bottom of the graph, because of their high DE and poor

colour score. The other sweet cultivars were scattered

mainly along the first axis, revealing that the main var-
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Fig. 3. Principal components plots of sensory, instrumental and physicochemical variables: first and second component; Cp, cyanide potential; GT,

gelatinization temperature; WC, tuber water content.
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iability was linked to functional properties: paste vis-

cosity, solubility and firmness after boiling.

3.5. Regressions

None of the physicochemical characteristics was di-
rectly correlated with boiled cassava friability (Table 5).

However, multiple regression analysis showed that (Vfin),
cyanide potential (Cp) and tuber water content (WC)

was able to explain 45% of sensory friability, each var-

iable having a partial correlation coefficient of between

0.45 and 0.54:

Sensory friability ¼ 2:9þ 0:007� Vfin þ 0:13� Cp

� 0:04�WC:
Instrumental firmness was however highly significantly

correlated with Vfin (Table 5) and a regression model

including Vfin and cyanide potential was able to explain

51% of firmness variability. In the case of potato, a

positive correlation between mealiness and specific

gravity is often reported even though the relationship is
not always observed, particularly when agro-climatic

conditions vary (Unrau & Nylund, 1957; Warren &

Woodman, 1974). As specific gravity decreases as water

content increases, the negative regression coefficient

between cassava water content and friability agreed with

general findings on potato tuber mealiness. The partial

correlation with cyanide potential observed for both

friability and firmness is very questionable, as it was
determined on flour and certainly did not represent the



Table 5

Correlation coefficients between cassava physico-chemical characteristics and boiled cassava quality

WC Amy-

lose

Total

sugars

Fibres Proteins Lipids Cp Enthalpy GT Intrinsic

viscosity

Vmax Vfin S70 G70 Firmness DE Colour Taste

Amylose )0.29 1

Total

sugars

)0.17 )0.07 1

Fibres 0.07 )0.39 )0.56� 1

Proteins )0.22 0.13 0.36 )0.10 1

Lipids 0.20 )0.12 )0.01 0.04 )0.39 1

Cp 0.18 0.17 0.10 )0.28 )0.11 0.28 1

Enthalpy 0.31 0.63 )0.30 )0.30 0.00 0.14 0.03 1

GT 0.05 0.10 )0.29 0.29 0.17 0.01 )0.21 0.25 1

Intrinsic

viscosity

0.04 0.62 )0.06 )0.39 0.41 )0.27 )0.18 0.73��� 0.41 1

Vmax )0.04 0.12 )0.51� )0.07 )0.06 )0.49 )0.29 0.28 )0.09 0.32 1

Vfin )0.06 0.08 )0.49� 0.03 )0.07 )0.43 )0.31 0.18 )0.09 0.18 0.92��� 1

S70 0.00 )0.04 0.53� )0.20 0.41 )0.20 0.07 )0.04 )0.24 0.14 )0.25 )0.40 1

G70 )0.19 )0.05 0.06 )0.21 0.14 )0.47� )0.13 )0.10 )0.56�� 0.03 0.57�� 0.48� 0.45� 1

Firmness 0.17 )0.29 0.40 )0.01 0.15 0.01 )0.18 )0.28 0.08 )0.08 )0.48� )0.60�� 0.21 )0.37 1

DE 0.04 )0.01 )0.22 0.04 )0.27 0.05 )0.08 )0.24 )0.16 )0.26 0.19 0.33 )0.65�� )0.07 0.04 1

Colour 0.12 0.04 0.06 )0.09 0.06 )0.06 0.08 0.39 0.06 0.13 )0.01 )0.12 0.46� 0.12 )0.21 )0.78��� 1

Taste 0.22 0.26 )0.43 0.08 )0.30 0.18 0.16 0.37 )0.28 )0.13 0.28 0.38 )0.36 0.06 )0.44� 0.37 0.15 1

Friability )0.32 0.10 0.05 )0.08 0.20 )0.03 0.29 )0.04 )0.20 )0.09 0.22 0.36 0.04 0.31 )0.74��� )0.20 0.18 0.07
* Significant at 5%.

** Significant at 1%.
*** Significant at 0.1%.
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real value of fresh tubers when consumed. The positive

correlation between friability and hot paste viscosity

agreed with the findings of Unrau and Nylund (1957) on

potato. It should be noted, however, that other authors

found no relationship between starch functional prop-
erties and potato or cassava friability (McComber et al.,

1988; Asaoka et al., 1991). No correlation was found

between friability and total fibre content, which tends to

contradict the role of cell wall properties in tuber fria-

bility. However, we did not perform any specific deter-

mination of pectic substances and hemicelluloses, which

were found to be linked to the texture properties of

boiled sweet potato (Walter, Collins, Tuong, & Fine,
1997). Recent research has shown that these substances

are important constituents of cassava pulp fibres (Sal-

vador, Suganuma, Kitahara, Tanoue, & Tchiki, 2000).

It can thus be inferred that they ought to play a role in

the friability of cassava tubers. In addition, it can be

hypothesized that phenolic compounds present in cas-

sava pulp (Buschman, Reilly, Rodriguez, Tohme, &

Beeching, 2000), such as cinnamic acids, may also con-
tribute to tuber mechanical properties by establishing

crosslinks between hemicellulose chains, as observed in

wheat bran (Peyron, Chaurand, Rouau, & Abecassis,

2002).

Accordingly with previous results on maize flour

paste (Mestres et al., 1997c), swelling power and solu-

bility were highly correlated with Vfin and Vmax (Table 5).

Seventy nine percent of Vfin variability was explained by
solubility ðSÞ and swelling power ðGÞ measured at 70 �C
and by intrinsic viscosity (IV):

Vfin ¼ �29� 4:2� S þ 12:8� Gþ 0:61� IV:

This confirmed the preponderant role of swelling power

and solubility in starchy paste viscosity. Moreover,

swelling power appeared to be negatively correlated with

onset gelatinization temperature and lipid content, these

two variables explaining 53% of swelling power vari-

ability. Fibre content did not appear in the regression

models, confirming that the functional properties of
cassava flour were mainly linked to intrinsic properties

of starch and not to interaction with residual cell wall

material. Although the presence of residual cell walls

can explain the relatively low solubility and swelling

power of cassava flour compared to those of pure starch,

they may not play a major role in inter-sample vari-

ability.
4. Conclusion

The colour and friability scores of boiled cassava
tuber can be assessed by instrumental methods and these

could be used to screen cultivars for root quality. Fria-

bility appeared to be related to starch functional prop-

erties (such as apparent viscosity after pasting), cyanide
potential and fresh tuber water content. However, fur-

ther work is required to improve our understanding of

the origin of tuber friability, in particular the respective

role of starch and cell wall characteristics.

Bitter cultivars formed an homogeneous group with,
in particular, high sugar and protein contents but low

fibre content. They also had original starch functional

properties, with high solubility and low paste viscosity.

The origin of these unique starch functional properties

has so far not been explained from their physicochemi-

cal properties and will be investigated in further studies.
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