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Abstract

Akpan is a yogurt-like product traditionally prepdrin Benin from ogi or mawe, two
fermented cereal mash products. These intermepiatiucts are precooked and later mixed
extemporally with additives such as milk, sugar acel before consuming. As a thirst
guenching beverage, it is highly valued by consgnierurban areas. Information related to
socio-economic importance, traditional processihghe product, problems associated with
processing and maximum duration of storage is decwed through this literature review.
Few research studies have been undertaken onrtdsiqi and therefore the characterization

of the product and its processing methods would teelpgrade and standardize its quality.

Introduction

Street foods are part of catering business in dgual countries, particularly in urban areas.
Most of these products are ready-to-serve or réagdat foods sometimes under poor
cooking and trading conditions which can lead torpoutritive value and low hygienic
quality.

A survey on traditional indigenous food processoagried out at Cotonou revealed that a
large variety of foods are produced and sold bydfpoocessing micro-enterprises (Nago,
1989). Among a variety of products collected (Naga@l., 1990), traditional beverages from
cereal are of high importance in the diet of BesteéA\kpan is one of these beverages derived
essentially from fermented maize mash, known agi®0which is precooked (Adande,
1984). It can also be obtained from mawe, anotbkd $ermented maize mash intermediate
(Nago, 1989)Akpan is prepared from essentially fermented mataech that is precooked
and then mixed with milk, sugar and ice before comstion (Mestres et al., 2001). As
described by Hounhouigan (1994), akpan is a “saimlsmass which becomes a thirst
guenching beverage by adding water, ice, sugamatid. He also reported that 7% of ogi
(from maize) produced in Cotonou, are used to predcommercial akpan. Nowadays,
sorghum is also used. The variability in the rawtemals and processing methods used can
lead to high inconsistency in the nutritional, rofgiological and sensory qualities of akpan.
Information on akpan is limited to the descriptiminthe product (Adandé, 1984; Nago, 1989
and Hounhouigan, 1994) and an attempt to upgradpraduction process (Mestres, 2001,



Madodé et al., 2003). The later work was carriedtoulevelop an improved process to obtain
an “akpan” which could be kept for two weeks andvbich the quality would be acceptable

by the traditional product consumers.

To overcome major constraints related to the qualitthe akpan end product and its storage
shelf-life, information on traditional processing the product, problems associated with
processing and maximum duration of storage, as aglfuality profiles are needed. This

review intends to collate data on each of thesedsp

1. Traditional processing of the product

1.1. Raw materials and additives used and their handling
Akpan is traditionally prepared from maize, butspecific variety is preferred. However, no

waxy variety would be appreciated. No report onuke of other cereals has been found and
this aspect needs to be investigated. The maigerted and cleaned in order to discard the
rotten grain and the foreign matter. In practidee taw materials are the intermediates:
precooked fermented maize mash (ogi) or solid fetetemaize mash ( mawe) described by
Hounhouigan et al. (1994). Ogi is a gruel obtaibgdermentation of a suspension of wet-
milled maize in water, while mawe is a fermentedamalough, rolled up into a ball and sold
at local markets as opposed to ogi which is noketad in this state.

During processing of ogi into akpan, no additives ased. Additive-like ingredients are only
used during consumption. These include milk, swagat ice or the sour ogi supernatant is

sometimes used.

1.2. Description and variability/similarity of processing methods
The traditional process of akpan production candegised into two main steps: the

preparation of intermediate products (ogi or maae)l the processing of ogi into akpan
specifically. According to Nago (1997) the gengradcedure of processing of ogi includes
steeping of grain, wet-milling, wet-sieving, deagagtand fermentation. Similar products are
processed in many other African counties such &arfa” in Nigeria (Akingbala et al.,
1987), “uji” in Kenya, “mahewu” in South Africa (&hkraus, 1983) or poto poto in Congo
(Brauman et al., 1993). Some slight variations neajst from one country to another:
steeping is performed at ambient temperature f8rd2ys in Nigeria (Akingbala et al., 1987)
while this operation is done by boiling for a fewnoites and then steeping for less than 2

days in Benin (Nago et al., 1998) (figure 1).
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During grain steeping, and moreover during decamtand souring of the slurry, an hetero-
lactic fermentation proceeds, involving specificcrobrganisms and a pH around 4 (Banigo
& Muller, 1972)

As far as mawe is concerned, the processing metheds further described by Hounhouigan
(1994) (figure 2). A similar product also known mawe was described by Doh (1970) in
Togo. According to Nago et.af1993), the pH ranged between 3.5 and 4 and watgerbD
between 45-49%.

With respect to akpan, Adande (1984) earlier dbedrithe origin, preparation and
consumption as follows : Akpan (Goun)- Dans les marchés de la région de d®?Ndvo
notamment, on se désaltere dans le secteur desharadises d’Akpan ou Akpan soji. Akpan
n’'est autre chose que I'Akassa préparé avec dagantieau retirée de la fermentation du
mais. Il est par conséquent d’'un godt tres acidiil@ée s’accommode jamais de la sauce. Sa

consistance est moindre que celle de I'Akassa.

A l'acheteur, la vendeuse se charge de la délajlerneééme dans une calebasse d'eau
potable et fraiche pour en atténuer I'acreté et dendre une saveur aigrelette Iégerement
sucrée. Cette boisson étanche agréablement laEtfest connue dans la région d’Abomey
sous I'appellation de Tongi (bouillie sucrée etraigtte) »

Mestres et al. (2001) developed an improved praeediiproduction of akpan from the ogi.
Akpan is prepared by mixing cooked and non-cookgdsturry (figure 3). The resulting
product “akpan” is extemporally mixed with additsvieefore consuming.
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1.3. Major problems associated with processing method

Contrary to ogi which has been widely investigatéide microbiological profile and
biochemical characteristics of akpan are still éddyginknown. The most important constraint
of the process is the lack of standardization oftta unit operations, especially of the
fermentation and cooking operations. The internmtediaoducts (ogi or mawe) and the akpan
itself become sour during storage/marketing. Comsetly, the shelf life of akpan is too
short. In addition, the sensory profile and qualéitributes are not well-known. The
processing method from cereal grain to end produdime-consuming; so the need for
stabilization of intermediate products like ogimawé as powder/flour can be beneficial to

the processors.

