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Executive summary

Sensory evaluation and consumer testing of Hibis@sobab and Jaabi (Yaabande) was
undertaken with African and EU consumers in SenagdlCameroon.

The sensory profile and consumer acceptance oéBigtibiscus sabdariffd..) drink (commercial
and traditional) made from infusions of red calioégither local or Sudanese origin, pure or mixed,
and either as syrup or a juice (infusion) was esqulo There were significant correlations between
the sensory perceptions of the drink by panellisBkge acceptability of the drink was tested by two
consumer groups: Europeans (n=60) and AfricansQ@rin Dakar. Three classes of behaviour
from the consumers were identified. There werthage who preferred syrup (syrup likers; 43% of
consumers) b) those who prefer juices (juice likB6% of consumers) and c) those who preferred
all of the samples (indifferent likers; 21% of cangers). The liking by African and EU consumers
was similar but European consumers were more likelprefer syrup, consume bissap the least
often and purchase bissap juice in bottles. Africansumers were more likely to prefer juice,
consume bissap more frequently and purchase iaghets. Both groups preferred to purchase
natural bissap drinks rather than ones with adtea@ir. The sensory characteristics important to
each class of consumers differed. There werefgignt correlations between acceptability, bissap
taste for the cluster of the group of the juiceetik There were significant correlations between
acceptability, sweet taste, acidic taste for theusyikers. The study shows that the distinctions
between the acceptability groups are very cleamfi® sensory perspective. The market study
should take these preference groups into accouan\unching Hibiscus drinks on a new market.

The sensory profile of seven samples of bouye (@apbrinks (syrup and juice) was evaluated by
17 panellists. Consumer testing was investigatetbat different locations in Dakar using the
central location metho. These were the followingPEhigh school (n=32); Grand Yoff (n=36),
Guediawaye (n=12), and Gueule Tapée (n=26) ardasacceptability of the drink was tested by
African consumers (mainly Senegalese) (n=104) ikaDavho tested five different drinks from the
seven first samples. A cluster analysis demonstrdiat consumers behave differently with respect
to acceptability. Three classes of behaviour fréra tonsumers were identified. There were a)
those who clearly preferred the juice from FWS (2GR&onsumers) b) those who preferred all of
the samples (indifferent likers) (31% of consumet}those who liked the juices but not the syrups
(juice likers) (42% of consumers). With respecateeptance, the reengineering approach appears
to have two options being products suited to akrakte or b) taste and odour characteristic of
baobab with a good concentration for the two prtglu€he reengineering approach should also
explore ways to increase the shelf life with optimquality regarding the sensory attributes and
consumer acceptance. Optimizing scales for pagtgion shall be conducted in order to have a
product without caramel smell.

Sensory profile and consumer acceptability was takien forJaabi a wild fruit commonly used

in savannah region of Africa, and its processedipcy a cake locally calle¥aabandeThe study
took in the northern part of Cameroon through @biben of two varieties oflaabi (Dakamiji and
Lamouj) from four origins (Garoua, Maroua, Mokolo, Mora), andgessed’aabanddrom these
samples, using three baking techniques (Sun bakampur cooking, under earth stewing). Sensory
and consumers tests indicated that the taste ofptbducts constitutes the main criteria for
consuming the products. Th&akamji variety of Jaabi appeared more homogenous whatever the
origin than theLamouji variety. Meanwhile, all samples were acceptable@ahparable level
corresponding to pleasant character. With reseetcteptance, the main option of reengineering
approach is based on standardisation of proces®egueoes in order to guarantee the taste of the
products. Inclusion of therapeutic aspects of ttoelypcts may be coupled to this option for market
development.



Background

This deliverable report refers to the sensory afrtc@&n consumer acceptance for Group 3. Group
3 products include the plant based extracts forctfanal foods Baobab (Senegal), Bissap or
Hibiscus(Senegal) and Jaabi giziphus mauritiana

(Cameroon). The methodology is set out in D5.@Report on the methodology definition for the
sensory testing and consumer acceptance studigES)BE COMPLETED LATER]

Methodology
The detailed methodology for each product is gimeannexes 1 to 3 for Baobab (Senegal), Bissap
(Senegal) and Jaabi/Yaabande (Cameroon) respgctivel

Common to all of the methodologies is the Ethicsgessment and consent which is listed as
follows:

Ethical assessment and consent
The studies have been assessed and approved hynihersity of Greenwich Research
Ethics Committee and the Ethics Committee at CIRAQonsent was sought from sensory
panellists and from adult consumers participatm¢his study. Enumerators informed participants
about the study and explained that their partiaypatvas entirely voluntary, that they could stop th
interview at any point and that the responses wbaldnonymous.

Consumer testing
While the methodology for consumer testing for epobduct was similar, the approach differed
with respect to the exact number of consumersvigered and whether non-African consumers
were interviewed.

The number and types of consumers (African andAfoican) interviewed for each products are
shown in table 1.

Table L Number and types of consumer (African and noneAn) interviewed

Consumer type (and number)
Country | Product African Non-African
Senegal Hibiscus (Bissap) 100 60
Senegal Baobab (Bouye) 106 0
Cameroon Ziziphus (Jaabi) 100 0
Processed Ziziphus (Yaabande) 164 0
Results

The summary and detailed reports are given in améxto 3 for Hibiscus (Bissap), Baobab and
Ziziphus (Jaabi and Yaabande) respectively.



Annex 1 — detailed report for Hibiscus (Bissap)

Sensory profile and acceptability of hibiscus drink in Senegal

Aurélie Bechoff® Mady CissB Geneviéve Flied&l Anne-Laure Declenfy Nicolas Ayessol
Noel Akissod, Cheikh Tour& Ben Benneft Manuela Pintadp Dominique Pallétand Keith .
Tomling

#Natural Resources Institute, University of GreeryiCentral Avenue, Chatham Maritime, Kent,
ME7 3RU, United Kingdom

® Cheikh Anta Diop Université deDakar, BP 5005, Dakann Sénégal

¢ CIRAD Montpellier, France TA B-95/ 16, 73 rue defrancois Breton, 34398 Montpellier Cedex
5, France

4 Faculté des Sciences Agronomiques, Université diddy-Calavi, 01 BP 526 Cotonou, Bénin
® Association Afrique Agro Export, Sot Sotrac MermeBP 45.028 Dakar Fann, Sénégal

" Escola Superior de Biotecnologia. Rua Dr. Antéd®énardino de Almeida,
4200-072 Porto, Portugal.

ABSTRACT (max 300 words)

The sensory profile and consumer acceptance oépigsibiscus sabdariffd..) drink (commercial
and traditional) made from infusions of red calioégither local or Sudanese origin, pure or mixed,
and either as syrup or a juice (infusion) was epqulo There were significant correlations between
the sensory perceptions of the drink by panelliBkge acceptability of the drink was tested by two
consumer groups: Europeans (n=60) and Africansq@xin Dakar. Three classes of behaviour
from the consumers were identified. There werthade who preferred syrup (syrup likers; 43% of
consumers) b) those who prefer juices (juice likB69 of consumers) and c) those who preferred
all of the samples (indifferent likers; 21% of caneers). There were no differences in classes in
terms of Europeans or Africans percentages. HowEBweopean consumers were more likely to
prefer syrup, consume bissap the least often andhpse bissap juice in bottles. African
consumers were more likely to prefer juice, consbimsap more frequently and purchase it in
sachets. Both groups preferred to purchase ndiigsdp drinks rather than ones with added
flavour. The sensory characteristics importaneagh class of consumers differed. There were
significant correlations between acceptability shis taste for the cluster of the group of the juice
likers. There were significant correlations betweeceptability, sweet taste, acidic taste for the
syrup likers. The study shows that the distinctibaveen the acceptability groups are very clear
from a sensory perspective. The market study shtakd these preference groups into account
when launching Hibiscus drinks on a new market.

CONCLUSIONS RELATING TO REENGINEERING (MAX 200 WOR®)
With respect to acceptance, the reengineering apprappears to have two options being products
suited to a) red in colour and acidity or b) sweétdaste.

There were no differences in acceptance betweeigahfrand non-African consumers the outlets
for sale and packaging may differ according to @latpurchase and willingness to pay.

Introduction



Hibiscus sabdariffd.. is an herbaceous plant that belongs to thelyaofiMalvaceae (Cisse 2011).

It is an annual herb cultivated for its leavesirsteeed and calyces (Fasoyatoal. 2005).Hibiscus
sabdariffamainly grows in tropical and subtropical areass(fy@o et al. 2005). The crop is native
to India but was introduced later to other partshef world such as Central America, West Indies
and Africa. It is known by different names suchGsgnea sorrel or bissap in Senegal, karkadé in
North Africa, roselle or sorrel in Asia and flord damaica in Central America (Cisse 2011).
Hibiscus sabdariffahas remarkable medical and therapeutic propedieh as antioxidative,
antitumor and anticarcinogenic activity (GonzaledePhareset al. 2008). These physiological
effects are related to the presence of anthocyanitis potent antioxidant activity (Sherét al.
2011).

Calyx of Hibiscus sabdariffas the plant part of greatest interest because utsed for making a
variety of products including juices, infusionspébcolorants and jam (Gonzalez-Palomaseal.
2008; Sherifet al. 2011). The consumption of the drink is widespré@adAfrica and Asia. In
Senegal, in particular the drink is very populais@é 2011). Most commonly consumed varieties of
coloured bissap in Senegal are the local (alseaddlrdinary or Cor.) and one of Sudanese origin
(also called Vimto). The drink is made from an egtrobtained by aqueous extraction. The
extraction is carried out between 25°C (ambientperature) and 100°C (boiling temperature).
After filtration, sugar and other ingredients, swahother flavouringse@. banana, mint) may be
added (Cisse et al 2011). The process for syrupg@ndice is quite similar; the differences being
the amount of water and sugar added. Little dateaslable on export quantities of syrup, juice and
calices from Senegal (Cisse 2011). There are repdityrup being exported to Europe.(France
and Germany) (Gauthier, personal communicationpoeis of calyx are mainly to the United
States and Europe, including, notably France amih@ey (Gueye, 2005), which represent 80% of
the European market that is estimated at 3000 jenyear. The quantities currently exported are
not sufficient to satisfy international demand, particular in the European market (Gauthier,
personal communication).

