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Executive summary

The physical and organoleptic properties of tradai products have been characterized for
several samples collected from the traditional @ssors for every version of the processes.
From 6 to 28 samples collected for each of the £ versions of the processes were analyzed
in general, but a more limited number of sampleso(Z2 per version of the process) were

analyzed for aroma of Akpan and Gowé.

Particle size revealed significant differenceshia process types of Akpan and Kenkey. This
will have a great impact in the acceptability of firoducts as consumers generally look for a
“smooth” (not rough) product. Texture was also gigantly affected by the process.

Gelatinization level appeared very diverse for Akppointing out that cooking level is a
critical point for this process for which gelatiation must not be completed. Gowé and
Keneky are however completely cooked.

Colour differences were also noticed between Kemekgess types. Colour parameters could
not be measured on Akpan and Goweé due to the éadlithe equipment.

Aroma compounds were identified for the first tioreGoweé and Akpan.

Some data are missing, in particular on Kishk S#edue to the Egyptian revolution that
delayed the collection of samples on field.

All these measurements will serve as basic knoveefty controlling and targeting re-
enginering toward products of better quality. Thdaé will be compared to sensorial and
consumer data to best quantify the target of quédit each product.

Results

For each product, the summary and detailed repoetggiven in annexes for, Akpan, Gowe,
Kenkey, and Kishk Sa’eedi, respectively. The tadid figure numbers refer to each annex
respectively.
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Annex 1 - detailed report for Akpan

Concerning particles size analysis (Table 1), tlagomfraction was less than 45 um for all
Akpan. Akpan from ogi was however finer with 730484.7% (db) of particles less than 45
pm against 43.4 and 64.6 % (db) for dough akpan.

According to producers akpan must be slightly cookmarticularly akpan from maize ogi.
The degree of gelatinization indeed varied betw&eb and 88 % in the collected traditional
akpan.

The apparent viscosity of sorghum akpan appeargdehi(235-247 u RVA) than that of
maize or mixed akpan (158-172 uRVA)

Concerning aroma, Gas Chromatography coupled widsaViSpectrometry was performed
after Solid Phase Micro-Extraction. The total numbé compounds detected with quality
index > 80 (degree of agreement between mass gpedf sample and mass spectrum in
database on scale of 0 to 100) was respectivelg@150 and 28 compounds for Akpan from
maize ogi (MO), Akpan from sorghum ogi (SO), Akpaom mixture” maize + sorghum”
dough (SMD) and Akpan from sorghum dough (SD). mgkinto account the odor detection
threshold, according to the literature, 25 compaumalve been considered. These compounds
comprised one ester, one acid, 10 carbonyls, $als@and 5 phenolics compounds (Table 2).
Alcohols were the dominant compounds in numbersafbtypes of Akpan, but carbonyls
should have the most important aromatic impact withf them having higher pseudo-odour
active values (OAV, peak area over threshold oéctein) over 1. The number of significant
peaks and pseudo-OAV were lower than for gowé; thés surely due to the shorter
fermentation duration in the case of akpan. Limenand D-limonene were however specific
of akpan; they indeed originated from the citromelhich is often added in the diluting water
of akpan. There was significant difference (P <5)D.@etween akpan processes. Some
compounds (1-Butanol, Nonanal, 1-Octen-3-ol andcia@iol) were detected in every types of
Akpan, but several ones were only identified in tyfe. Akpans made from ogi (MO and
SO) appeared richer in carbonyls, particularlyldehydes whereas akpans made from maize
(MO and SMD) appeared richer in Limonéne, ethyktate and eugenol.
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Table 1. Results for sensory, physical and texturanalysis of akpan