1.4. Storage methods, maximum duration and problems
associated with storage
In traditional practice, akpan is kept at ambiemperature (24-30 °C) for several days. It can

be rolled up into balls and packed in leafy vegeior selling. Generally, akpan is a ready-
to-serve product with a shelf-life of about 2 dap®@wever, akpan can be kept for up to 8
days at 4 °C (Madodé, 2003). As a fermented wetlymty akpan becomes too sour during
storage, leading to deterioration in quality. Farthesearch is therefore needed to ensure the

quality of the product.

2. Socio-economic importance

2.1. Production, processing, handling and storage zone identified
in the country
A preliminary study revealed that akpan originatesm Porto-Novo (Adande, 1984),

probably in relation with ogi production. Indeedjias mainly produced in this region.
Currently, akpan is processed mainly in the souttegeas (Oueme, Atlantic, Littoral and
Zou) of Benin. However, increased production ofakpn the northern urban regions was

observed recently, probably originating from thatlaf the country.

10



2.2. Socio-economic profile of the actors
In the usual practice, the production and the coroialézation of akpan is undertaken by the

women. For the distribution of the product, twodagpf sellers were observed:
» fixed sellersfor ready-to serve and for ready-to-eat and
» train buffet trolley /snack trolley women.
Little information currently exists on the profild the actors in this sector and therefore a

further survey is needed to collect informatioratedl to this aspect.

Socio-economic importance of the product

Akpan is produced at homeayithout any manufacturing but with small scale emtises. As

a street food, akpan is consumed throughout theddyhe year. It is preferably consumed as
a thirst quenching beverage during hot weather.nHouigan (1994) revealed that 7% of
maize used to produce ogi in Cotonou was consuraegkpanAccording to Nago (1989),
with 4750F CFA (10$US) as initial production cgatpcessors can get 2050 F CFA (4.33US)

as net income (43%A survey of the current costs and economic impmaoecessary.

2.3. Commercialization of the product
Akpan is a street food widely consumed in townsed®y-to-eat akpan” is served in a cup

containing about 14 to 27.5 cL of which the cosiesabetween 75 — 100 CFA (Mestres et al.,
2001). The cost is about 3 times lower than theepaf similar commercially manufactured
drink like yoghurt. Akpan is extemporally mixed witsugar, ice, concentrated milk in
variable proportions before consuming. In additiggeople sometimes add the sour
surpernatant obtained during ogi production. Asafafready-to serve akpan” is concerned, it
is packed in leaves and sold in this state. Itossamed at home after reconstitution. For
snack trolley women, akpan is sold as a “readyriokdoeverage”.

3. Quality characteristics of the product

3.1. Nutritional quality
Initially akpan without additives should have appnoeately the same nutritional quality as

ogi. When adding additives, the nutritional quabfyakpan would change but, up to date, no

research has been performed to collect this infoamavhich constitutes a large research gap.
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3.2. Microbiological quality
Numerous studies were done on the microbiologicafilp of ogi, but little research has been

undertaken on akpan. The absence of enterobagtesialy the coliforms) in the product was
noted. The mean load of aerobic mesophilic orgasiand yeasts and moulds are 4.98 Log
(CFU.g") and 5.28 Log (CFU:Y respectively.

3.3. Physico-chemical and sensory characteristics
Very little data exist on the physico-chemical giyabf the akpan. Previous studies are only

limited to the pH, titratable acidity and apparemtcosity. Table 1 shows mean values
obtained by Mestres et al., (2001). Further resesr needed to identify dextrin profiles and
aroma components. In addition, data on particles and degree of gelatinization are needed.
As far as sensory quality is concerned, akpan hemuataste (slightly acid), but it is sugary
when consumed with additives. It is also describg flavored product, sometimes with an
alcohol smell.

Table 1: Physico-chemical characteristics of Akpan

Parameters Values
pH 4,41
Titabl acidity (% of lactic acid dm) 1,5
Viscosity apparent (cP) 441

Source: Mestres et al., (2001)

3.4. Product quality perception/requirement by consumers
Madodé et al. (2003) reported that a good akpart bruslightly acid/sour, with white color.

It must be slightly viscous and fairly cooked. Heed also a divergence of viewpoint on the
taste attributes “sugary’ and ‘milky’ even thoudie tmajority of consumers interviewed

prefer a fairly sugary and milky akpan.

4. Consumption forms of the product

4.1. Food forms
Akpan is consumed as milky, sugary and chilledldviuith a viscous and watered texture. It

is known as thirst quenching beverage.

12



4.2. Period of the day for the consumption
The survey done by Madodé et al., (2003) revedbadl akpan is consumed mainly after

lunch. It is also consumed as shack at mid-afterravound 17h00. However, consumption is

not limited to these times and one can consumeratpang any period of the day.