Consumer acceptance is important in marketingegjr@s for product development in the EU and
Africa. Along with product development and econonaiability, this will give food companies
confidence to adopt these products in the EU armhrek the adoption in Africa. A number of
authors have published on the acceptabilitifofabdariffajuice (Bamishaiest al. 2011; Boladest

al. 2009; Fasoyircet al. 2005; Folineet al. 2011; Mounigan et Badrie 2006; Mounigan et Badrie
2007; Nwafor and lkenebomeh 2009; Sulingral. 2011). Acceptance by African consumers was
measured using a 9-point hedonic scale for appear@rg. colour); taste and overall acceptance.
However these studies included a restricted nurobgreople (between 10 and 20) that are not
statistically valid (ISO 8587) (a minimum of 60 sumers is suggested). Acceptance was measured
with 50 people (D’Heureux-Calix and Badrie 2004;n@alez-Palomarest al. 2009) but these
studies were about hibiscus sauce and dried spraypestus. To our knowledge, there are few
exhaustive studies on the acceptability of hibisttisk. There is also a need for research that will
include consumers from potential countriesHabniscus sabdariffaxportation ie. Europe).

This study primarily explored the sensory profifeHibiscus sabdariffalrinks and the acceptance.
It was not known if the acceptance differed betwesinican and European consumers.
Relationships between the sensory attributes andigdichemical compounds were related to
consumer acceptance in order to understand theréattat influenced acceptability of thigbiscus
sabdariffadrinks.

Materials and Methods

Juice and syrup samples



Nine different Bissap samples (six juices and tlag®ips) were presented to the panellists. Juices
were used as they were whilst syrups were dilutéd 1

The bissap samples were from two different typestaBese or Vimto variety (originally imported
from Sudan) and Ordinary or Cor variety (Senegaleseety). Selection of samples for sensory
analysis was the following:

1.Commercial Sudanese juice (CSj)

2. Commercial Sudanese syrup (CSs)

3.Commercial Ordinary juice (COj)

4.Commercial Ordinary syrup (COs)

5.Commercial Mixed (Sudanese/Ordinary (50:5008UICM)j)

6.Commercial Mixed (Sudanese/Ordinary (50:50)upyICMs)

7.Traditional boiled Ordinary juice (TBOj)

8.Traditional ambient temperature Ordinary juicAQY)

9.Traditional ambient temperature Sudanese juigsS|)r

Commercial samples were prepared by a local Seesgdluit juice and syrup company that sells
in supermarkets and restaurants in Senegal. Conattgnmade syrups and juices were processed
from the same batch of calices. The process ofgpagipn of commercial juices and syrups differed
in terms of sugar addition. In both cases the fitsige was an aqueous extraction at ambient
temperature (typically 2h). Sugars (130 g/L) wettdesd in the commercial juices, after filtration (to
separate calyces from aqueous extract) and be#msteyrization at 85 °C for 20 minutes. Sugars
(1300 g/L) were added in the commercial syrupsr difteation followed by pasteurisation up to a
temperature of 105 °C. Traditional samples wergamed by a local processor using traditional
practices but working under good safety conditidbalices for the traditional juice were bought
from the market. In the traditional preparationycas were either extracted at ambient temperature
or boiled, sugar was added and the mixture filtatEhere was no pasteurisation stage in the
traditional preparation.

Ethical assessment and consent

This study has been assessed and approved by tiversity of Greenwich Research Ethics
Committee. Consent was sought from sensory patedind from adult consumers participating in
this study. Enumerators informed participants abloe study and explained that their participation
was entirely voluntary, that they could stop theeiview at any point and that the responses would
be anonymous.

Sensory evaluation

Hibiscus juice and syrup samples were scored bgna-Bained sensory panel using a modified
version of quantitative descriptive analysis (Q&#)ce standards were not provided (Meilgagtrd
al., 2007; Tomlinset al. 2012). The panel was composed of university tewms, students or
private company employees (17 people in total)si®as were conducted at Cheikh Anta Diop
University of Dakar (Senegal) in air conditionedomo with controlled lighting and ambient
temperature (22 to 26). The language used for the sensory testingfwaisch. The panellists
had been screened for familiarity with the produ&ensory attributes were generated during a
preliminary focus group session guided by the péader. A total of 11 sensory attributes were
developed for the hibiscus drink for which the groof panellists had a consensus. Sensory
attributes generated were as follows (English tedios):

Red colour — colour characteristic of red bissap

Clarity — drink you can see through

Concentration aspect — like a syrup that can heeadilor concentrated
Bissap odour — odour characteristic of bissap



Fermented odour — alcoholic odour indicating a famtation and that the product quality is
deteriorating

Acidic taste — taste characteristics of lemons

Sweet taste — tastes like sugar

Bissap taste — taste characteristics of bissap

Bitter taste —taste characteristic of coffee

Irritant — that has a foreign and piquant tastéhentongue

Fermented taste - alcoholic taste indicating a éation and that the product quality is
deteriorating

After a period of training using these attributése nine bissap samples were tested blind in
triplicate by the panel and the order in which tesre presented was random. At each session,
four bissap sample drinks (coded with 3-figure mnchumbers) were served in transparent plastic
cups in random order to each panellist. Hibisaurgkd (50ml) were tested by the panellists. Juices
were stored in the fridge overnight. The shelf tifea syrup and juice af8 (fridge temperature) is
respectively of a year and of four months. Intgn&it the sensory attributes was scored on a 100
mm unstructured scale, anchored with the termsvaot’ at the low end and ‘very’ at the high end.

Consumer acceptability

Consumers (160) were interviewed at five differlmtations in Dakar using the central location
method (Meilgaarcet al, 2007). These were the following: Veterinary faguin=33); French
cultural centre (n=72); Terou Bi (Beach) (n=36),e@iawaye (n=9), and Pikine (n=10) areas.
Consumers were from African (mainly Senegalese)from European origin. Because it is
logistically difficult to transport the juice frofBenegal to Europe, we used Europeans in Senegal as
a proxy.

Four Bissap drinks were selected for consumemiggtmong the samples used for sensory tasting
as followed:

1. Commercial Sudanese syrup

2. Commercial Ordinary juice

3. Commercial Ordinary syrup

4. Commercial Mixed (Sudanese/Ordinary (50:50)4ui

During acceptability testing, each consumer wadstedvto taste each Bissap drink (50ml)
(presented in random order and coded with thragdigandom numbers). Consumers were asked
to score the acceptability with respect to appeaatste and overall liking using a nine-point
verbal hedonic box scale which varied from dislé&dremely to like extremely (Meilgaaet al.
2007). Sample drinks were transported in cool boxgh ice. Syrup samples were diluted with
potable water beforehand.

Along with obtaining information about the accepligp of the Bissap drinks, information was
elicited from each consumer regarding demograptedacation, bissap consumption and buying.
All spoken interviews were conducted in Frenchrothe local language (Wolof) and the score
sheets and questionnaires were written in Frenthained enumerators assisted the consumers
when required. The interview procedure (acceptgaind the questionnaire) lasted no more than
30 min.

Statistical Analysis
Analysis of variance (mixed effect model), corriglatanalysis (Pearson), stepwise multiple linear
regression, Chi-squared analysis and principal amapt analysis (correlation matrix) were carried



out using SPSS (V 18.0) or XLSTAT (V 5.2, Addingofivultiple pairwise comparisons were
undertaken using the Tukey test with a confidenterval of 95%.

Results and Discussion
Sensory profile of Hibiscus sabdariffa drinks
Principal component analysis (PCA) was used to sanz@ the relationships between the sensory

attributes and the Bissap drinks (Fig. 1).

The PCA plot in Fig. 1, accounted for 91.43% of tibtal variation.
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Fig. 1. Principal component plot illustrating the relatgbip between the sensory descriptors and

the Bissap drinks tested (eight samples)

Where Commercial Sudanese juice (CSj); CommercisdaSese syrup (CSs); Commercial Ordinary juice JCOj
Commercial Ordinary syrup; (COs); Commercial Mix&udanese/Ordinary (50:50)) juice (CMj); Traditbmoiled
Ordinary juice (TBOj); Traditional ambient tempeana Ordinary juice (TAOj); Traditional ambient teavpture
Sudanese juice (TAS))

The commercial syrups (COs and CSs) were associatetthe sweet taste whilst the juices
(traditional and commercial) were associated witheg an acidic taste or a Bissap taste. The
commercial mixed syrup (CMs) (not represented @nHlyg.1) was deselected because it was not
fitting with the characteristics of a mixed syrupiXture (50:50) of COs (ordinary syrup) and CSs
(Sudanese syrup) as it was associated to fermésdezl It was revealed that there was a problem
during processing (heating for too long). This shawat experimentally, it was critical that the
production of the products for sensory testingasely controlled.



It can be observed that traditional Bissap juicesenwnot different from commercial ones. This was
due to the wide diversity observed among tradifignees. Traditional juices with a different
process: boiled (TBOj) or ambient (TAOj) ones wpeeceived different in their attributes. Besides,
traditional juices with calices of different origiordinary (TAQOj) or Sudanese (TASj) were also
significantly different in terms of their sensorgofile. This shows that both processing and calyx
origin can have an important influence on the petroa of Bissap drinks.