for Group 1

Responsible Variety/Treatment/Process/Raw material used
partner and lab
Parameter SOP number Sorghum ogi Sorghum dough Maize ogi Maize and
and unit of sorghum mixed dough
measurement Number Number Number Number
of Mean | of sample; Mean of Mean of sample Mean
samples  +/-SD +/-SD samples +/-SD +/-SD
Physical:
Particle size | X <45 um Phys-cere-001-en
E‘;}:}egg;ate”a') 84.7+0.9 43.443.7 73.4:0.7 64.613.5
X <150 pm
89.410.6 53.7+0.6 76.7£7.6 73.9+1.4
X < 180 pum UAC@ UAC 6 6 6 6
91.442.1 64.248.7 76.9+1.6 75.7+1.2
X <300 pm
94.740.9 74.543.2 92.940.1 83.1+1.1
Degree of gelatinization (%) Phys-cere-G0@+s#] UAC @ CIRAD 2 88+16.9 2 761£29.7 4 64.5+24{7 2 85+21|2
Organoleptic:
Aroma compounds Phys-Cere-007tetdAC @CIRAD 2 See table 2 2 See table(2 4 Seetable 2 2 See table 2
Texture of liquid I 235.2+
Product (u RVA) Phys-Cere-008-ff UAC @ UAC 6 246.7 + 78 6 63.8 6 157.5+ 30 6 171.5+ 29.9
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for Group 1

Table 2 Volatile compounds in various types of Akpan. Bmeounts of volatiles are expressed

as relative peak area / (kahreshold)

Akpan from maize

Akpan from Akpan from  and sorghum mixed  Akpan from
Compounds maize ogi sorghum ogi dough sorghum dough
Alcohols
Ethanol 7,12E-06  1,05E-0% 8,10E-05 nd
1-Butanol 2,03E-08 1,99E-03 1,83E-03 1,73E-03
1-Butanol, 3-methyl-  2,52E-63 nd 5,84E-03 nd
1-Hexanol 3,92E-04  2,28E-04 2,42E-04 nd
1-heptanol 4,20E-0F nd 2,23E-0F nd
1-Octen-3-ol 6,08E-0f  5,60E-0F 1,59E+00 nd
1-Octanol 1,05E-G2  7,82E-03 1,33E-02 6,26E-03
Phenylethyl Alcohol 1,99E-03 nd nd nd
Carbonyls
2-Butanone 2,54E-05 nd nd nd
Hexanal 4,26E-G2  8,95E-02 nd nd
Octanal 1,18E+06  3,72E+00 1,01E+06 1,36E+00
Nonanal 8,23E-0F 2,60E+00 7,04E-0F 9,50E-0F
2-Octenal, (E)- 5,47E-02 nd nd nd
2-Nonenal, (E)- 4,59E+0¢  5,75E+0G nd nd
Heptane, 2,2,4,6,6-
pentamethyl nd 2,87E-01 nd nd
Benzaldehyde nd nd nd 1,62E-02
Limonéne 8,16E-0F nd 3,92E+00 nd
D-Limonene nd 6,85E-02 nd nd
Acid
Octanoic acid 1,12E-04 nd 3,66E-08 nd
Esters
Ethyl Acetate 3,58E-0F nd 8,58E-0F nd
Phenols
Phenol, 2-methoxy-
4-methyl- 1,64E-01 1,69E-02 1,84E-02 nd
Phenol nd 3,61E-04 nd nd
Eugenol 5,96E+0G nd 2,10E+00 8,14E-0f
Phenol, 4-ethyl- nd 4,57E-02 3,82E-02 1,48E-02
2-Methoxy-4-
vinylphenol nd 8,06E-01 nd nd

nd : not detected

Mean with same letter on the line was not sigaifity different.
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Annex 2 - detailed report for Gowe

Gowe has a medium texture (neither fine nor coare#) a median particle size around 150 pm
and about 67% and 63% of particles under 300 pmséwghum Gowe and maize Gowe,
respectively (Table 1).

The viscosity varies between 156 and 339 uRVA @4l it was significantly lower for steam
cooked goweé.