5. Research activities and new development on technology
and product
Research studies on akpan are very limited; sthdustudies should focus on the nutritional,

microbiological and sensorial quality of the produlm addition, the flow diagram and
product quality must be upgraded. Data on sociow@eic aspects must be updated with
recent information. The following studies couldgesformed:

- Physico-chemical characteristics, microbiologicalfie and sensory profile of akpan

- Control of the fermentation of the ogi by the u$a starter culture

- Standardization of cooking by modeling the process

- Improvement of the shelf-life of the product

Conclusion
Akpan is a beverage derived from fermented mairgfson, often consumed especially in

the urban zones of Benin. This product is consumathly after the lunch and secondarily as
snack at mid-afternoon. It is thirst quenching lbage and, after reconstituting, it tastes
slightly sour, sugary and milky, and fully-flavorethe shelf-life of akpan is limited (around

2 days), even if attempts have been made to maititaiquality up to 8 days at 4 °C. Little is
known on the nutritional value, physico-chemicadl amcrobiological characteristics of akpan

. Updated socio-economic data also need to be ghedvi
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Abstract

Production area Introduced in the country in the XIXth centulfibiscus sabdariffa.. is grown
throughout the territory of Senegal, particulany the Kaolack, Djourbel, Thies, Saint-Louis and
Louga regions.

Varieties. Several varieties of retl. sabdariffacalyx are cultivated in Senegaiour main
varieties namely Vimto, Koor, CLT 92 and Thai cam distinguishedlt appears that there are no
appropriate structures for the shelling, dryingckaaying and storage for the calyx ldf sabdariffa
These operations are performed under unsuitablditcmms leading to the deterioration of the quality
of theH. sabdariffacalyx.

Composition. The red calyxes are the most commonly used andchesacterised by their
concentration of anthocyanin, which can reach 1k§ fof dry matter. Delphinidin 3-sambubioside
and cyanidin 3-sambubioside are the major anthdogacomprising 70 and 29 % of total
anthocyanins respectively. Organic acids, mineazatsamino acids are present in the calyx,

Transformation. The main processing activities of tht sabdariffacalyx arecrushing and the
production of drinks and concentrate. The manufactof beverages, the main method of
transformation, carried out under the directionvofmen's groups, has remained virtually traditionnal

Markets. With a support program of the Senegalese stageintrease in the cultivated areas and the
number of actorg{l. sabdariffaoccupies an important place in the marketing ofcafural products

in Senegal. The export of dried calyx df sabdariffato Europe and the United States at prices
ranging between 1,000 and 2,500 $USstincreasing year by year.



Introduction

Hibiscus sabdariffa L. is a herbaceous plant, cultivated largely in tropical and subtropical areas of
both hemispheres. It belongs to the family of Malvaceae and is known by different names such as
Guinea sorrel or bissap in Senegal, karkadé in North Africa, roselle or sorrel in Asia and flora of
Jamaica in Central America (Morton & Roselle, 1987; Glew et al., 1997; Lorenzo et al., 2000 ;
McClintock.& El Tahir, 2004 ; Babalola et al., 2001 ; Nyarko et al., 2006 ; Cisse et al., 2009a; Cisse et
al., 2009b)

In SenegalH. sabdariffa was introduced in the fig:entury Kerharo & Adam, 1974) and IS now
grown throughout the territorymainly in the Kaolack, Diourbel, Thies, Saint-Louwasd
Louga regionsKigure 1). In these areas, a dozen varieties are grown including Vimto, Koor, Thai
and CLT 92. Indeed, with the decline of traditional crops, especially peanut, many producers are now
growing bissap to improve their income.
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Figure 1. Main areas oHibiscus sabdariffaultivation



1. Traditional processing of the product

In Senegal, traditional processing of thesabdariffacalyx has been greatly improved by the
establishment of many small enterprises.

1.1. Raw materials and additives used and their handling

H. sabdariffais cultivated mainly for its calyx. The traditidngrocessing activities of the
calyx are for the production of jam, concentrates particularly of drinks/beverages.

The drink is made from an extract obtained by agaeextraction from a solid-to-solvent

ratio. The extraction operation is carried outenperatures between 25 and 100°C. After
filtration, sugar and other ingredients, such dseofruit juices, flavorants and fruit pieces

(pineapple, strawberry and ginger) may be added.

The consumption of this drink is widespread in édriand Asia. In Senegal, where it is very
popular, its consumption is highest during the rhasftRamadan. In Mali, Coéte d'lvoire and
Burkina Faso, the drink is called “da Bilenni”. Egypt, it is known as the "drink of the

Pharaohs.” In Sudan the name is "tea Karkade”. bhigerage is consumed cold or hot ,
depending on the season.

1.2.  Description and variability/similarity of procesgimethods

The description and processing methods usedHorsabdariffa calyx in Senegal are
represented ifrigure 2. Variability is closely related to similarity bet@n producers (Cissé
et al. 2009a)
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1.3. Major problems associated with processing methods

The operations of shelling and drying are carriedmanually. These operations lead to a raw
material of heterogeneous quality.

During the production oH. sabdariffadrink, the main problem is the lack of adequate
technical resources. The women rely on their knaowhad experience to determine the end
of each step. This could result in a heterogengooguction process and in medium or poor
quality beverages.

1.4. Storage methods, maximum duration and problems associated with storage

According to producers and traders, the red cdleatyx turns brown or black after 3 months
of storage. In fact, there are no appropriate ttres for the shelling, drying, packaging and
storage for the calyx dfl. sabdariffa

After production, the drinks are stored in plastitties at 4 °C for 4-10 days. Usually no
treatment is applied to stabilise the finished paidMore significant degradation of
anthocyanins has been noted during heat treatr@esgg et al., 2009).

2. Socio-economic importance

2.1.Production, processing, handling and storage zones identified in the country

2.1.1. Production

In Senegal, the cultivation dfi. sabdariffais an ancient activity, usually conducted by
extensive farming in the Kaolack, Diourbel, Thiesuga and Saint Louis regionSigure 1).

In the northern regions of Louga and Saint-Louidistus is cultivated mainly in lines on the
boundaries of rice plots. In these regions Hibissusultivated also in association with millet,
maize and groundnuts crops.

