African Journal of Food Science Vol. 3(1). pp. 001-006, January, 2009

Available online http://www.academicjournals.org/ajfs
ISSN 1996-0816 © 2009 Academic Journals

Full Length Research Paper

Effect of processing conditions on cyanide content and
colour of cassava flours from West Africa

Franck Hongbété'>, Christian Mestres®, Noél Akissoé' and Mathurin Coffi Nago'

'Centre Régional de Nutrition et d’Alimentation Appliquées, CERNA-UAC/FSA, 01 BP 526 Cotonou, Bénin.
2CIRAD/UMR QualiSud, TA 70/16, 73 rue J. F. Breton, 34 398 Montpellier Cedex 5, France.
SFaculté d’Agronomie, Université de Parakou, BP 123 Parakou, Bénin.

Accepted 22 December, 2008

The evolution of cyanide content and colour were monitored during the processing of lafu, traditional
flour and improved flour from five cassava cultivars from Benin. In addition, the total phenol, polyphe-
noloxidase (PPO), peroxydase (POD) and linamarase activities were assessed. The processing of
cassava in lafu and improved flour proved superior for producing safe and white non-fermented and
fermented cassava flours with total cyanide mean values of 16.6 and 11.4 mg HCN/kg, db and AE values
of 9.2 and 12.1, respectively. Detoxification appeared to be only linked to processing, in particular to the
size reduction level of cassava roots, regardless of the initial cyanide level and the linamarase activity of
the fresh roots. Cassava flour yellowness was closely linked to the phenol content (r = 0.95) that
decreased after steeping and pressing. The PPO and POD activities did not appear to be linked to flour

discoloration.

Key words: Manihot esculenta, cassava processing, cyanide, colour, total phenol, polyphenoloxidase,

peroxydase, linamarase.

INTRODUCTION

Cassava (Manihot esculenta Crantz) is one of the most
important energy sources for people in tropical regions
(Cooke and Cock, 1989). In West Africa, particularly in
Benin, cassava is consumed mainly after processing into
garri, traditional flour, lafu and improved flour. Lafu, a
fermented cassava flour, is processed in Nigeria and
South-East Benin by soaking peeled roots in water (sub-
merged fermentation) for 3 to 5 days (at ambient tempe-
rature, 26 - 28°C), pressing and sun-drying (Padonou et
al., 2005). Traditional flour, the most common cassava
flour in rural areas, is obtained by sun-drying peeled roots
for 3 to 5 days. Improved flour, recently introduced in
Benin by the International Institute of Tropical Agriculture
(Nweke, 1996), and is processed in one single day by
peeling, crushing, pressing and sun-drying. Eventually,
the resulting dried products are then milled into flours,
which are used to prepare a thick paste named “oka” for
lafu, and “géoun” for the traditional and improved flours.

*Corresponding author. E-mail: christian.mestres@cirad.fr. Fax:
+33 467614444,

Colour is by far one of the main quality criteria for con-
sumers’ acceptance of cassava derived flours (Padonou
et al., 2005): consumers prefer white flours to the yel-
lowish ones. Unfortunately, the latter is the most fre-
quently produced in West African countries, particularly in
Benin. The mechanism of cassava flour discoloration is
unknown, even if the role of phenolic compounds and of
peroxidase (POD) and polyphenoloxidase (PPO) in the
post-harvest physiological deterioration of cassava roots
is well recognized (Buschmann et al., 2000). In parallel, it
has been reported that total phenol, POD and PPO play a
large part in the colour change of yam tubers and their
derived flours (Akissoé et al., 2003).

Furthermore, cassava roots contain cyanogenic glycol-
sides and cassava products that are not adequately pro-
cessed have been linked to cyanide poisoning (Essers et
al., 1996). Direct sun-drying of roots indeed leads to high
cyanide levels in cassava flours (Muzanila et al., 2000)
whereas a combination of techniques (such as crushing,
fermentation/pressing and cooking) is an efficient way to
produce safe cassava products such as garri (Agbor-
Egbe and Mbome, 20086).

In Benin, cassava flours (lafu, traditional flour and im-
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Figure 1. Processing of cassava into lafu, improved and traditional flours.

proved flour) are processed using various combinations
of unit operations such as crushing, pressing and sun-
drying. The objective of this study was to investigate the
effects of the three processing methods for producing
cassava flours on reducing cyanide and on colour change
for five Beninese cassava cultivars. The role of some key
enzymes in these modifications has also been studied to
give tracks for improving the products.