Concerning aroma, Gas Chormatography coupled wealsVBpectrometry was performed after
Solid Phase Micro-Extraction. The total number @ihpounds detected with high match quality
(good correlation with library spectra) was 107 andording to literature, only 31 of these were
found to have a significant odour impact. Gowe aor@d compounds typically reported in the
literature (Narvhuset al., 1998; Hartvgsen, 2000; Namh al., 2003). These compounds were
produced in varying amounts among the samples aydgreatly influence Gowe acceptability.
The different Gowe types were significantly diffietéP < 0.05) and identified compounds were
seven (7) alcohols, fifteen (15) carbonyls (aldedsydnd acetones), two (2) acids, one (1) ester
and six (6) phenolic compounds. Among them, onehalt (1-Octen-3-ol), three carbonyls (1-
Octen-3-one, Nonanal and 2-Nonenal, (E)) and onenglit compound (2-Methoxy-4-
vinylphenol) had pseudo odour active values (pe&la/threshold of detection) over one and
should give the most significant aroma impact. Réigg aldehydes, nonanal was found in same
amount in all Gowe types while butanal-3 methyintaeal, hexanal, heptanal, octanal, 2-
Octenal (E), 2-Nonenal (E), were formed in highesbunts in steam cooked maize Gowe. For
butanal-2-methyl, it was formed in highest amountsorghum and maize’ Gowe than others
Gowe types. Among acetones, 1-octen-3-one, which th@ acetone produced in highest
amounts, was higher in steam cooked maize Gowesibigmum Gowe. 3-octanone was detected
in all Gowe types whereas 2-Butanone was identifiessbrghum Gowe and maize Gowe and 2-
octanone only in steam cooked maize Gowe. Ethythéeevas identified only in sorghum Gowe
and maize Gowe. Regarding alcohols, ethanol, 1+#@x8-Hexen-1-ol, Phenylethyl alcohol and
1-octen-3-ol were formed in all Gowe types. 1-0€3enl, the most abundant alcohol formed was
found in lowest amounts in steam cooked maize Gbae others Gowe types.
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Table 1. Particle size and texture
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for Group 1

Variety/Treatment/Process/Raw material used

Respon-
Parameter SOP number sible Malted and non- Malted and non- Malted and non- Sorghum malted and
and unit of partner and malted sorghum malted Maize malted maize and non-malted maize
measurement lab steam cooking mixed
Number Number Number Number
of Mean | of sample; Mean of Mean | of sample; Mean
samples| +/-SD +/-SD samples| +/-SD +/-SD
Physical:
Particle size (% wet materidl)
X < 45 um UAC @ o | 52.3%2. 47.8+3 48.3+1. 43.442.(
Phys-cere- UAC 5 1 7
X <150 um 001-en 54.6+1. 6 50.6+2. 6 49.8+1. 6 44.7+1.
9 1 0 5
X <180 um 56.4+2. 54.7+1. 53.3+2. 47.041.
0 4 3 8
X <300 pm 66.9+2. 63.3+2. 63.713. 52.8+2.
7 2 7 4
Organoleptic:
Aroma compound Phys-Cere-007-er UAC @ 3 See table 2 See table 3 See table 2 See table
CIRAD 2- 2-
Texture of liquid Phys-Cere-008-fr UAC 9 320 £122 6 339 6 156 +51 6 280 £80
Product (URVA) @ UAC +108

D




AFTER (G.A n245025) — Deliverable 1.2.4.1

Results of physical, chemical and textural analysis for Group 1

Table 2. Aromatic compounds Amount of volatile compounds is expressed as kadgieak area
/ (10’ x Threshold)