The sensory attributes of the eight Bissap drimsied were strongly significantly different with
respect to sample (linear mixed model; ANOVA; P&).tor all the sensory attributes (red colour;
clarity; concentration; bissap odour and tastediacsweet, bitter, irritant and fermented tastaf) b
for fermented odour (Table 2). Fermented odour mase difficult to differentiate among the
panellists.
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Table 2. Means and probabilities for sensory testing witkpeet toHibiscus sabdariffadrink and
sensory panellist

Appearance Odour Taste
Descript Red . Concentr Bissa | Fermen Acidi Bissa . Irritan | Fermen
or/ Clarity - Sweet Bitter
colour ation p ted c p t ted
Sample
51.5+ 555+
csi 61.2417 | 61.9+ | 58.4+ Toag | 225¢ Sans | 220% | 65.9+ | 46,628 | 37.4x | 292+
| .0d 23.7cd | 19.3d o0 | 21.7ab >°C | 15.4a | 16.5d | .0 27.1b | 23.9cd
Css 303t | 688t | 35.0¢ 27.0¢ | 19.4% 16.6+ | 695+ | 23.5¢ | 16.0+17 | 14.3% | 27.3%
18.7b | 22.6de | 18.1b 19.9a | 20.1ab 16.1a | 17.1d | 17.7a | .4a 16.3a | 27.0bcd
o 356+ | 650+ | 35.6+ igéi 19.44 58.6+ fggz ;‘g'éi 457427 gg'gi 28.6+
] 1580 | 24.7cd | 16.5b 5| 17.8ab 236d | 00% [ 20 | ap >0 | 25.5cd
cos 16.2+ | 787+ | 18.2+ 245+ | 15.3+ 12.8+ Sggi 26.7+ | 13.7+14 | 145+ | 15.2+
153a | 17.8¢ | 16.0a 19.6a | 17.0a 13.1a | °¢ | 20.7a | 0a 17.7a | 18.2a
o 65.1+16 | 64.1+ | 60.4+ ig'gﬁ 20.1+ 45.7+ fégz ?ggi 40.3+24 g??i 24.9+
I 4d 22.5cd | 19.9de o0 | 19.5ab 23.9c | ©0% | 50| 3 -0 | 20.4abe
1BO | 479t | 37.4x | 483: ‘Z‘gﬁ 21.2+ gg'g;—' gé;i 463+ | 46.0+29 | 39.1% | 22.9+
) | 158c | 294a | 16.8c <5 | 19180 G 5 251 | 0p 29.2¢ | 22.9abc
TAO | 338t | 555+ | 318s fg'gz 25.6+ gg'gi 35.9+ | 46.3+ | 43.3+25 gg'ii 36.7+
) | 163b | 26.0ab | 16.5b 7% | 2130 §°¢ | 17.80 | 2090 | 8p | 257
TAS 77.7414 | 49.2+ | 67.1+ 57.9+ | 21.9+ 30.8+ | 52.2+ gggi 26.5423 | 27.7+ | 17.8+
J 4e 26.8ab | 22.2e 23.3e | 23.2ab 24.1b | 263c | o7 | 9a 23.6b | 16.4ab
sample | <0.001%| 9001 | <9001+ I?'OO 0.437 I?'OO ;9'00 IQ'OO <0.001* I?'OO <0.001
tPanelns <0001+ | <0001 | oo Ig.oo <0.001 Ig.oo zg.oo 0241 | <0.001* Ig.oo <0.001
Sample
x 0191 | S0001 | 4001 0.003 | 0001 0015 | 0.149| 0024 0079 | 0.06 0001
panellist

*Intensity of sensory attributes was scored a 10(%sunate. Average (standard deviation).

Where Commercial Sudanese juice (CSj); CommercislaBese syrup (CSs); Commercial Ordinary juice JCOj
Commercial Ordinary syrup; (COs); Commercial Mix&ludanese/Ordinary (50:50)) juice (CMj); Tradigbmoiled
Ordinary juice (TBQj); Traditional ambient tempena Ordinary juice (TAOj); Traditional ambient teerpture
Sudanese juice (TASj). Differences between thepszsn(a, b, c, d or e in columns) were determingdhie Tukey
method

Sample panellist interactions for some of the laites are probably because it was not possible to
provide standards and because the panel was samedrand some attributes were more difficult to
assess.

The sample the most red was the CMj that was mpifeiantly different from CSj (p<0.05). The
ordinary juice (COj) and syrup (COs) were scoresslén terms of colour and this was in
accordance with local thinking. Senegalese pe@pert that red Sudanese bissap has less flavour
than the local one but is redder in colour. Wen@l. (2003) evaluated the sensory attributes of H.
sabdariffa calixes submitted to different procegsetd or hot; with or without a press) to prepare
the juice. The juice was evaluated by a sensoryelparho scored colour (redness), odour
(grassiness) and taste (grassiness, sournessneblsypusing a scale of 100mm. The redness
attribute varied according to the method of pregsiscrew press) and extraction (hot water
extraction). In this work, the redness of the lpsdank also varied according to the method of
processing (juice or syrup) or extraction (coldot).

Syrups were significantly sweeter than juices (pSPand this is in accordance with the way these
products are prepared. Syrups contain less watemame sugar.

In terms of bissap aroma (taste) the juices weoeeskcsignificantly higher than the syrups. The

Sudanese and Mixed juices (CSj and CMj) were scbidng significantly greater bissap taste
than the Ordinary one (CQOj) and this was contrariptal belief. The acidic tastes that were similar

11



for CSj and COj also contradicted the local thigkilccording to the Senegalese customs, the
ordinary Bissap is supposed to be more acidic Evddred than the Sudanese one. It is a habit for
some people to mix both types in order to obtaith lawoma and redder colour.

Consumer testing

Consumer acceptance of Hibiscus Sabdariffa drinks

Overall, the acceptance of the Bissap drinks sicamtly differed between the four samples at
p<0.01 (One-way ANOVA) (Table 2).

Table 2. Mean overall acceptability scores for the four Ksitested

Hibiscus drink Acceptability*
CMj 6.2 (0.1)b
CSs 5.9 (0.1)b
COs 5.6 (0.2)ab
COj 5.2 (0.2)a

*Acceptability was rated on a nine-point scale fram disklike extremely, to 9 = like extremely. Aage (error bars).
Different letters are significantly different sarapl Tukey test (p<0.01).

WhereCommercial Mixed (Sudanese/Ordinary (50:50)) juic#/j); Commercial Ordinary juice (COj); Commercial
Ordinary syrup; (COs); Commercial Sudanese syrigsjC

All of the drinks were on average acceptable stheemean scores were greater than a score of 5
(neither like nor dislike). The most liked was tiemmercial Mixed Juice (CMj) followed by the
Commercial Sudanese Syrup (CSs), the Commerciah@mnd Syrup (COs) and the Commercial
Ordinary Juice (CQj). The average liking was 5/érathe four samples. As a comparison, Jaeger
et al. (2009) reported that the acceptance of consumengalyphenol-rich beverages made out of
berries and chocolate (mixed or single varied betw@.3 and 5.1. Hence bissap juice as a
polyphenol-rich beverage would be rated higher thase.

Segmentation of consumers into groups of similar acceptance patterns regarding the Hibiscus
Sabdariffa drinks

Hierarchical cluster analysis (Wards method) wasdut segment the European and African
consumers interviewed at the different locations three different groups.

Segmentation gives a more complex variation in piat®slity among the consumers and is helpful
to understand differences in consumer behaviour.

The mean liking for each of the four groups issthated in Fig. 2. We used a score of five ‘neither
like nor dislike’ as an indicator of “neutral atiite”. The products rated below five were considered
as “disliked” and above five as “liked”. For therposes of cluster division, the groups were
grouped as “syrup likers” (43%), “juice likers” &hcould be alternatively called “syrup dislikers”)
(36%) and “indifferent likers” (21%).
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ECcM)

Acceptability score

C1(n=68)“syrup  C2(n=58)“juice likers” C3 (n=34)“indifferent
likers" likers”
Consumer cluster

Fig 2. Mean consumer acceptance of bissap by cluster(sypap likers, juice likers, indifferent
likers).

Where: error bars represent the standard e@mmmercial Mixed (Sudanese/Ordinary (50:50)) juigaMj);
Traditional boiled Ordinary juice (TBOj); Commerti®rdinary juice (COj); Commercial Ordinary syrufCOs);
Commercial Sudanese syrup (CSs)

Demographic differences and consumer attitudesgsa with respect to cluster division are found
in Table 3.
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Table 3. Demographic differences and consumer attitudeBigsap (buying and consumption)
with respect to cluster division

Probability
Cluster | *One-way
Cluster1 | Cluster2 | 3 ANOVA
Question “syrup “juice “indiffer | (p<0.05)
likers” likers” ent °Chi Square]
likers” test (p<0.05)
Number of interviewees 65 56 39
Age (years) 29 29 30 0.874
Male (%) 52% 53% 65% 0.429
Resident (%) 77% 78% 77% 0.987
African 56% 66% 71% 0.295h
European 44% 34% 29% '
Education more than seconddry 94% 91% 88% 0.362
school (%)
Marital status (%) Married | 25% 28% 14%
Single 72% 67% 79% 0.627°
Other 3% 5% 6%
No children 77% 74% 85% 0.449
Student 47% 53% 59% 0.604
Form in which consumers buyCalices 41% 40% 32%
Bissap Juice 24% 3204 35%
(sachet)
Juice o o o b
(bottle) 32% 21% 24% 0.652
Syrup 3% 5% 6%
Other 0% 2% 3%
Frequency dOnce A 906 17% 12%
ay
Several
times a| 29% 45% 47%
week
*b
Once a 24% 17% 21% 0.028
week
Once a3 2% 0%
month
Rarely 25% 17% 15%
Other 0% 2% 6%
Consumed Natural 68% 69% 54%
With 32% 31% 46% 0.334°
added
flavours

*significant at p<0.05

The three clusters did not significantly differ t@rms of sociological criteria such as age, sex,
residency, education level, marital status etc.

There were no differences in the form the differeluisters purchase Bissap: the most common
form of buying was as calices followed by juice §achets), juice in recycled bottles, industrial
juice and syrup.

In addition clusters did not significantly differ the proportions of European or African consumers
although there appears to be a tendency for Eunopeasumers to be ‘syrup likers’ (50% of
Europeans versus 33% of Africans) and Africans goress were more likely to be ‘juice-likers’
(33% of Europeans versus 38% of Africans) or ‘ifediént-likers’ (17% of Europeans versus 29%

14



of Africans). The lack of a significant differemin acceptance between European and African
consumers would enable future consumer testing ®irhplified. However, it is suggested that this
study be repeated to determine if the trend isistaTd.