MATERIALS AND METHODS
Plant material

Five cassava cultivars were obtained from International Institute of
Tropical Agriculture in Benin (IITA-Benin). Two were sweet (AGRIC
and GBEZE) and three were bitter (TMS 30572, TMS 91934 and
TMS 920326). They were harvested 12 months after planting. The
freshly harvested roots were brought to the laboratory and divided
into two parts. The first part was used for direct analysis, and the
second part was processed into three different cassava flours as
described below. The roots were harvested and processed into
flours twice within two weeks.

Cassava flours production

For lafu (fermented flour) production, 10 kg of cassava roots from
each cultivar were hand-peeled and cut into 10 cm slices, which
were immersed in 15 L of distilled water for 5 days until softening.
The soaked root slices were pressed in a jute bag using a manual
screw press (lITA, Ibadan, Nigeria). Fibrous material was removed
by sieving and the mash was sun-dried at ambient temperature (30
- 35°C) for one day (Figure 1).

For improved flour production, 10 kg of cassava roots from each
cultivar were hand-peeled and crushed using a mechanical crusher
equipped with a perforated drum (IITA, Ibadan, Nigeria). The re-
sulting mash was pressed in a jute bag using a manual screw press
(IITA, Ibadan, Nigeria), sieved and sun-dried for one day.

For traditional flour processing, 10 kg of cassava roots from each
cultivar were hand- peeled. The peeled roots were roughly sliced,
then sun-dried for 3 - 5 days.

The resulting dried products were milled into fine flours with a
laboratory mill (Perten 3100, Sweden), while the freshly peeled
roots and intermediate products were freeze-dried and ground into
flour with a laboratory mill (Perten 3100, Sweden). The dried flours
and freeze-dried products were packed in plastic bags and stored
at 4°C until analysis.

Physico-chemical analysis

The dry matter content was determined after oven-drying at 105°C
for 48 h. The pH and titrable acidity were measured following the
methods described by Nout et al. (1989): 5 g of cassava product
were dispersed in 20 ml of distilled water and homogenized for
about 15 s. The pH was measured and titrable acidity was deter-
mined by adjusting the pH to 8.0 with 0.1 N NaOH. The total and
free cyanides were determined using the methods described by
Essers et al. (1996) except that linamarase was replaced by beta-
glucosidase from almonds (Sigma # G 0395). The total phenol
content, polyphenoloxidase (PPO) and peroxidase (POD) activities
were determined following the methods described by Mestres et al.
(2004). Total phenol was measured at 760 nm after reaction with
Folin reagent. PPO was determined by measuring the oxygen con-
sumption kinetic with a cathechol substrate, and POD was deter-
mined by measuring optical density at 460 nm after reaction with
Pyrogallol prepared in H2O, solution. The colour (of roots, interme-
diate products and flours) was measured using a chromameter
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Table 1. Dry matter (%), acidity and cyanide content and linamarase activity in fresh roots of different cultivars.

003

Cultivars Dry matter pH Titrable acidity Total cyanide Free cyanide Linamarase
(% wb) (mg/g, db) (mg HCN/kg,db) | ( mg HCN/kg, db) (pMoI.min'1g'1, db)

AGRIC 28.2+0.7a 6.7+02c 0.29 +0.02a 98.9+4.7a 10.8+25a 0.29 £ 0.03 ab
GBEZE 285+0.7a 6.5+0.1c 0.28 +0.03 a 103.2+45a 11.3+29a 0.23+0.04 a
TMS 30572 27.2+01a 6.7+0.1c 0.23+0.03a 1249+16b 13.8+22b 0.22+0.05a
TMS 91934 275+0.1a 6.7+0.1c 0.22+0.03a 140.0+1.8¢c 158+1.4b 0.21 +£0.03a
TMS 920326 28.2+06a 70+01c 0.22+0.01a 158.6 +0.9d 15.7+29b 0.24£0.05a
Mean 27.9+0.6 6.7+£0.2 0.25 +0.04 125.2+22.3 13.5+2.9 0.24 £0.04

Average * standard deviation (n = 2); values in the same column not followed by the same letter are significantly different (p < 0.05).