Maize Steam  ‘Sorghum and

Sorghum Gowe Maize Gowe

cooked Gowe

maize' Gowe

Compound (N=3) (N=2) (N=3) (N=2)
Alcohols

Ethanol 3,64E-05 5,31E-05 1,2E-05 2,43E-05
1-Butanol, 3-

methyl- 6,79E-03 7,24E-03 2,55E-04 3,89E-03
1-Hexanol 5,72E-04 5,47E-04 7,74E-04 4,06E-04
3-Hexen-1-0l, (2)- 1,07E-02 9,45E-03 6,29E-04 208
1-Octen-3-ol 3,88 4,13 1,68 12,05
1-Octanol 1,79E-03 1,03E-03 Nd Nd
Phenylethyl Alcohol 2,65E-03 3,74E-03 2,47E-04 1,04E-03
Carbonyls

2-Butanone 2,12E-05 1,14E-05 Nd Nd
Butanal, 3-methyl- Nd Nd 2,25E-01 Nd
Butanal, 2-methyl 1,43E-02 Nd 1,27E-01 1,51E-01
Pentanal Nd Nd 8,35E-03 Nd
Hexanal 2,05E-02 1,66E-02 2,1E-01 7,14E-02
Heptanal Nd Nd 4,53E-01 1,52E-01
2-Hexenal 2,82E-02 Nd Nd Nd
3-Octanone 1,10E-01 1,25E-01 7,31E-03 1,00E-01
2-Octanone Nd Nd 2,75E-03 Nd
Octanal 1,27E-01 Nd 6,94E-01 3,34E-01
1-Octen-3-one 22,36 Nd 114,27 Nd
Nonanal 1,23 1,02 1,13 1,19
2-Octenal, (E)- 2,48E-02 Nd 3,50E-01 1,27E-01
Benzaldehyde 6,38E-04 Nd 2,75E-03 1,16E-03
2-Nonenal, (E)- 3,99 Nd 19,1 11,9
Acids

Hexanoic acid 2,33E-03 2,31E-04 Nd Nd
Octanoic Acid Nd Nd 9,17E-05 Nd

Ester

Ethyl Acetate 7,31E-01 5,04E-01 Nd Nd
Phenols

Phenol, 2-methoxy-

4-methyl- 6,64E-03 1,25E-02 7,25E-04 5,55E-03
Phenol Nd Nd Nd 6,71E-04
Phenol, 4-methyl- 6,65E-04 2,04E-02 Nd Nd
Eugenol 5,38E-02 Nd 1,44E-01 Nd
Phenol, 4-ethyl- 1,74E-04 4,11E-04 4,02E-04 3,98E-
2-Methoxy-4- 106
vinylphenol 1,06E-02 1,55E-01 7,18E-01 '

Nd : Not detected
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Annex 3 - detailed report for Kenkey

Particle size of dough

Results showed (Table 1, Figure 1) that Fanti dduggh the finest particle size (with a median
lower than 0.1 mm) hence giving a smoother Kenk&y.dough was the coarsest (median by 0.3
mm) and white dough intermediate (median by 0.15).mhe maize grains for all three types of
kenkey are steeped for 2 days before milling, floeeesteeping cannot be responsible for the
differences in particle size. White kenkey, howevweidehulled before steeping hence loss of the
fibrous pericarp will give it finer particle sizedter milling. In all three cases the milled meal i
kneaded into dough. With white kenkey this dougtyrha processed immediately into kenkey
without any further fermentation, though some pssoes will allow the dough to ferment for up
to 12 h before further processing. With Ga-kenlk®yyever, the dough is fermented for at least 2
days and Fanti kenkey for at least 3 days. The rxtended fermentation of the Fanti dough will
account for its particle size being finer than G@agh as observed in Figure 1 since fermentation
will result in further structural breakdown. Figuteshows that the extended fermentation of the
Fanti dough eventually results in it having finarfle sizes than in the dehulled white dough. In
Ga kenkey, however, the dough fermentation is rt&resive enough to achieve this.