In the central regions of Kaolack and Diourld¢l,sabdariffais grown mainly in association
with groundnut or millet. However, monoculturetéf sabdariffais becoming more and more
frequent because of the exports opportunitiesefitied calyx..

The increase of. sabdariffacultivation is encouraged by the support of nomegonmental
organizations such as ASNAPP (Agribusiness in $wtée Natural African Plant Products).
The Hibiscus was selected from twelve products asrer crop in Senegal, but with great
potential to improve the income for producers.



2.1.2. Postharvest treatment

After harvesting, dried calyx oH. sabdariffa undergoes the steps of shelling, drying,
packaging and storage.

Decortication

Scouring is a delicate manual operation, and requar skilled workforce. It involves taking
the fruit between two hands and then making acadrincision with both thumbs to separate
the capsule and calyPlioto n°J). It is often difficult and painful because of tpeessure
required to separate the calyx and capsule anddiore varieties, the presence of irritating
stinging hairs.

Photo n°1 Manual scouring dflibiscus sabdariffa

Some operators cut the base of the flower stalk @iknife to release the capsule and get a
circular closed calyx. This method can damage #yeswale which then opens slightly and
releases the seeds. Significant losses are inclayeoreaking the sepals with a knife. To
reduce these losses some farmers dissect the §avwy 24 hours after harvest. A real need
for mechanization of this step is obvious. It cdogts a major obstacle to the development of
theH. sabdariffaindustry.



Drying

Drying is carried out after shelling. It reduces thoisture content of the calyx from 86% to
16% or 14% for improved preservation. Currentlyinigyis traditionally performed by direct
exposure of the calyx to the sun. Calyxes are sppeamats or plastic sheets placed directly
on the ground.

This method has major disadvantages, such as tip@riamt risk of microbiological
contamination, presence of sand and debris, andimity degradation, losses of nutritional
compounds. The duration of drying is between 6 Hhdays.

Studies on drying kinetics and the impact on thaitguof calyx should be envisaged to better
control this step.

Packaging

The dried calyxes are harvested and sold in buik andividual packages. For export, dried
calyxes are baled in batches of 50 kg in wovenolyylene bags. Packaging dried calyx in
polypropylene bags is the most widely used becafiske good ventilation allowed by this
type of packagingnd the low cost. The price per bag varies betva@eand 100 FCFA (0.08
and 0.15 euro). This conditioning is used both mdpcers and collectors.

Transport and storage

Transportation of dried calyx ¢i. sabdariffabetween production areas and urban centers is
performed by truck with a capacity from 15 to 3Mt.sabdariffacan be transported at the
same time as other crops such as groundnuts, miltkicorn. The price depends on distance
and is between 10 and 20 CFA'.]1<@.015-0.03 euro). We have noted the lack of gmate
structures for the storage of dried packaged calyx.

The packaged products or bulk products are stomedioors or under cover in major urban
markets or in a facility where other products d@orexd. The storage time varies and depends
on the consumption or marketing. The calyx can &pt kuntil the next harvest. However,
according to producers and traders, the red cdloalgx turns brown or black after 3 months
of storage.

In conclusion, it appears that there are no apm@tpistructures for the shelling, drying,
packaging and storage for the calyxHhfsabdariffa These operations are performed under
unsuitable conditions which lead to the deterioratn the quality oH. sabdariffacalyx.



2.2. Socio-economic profile of the actors

Producers oH. sabdariffacan be divided into two main groups. The first oepresents

about 70% of producers and consists of traditipnadlucers who grow Hibiscus around crop
fields. The other emerging group, about 30% of poeds, consists of women’s groups and
economic interest groups cultivating plots of Hadois on areas ranging from 1 to 5 ha in size.

Processors dfl. sabdariffain Senegal can be divided into two groups: smadlesprocessors
and industrial transformers. The small-scale premes do not have adequate technical
capacity.

Many large industrial Senegalese companies havesimated the transformation &f.
sabdariffa calyx, but up to now, only two companies, Kiremel d_aiterie du berger, offer
drinks made fromH. sabdariffa calyx. Two main constraints have been identified:
inhomogeneity of the raw material and problemsiséaloration of the beverage over time.

2.3.Socio-economic importance of the product

With an average acreage between 5000 and 6500rh& domestic production of 1200 to
3000 t (per year) and an estimated 30 000 to 40p@0@ucersH. sabdariffacurrently holds

an important place in the marketing of agricultyredducts in Senegal. (Cisse et al., 2009a).
Crops ofH. sabdariffaprovide substantial income to producers. The nisrfeof calyx is
provided by producers, street vendors and wholesastablished most often at urban
markets. These wholesalers supply exporters ofddrayx. The price offered to growers
varies between 750 and 1000 F CFA (1.14 — 1.53s¢er kg of calyx.?.

2.4. Commercialisation of the product

National market requirements for calyx for housdhahd artisanal processing are estimated
to be 700 t (per year). In Senegal, in most cadesH. sabdariffacalyxes are sold in two
units of measurement: a basin corresponding tgacity of 5 kg and a tin with a capacity of
250 g. The price afiried calyx varies by location of sale and timg@&r. Thus, in the weekly
markets, the sale price of the basin ranged frofd02BCFA in October (beginning of
harvesting) to 5000 FCFA for the month of May; ertd00 to 1000 FCFA. k’gof calyx. The
price of a tin generally varies from 125 to 175 RC#hd 500 to 700 FCFA.Kgover the same
period.On national roads and in the large urban areasgeprharged are usually higher than
those observed at the weekly markets.