Considering socio-economic differences betweencAfriand European consumers, they tended to
be of similar age (27 against 32 respectively)glsinwith no children. A high proportion of the
consumers were students (51% and 37% respectivEhgre was a higher proportion of males
among the African consumers. Most of the Africanstomers were Senegalese (85%) and most of
the European consumers were French (67%). AlmbshalAfrican consumers were resident of
Senegal whereas the European residents repregé¥ted

African and European consumers had a differentrigugattern (p<0.01; Chi Square Test) (Fig. 3).
The most common form of Bissap bought were thecesalifor both Africans and Europeans.
Europeans tended to buy less juice in sachets, baitked juice (recycled or industrial) and more
syrup compared to the African consumers.
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44%

|3.%

38%

T

m Africans

Europeans

23%
? 22%

11%

4%

3%

a) Form of bissap bought

7%
3%

calyx

27%

I

juice (sachet) juice (recycled juice (industrial syrup other
bottle) bottle)
0,
35% 34% 33% B Africans
Europeans
14% 14%
’ ’ b) Place of purchase
10% 10%
7% 0
4% a% 5%
2%
[] m>
street market supermarket restaurant traditional industrial other
processor processor
43% M Africans
Europeans
0,
32% 30%
24%
c) Frequency of consumption
15% 15% o
12% 13%
8%
5%
3%
. . — —
Onceaday Severaltimes Once a week Oncea Rarely Other
aweek month

Fig 3. Most common forms ofl. sabdariffabought by the European (n=60) and African (n=100),

place of purchase and frequency of consumption

In addition, the pattern of frequency of consumptivas different between the Africans and
Europeans (Fig. 3). However the frequency of comdion of Bissap drinks was high for both
groups of consumers: 73% of Africans and 70% ofoReans consumed Bissap once a week or
more. The frequency of consumption also differethini the three clusters: the “syrup likers”
consumed Bissap significantly less frequently (6@%he consumers consumed Bissap more than
once a week) compared to the “juice likers” andlififerent likers” (77% and 82% respectively)

(Table 5).
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The answers given by the consumers on where thagtbdibiscus are given in Fig. 3. Consumers
either African or Europeans behaved the same wggrdeng on where they bought the product.
Most consumers bought Bissap in the street or enntfarket. Fewer consumers bought it at an
industrial processor. These data showed khasabdariffais a popular product that is found in
common places where most local consumers buy fibail, the street and the market

In regard to the taste (natural (66%) or with adtladour (34%)) the responses given were also
similar for African or European consumers. For theee clusters, percentage consumption of
bissap natural or with added flavour was also #mes(Table 5).

Although there were three clusters of consumersstrattributes of the consumers were similar in
these clusters. Some few differences existed betvéecan and Europeans in terms of the form of
bissap most bought and the frequency of consumptitiie published literature has been found on
the consumer acceptance related to the origineo€timsumer and also on traditional food products.
Kune et al. (2010) investigated how food innovation in theditianal food products in Europe
would be perceived by the consumers. The studywaaertaken in Belgium, Italy and Hungary
and revealed that there were significant clustéferdinces (Cluster 1: Non-innovator chains;
Cluster 2: Non-collaborating innovator chains; @us3: High-collaborating innovator chains) with
respect to country and this was different to thedifigs of our study. The lack of difference
observed in this work on bissap between EuropeadsAdricans in terms of acceptability is good
news because it means that there is the flexibdftyusing African consumers when doing the
marketing study for European markets.

Correlations between sensory attributes and consumer acceptance
Regarding correlations between consumer acceptamtéhe sensory attributes, a range of curves
were explored for each of the groups (Table 4 & B)g

Table 4. Correlations between sensory attributes, chemitalyaes and acceptability of Hibiscus
drinks

Cl (n=68) C2 (n=58) C3(n=34)

Variables Al “syrup likers" “juice likers” “indifferent likers”
Red colour 0.667 -0.405 0.949* -0.601
Clarity -0.174 0.734 -0.883 0.938*
Concentration 0.626 -0.466 0.972* -0.599
Bissap Odour 0.222 -0.808 0.962** -0.644
Fermented Odour 0.302 -0.560 0.827 -0.918*
Sensory attributes Acidic Taste -0.266 -0.991** 0.748 -0.765
Sweet Taste 0.207 0.966** -0.760 0.623
Bissap Taste 0.162 -0.815 0.910* -0.532
Bitter Taste -0.173 -0.975* 0.805 -0.743
Irritant Taste -0.410 -1.000** 0.637 -0.720
Fermented Taste -0.039 -0.588 0.586 -0.981**
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Fig 4. Correlations between sensory perception and consaceeptance
Where Commercial Mixed (Sudanese/Ordinary (50:50ie (CMj); Traditional boiled Ordinary juice (Td);
Commercial Ordinary juice (COj); Commercial Ordipayrup; (COs); Commercial Sudanese syrup (CSs)

For the consumer group as a whole, their mean tawep scores were not correlated to any of the
sensory attributes. Significant positive correlati (p<0.10) were identified between the “sryup
likers” and sweet taste. Negative correlations wierend between the “syrup likers” and acidic
taste, bitter taste and irritant taste. Significaatrelations (p<0.10) were identified between the
“juice likers” and for red colour, concentratiorisgap odour and taste. Also there were significant
correlations between the “indifferent likers” antarity. “indifferent likers” were negatively
correlated to fermented odour and taste. A sigamficcorrelation with the sensory attributes for
these clusters support the finding that the acoeptawvas related to sensory attributes and
consumers had selective tastes according the prothey like most.
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These correlations accord with the sensory per@eti the samples and highlight that sweetness is
an important criterion of acceptability for the fap likers” and bissap taste would be an important
criterion of acceptability for the “juices likers”.

Implication for developing bissap juice and syrup products suited to European market and the
local market in Senegal

Cluster analysis approach has been commonly usednsumer acceptance in order to determine
which groups of people who would prefer which tghgroduct. This approach is very useful in the
marketing approach because it helps target spemfisumers with the type of product they like.
The liking can be depended upon many factors (secomomic background; food customs) and
knowing the consumers would help predict the prodiat they are more likely to adopt when
launching a new product on the market for instamtcehe case of this study involvirtdibiscus
Sabdariffadrinks, acceptability study will help re-enginegyiof the product that shall suit the
consumer taste.

The sensory and chemical characteristics impottaiach group of consumers differed. For the
indifferent likers, they were the least discerncansumers. However their acceptances correlated
with clarity and were sensitive to fermented odand taste. They shall be open to a wide variety
of reengineered products in the measure that thesenot perceived as fermented ones. The
syrup likers are more discerning and prefer syhap are sweet and without irritant, bitter or acidi
taste (low titrable acidity). Red colour was nonsidered to be important. The most discerning
consumers were the juice likers. They preferreddp drinks that are red in colour, have the
characteristic of a juice (concentration) and hidneetaste and odour characteristic of bissap.

H. sabdariffajuice is more popular than syrup in the Senegaitesmdet. However syrup is easier to
export than juice because it is less bulky. Thdifigs that 50% of European consumers were syrup
likers against 33% of Africans means that syrupangsod acceptance among European consumers
and the exportation of syrups will not be a barreeacceptance.

Conclusions

The results of this research help to provide asbasunderstanding of the acceptabilityHibiscus
sabdariffadrinks both by African and European consumers aditate ways that the product could
be adapted to consumer taste and can have a pb®nicess as a marketed product.
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ABSTRACT (max 300 words)

The sensory profile of seven samples of bouye (@apbrinks (syrup and juice) was evaluated by
17 panellists. Than consumer testing was investtat four different locations in Dakar using the
central location method (Meilgaaret al, 2007). These were the following: ESP high school
(n=32); Grand Yoff (n=36), Guediawaye (n=12), angeGe Tapée (n=26) areas. The acceptability
of the drink was tested by African consumers (ma8enegalese) (n=104) in Dakar who tested five
different drinks from the seven first samples. Aistér analysis demonstrated that consumers
behave differently with respect to acceptabilithrde classes of behaviour from the consumers
were identified. There were a) those who clearbfgrred the juice from FWS (27% of consumers)
b) those who preferred all of the samples (indéferlikers) (31% of consumers), c¢) those who
liked the juices but not the syrups (juice likgg}% of consumers).

Syrups and juices had different characteristickce3uwere more associated with bouye attributes
(taste and odour) than syrup. Juices were alsaiated with concentration and beige colour. The
addition of milk had a significant influence on tblearacteristics of the product perceived but not
the influence of guava flavouring. Traditional jeievas not perceived significantly different from
one the commercially juice. The commercial syrugserassociated to the sweet taste and flavour.
They are very close and are the least preferredugte by consumers. The correlations highlight
that concentration is an important criterion ofegmability for the consumer group as a whole and
particularly for the “juice likers”.

CONCLUSIONS RELATING TO REENGINEERING (MAX 200 WOR®)

With respect to acceptance, the reengineering apprappears to have two options being products
suited to a) milk taste or b) taste and odour attarestic of baobab with a good concentration for

the two products. The reengineering approach nmsastlee stressed on how to stabilize the products
to increase their shelf life with optimum qualitggarding the sensory attributes and consumer
acceptance. Optimizing scales for pasteurizatical k& conducted in order to have a product

without caramel smell.

Introduction

The baobabAdansonia digitata L) is important to the livelihood and can be foumanost of Sub-
Sahara Africa’s semi-arid and sub-humid regionwels as in Western Madagascar providing food,
medicine, etc. (Gebauer et al. 2002 ; Cisse €2Cf19, Caluwé et al., 2010). Baobab fruit pulp is
called "Bouy" or Monkey bread is widely used by 8galese people and it is consumed in different
forms (Cisse et al., 2009).
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Most of applications of the baobab pulp could ideluhe preparation of refreshing drinks and
caillement of milk (Diop et al. 2005), and in somases it can used for traditional therapy
(D1.1.2.3. The pulp of baobab was approved by the Europ@ammission as a convenient
additive (Phytotrade Africa 2008). From Senegab alke fruit is exported towards some European
countries. In fact, the ingredients in powder foare well used in many circumstances for
conservation advantages. Caluwé et al. (2010) legiomed that when the pulp is soaked in water,
it produces a milky solution which is then consurasda milk substitute. This technique is used by
urban area populations of Dakar and in many pdrteuntryside to produce ice creams (Diop et al.
2005, Cisse et al., 2009).