(CR-210, Minolta). The Hunter Lab colour coordinate system,
L*(lightness), a*(redness) b*(yellowness) values were recorded and
AE the total colour difference from the white ceramic standard was
calculated according to Nago et al. (1998b): AE = [(AL)? + (Aa)? +
(Ab)?]"2. All the measurements were duplicated.

Statistical analysis

The statistical analyses were performed on duplicate data using
Statistica 7.1 (StatSoft, Tulsa, USA) using ANOVA procedure,
Newman-Keulss mean comparison tests (with p < 0.05), correlation
and linear regression.

RESULTS AND DISCUSSION
Dry matter and processing yields

The fresh root dry matter (DM) content range was very
narrow (between 27.2 and 28.7%, wb, Table 1), and no
significant difference was observed between cultivars.

Irrespective of the cassava cultivars, the mean yield
with processed traditional flour was higher (72.9%, db)
than with improved flour and lafu (66.4 and 65.8%, db,
respectively). The material losses were 2.4% during
crushing, 2.1% during soaking and 1.9% during sieving.
A similar yield for lafu processing (63 - 67%, db) had
been previously reported (Gbaguidi-Darboux et al.,
2001).

Irrespective of the cultivar and processing, dry matter
content in flour was similar, with a mean value of 89%
(wb), an adequate value for storage and transportation.

pH and titrable acidity changes during processing

As regards to pH and titrable acidity, no significant differ-
rences were observed between cultivars (Table 1). The
pH significantly decreased and titrable acidity increased
after processing: the intensity of acidification was greater
for lafu (2.0 mg lactic acid eq/g; pH value of 4.4; Table 2).

The titrable acidity in improved flour was close to 0.4
mg lactic acid eg/g, a value reported in Nigerian flour
(Shittu et al., 2007), and the pH of Beninese lafu was
similar to 4.5 mg lactic acid eqg/g reported on lafu from

Nigeria (Oyewole and Afolami, 2001). As for lafu, it may
be inferred that the increase in titrable acidity observed in
traditional flour may be due to some extent to the fermen-
tation process during a long-term sun-drying; indeed, the
water content is sufficient to initiate fermentation during
the first days of drying. This phenomenon is therefore
much less pronounced for the improved flour, which is
dried in one single day.

Cyanide and linamarase activity reduction during
processing

The total cyanide content in peeled cassava roots ranged
between 98.9 and 158.6 mg HCN/kg, db (Table 1). The
lowest total cyanide contents were observed in AGRIC
and GBEZE roots (around 100 mg HCN/kg, db), and the
highest in the three other cultivars (around 150 mg
HCN/kg, db). These results are in accordance with the
classification used by Beninese farmers (Nago and
Hounhouigan, 1998a).

Processing significantly (p < 0.05) reduced total cyanide
content in fresh root. The mean total cyanide contents
decreased to 11.4, 16.6 and 36.5 mg HCN/kg, db in lafu,
improved flour and traditional flour, respectively, irres-
pective of the initial fresh root cyanide level (Table 2).
The reduction rate was higher in lafu (91%), followed by
improved flour (86%) and then traditional flour samples
(70%). Cyanide reduction rate for soaked roots was
higher than previously reported (70 - 85%) for roots
soaked for 3 days (Hahn, 1989), and our flours’ total cya-
nide contents were lower than similar fermented cassava
flour (34.2 mg HCN/kg, db) and non-fermented flour sam-
ples (64.0 mg HCN/kg, db) from Mozambique (Muzanila
et al,, 2000). The mean total cyanide level in improved
flour (16.6 mg HCN/kg, db) was however similar to that
reported in non-fermented flour (17.0 mg HCN/kg, db)
processed by oven-drying at 60°C for 20 h (Charles et al.,
2005). Despite the drastic reduction, our flours’ final total
cyanide contents remained higher (1.1 to 3.6 times) than
the recommended safe level of 10 mg HCN/kg, db
(FAO/WHO, 1991). Sun-drying alone caused a drastic
total cyanide reduction (70%); however combining with