Exports ofH. sabdariffacalyx are mainly to the United States and Eurapsuding, notably
France and Germany (Anonym, 2000; Gueye, 2005)chwtonstitutes 80% of the European
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market which is estimated at 3000 t/year. Calyxesexported for the food and cosmetics
industry. Very little data is available on expordaqtities. Limited data is available at the
computer center of the Senegalese customs whidntegpexport quantities of 923 and 312 t
in 2000 and 2001 respectively. Highest annual @speere recorded in 2003 and 2004 with
respective quantities around of 1000 and 1400 t.

The quantities currently exported are far fromsfgitng international demand. Indeed, with
agreements of the African Growth and Opportunity &GOA), the needs of the American
market are estimated at 30 000 t/year. The pringt® world market show large fluctuations.
The average market price is between 1000 and 25804.t". These prices obviously depend
on the quality of the product which is judged priityaon the variety of Hibiscus, varietal

purity and rate of whole calyx (Cisse et al., 2009a

3. Quality characteristics of the product

3.1. Nutritional quality

The composition oH. sabdariffacalyx is highly variableTable 1).

Table 1L Minimum ,maximum and average values, of the diifié characteristics diibiscus
sabdariffa calyx (Kerharo & Adam, 1974; Morton & Roselle, 1987; Woag al., 2002;
D’Heureux—Calix & Badrie, 2004; Cisse et al., 20p9b

Units Minimum  Average Maximum
Moisture 84.5 86.3 (8) 89.5
Protein 0.9 6.6 (8) 17.9
Lipid 0.1 2.3(7) 3.9
Fibers 9.100g" 2.5 8.8 (6) 12.0
Ash 4.5 5.6 (5) 6.8
Carbohydrates 3.3 8.1 (4) 12.3
Malic acid 0.12 1.36 (3) 2.70
Calcium 1.3 94.0 (9) 213.0
Iron 2.9 17.2 (9) 37.8
Phosphorus mg.100¢" 40.0 191.1 (6) 312.6
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Ascorbic acid 6.7 72.0 (6) 141.1

Anthocyanin 150 350 (5) 1500

() Number of values taken into account in caldntathe average

Except for moisture and fat, differences betwees rtinimum and maximum values are
significant. This variability may be due to sevdraitors such as conditions of crop, soil type,
rainfall and country of origin of the calyXerharo & Adam, 1974; Morton & Roselle, 1987).
Variety and compositional differences major compugseavere also observed by Babalola et
al. (2001). The alyx of H. sabdariffais rich in organic acids. Succinic, oxalic, taitaand
malic acids are present at respective concentstifrD.51, 0.43, 0.17 and 0.12 g.100 g
(Dafallah & al-Mustafa, 1996; Babalola et al., 20@¥ong et al., 2002). Sugars present in
calyx of H. sabdariffaare glucose, fructose and sucrose. The glucosb, neiarly 40% of
total sugars, was the most important sugar (Worad.,€2002).

The presence df-carotene and lycopene at respectively concentrmiid 1.9 mg.100 §and
164.3 mg.100 § of fresh material has been reported in the cafyi.osabdariffa(Wong et
al,, 2002). These flowers also contain mucilages axtims (Forsyth & Simmonds, 1954;
Tsai, 1995; Chen et al., 1998) and all essentiaharmcids (Morton & Roselle, 1987; Glew et
al., 1997) Table 2).

Table 2. Amino acid composition (mg-ydry matter) oHibiscus sabdariffaalyx

Calyx
Amino acid Morton & Glew et al., 1997
Roselle, 1987
Arginine 3.60 4.48
Cysteine 1.30 0.87
Histidine 1.50 1.19
Isoleucine 3.00 2.70
Leucine 5.00 421
Lysine 3.90 2.77
Methionine 1.00 0.65
Phenylalanine 3.20 2.32
Threonine 3.00 2.36
Tryptophane - 0.45
Tyrosine 2.20 1.44
Valine 3.80 3.33
Aspartame 16.30 10.50
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Glutamine 7.20 8.85

Alanine 3.70 3.46
Glycine 3.80 2.47
Proline 5.60 5.82
Serine 3.50 2.65

One of the characteristics bf. sabdariffais its high anthocyanin content that can reach 1.5
g.kg" of dry calyx. This content is comparable to thiablackberryand superior to most other
edible plants (Mazza & Miniati, 2000 &ble 3). The calyx contains two main anthocyanins:
delphinidin-3-sambubioside or delphinidin-3-xyloglyicoside or hibiscin and cyanidin-3-
sambubioside or cyanidin-3-xylosylglucoside or gpssyanin, and two minor anthocyanins,
delphinidin-3-glucoside and cyanidin-3-glucosidéeTdelphinidin-3-sambubioside represents
70% of the total content of anthocyanins. The aryhoins represent the largest group of
water soluble pigments in the plant. They are lyigldlued in the food industry for their
coloring properties, which can give food variougswf red and violet (Francis, 1990; Wang
et al, 2000). The calyx ofH. sabdariffaalso contains other polyphenolic compounds
including protocatechic acid (Herrera-Arellano kt, 2004; Dickel et al., 2007) However,
anthocyanins oH. sabdariffaare known for their instability (Esselen & Samrmi§,75; Tsai

& Ou, 1996; Mazza & Miniati, 2000; Chen et al., 300 The anthocyanins are easily
degraded during heat treatments or during storagsoan temperature. After heating, the red
color gradually changes in brown. This instabilgyalso evident in aqueous solutions and is
the main factor limiting the use of extracts léf sabdariffaas colorant in complex food
formulations. Greatestability of anthocyanin will permit the market gnas natural colorant
which is 940 million US $ (per year), and is growgiat the rate of about 5% annually
compared to artificial colorant (400 million US $Yhich increases by only 2-3 % per year
(Sarni-Manchad & Cheynier, 2006).

3.2. Microbiological quality

Generally no microbiological problems are notedheH. sabdariffacalyx or in beverages
prepared from it (Cisse et al.2009b).