Baobab pulp is a semi processed food. During tle@gryation, the pulp is ground and sieved to
produce a powder, and the powder is finally keptonvenient containers. Baobab fruit pulp is a
natural dried fruit pulp. The pulp is used to deyebther food by products, such as ice cream,
beverages, etc. In the market, the baobab pulpdsiisto plastic sachets to avoid water rehydration
It begins to be sold by supermarkets using othecip packaging for many reasons added value.
The baobab pulp is used specifically in some wayjgcific packaging material imposed by the
Export market.

The baobab juice is made from baobab fruit or baghdp in some cases (in semi industrial level).
The local market is well developed for baobab juite the cars’ station, the streets, the
supermarkets, the baobab juice is well commer@dliin the restaurants also, the baobab drink is
mostly used as soft drinks for many tourists. Thaekdab syrup is more commercialized to the
drinks in abroad because the shelf life is lon@ecording the producers (D5.1.1.3), the market of
syrup for exportation is developing. In the supakats, it is also sold in very nice plastic or glas
bottles using sometimes coded design for labelifigne lack of the syrup in street market and
market places is due to low demand for the spefated clients.

Consumer acceptance is important in marketing egjir@é for product development in Senegal
where consumers are becoming more demanding ontygyabducts. Along with product
development and economic viability, this will gifeod companies confidence to expand the
adoption in Africa and to adopt these productshm EU. To our knowledge, in the case of baobab
products there are no studies on the acceptabflinaobab drink like juice and syrup.

This study primarily explored the sensory profilé lbaobab drinks and the acceptance.
Relationships between the sensory attributes amahhracteristics of the products were related to
consumer acceptance in order to understand theratttat influenced acceptability of the baobab
drinks.

Materials and Methods
Juice and syrup samples
Seven different baobab samples (five juices andsyvaps) were presented to the panellists. Juices

were used as they were whilst syrups were dilutéd 1

The baobab samples were made frAdansonia digitatafruit variety. Selection of samples for
sensory and consumer analysis was in the followabges.

Table 1 Legend — samples for sensory tasting

Supplier Product content Typeor Pasteurisation Abbreviation
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Company A | Baobab + water + sugar | Juice | none |yes Estev-J
Company A | Baobab + water + sugar | Syrup| none | yes Estev-S
Company B | Baobab + water + sugar | Juice | none | No FWS-J
Company B | Baobab + water + sugar Juice guayva No FW-Guayva-J
Company B | Baobab + water + sugar Syrupmone | yes FW-S
Traditional | Baobab + water + sugar Juice none No adifd
Traditional | Baobab + water + sugar Juice milk No adirmilk-J

Table 2 Legend — samples for consumer tasting

Aroma
Supplier Product content Typeor Pasteurisation Abbreviation
milk
Company A | Baobab + water + sugar | Juice | none |yes Estev-J
Company A | Baobab + water + sugar | Syrup| none | yes Estev-S
Company B | Baobab + water + sugar Juice guayva No FW-Guaya-J
Company B | Baobab + water + sugar Syrupone | yes FW-S
Traditional | Baobab + water + sugar Juice  milk No aditmilk-J

Commercial samples were prepared by two local Sdesg fruit juice and syrup companies. The
company A sells theses products in supermarketgestdurants in Senegal while the company B
makes direct sales to consumers. Commercially nsgidgps and juices were processed from the
same batch of baobab fruit for the two companies.tke traditional products, the same batch of
baobab fruit was used. The process of preparaficoramercial juices and syrups differed in terms
of sugar addition. In both cases the first stage w@ agueous extraction at ambient temperature
(typically 2h). Sugars (130 to 145 g/L) were addiedhe commercial juices, after filtration (to
separate the seeds and the fibers from aqueowscgxaind before pasteurization at 85 °C for 20
minutes only for the juice of company A. SugarsO@.8/L) were added in the commercial syrups
after filtration followed by pasteurisation up tdeaperature of 105 °C. Traditional samples were
prepared by a local processor using traditionattpras but working under good safety conditions.
In the traditional preparation, extractions werthe extracted at ambient temperature. After sieve
filtration and cotton wool filtration sugar and kffor the case of Tradi-milk-J) were added. There
was no pasteurisation stage in the traditional gmagpon.

Ethical assessment and consent

This study has been assessed and approved by tivers&ity of Greenwich Research Ethics
Committee. The University of Dakar has also appdave study. Consent was sought from sensory
panellists and from adult consumers participatimghis study. Enumerators informed participants
about the study and explained that their partiaypatvas entirely voluntary, that they could stop th
interview at any point. In fact we had two retirertse during consumer testing. The responses
would be anonymous.

Sensory evaluation

Baobab juice and syrup samples were scored by &tssinmed sensory panel using a modified
version of quantitative descriptive analysis (QDBs#)ce standards were not provided (Meilgaatrd
al., 2007; Tomlinset al. 2012). The panel was composed of university texans, students or
private company employees (17 people in total)si®as were conducted at Cheikh Anta Diop
University of Dakar (Senegal) in air conditionedomo with controlled lighting and ambient
temperature (22 to 26). The language used for the sensory testing wasch. The panellists had
been screened for familiarity with the product. ey attributes were generated during a
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preliminary focus group session guided by the péeader. A total of 14 sensory attributes were
developed for the baobab drink for which the grotipanellists had a consensus. Sensory attributes
generated were as follows (English translation):

» Beige colour

*  Whitish colour

» Orange-yellow colour

» Baobab odour — odour characteristic of baobab

* Milk odour

» Fragrant odour

e Caramel odor

* Taste of baobab

* Sweetness

» Acidic taste

* Taste of milk

* Flavor

» Concentration aspect

* Cloudiness

After a period of training using these attributd®e seven baobab samples were tested blind in
triplicate by the panel and the order in which tesre presented was random. At each session,
four baobab sample drinks (coded with 3-figure mamahumbers) were served in transparent plastic
cups in random order to each panellist. Baobatkdr(50ml) were tested by the panellists. Juices
were stored in the fridge overnight. The shelf tfea syrup and juice a8 (fridge temperature) is
respectively of a year and of four months for tbenmercial products. For the traditional product,
they were prepared the day before the test andhbH-life is estimated to one week at fridge
temperature. Intensity for the sensory attributess vgcored on a 100 mm unstructured scale,
anchored with the terms ‘not very or no’ at the lemd and ‘very or much’ at the high end.

Consumer acceptability
Consumers (106) were interviewed at four diffedexcttions in Dakar using the central location
method (Meilgaarcet al, 2007). These were the following: ESP high scHoef32); Grand Yoff
(n=36), Guediawaye (n=12), and Gueule Tapée (n=26ns. Consumers were from African
(mainly Senegalese) origin. Five baobab drinks (@ ap were selected for consumer tasting among
the samples used for sensory tasting as followed:

1. Esteval commercial syrup

2. Esteval commercial juice

3. FWS commercial syrup

4. FWS commercial juice with guava aroma

5. Traditional juice with milk

During acceptability testing, each consumer wasdtedvto taste each baobab drink (50ml)
(presented in random order and coded with thragdigandom numbers). Consumers were asked
to score the acceptability with respect to appeagataste and overall liking using a nine-point
verbal hedonic box scale which varied from dislé&dremely to like extremely (Meilgaaet al.
2007). Sample drinks were transported in cool boxils ice. Syrup samples were diluted with
potable water beforehand.

Along with obtaining information about the accepligh of the baobab drinks, information was

elicited from each consumer regarding demograpledscation, baobab consumption and buying.
All spoken interviews were conducted in Frenchrotthe local language (Wolof) and the score
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sheets and questionnaires were written in Frenchindd enumerators assisted the consumers when
required. The interview procedure (acceptabilitgy #re questionnaire) lasted no more than 30 min.

Statistical Analysis

Analysis of variance (mixed effect model), corriglatanalysis (Pearson), stepwise multiple linear
regression, Chi-squared analysis and principal amapt analysis (correlation matrix) were carried
out using SPSS (V 18.0) or XLSTAT (V 5.2, Addingofivultiple pairwise comparisons were
undertaken using the Tukey test with a confidenterval of 95%.

Results

Sensory profile of baobab drinks

The following principal component analysis (PCApsals the relationships between the 7 Bouye
samples and their descriptors according to theosgnsanel scoring (n=16 panellists). The PCA
representation (Fig. 1) accounted for 79.60% oft¢ia variation for the Bouye (n= 16 panellists).

Syrups and juices had different characteristiceeduwere more associated with bouye attributes
(taste and odour) than syrups. Juices were alsxiassd with concentration and beige colour. The
commercial syrups (Estev-S and FWS-S) were assaciatthe sweet taste and flavour.

The addition of milk was perceived by the panelia$ the juice with added milk was significantly
different from the other juices. Traditional juieath milk was associated to the smell fragrant
whitish color and cloudy.

The addition of guava flavouring did not influenae the perception of the product: guava added
juice and non-added guava juices both traditiondl@mmercial had similar characteristics.

The traditional juice was not perceived signifidandifferent from the commercial juices. It

presents very similar characteristics than thevasieice. The acidic taste is much stronger f@ th
juice Estev-J compared to other products (syruggw@nes).
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Figure 1. Principal component plot illustrating the relatibisbetween the sensory descriptors and
the Bissap drinks tested (seven samples)

where Esteval commercial syrup (Estev-S); Estewairnercial juice (Estev-J) ; FWS commercial
syrup (FWS-S); FWS commercial juice with guava aaoffW-Guava-J); Traditional juice with
milk (Tradi-milk-J); Traditional juice (Tradi-J);\WS commercial juice (FWS-J).

The seven different samples were divided into Bna five clusters (Table 3) with statistical

analysis (cluster analysis) in order to help deteenthe samples for consumer testing (=4 or 5
samples).
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Table 3.Five sample— cluster division

Class 1 2 3 4 5
FW-  Tradi-
Estev-J Estev-S FW-Guava-J S milk-J
Tradi-J FWS-J

It is advised to go for a five cluster approactthi@ consumer work.

Consumer acceptability

Table 4 shows the overall acceptability for eactheffive Baobab products tested independently of
the type of consumer. Overall, the acceptance ®fBissap drinks significantly differed between
the five samples at p<0.01 (One-way ANOVA) (Table).