-0id Jaye pasealosp Ajeonewelp AuAnoe Odd
(g @1nbBi4 iGe'0 = 1) ssaumo||A yum paje
-|24109 AjaAnisod pue Ajjuediiubls Sem sinoj} BABSSBO
8yl U1 Jusuoo jousyd B0l (€002 ‘e 18 90SSNY)
Buiyoes|q diyo wek Buunp peniesqo sem Bul
-yoeg| jouayd ‘Auejiwig "Buissaid Jo/pue Bueos
Jaye Jarem aisem ayl ol Buiyoes| jousyd [eied
Aq paurejdxa Ajued aq ued doip syl ‘(v 9|qel)
Inojp paacsdwi pue nje| ul Ajjeolselp paseald
-p } (BN g°1) sioos ysai jo Jeyl o} 8so|d
SEM A_.ms_z /1) Jnoj jeuoniped) ul Jusjuod jousyd
elol ‘(¢ e|qel) iseybly eyl pey 616 SINL
pue 2/50€ SIL dl1ym ‘sjoos ysaly ul AyAoe aod
1SemO| 8y} pamoys IOV pue 373g9 -JeAnnd
a8y} uo bBuipuadep pauea AuAlOe QOd ‘JeAs
-MOH "AjaAnjoadsal ‘ ulw F.m O AT $°G1 pue F.m_>_1
Gl JO SonjeA ueaw YUM ‘SIBAI}ND ||B 1O} Jejluis
8J9M 1001 ysaly ul AlAoe Odd pue jusluod jouayd
[el01 "8inquue SIyl Jo swisl ul sInoj} [euolipel)
0] sInoj} eaessed panoidwi Jajaid [im Aayl aousH
(5002 ‘e 12 nouoped 966 ‘©4OMN) SINO|} BARS
-SBO Ul JN0j0d 8liym B 10} Yoo| Ajeiauab siowns
-u0D "INOJ} [BUOIIIPEJ} IO} PBAISSQO SBM dNeA JV
ul asealoul ue ‘Ajpsianuo) (¢ o|qe]) Ausouiwn|
Ul 8SeaJoul UB pue g pue Jv Ul 9Sealosp JUed
-ijubis e yum Jsliym aweoaq sinoj) pasoidwi pue
nje| ‘Buissascolid sy (8 vz - 0°2} 1o abuel) siea
-1INo 8sauluag Jaylo 10} (5002) ‘|e 18 nouoped Aq

pauodal senjeA 8y} O} 9S00 8ieM pue (g ajqe])
'/} 01 €9} wouy pabues ‘|l SUYM pJEpUB)S WO}
80UBJ8JJIP JNOJOD [B10]) BY] ‘SI004 YS8l) Ul SenjeA Jv

inoj} eaessed jo spunodwod
o1jouayd pue inojod uo Buissadoiad jo 109413

‘AlA1lOB |enpisal aseleweul| 1saybiy ay) Juss
-aid Aay] seasaym (WJO) punoq ul) [9A3]| apluehAd
1saybiy ey} urelas sinojj [euonipesi ey} Joey sy}
suiejdxe siyl ‘(9002 ‘@woq\ pue 8963-1000y)
uononpal azis 100l jJo odalbep oyl 031 paleal
-109 AjBuoJis g 0] punoj usaq Sey |9A8| uolonpal
apiueko ayl pue ‘(000zZ ‘e 1@ ejlueznpy) aselew
-euUl| pue sapIsodA|b uabourAd usamieq 10BIUOD
JO BaJe 8oeuNs oyl saseasoul Buiysnio Ag uon
-onpaJ 9zis 100J J0 (uonepelbap ||om |99 sasned
leyl) Buiyeos ‘(900z ‘ewogy pue aqb3-1096y)
sisA|-0JpAy areiiul 01 Aressadsu 810848y}l SI uon
-eluswbelq (S8|0NJeA 8y} Uul) 8leJISgNs 8yl pue
(jrem 1190 ay1 uI wiesaud) swAzus ay) usamiaq o€}
-U09J JO X0B| B 0} anp pajiwl| JoASMOY SI sulleweUl|
10 sisAjoJpAy ay| -Bumuwi jou Ajeoneiosyl aioy
-aJay] SI AuAnoe aseleweur] ‘nje| ul AlAnoe [enp
-1S8J 10} | g pue ‘S]00J ysal) ul AlIAIOB aselewreul|
[eulbluo 1oy ulw 9} SI ) :p8leINdBd 8q UBD Sapiu
-eAD 1001 ysalj Jo sisAjoipAy |e10] ay] 1o} palinbal