3.3. Product quality perception/requirement by consumers

For drinking, two criteria are essential for congugy namely the red color of the drink and its
acidity. This drink is consumed during hot weathed especially during the month of
Ramadan. It can be drunk at any time of day.
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Table 3Some fruits with their major anthocyanins and tigeintent in mg.1004of fresh
material (Mazza & Miniati, 2000)

Fruits Anthocyanin Content
(mg.100 ¢')
Black chokeberry Cy 3-galactoside 1050
(Aronia Cy3-arabinoside
melanocarpa Cy 3-syloside
(Prunus avium var. Cy 3-rhamnoglucoside 350-450
Bigareay Cy 3-glucoside
Peonidin 3-rutinoside
Sweet chern®runus Pn 3-rutinoside 35-82
cerasus L. var. Cy 3-glucoside
Montmorency Cy 3-rutinoside
Cy 3-sophoroside
Cy 3-Fglucosylrutinoside
Prune Prunas Cy 3-rhamnoglucoside 29.5
salicina cv. Sorduin  Cy 3-glucoside
Blueberry Dp 3-galactoside 25-495
(Vaccinium Dp 3-arabinoside
corynbasum L) Mv 3-galactoside
Mv-arabinoside
Cranberry Pn 3-galactoside 78
(Vaccinium Pn 3-arabinoside
macrocarpon Ait Cy 3-galactoside
Cy 3-arabinoside
Black raspberry Cy 3-glucoside 428
(Rubus spp. Var Cy 3-rutinoside
Cumberlandl Cy 3-sambubioside
Cy 3-xylosylrutinoside
Strawberry Pg 3-glucoside 450-700
(Fragaria spp) Cy 3-glucoside
Grappe Mv 3-monoglucoside 30-750
(Vitis vinifera L.) Pn 3-monoglucoside
Dp 3-monoglucoside
Mv 3-monoglucoside-p-
coumarate
Pn 3-monoglucoside-p-
coumarate
Hibiscus sabdariffa  Dp 3-xylosylglucoside 150
Cy 3-xylosylglucoside
Dp 3-glucoside
Cy 3-glucoside
Blackberry Rubus Cy 3-glucoside 67-230
fruticosus L) Cy 3-rutinoside
Blood orange Cyanidin 3-glucoside 70-100

(Citrus sinensis L.,

Rutaceap

cyanidin 3-(4"-acetyl)-
glucoside




Conclusion

TheHibiscus sabdariffandustry has large potential in Senegal throughiticreasing market
for its producers and exporters. However, it sgffieom a lack of organization, information
and support to improve its productivity. The indyss also facing several problems such as
low availability of certified seeds, poorly contierd post-harvest technology and the lack of
industrial or semi-industrial products manufactulczhlly.

The perspectives on research and required researabations can be declined in different
ways:

- More appropriated scouring, drying and aqueousaetitm methods are still needed to
obtain higher quality of calyx and drinks;

- To my knowledge no research has been done on thsilb® increase in value of
bioactive components such as anthocyanins by psogesechnology;

- A research study investigating the stabilizationlafal drink production fromH.
sabdariffa must be performed. These results will increase sthelf-life of theH.
sabdariffadrinks and will boost the economic profit for epgses in this area for
exportation possibility.

- A research study focused on a new product such restwaal colorant will also be
performed.
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Abstract:

Kitozais a zebu or pork meat dish that is very popuiaoughout Madagascar, where it is
sold as a raw, fried, dried and/or smoked prodbigterent types of producers supply markets
in Antananarivo wittkitoza including beef and pork butcheries, and a few enogbroduction
units. Homemadéitoza is also prepared according to peoples’prefereffices fresh raw
meat, to which salt, spices (garlic, pepper, gipged sometimes oil may be added. In all

cases, the biochemical and microbiological qualftiitozais not controlled.



Introduction:

Salted/driedkitoza is generally prepared with beef, especially frdra hump of Malagasy
zebus. Pork-basddtozais usually found on the menu wdiry amin’ananastreet eateries.
Cattle are mostly raised for meat production in Bgascar. A variety of techniques are used
for the preparation and/or preservation of beeftmEas ranges from the productionlafoza
(dried strips of meatyaranga(fried shredded meat) afjeka (meat preserved in fat). In the
Sakalava (western Madagascar) and/or Tsimihetyti(hoegions,maskita which resembles
kitozg is prepared by a sun-drying or hearth-smokinggse (Raharolahy 2004). However, it
is known that preserving meat in hot countriesfieroa very difficult task because of the
highly perishable nature of this foodstuff, thekia¢ suitable cold storage infrastructures, and
especially the climatic and environmental condsidimat precipitate rapid degradation of this
product (Yacouba 2010).

In Madagascar, meat is dried and/or smoked on d@yfdmusehold scale, and housewives
throughout Madagascar know how to pregdareza(Laurent 1981).

Kitoza consumption has currently increased because odaidy availability in beef and pork
butcheries, street eateries and supermarkets. riggeenditions during the preparation and
preservation stages and the microbiological qualitthe finished products are, however, not

controlled.

1. Traditional meat processing forkitoza

1.1 Raw materials and additives
Kitozais prepared with beef or pork. The main ingredieare salt and spices, such as garlic,

pepper and ginger. Some producers coat the mega wsiith oil.

1.2 Description of the production method

Kitozais obtained after trimming and slicing beef orkpaneat into approximately 3—4 cm
thick and 20 cm long strips. Then the strips aréfoumly salted. Depending on the
preference, spices such as garlic, pepper and rgmgg be added to enhance the taste and
tenderize the meat.