Table 4. Mean overall acceptability scores for the five bamproducts tested

Name Esteval Esteval FWS Tradi FWS
juice syrup guava milk juice syrup
juice
Average 5.9 4.9 7.9 6.7 4.8
Standard deviation 19 19 1.0 15 1.7
letter b a d c a

*Acceptability was rated on a nine-point scale fritnx disklike extremely, to 9 = like extremely. faifent letters are
significantly different samples. Tukey test (p<0.01

Most of the baobab products were on average aduepsince the mean scores were equal or
greater than a score of 5 (neither like nor diglikenly the Esteval syrup had acceptability below 5
The most liked was the FWS commercial juice witlayguaroma (FW-Guava-J) followed by the
traditional milk juice (Tradi-mill-J). The commeadisyrup is very close and is the least preferred
products.

Hierarchical cluster analysis (Wards method) waslue segment the consumers interviewed at the
different locations into different groups. A diwsi into three clusters was suggested by the
program since a larger number of clusters wouldehanoduced clusters that contained too few
consumers and additional smaller clusters weresstdb-of larger ones. Thus segmentation gives a
more complex variation in acceptability among tlbmsumers than the overall means previously
indicated above (Table 3).

The mean liking for each of the four groups issthated in Figure 2. We used a score of five

‘neither like nor dislike’ as an indicator of “neatk attitude”. The products rated below five were
considered as “disliked” and above five as “liked”.
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Figure 2. Mean consumer acceptance of Baobab by cluster type

For the purposes of cluster division, the groupevggouped as “FWS juice likers "(27%), “Bouye
indifferent likers” (31%), and “juice likers” (42%)

Demographic differences and consumer attitudetoy® with respect to cluster division are found
in Table 5.

Table 5. Demographic differences and consumer attitudeoto/8 (buying and consumption)
with respect to cluster division

Question Probability
Chi Square test (p<0.05)

Age 0.493

Gender 0.975

Resident 0.502

Marital status 0.239

Number of children 0.753

Education 0.295

Professional activity 0.335

Most consumed form of bouye 0.527
Which form of bouye is bought0.161

Frequency 0.260

Place of purchase 0.051/0.049*
Place of consumption 0.051/0.029*
Added aroma preference 0.415

*significant at p<0.05; the ‘other’ category hasheemoved.

The three clusters did not significantly differ t@rms of sociological criteria such as age, sex,
residency, education level, marital status etc.

There were no differences in the form the differelosters purchase Bouye (Figure 3): the most

common form of buying was as fruit pieces (42%)olwkd by bottled juice, powder, juice in
sachets and as an entire fruit. None of the consimtrviewed bought Bouye as a syrup.

31



m sachet juice
m bottled juice
m powder

| fruit pieces
M entire fruit

Figure 3. Form of consumption of Bouye

In addition clusters did not significantly diffen ithe frequency of consumption between the
different clusters (Figure 4)

m other
Hrarely

W once a month
¥ once a week
Hseveraltime a

week
| daily

Figure 4 . Frequency of consumption of Bouye

More than half of the consumers interviewed (58%$)stime Bouye at least once a week. This
means that Bouye is an important drink for the §alese market.

Clusters significantly differed in the places ofghase and in the places of consumption. In general
for the three clusters, consumers tended to buyy®&dtom the market primarily. For the juice
likers (C1 and C3), consumers then buy Bouye from dtreet (Figure 5). The indifferent likers
(C2) would buy Bouye from various locations. Thds¢a showed that Bouys a popular product
that is found in common places where most localsaorers buy their food, the street and the
market
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30 +
M street

B market
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W supermarket

M restaurant
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m other*

C1 'FWS juice likers' C2 'indifferent likers' C3 'juice likers'

Figure 5. Most common places where consumers (n=104) purdasge.

Regarding the place of consumption (Figure 6), rtiest common place is home for the three
clusters. The second place of consumption is tieetstor juice likers (C1 and C3) whilst it is work
for indifferent likers (C2).

40 ~ B home

W street
35 -

I restaurant
30 - H work

W other
25

20

15

10

C1 'FWS juice likers' C2 'indifferent likers' C3 'juice likers'

Figure 6 .Most common places where consumers (n=104) con8auge.

Correlations between physical and chemical analysis, sensory attributes and consumer
acceptance

Table 6. Correlations between sensory attributes, chemigalyaes and acceptability of baobab
drinks
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Variables

C1 (28)

Fws G232 C3(49) Al
likers indifferent juice likers
Beige colour 0.349 -0.075 0.615 0.518
Whitish colour 0.330 0.540 0.508 0.531
Golden colour -0.396 -0.047 -0.613 -0.551
Bouye smell 0.085 0.122 0.678 0.491
Milk smell 0.168 0.519 0.369 0.378
Aromatic smell 0.789 0.777 0.471 0.708
Sensory  Caramel smell -0.326 -0.284 -0.814* -0.691
attributes  Bouye taste 0.228 0.289 0.797 0.646
Sweet taste 0.554 -0.238 -0.422 -0.109
Acidic taste -0.445 -0.004 0.306 0.037
Milk taste 0.161 0.516 0.372 0.377
Aromatic taste 0.590 0.471 -0.144 0.190
Concentrated 0.379 0.646 0.949** 0.852*
Cloudy 0.180 0.715 0.765 0.670

Values in bold are different from 0 with a signditce level at <0.10*; <0.05**.
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Figure 7. Correlations between sensory perception and consaoeeptance: juice likers and
sensory attributes

where Esteval commercial syrup (Estev-S); Estewairnercial juice (Estev-J) ; FWS commercial
syrup (FWS-S); FWS commercial juice with guava aaoffW-Guava-J); Traditional juice with
milk (Tradi-milk-J); Traditional juice (Tradi-J);\WS commercial juice (FWS-J).
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For the consumer group as a whole, the mean acweEpszores was correlated to the concentration
of the product. Significant positive correlatioms<(.05) were identified between the “juice likers”
and concentration. Negative correlations (p<0.1@rewfound between the “juice likers” and
caramel smell. This probably contributes to consupneferences for FWS juices which have not
been pasteurized. Control of the pasteurizatiop $$e necessary for the product quality. A
significant correlation with the sensory attributes these clusters support the finding that the
acceptance was related to sensory attributes anduowers had selective tastes according the
products they like most.

These correlations accord with the sensory pemeptbf the samples and highlight that
concentration is an important criterion of accejtgbfor the consumer group as a whole and
particularly for the “juice likers”.

Conclusions

The results of this research help to provide asbasunderstanding of the acceptability of baobab
drinks by Senegalese people and indicate wayshbkagtroduct could be adapted to consumer taste
and can have a potential success as a marketedgbr&hobaluice is more popular than syrup in
the Senegalese market. The most discerning consumaze the juice likers. They preferred baobab
drinks that are beige in colour, have the charatierof a juice (concentration) and have the taste
and odour characteristic of baobab. However sysugasier to export than juice because it is less
bulky
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Annex 3 — detailed report for Ziziphus (Jaabi and Yaabande)

Sensory profile and acceptability ofaabi and Yaabande in Northern Cameroon

Abstract

Sensory profile and consumer acceptabilityJafbi a wild fruit commonly used in savannah
region of Africa, and its processed product, a dakally called:YaabandeThe study took in the
northern part of Cameroon through collection of waoieties ofJaabi (DakamjiandLamouj) from

four origins (Garoua, Maroua, Mokolo, Mora), andgessedraabanddrom these samples, using
three baking techniques (Sun baking, vapour cogkinder earth stewing). Sensory and consumers
tests indicated that the taste of the productstitates the main criteria for consuming the product
The Dakamji variety of Jaabi appeared more homogenous whatever the origin tth@hamouiji
variety. Meanwhile, all samples were acceptableamhparable level corresponding to pleasant
character.

Conclusion related to reengineering:

With respect to acceptance, the main option ofgeeering approach is based on standardisation
of process procedures in order to guarantee the tdsthe products. Inclusion of of therapeutic
aspects of the products may be coupled to thi®optr market development.

Introduction

Jaabiis, in Cameroon, the local name of the fruit glipe tree Ziziphus mauritiang a wild tree,
largely spread in the savannah region of the cgunthe fruit is harvested dry and mainly
consumed as side-dish. Its pulp is also poundedfiotr which is then processed into a local cake
called “Yaaband& The processing of the fruit inftéaabandeaepresents a form of conservation of
the product which is consumed throughout the dasge, and even thereafter. In spite of the fact
that Jaabi and Yaabandeare currently sold on local market during the kating season, these
products have not attracted significant scientifterest.Jaabiis then one of the underutilized plant
species which has not received any benefit in teahsontrol of the cropping system or
development for markets, contrary to the Asian ficas where the jujube fruit is valorized into
different foods and pharmaceutical products, witarket, technology and quality development
(Azam-Ali et al, 2006).

Out of information provided by Noyé (1988 Yaabandgeno scientific study exists alaabi It is,

in fact, evident that understanding the local patidun and processing systemsjaébi, in relation
with its characteristics and quality, constitutege @f the main steps to fulfill, in order to set up
technology and market development of the product.

In this respect, a survey dfaabi production, processing, trading and consumptiostesgs in
Northern Cameroon (Ndjouenkeu & Biyanzi, 2011) Baswn thatJaabi fruit is harvested from
November to January by field collection of matural ary grains fallen from jujube trees. Four
varieties of fruits are recognized and locally edijaabi lammuijj jaabi dakamjj jaabi hadingaand
Kurnadje Due to their sweet tastdaabi lammujiand Jaabi dakamji are the varieties used in
Yaabandegrocessing, while the two other varieties are pgs$erred and are consumed only during
food scarcity period. The local processing prastickJaabiinto Yaabandanvolve four methods
which differ mainly by the procedure used to pacid €o cook the cake (Biyanzi, 2006;
Ndjouenkeu & Biyanzi, 2011). In general thaabiflour is sprinkled with water, then either molded
using small calabash of wrapped in vegetal lealles.cooking is, either stewing under earth (only
for sprinkled flour wrapped in vegetable leavesa) drying or vapor cooking.