awl} 8y "sse204d uoneolyIxo1ep ayl 0} [eluswLiep
sI AJAIIOB 8seJelweul| Ul 8SBaI08P SIY) JaYIoym s|ge
-uonsenb aiojeleyl sI | ‘nye| Joj Bupjeos Jsye pue
‘inoj} panoudwi Joj Buissaid/Buiysnio Jaye paAey
uey} aJow sem AlAOB @SeJeWRUIT ‘nje| ul pue
‘Inoj} panoidwil Ul paAIasSqo JoAamoy sem AlAIoe
9SEeJeWe.Ul| Ul 9SBaI09p DIISBIp Y "SOAES| BABS
-sed paup-uns ul Auanoe aseseweul ybiy punoy
os[e (200g) ‘|e 1@ Bal0) "dAlNOR SSeleweul 8yl
jo Ued abue| e 1day alojalayl (D,0g) ainjesadwsl
luaique 1e BulAip-ung "INoj} [BUOILIPEJ} O} MO| SBM
doip ayl Ing ‘Buissasoid Jsye pasealsdop Alainoe
aseJeweul ay] "s1onpoidd ay] ul JuUsu0d apiuekd
[enpisal [e10} pue AlAOB SSeleweul| Usamiaq
panlesqo sem diysuoneal oN ‘(1 9|ge]) 1semoj
auy} $€616 SINL Ppue [aA9| 1saybly oy} pejuss
-04d 14DV !, 6, uiwrjoN 62°0 pue gg'0 usamieq
paueA ool pajgad ul AlAOeE aseleweul 8yl
‘uoieuIWI|® apIueAd a1} 8yl Aq jou ing
‘gseJeweul| 8y} JO UOIIOB By} O} anp ‘sulleweul| Jo
sisAjoJpAY Byl AQ paywi| SNy} SI uoioNpal apiueAn
‘apiueAd punoq o} anp Ajuo paseadde sinoj} ayl
JO SJUBIUOD BpIUBAD [B10]} UBBMIB] SOoUIB|IP By L
‘ouoje Buissaid uey) jusaiolye alow sem Buissaid
pue Bupeos Buiuiquiod ‘ApeiwiS “jusiole alow
aq 0] paJseadde - (Buisseooid nje|) Buissaid pue
Bunjeos 10 ‘(Buissesoid unojy parosdwi) Buissaud
pue Buiysnio - se yons suoneiado lun JIsyio

(G0°0>d) uaiapip Ajjueaiiubis ase 1oy swes ayl Aq pamoj|0} J0U UWN|OD SWES 8y} Ul SaNnjeA (0] = u) UOIJBINSP pJepuels F abelany

e100F¥00 B90FEG eV ILFVLL 29'0F07¢ eG0F vy PLOF068 Buikip ung

B100+S600 agL+20lt 02G6¥1'0¢ 0€0FG7¢ eG0+SV 0/.0+6°09 ysew passald

e 100+800 POy e+ G LL PO8*F6'LS 220F¥¢ ge 90+ 'S a90F9v¢ ysew psxeos nye7

B200+ 400 BO}L+29 qee+99l B L00+090 qgeo0+2c9 P¥0+c68 Buikip ung

e 100+600 qgexoct 997CI*+GaL 900+ 4LE0 220F.9 0L0F L LY ysew passaid noyy panoidu|

gG00+6L0 BEL+G9 q9v+99¢ qe0+¥'L 920+ 19 PE0+v68 Buikip ung ANOj} [euonipes |

Y00+ 120 g6c+9€cl Jgcec+aact By0'0+ G20 020+.9 BO0+6'LC 1001 pajgad Buikip-szesi 1001 ysai4
(ap 6, wiwrjonr) [ (qp ‘BX/NOH Bw) | (qp ‘BX/NOH bu) (qp ‘B/bw) (am %)

aseleweul] apiueid 9214 apiueld jejo Aupioe sjqean Hd Janew pauqg days ssad01d 1onpoud

(s1eAnnd G ay} 40} sanjeA ueaw) s}onpoid BABSSED JudJajip ul ANAIIOE aSeiew Rl puB Jusluod apiueAd pue Alpioe ‘(%) Janew AiQq g ajqel

OS pood T 4V 00




Table 3. Colour, phenolic compounds content and PPO and POD activities in fresh roots.