100 -
90 A
80 A
70 A
60 A
50 A
40 -
30 A
20 A
10 A

Cumulative percentage

<0,1mm >0.1mm >0.15mm >0.25mm >0.3mm >0.5mm >1mm >2 mm

Particle size

Figure 1. Distribution of particle size for traditional dough

Gelatinization level

There was 100% gelatinization of starch in all ¢htgpes of kenkey. White kenkey is indeed
steamed for 30 minutes, Ga kenkey cooked/boile® foours and Fanti kenkey cooked/boiled for
6 hours. These cooking regimes/times are suffidc@achieve complete gelatinization of starch in
each case.

Colour parameters of the different types of Kenkey
L value measures the whiteness or lightness ofrgplsa The closer the L value is to 100, the
more white the sample. White Kenkey recorded tlyhdst L value of 81. This is because the

10
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Kenkey is produced from dehulled maize grains wimetke the product whiter. Ga Kenkey and
Fanti kenkey are produced using whole grain maZa.Kenkey had an L value of 72 and -Fanti
Kenkey - 70 (Table 1). They were therefore lesstavbut quite similar in their tinge of
whiteness. This slight difference can be attributethe two types of kenkey being wrapped and
boild in different leaves i.e. plantain leaves Fanti kenkey and dried maize husks for Ga kenkey.

The leaves impart both colour and aroma to theymrisd

11



Results of physical, chemical and textural analysis

AFTER (G.A n?245025) — Deliverable 1.2.4.1

for Group 1

Table 1 Results for sensory, physical and texturanalysis of kenkey (Group 1)

Variety/Treatment/Process/Raw material used

Respon : i
Property Parameter SOP number | sible Fanti kenkey Gakenkey | White kenkey
and unit of partner| Number Mean SD Number off Mean SD Number| Mean SD
measurement and lab of Samples of
Samples Samples
Particle size (wet material)Phys-cere- FRI
Dough 001-en @ FRI 9 9 18
>2mm 100,95 | 4.64 108,4 | 8.06 97,55 | 2.80.4
>1mm 93,51 1.97 90,02 | 4.46 93,03 | 0.60
>0.5mm 87,32 0.24 79,95 | 2.63 84,93 | 1.26
TQU >0.3mm 81,62 3.65 58,13 3.64 77,55 11.17
% > 0.25 mm 70,81 1.55 33,99 1.21 63,59 4.30
o |>015mm 66,82 | 281 29,87 | 0.02 55,6 | 1.36
>0.1 mm 60,74 | 0.29 25,43 | 0.31 4585 | 1.72
<0.1 mm 56.52. 12.49 20,96 5.75 39,21 16.84
Median particle size (mm
<0.1 0.3 0.15
Degree of gelatinization Phys-cere- FRI @
003-fr/en CIRAD 3 100 1 100 1 100
ks) Texture of solid Phys-Cere-0051 FRI
=1 product en @ FRI See table 2
@)
S Colour parameters
% L Phvs.C 006- FRI@ 69.67 0.84 71.74 0.65 81.01 1.90
ys-Cere-006-
g 'g‘ en FRI 10 4.55 0.06 101479 {008 20 1 090 |o0.44
9.48 0.29 9.23 0.76 7.59 1.53
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Table 2 illustrates maximum force, minimum forced atickiness of the three types of Kenkey.
Maximum Force indicates hardness of samples. 60kgnkey was compressed using a 6 mm
penetrometer till a deformation of 20 % of the sengrcurred. The maximum force measured in
this state of compression corresponded to the lkasdof the kenkey sample. As the penetrometer
retracted the minimum force was measured correspgrid the force of adhesion. The negative

area under the curve measured the stickiness chingle.