The meat strips are then threaded onto a cord ang bver a fire (fireplace or barbecue) in
order to smoke the meat for at least 24 h. In lartek, kitozais hung on a cord and then air

dried at room temperature. In Imerina region, &H @r sun-dried meat is callddtozg even



though the product is smoke-cured (cakedly in the coastal regions of Madagascar) (Molet
1982).

1.3 Major problems with the product
It is often very hard to preserve meat in hot coaatbecause of the highly perishable nature
of this foodstuff, the lack of suitable cold stogaigfrastructures and especially the climatic
and environmental conditions, which are conduciwerdpid degradation of this product
Yacouba 2010).
Preservation is generally aimed at maintaininggaeitary quality, as well as the taste and
nutritional properties of foodstuffs. Meat preséima processes are thus based on slowing
down or inhibiting different microbiological, enzytic and chemical alteration processes
(UNESCO data 1986, Touzi et al. 2008).
Meat preservation processes used in hot counsieh as drying, salting, smoking, frying or
fermentation, are inexpensive. Most meat-basedystsdare obtained through a combination
of these processes (Yacouba 2010).
According to Kalilou (1997), some authors clasdligse products according to treatments
associated with drying, e.g. unsalted dried meatised and/or smoked dried meats (including
kitozg, meats preserved by frying and dried fermentedtme
There are two main advantages to drying meat:

* reducing moisture activity in the processed progdints inhibiting the development of

microorganisms and enzymatic reactions
* reducing the weight and volume of the product, tfaslitating its preservation,

transport and storage (Yacouba 2010).

1.4 Preservation and storage

Kitoza may be preserved by hanging it on a cord, genyeoair a fire. Once dry, it may be
preserved for a few weeks to months.

Traditionally, meat exposed to a hearth fire fareay short period, so it is still almost raw, is
called masa-bobokaThen when cooked, it is calledasaka It can even be burnim@ay),
charred kila) or transformed into meat charcoatifi-keng.

Smoking is one of a group of very ancient meat gmmegtion processes. The operation
involves subjecting meat to the direct or indiraction of smoke produced by the combustion
of certain plants. The simplest smoking method Ive® processing meat over an open fire
(Garba et Kakalo 1996, Yacouba 2010). Smoke pestitave a positive effect on the product
taste and colour (Maas-van Belkel et al. 2005). dtivantages of this practice are threefold:
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partial drying of the meat, preservation of the tréize to phenolic smoke compounds and
hampering insect infestation (especially fliesjled meat.

The meat pieces should not be very thick, to enthatthey will be smoked to the core. The
meat is sometimes salted before the smoking operati.g. when preparing Malagasy-style
kitoza(Laurent 1981). It is the drying and cooking df ffroduct during smoking that is most
important during the preservation process (MaasBalkel et al. 2005).

Smoking produced by wood combustion contains fuatics agents that inhibit mould and
yeast growth on the product surface. When driedt msestored, especially in humid climatic
conditions, it can be subjected to a light smokingcess. However, smoking does not have a

substantial preservation effect if the productasalso stored in a cold chain (FAO 1990).

2. Socioeconomic importance dfitoza

2.1 Production areas
In Sakalava region (western Madagascar) and/or ifisizn (north),maskita which resembles

kitoza is produced by a sun-drying or hearth-smokingess (Raharolahy 2004).

2.2 Socioeconomic profile of stakeholders

In Madagascar, meat is smoked on a family housebcéde, and housewives throughout
Madagascar know how to prep&itoza(Laurent 1981).

Different types of producers supply markets in Aataarivo withkitozg including beef and

pork butcheries, and a few modern production units.

2.3 Socioeconomic importance of the product

Most housewives in Madagascar know how to pregaozaby this traditional method. The
most important point is that the meat must be ([€anrent 1981).

According to the literaturekitoza consumption is an ancient custom in Madagascas Th
select product was prepared for kings and nobNen thekitozaquantities were excessive,
the leftovers were distributed to the people (GdlB02, Mondain et Chapus 1948).

2.4 Marketing
The kitoza market in Antananarivo is rapidly expanding. Itnew widely sold in beef
butcheries and street eateries, as well as in pottheries and supermarkets throughout the

capital. This trend indicates that the productighly appreciated by all types of consumers,



Malagasy people of different living standards amere foreigners. This could likely be

explained by the fact théttozais a pre-prepared ready-to-cook dish, and alsp testy.

3. Quality features ofkitoza

The specific methods used to prepare (additionngfedients) and preserve (especially
smoking)kitozaenhance its biochemical traits and microbiologgqadlity.

Smoking, in addition to preservation by drying, nigdhe organoleptic qualities of the meat,
i.e. changing its colour, aroma and hardeningaidure (FAO 1990). Smoking introduces
formaldehyde, which acts as a preservative whig® aimproving the taste of the meat
(http://fr.wikipedia.org/wiki/Fumage).

Smoke produced by wood combustion contains fungsssabstances that inhibit mould and
yeast growth on the surface of the product (FAOC0)99

Moreover, intense smoking can considerably lengthershelflife of meat, but it also has an
unfavourable effect on the taste and thus the tyuaspecially during long storage, when

unpleasant tar-smoke aromas gradually develop (F24D).

Salting hampers the development of microorganismsthe product surface, while also
repelling insects and other parasites (Maas-vakdBel al. 2005, Yacouba 2010).

No accurate assessmentkdbzaquality has been carried out to date in Madagasedrthis
should now be considered.

4. Consumption ofkitoza

4.1 Types of consumption

In Antananarivokitozais sold in different forms: raw in butcheries, ked in street eateries,
dried and smoked in supermarkets.

Kitoza is eaten withvary amin’anana(rice broth and leafy vegetables)wvary sosoa(rice
broth).