Hongbété et al.
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Cultivars Luminosity b* AE Total phenol PPO POD
(L% (uMg™, db) (UM O2g” min™', db) (mDO s'g”, db)
AGRIC 86.1+1.5a 135+1.4b 16.8+1.3a 15+0.05a 16.1 +0.8 ab 96+20a
GBEZE 86.3+1.1a 142+14b 17.0+1.3a 15+0.1a 143+16a 78+12a
TMS 30572 848+13a | 124+14ab | 171+13a 15+0.03a 15.6 + 0.5 ab 17.7+0.8¢
TMS 91934 852+13a | 120+15ab | 16.3+1.4a 1.7+0.1 ab 146+0.7 a 19.7+1.4c¢
TMS 920326 85.1+1.2a 13.3+1.4b 172+15a 1.4+0.04a 16.3 +0.9 ab 11.7+12b
Mean 85.5+1.2 13.1+1.3 16.9 + 1.1 1.5+0.1 154 +1.1 13.3+4.9

Average * standard deviation (n = 2); values in the same column not followed by the same letter are significantly different (p < 0.05).

Table 4. Colour, phenolic compounds content and PPO and POD activities in different cassava products (mean values for the 5 cultivars).

Total phenol content

Figure 2. Relationship between total phenol content and yellow-
ness of cassava flours.

processing (Table 4). Traditional flours presented the
lowest residual PPO activity, but were also the darkest.
As for yam (Akissoé et al., 2003), PPO was not the pri-
mary agent responsible for cassava flour staining. The
relatively low inhibition of PPO observed for improved
flour and lafu could be due to the shortness of their drying
(one day versus 3 - 5 days for traditional flour), which
should be not sufficient to cause the long-term PPO de-
gradation suggested by Akissoé et al. (2003). POD was
completely inactive in all the dried flour samples. Indeed

Product Process step | Luminosity b* AE Total phenol PPO POD
(L) (uMg”,db) | (uMO.g" | (mDOs’g",db)
min’, db)
Fresh root Freeze-drying 855+1.2b 13.1 £1.3d 16.9+ 1.1 bc 1.5+01¢c 154+11d 13.3£49b
peeled root
Traditional flour Sun drying 787+x14a | 11.2+1.7c 18.7+19¢c 1.7+02c 1.8+03a Oa
Improved flour Pressed mash 89.6+£1.3b | 9.8+1.0bc 16.0 £1.2 bc 1.1+£0.1b 155+1.2d 34t14a
Sun drying 93.8+1.1¢c 51+0.7b 12.1 1.3 b 04+01b 3.8+05b Oa
Lafu Soaked mash 849+13b 11.2+11c 20.8+1.1d 1.0+£0.1b 148+1.0d Oa
Pressed mash 905+1.1b | 9.1+0.7 bc 15.5+ 0.6 bc 06+0.1b 109+13c Oa
Sun drying 95.3+1.1¢c 24+03a 9.2+06a 0.1+£0.05a 41+£06 b 0a
Average + standard deviation (n = 10); values.
17,0 1 POD is highly sensitive to heat and is completely inactive
after 20 h at 65°C (Akissoé et al., 2003) for yam. Unlike
o 307 yam, no significant phenol content increase could be
4 observed after drying. The role of PPO and/or POD in the
H 9.0 discoloration phenomenon could therefore not be demon-
3 50 strated. If they play a rplg in Fhe discoloration _phenome-
’ non of cassava flour, it is minor compared with that of
10 ' ' ' ' ' pressing and/or steeping, which induces flour bleaching.
0,0 05 1,0 1,5 2,0 25

Conclusion

The processing of cassava roots in improved flour and
lafu proved superior for producing safe and white non-
fermented and fermented cassava flours, respectively.
Safe products were produced regardless of the initial cya-
nide level and the linamarase activity of the fresh roots.
Cassava flour colour was closely linked to the phenol
content; steeping and pressing promotes phenol leaching
and cassava flour bleaching. The PPO and POD active-
ties did not appear to be linked to flour discoloration.
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