Diversity of processing practices and even diversit Jaabi varieties results in diversity of
appreciation and quality of the products on theketarSince consumer acceptance is important in
marketing strategy and economic viability for proddevelopment, the present study explore the
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sensory profile and acceptanceJafabi andYaabandesold on markets of the northern regions of
Cameroon. The study assumes hypotheticallyXaabivariety and origin, and processing practices
influence the acceptability of products.

Material and Methods

Sampling of Jaabi and Yaabande

Jaabi and Yaabandewere collected in three villages of the Far nagggion (Mora, Maroua and
Mokolo) and one village of the Northern region @afGaroua) (Fig. 1) (cf. Deliverable D1.2.1.3:
SOPs for sampling strategy group 3). For each samptea, the two varieties of consumaldabi
(lammuji and dakamj) were collected. In additionyaabandeprocessed from each variety,
according to the processing method available Igoaks also collected. Aaabandesample of
mixed Jaabi origins was also collected from a processor id@@Garoua. Both harvesters and
processors in each sampling area were selectedeansitized in order to guarantee the original
quality of collected products. A total of 19 sangpligere collected, made of 8 samplesiaébi
grains (2 varieties and 4 origins) and 11 samplessultingYaabandgTab. 1)

e

/ Maroua {Diamare Division)

| ___—— Mokolo (Mayo Tsanaga Division}

Mora (Mayo Sava Division)

T~

Pitoa (Benoue Division)

Figure 1 : Sampling areas of Jaabi and Yaabande

Table 1: Characteristics of collected samplesJafbi andYaabandeaccording to variety, origin,
and processing method

, Yaabande
Jaabi Origin Vapor Sun
Variety . . Under earth stewing
cooking drying
Pitoa X
Lamouji Maroua X
Mokolo X
Mora X X
Pitoa/Garoua X
. Maroua X X
Dakamji Mokolo X
Mora X
Mixed Pitoa X

Sensory evaluation
JaabiandYaabandesamples were scored by a semi-trained sensory psimng a modified version
of quantitative descriptive analysis (QDA) sincarstards were not provided (Meilgaaet al,

38



2007; Tomlinset al. 2012). The panel was composed of university texans and students (17
people in total forJaabitests and 19 folfaabandetests). Sessions were conducted at ENSAI,
University of Ngaoundéré (Cameroon) in room at anbtemperature (22 to Z5). The language
used for the sensory testing was French. The pstselere previously screened for familiarity
with the product. Sensory attributes were generdigohg a preliminary focus group session guided
by the panel leader. These sensory attributesrasepted on tables 2 and 3.

Table 2: Sensory attributes dlaabiandYaabande

Jaabi Yaabande

Apparence Apparence

* Couleur * Couleur

e Aspect * Présence de taches (intérieur et
e Présence d'imperfections (taches, trous, saleté...) extérieur)

* Aspect du produit

* Granulométrie (a lI'aspect)
Odeur

* Odeur de fruit

* Odeur de grillé

Odeur

* Odeur de fruit séché

e Odeur de poussiére (de terre)

e Odeur de grillé (biscuit, gateau, caramel)

Text Texture

exture . R .
- ) . e Texture du produit dés que je le
e Texture de la pellicule quand on croque le fruit croque

e Texture globale du fruit quand on le croque
e Epaisseur de la pulpe
* Texture de la pulpe en début de mastication

¢ Texture a la mastication
* Granulométrie (en bouche)

Golit
. e Gout sucré (fruit, bonbon...)
Gout N .
e Golit acide

e Gout sucré
e Gout acide
e Gout de fruit

Golt de biscuit
* Présence d'un arriéere-goat
(amertume, astringence, piquant...)

After a period of training using these attributiee 8Jaabisamples and 1Yaabandesamples were
tested blind in triplicate by the panel and theeorith which they were presented was random. At
each session, four sampleslafbior Yaabandecoded with 3 figure random numbers, were served
either on a white paper or in a white dish, in @ndorder to each panelist, who had to score
sensory attributes on a 100 mm unstructured sealehored with terms related to minimum
intensity at the low end and maximum intensityhat high end.

Consumer acceptability

African consumers (116 fataabiand 164 folYaabandgwere interviewed in different locations of
Garoua, Maroua and Ngaoundéré towns using theatéotation method (Meilgaaret al, 2007).

The locations were hotels, market places, coffepshUniversities (Ngaoundéré and Maroua).
Five Jaabi samples and fou¥aabandesamples were selected for consumer testing amoag t
samples used for sensory testing (Table 3). Duatwgptability testing, each consumer was invited
to taste eacldaabi or Yaabande(presented in random order and coded with thrgardi random
numbers). Consumers were asked to score the abdépteith respect to appearance, taste and
overall liking using a nine-point verbal hedonicxterale which varied from dislike extremely [1]
to like extremely [9] (Meilgaar@t al. 2007). Along with the testing, information wascéid from
each consumer regarding demographics, educationpesdlicts consumption and buying. All
spoken interviews were conducted in French or énldlcal language (Fufulde) and the score sheets
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and questionnaires were written in French. Traieadmerators assisted the consumers when
required. The interview procedure (acceptabilitg ¢he questionnaire) lasted no more than 30 min.

Table 3: SelectedlaabiandYaabandesamples for consumer test.

Jaabi Yaabande
Jaabi Processing

Variety | Origin | Codes Variety Origin method Code
Lamouji Pitoa L-P Lamouji Mora Sun drying L-Mr-S
Lamouji | Mora L-M, Dakamji (GPaI\trZia Vapour cooking | D-G-V
Lamouji | Maroua L-M, Dakamji | Maroua stewing D-M;-B
Dakamji | Maroua | D-M, Dakamji | Mokolo | Vapour cooking | D-M-V
Dakamji | Mokolo | D-My

* |n the codification of samples, the first lettedicates thelaabivariety, the second letter the origin of the fraitd
the third letter the processing method Yaabanderoduction

Ethical assessment and consent

This study has been assessed and approved by fiversity of Ngaoundéré Research Ethics

Committee. Consent was sought from sensory patsedlisd from adult consumers participating in

this study. Enumerators informed participants albetstudy and explained that their participation

was entirely voluntary, that they could stop theeiview at any point and that the responses would
be anonymous.

Results and discussion

Sensory profile ofJaabi

The relationships between the sensory attribute3aabi grains are summarized using Principal
Component Analysis (PCA). Up to 61.77% of thesati@hships can be represented by the first two
main components (F1 and F2) as shown on Figureh@ugh the resolution is too low, the graph
shows thaflaabican be differentiated both by their variety andrtbegin.

Lamouijivariety from Mora and from Mokolo was associateditwooth or rough aspect, while the
same variety from Garoua (Pitoa) was mainly assedito pulp thickness and acidic taste. On the
other hand, theamoujifrom Maroua presents common sensory attributds tvéDakamji variety
from all regions. In this respect, thBakamji variety from different origins seems more
homogenous than theamouiji variety. The fruity taste ofaabi seems to be associated more to
Lamouijivariety than tdakamijivariety. The latter, whatever the origin, is mgioharacterized by
its dark color, its texture (pellicle, overall ftidand pulp) and its odor (dust or roasted). In gane
Dakamijivariety, whatever the origin, presents higher rsdanthese attributes (Table 4). It should
be noted from table 4 that sweet taste and fragyetare almost common at relative equal value for
the different samples, except fammouji Garoua in which the sweet taste is lowered by high
acidity.

The dispersion ofLamouiji variety with respect to origin may be explained \mriability of
harvesting conditions of the fruits in the differeregion. With regards to this hypothesis, all
samples were not harvested at the same momentthbudifference in the maturity of fruits may
results in difference in their taste. In addititnujts are not harvested from tree. They are haedes
by field collection of mature and dry fruits falléom jujube trees. This practice may justify both
the dust odor of Fruits (particularly ti@akamiji variety) and a modification of color and aspects
attributes, depending on the time the fruit stayrenearth.

40



F2 (21.56 %)

-4

-6

Lamouji-

Biplot (axes F1and F2: 61.77 %)

Lamouji-Mokolo e

Aspect lisse-rugueux

Lamouji-Mora e

Goutlde fruit I

Gout acide

Epaisseurde la
pulpe
[3arouae

e Dakamji-Mi@raTexture de la pulpe

Odeur de fruit séché
Gout sucré

Pre € mouji-Maroua
d erfections

Odeur de grillé

e poussiére

Couleur Texture de la

pellicule
Texture globale du

fruit

Dakamiji- lo

Dakamyji-Maroua

-10 -8 -6 -4 2

2 4 6 8 10

F1(40.21%)

12

Figure 2: Principal Component Analysis (PCA) daabisamples and relationship with sensory

From the observations abovaabisamples can be divided into 3 different clustérg.(3): C1 (4

descriptors Analysis performed by Aurelie Bechoff

Dakamijisamples tamoujiMaroua), C2 [(amoujtGaroua) and C3.a@moujitMokolo and

Lamouj-Mora). It was advised to choose samples from eadier for the consumer study. In this
respect the samples chosen wesmoujiGaroua (Pitoa),.amouji-Mora, Lamouj-Maroua,

DakamjiMaroua andakamjiMokolo
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Table 4: Means, standard deviation and coefficients of waraof Jaabi sensory testinganalysis performed by Aurelie Bechoff)

Y

U1

Descriptors Textur
P Couleu Alxissgee(_:t Présence ?%iu O((jjeeur Odeu T(e;étllj;e e Epaisseu| Textur Gout | Gout Gout
Samptes d'imperfection : .| rde : globale| rdela | edela y . de
r rugueu fruit | poussier - | pellicul sucré | acide :
” S séché e grille e dg pulpe pulpe fruit
fruit
Means
Dakamiji-
Garoua 77.7 35.7 35.6 54.1 36.2 48.9 60|1 61.5 56/0 66.0 64.3 20.3 63.7
Dakamji-
Maroua 79.1 30.9 27.5 53.5 43.0 482 64 2 67.1 57|12 65.2 61.9 12.9 55.9
Dakamiji-
Mokolo 60.4 39.7 63.8 41.7 40.5 34.6 71.4 64 56.1 61.5 59.2 20.1 53.2
Dakamiji-Mora 57.4 37.1 24.5 45.9 34.9 373 574 256. 66.3 63.7 63.6 23.5 63.1
Lamouji-Garoual 19.6 25.5 14.7 45.2 42.2 36.0 41.9 44, 60.4 53.45.03 63.6 63.1
Lamouiji-
Maroua 50.8 46.8 22.4 54.2 45.6 46.5 53.2 59.4 53.2 59.2 | 62.6 | 13.7 | 58.0
Lamouiji-