Table 2: Texture of the different types of kenkey

for Group 1

Numbelr of Maximum Minimum force (g) Stickiness(g.s)
samples Force (g)
o Mean 168 -45, -64
anti 49
kenkey SD 91 12 28
Mean 225 -37 44
Ga kenkey 72
Mean
White 204 26 s
56
kenkey SD 57 10 18

Hardness values ranged from 168-225 g (Table ) ®#& Kenkey having the hardest texture

(225 g) and Fanti Kenkey the least hard (168 gg fEsults are in agreement with the results of
obtained for particle size of the doughs and shimwtable 1. Fanti Kenkey recorded a minimum

force of 45 g and white Kenkey 26 g. Fanti kenkag the most sticky texture of the three types
of kenkey, and white kenkey the least sticky textur
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Annex 4 - detailed report for Kishk Sa’eedi

Beity (home quality) and Sooky (commercial quali§® showed similar particle size; 20% of
material has particle size more than 710 um (TdbhleThey, in addition showed similar
whiteness; E value was close to 65 for both tyfé&So

Degree of gelatinization, aroma and texture analysil be performed at CIRAD from 15/06 to
14/07 during the stay of a PhD student from NRC.né@oning aroma, we will use
Chromatography/Mass Spectrometry coupled with Gdwoi@atography/Olfactometry to
identify the main aromatic compounds. Concerningtuie, we will develop specific
instrumental methods for evaluating fracturabiltygd grittiness. These methods will then be
used as control tools in the re-engineering studies

In the mean time, seven different KS samples reptesy the wide spectrum of sensorial quality
were tasted using an unstructured line scale (2A.B The sensory evaluation test showed that
traditional KS has good organoleptic propertiesubs®antial differences in sensory character
were noted between the KS in particular, differanicecolor, fresh odor, KS taste and mouth
coating. In general, high ratings for creamy coldtesh odourKS taste and fracturability are
considered as positive effects that would be faedury panellists while increase in caramel
colour, sour taste, denseness and mouth coatingegaeded as undesirable. This work showed
that the application of QFD and PCA techniques @qubvide the useful information to KS and
helped to identify the importance of product atités.

Descriptive Sensory evaluations between of the K8ng panellists and non-KS eating
panellists revealed that assessors perceive tredrgedescriptors differently. The KS samples
were acceptable to the non-KS eating panelists thmitypical KS aroma was not popular to
them. Tastes i.e. sour, salty, spicy and KS tafteseness, and grittiness were discriminating
attributes. Fermented odour, color i.e. creamy @ardmel; presence of fissure and presence of
bran were least discriminating. KS non-eaters sttastes attributes i.e. sour, salty, spicy, and
KS taste lower than KS eaters whereas, creamy cottanseness and grittiness were scored
higher by KS non-eaters.

In addition consumer acceptance test for KS sampbke conducted for both traditional KS
eaters (n=225) and European consumer (n=85). Aisal/engoing.

14
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Table 1. Results for sensory, physical and texturanalysis of kishk Sa’eedi (Group 1)

Variety/Treatment/Process/Raw material used
Respon-
Property Parameter SOP number|  sible
and unit of partner BEITY KS* SOOKY KS**
measurement and lab | Number off  Mean SD Number off  Mean SD
Samples Samples
Particle size (dry material)) Phys-cere-| NRC@

(% over glg ) ) onan NRC 28 19% 1.39 7 20.17% 1.41

. NRC
Physical
Degree of gelatinization %%)ésf(r:grf @al\rl]I;&C Will be performed in July 2013
CIRAD
Sensory tests performed: 11 samples by 35 parmelist
Aroma compound Phys-Cere-| NRC @ Consumers: 5 samples by 225 consumers) (D 5.3.2.1)
007-en CIRAD The analysis of aromatic compounds will be perfatrdering the stay of
Egyptian PhD student in CIRAD (15/06 to 14/07/2013)
5 2
Organo- NRC
leptic Texture of solid Phys-Cere- @ CIRAD Sensory tests performed: 11 samples by 35 pargelist
product 005-en and NRQ Consumers: 5 samples by 225 consumers) (D 5.3.2.1)
Instrumental testwill be performed during the stay of Egyptian PhDdent
in CIRAD (15/06 to 14/07/2013)
Colour index (E) Phys-Cere- @NFF:;U 28 65.41 3.09 7 64.56 3.46

* KS homemade, home quality
** KS homemade, commercial quality
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