Mokolo 31.8 50.5 51.4 52.1 37.6 37.4 46.6 403 51.2 40.5 61.6 17.7 63.7
Lamouji-Mora 20.5 63.9 25.1 50.9 38.8 33]9 42.6 642, 59.3 39.7 55.5 26.0 57.9
stdev

Dakamiji-
Garoua 15.0 16.7 20.4 23.Y 24.8 29.7 24|15 21.8 211 21.5 19.4 20.6 20.3
Dakamiji-
Maroua 11.5 18.5 20.8 22.1 25.4 29|16 243 21.5 22|19 21.3 19.5 14.2 20.0
Dakamiji-
Mokolo 20.0 22.0 19.1 22.2 24.2 25.8 19.3 228 23.p 23.5 19.2 20.8 17.6
Dakamiji-Mora 22.8 21.4 16.3 24.2 20.2 26(6 248 027. 19.2 25.0 22.9 24.1 21.1
Lamouji-Garoua| 12.5 19.1 12.8 23.7 24.0 26.4 27.7 25. 24.6 23.1222 26.1 19.7
Lamouiji-
Maroua 22.9 23.5 15.3 22.% 21.7 28/9 261 24.7 245 25.9 20.1 16.9 20.1
Lamouiji-
Mokolo 17.5 19.2 24.8 24.8 23.5 25.8 24.1 223 23.p 27.1 20.9 15.7 17.7
Lamouji-Mora 14.5 21.6 19.0 21.8 23.6 26)2 27.3 825, 225 24.5 20.9 21.8 18.1

T
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CV(%)

Dakamiji- 30.1 | 101.5 | 319
Garoua 19.3%| 46.8% 57.2% 43.8%68.4% | 60.7% 40.8% | 35.5% 37.7% 32.6% % % %
Dakamiji- 31.6 | 1104 | 35.8
Maroua 14.5%| 59.9% 75.9% 41.3%59.0% | 61.4% 37.9% | 32.1% 40.0% 32.7% % % %
Dakamiji- 325 | 103.7 | 33.1
Mokolo 33.0% | 55.4% 29.9% 53.3% 59.9% | 74.7% 27.0% | 35.2% 41.8% 38.1% % % %

359 | 102.4 | 34.0
Dakamji-Mora 39.7%| 57.6% 66.6% 52.8%58.0% | 71.5% 43.2% | 48.1% 28.9% 39.2% % % %

63.5 31.3
Lamouji-Garoual 63.9% | 74.7% 87.2% 52.5% 56.8% | 73.3% 66.2% | 56.6% 40.7% 43.3% % 41.0%| %
Lamouji- 32.1 | 1235 | 34.6
Maroua 45.1%| 50.3% 68.4% 41.5%47.6% | 62.09% 49.0% | 41.5% 46.1% 43.7% % % %
Lamouiji- 33.9 27.8
Mokolo 54.9% | 38.0% 48.1% 47.5% 62.7% | 68.9% 51.7% | 55.2% 45.3% 66.8% % 88.2%| %

37.6 32.0
Lamouji-Mora 70.8% | 33.8% 75.8% 42.80060.8% | 77.3% 64.1% | 60.4% 37.9% 61.7% % 83.9%| %
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Figure 3: Cluster analysis odlaabi samplesAnalysis performed by Aurelie Bechoff

Sensory profile of Yaabande

The PCA on figure 4 shows the relationships betwden 11 Yaabande samples and their
descriptors according to the sensory panel scqned8 panellists). Abbreviations were given in
order to have clearer graphic view.

Observations of the PCA representation showedthiegae were a clear difference between samples
processed in the sun and samples processed otedstasved or steamed). Yaabande prepared by
sun-baking was more granular both by tasting andisyal observation. In addition there was a
clear difference between samples from Mora regiwh the other regions. L-Mora vapor (L-Mr v)
was significantly more coloured and less granutemtmost samples. Considering the effect of
variety, Yaabande made with L or D variety using fame process do not significantly differ in
terms of sensory profile in most cases. There vedver a difference in L-Mk v and D-Mk v.

Four clusters were defined, from which samples@rsumer testing should be chosen (Tab. 5).
However, from verification in processor workshdpyas discover that théaabandenade from
Lamoujivariety in Mora (L-Mr-v) was not processed accogdio local conventional practice, since
the processor molded tlaabiflour with excess water which resulted in a hightgwn color. For

this reason, considered as an error of the loaalysactice, this sample was discarded.
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Figure 4: Principal Component Analysis (PCA) on the Yaabasdmples and relationship with

sensory descriptofanalysis performed by Aurelie Bechoff and Keith Taspl With: D-G v (Dakamiji Garoua-
vapot cooking); D-Ma bfakamji-Maroua-earth stewing);D-Ma \D@kamjiMaroua-vapor cooking); D-Mk viakamijk
Mokolo-vapor cooking); D-Mr s akamjiMora-sun drying); L-G v l(amoujiGaroua-vapor cooking); L-Ma v
(LamoujrMaroua-vapor cooking); L-Mk viL@amoujiMokolo-vapor cooking); L-Mr sl{amoujiMora-sun drying); L-Mr
v (LamoujiMora-vapor cooking); M-G v (Mixed sample-Garougswacooking)

Table 5: Main classes o¥aabandeake based on sensory attributesisis performed by Aurelie Bechoff

Class 1 2 3 4 5
D-Mk
D-Gv D-Mab \Y; D-Mrs L-Mrv
L-Gv D-Mav L-Mav L-Mrs
L-Mkv M-Gv

Consumer testing

Samples selected for consumer testing are higleleght green

Consumer acceptance of Jaabi
Table 6 shows overall appreciationJafabi sample regarding appearance, taste and acceftalbili

is noted that all samples are globally acceptableesthe mean scores of acceptability and taste are

greater than a score of 6 (slightly pleasant).dditeon, samples are not significantly differerdrfr
taste and acceptability point of views, while tlaeg significantly different according to appearance
Table 6 : Mean overall scores dhabi

Sample |Appearance| Taste |Acceptability
D-Maroua| 5,7+18 | 62+20 6,3%+19
D-Mokolo| 57+16 | 6,3+x17 6,2%+1,6
L-Garoua| 7,8+13 | 62+£19 65+1,7
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L-Maroua| 58+15 | 6,4+1,V 6,
L-Mora 6,2+1,7 | 65+16 6

The relationship between the three variables (appea, taste and acceptability) through PCA is
shown on figure 5. It is noted that 93,25% of theskations are represented by the two first

components (F1 & F2) and that the acceptabilityaaibi is mainly associated to its taste (Fig. 5).
2 (26.09%)

Figure 5: PCA on sensory attributes ddabi
Considering the frequency at which each productted as appearance, taste and acceptability are
concerned, it appears that the acceptability ofdre@a seems to be due to its taste (Fig. 6). Bhis i
confirmed by the fact that the taste of the fraiithe main criteria by whichaabiconsumers choose
their product (Fig. 7). This is normal since, wharying the fruit, consumer use to taste it. In the
same way, when consumers are asked why they contaebé the taste of the product is cited as
the main reason (Fig. 8). This taste has preferablye sweet. In fact, up to 80% of consumers
prefer sweetlaabi as shown on figure 9. The same figure indicates d@ppearance of the fruit is
characterized by its color which should be eitrezt or Yellow, while on eating, the pulp should
preferably be floury.
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50 - B Apparence
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30 A
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& ¢
0: \" V’ o:

Acceptabilité

Frequency (% cited)

Jaabi samples
Figure 6: Overall appreciation afaabiaccording to appearance, taste and acceptability
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Figure 8: Main reasons explaining whaabiis consumed
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Figure 9: Sensory attributes daabirelated to appearance, taste and pulp of the fruit
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Consumer acceptance of Yaabande
Globally, allYaabandesamples are acceptable and considered as plesseaat,scores are close to
7 (pleasant) (Tab. 7). Meanwhiléaabandemade withJaabi Dakamijifrom Maroua, using under
earth stewing method (D-Ma-B) antaabandemade withJaabi Dakamji from Mokolo, using
vapor cookikg (D-Mk-V) are scored higher for alhsery attributes.
Table 7 : Mean overall scores &faabande
Samples| Appearance| Taste |Acceptability

D-Gv | 6,0+15 | 62%+1Fy 64%15

D-Ma-B| 7117 | 72+1b5 7,2+15

D-Mk-V| 68+15 | 69+18 69+1,2

L-Mr-S 6,2+14 | 60+x18 60+1,7

As previously observed falaabi the acceptability of Yaabande is linked mainlyhe taste of the
cake (Fig. 10, 11 & 12). In fact, as observed walbi the taste of the product and food habits are

the main reasons justifying consumptionYdabande The cake should preferably be yellowish,
friable in mouth an floury (Fig 13).
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Figure 10: PCA on sensory attributes ¥habande Figure 11:

Criteria of choice byraabandeonsumers

Frequency (% cited)
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Figure 12: Main reasons explaining whiigure 8: Main reasons explaining whfaabandes
consumed
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Conclusion

This study shows that the tasteJafbiandYaabandas the main sensory attribute governing
the consumption of these products. 2dlabi andYaabandesamples are globally acceptable
by African consumers, whatever the origin and taiety. Meanwhile, it should be noted that
throughout the study, no reference was made byutoess to the aroma complex and
therapeutic properties of the products.

Thus, the market development @dabi and resulted producis just based on proposing a
product presenting original taste of the produnt.tHis respect, standardizing the process
procedures appears as an option for the marketiapauent. Associated to this option, it
should be interesting to determine physico-chengoahpounds which build up the taste of
the products. Additionally, taking into account ttierapeutic properties of the fruits may
constitute a parameter to be considered duringsthisdardization.
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