4.2 Consumption periods

This dish is appreciated by people throughout Madegr, but it is usually eaten in the
morning for breakfast and the evening for suppéh wary amin’anana(rice broth and leafy
vegetables) ovary sosoa(rice broth). This dish is also currently recomishesh for nursing

mothers.



5. Research activities

As kitoza quality has yet to be studied, research shoul@bbesed on the biochemical and
microbiological properties (pathogenic bacteriactita bacteria, yeasts and moulds) at
different production stages. For smoKdtbza a toxicological study of polycyclic aromatic
hydrocarbons (PAH), including benzoapyrene from legnand which is mutagenic and
carcinogenic, could be carried out.

The literature research has been done with theviotlg keywords: Kitoza ; Meat or beef or
pork and madagascar or malagasy ; Dried meat aoror sausages ; Ripened meat ; Raw

cured meat product ; Raw dried meat ; Air driedf hééeat and drying ; Fermented meat.

Conclusion
Kitozahas been eaten in Madagascar since its introdgultiing ago by the royal families, and
the popularity of this dish is still risingKitoza production could be industrialized in

compliance with international health standardssstoanable its exportation worldwide.
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Abstract

Traditional processing of foods, including the production of indigenous fermented foods, is
an important activity in the informal sector of the Ghanaian economy. It provides a means
of livelihood for a large number of traditional food processors in the rural areas and
increasingly in urban areas in recent times. One of the most important of these indigenous
Ghanaian fermented foods is kenkey, which is a sour stiff gruel or dumpling made from
fermented maize dough which is wrapped in leaves and boiled. Kenkey is consumed all over
Ghana but especially in the southern coastal areas where it has originated from. There are
two main types of kenkey produced from maize and these are Ga Kenkey and Fanti Kenkey.
Both are cooked sour tasting stiff porridges with a pH of about 3.7, moisture level of
between 52-55% and usually eaten with sauce and fish. During the production of kenkey,
the dough is divided into two parts: one part, the aflata is cooked into a thick porridge,
while the other uncooked part is later mixed with the aflata. The resulting mixture is
moulded into balls and wrapped in dried maize husk or plantain leaves, after which it is
boiled. It is interesting to note that kenkey products vary widely throughout Ghana. Ga
kenkey is fermented for 2-3 days, salted, cooked, wrapped in maize husks and has a shelf-
life of about 3 to 4 days. Fanti kenkey, which has a shelf-life of about one week, is
fermented for 3 -4 days, not salted and cooked wrapped in plantain leaves. In addition to
Ga and Fanti kenkey a few other types of kenkey are also produced, but these are mainly
produced from dehulled rather than whole maize grains. Two of such products are Nsiho
and Fomfom.

Kenkey’s importance in modern-day life is underlined by the wide spectrum of fermented
foods marketed both in developing and industrialized countries, not only for the benefit of
preservation and safety, but also for their highly appreciated sensory attributes.
Fermented foods are treasured as major dietary constituents in numerous developing
countries, primarily because of their keeping quality under ambient conditions, and also for
their safety and traditional acceptability.

Several studies have been carried out to upgrade and mechanize some of the unit
operations involved in the production of kenkey, including the development of shelf-stable
dehydrated fermented maize meal flour as a convenience intermediary product.

Introduction

Kenkey is an indigenous fermented product commonly produced in Ghana, West Africa,
especially in the coastal areas. Traditionally it has been produced by two ethnic groups, the
Gas in the Greater Accra region and the Fantis in the Central and Western regions. The
production of fermented maize products might have developed from a definite attempt of
the local population to produce food with a more pronounced flavour than the relatively
bland tubers such as yam. Just as bread in Europe, kenkey is of particular importance
amongst the poorer people and more so in cities than in country communities. In Accra,
Kenkey is only second in importance to fresh cassava. In the Western and Central regions of
Ghana it falls into third place after plantain. It decreases in importance in the Eastern,



Ashanti and Brong Ahafo regions and in the North, where sorghum rather than maize is
grown and little kenkey is consumed (Muller & Nyarko-Mensah, 1972).

There are two types of kenkey, Ga-kenkey (also called komi) and Fanti-kenkey (also called
dokono). Slight differences exist in the organoleptic quality and the processing procedure
for the two types of kenkey. Both are produced by the fermentation of maize dough into a
sour dough that is subsequently cooked—wrapped in maize husks in the case of Ga-kenkey
or plantain leaves in the case of Fanti-kenkey. Fanti-kenkey is fermented for a slightly
longer period than the Ga-kenkey, and salt is also added to the latter during processing. In
addition to Ga and Fanti kenkey, there are also a few different types of kenkey produced,
but these are mainly produced from dehulled or polished maize rather than the whole
grains. Akporhior nsihu is one such type of polished kenkey produced mainly in the Central,
Western and Volta regions of Ghana. It is prepared by dehulling the maize; the dehulled
maize is then milled and reconstituted with water to form a dough which is left to ferment
for only 24h. Balls are made from this dough and steamed (Whitby, 1968; Dovlo, 1970;
Sefa- Dedeh, 1993). Fomfom is yet another type of kenkey produced from dehulled maize
and is mainly produced in the Western Region of Ghana (Johnson & Halm, 1998).

1.Traditional processing of Kenkey

1.1 Raw materials used in the production of kenkey

Maize is the main raw material used to produce kenkey. It is the principal cereal produced in
Ghana and is grown in varying quantities throughout the country as shown in Fig 1. Maize is
also consumed as a staple crop in most parts of the country. Its annual production is
currently 1,034,200 metric tons, accounting for 3% of the Agricultural Gross Domestic
Product. The bulk of the maize produced is consumed in the form of kenkey (Hayford,
1998; Halm et al., 2003).

1.2 Processing of maize into kenkey

The traditional method for the production of both Ga and Fanti kenkey is shown in the flow
diagram in Fig. 2 and involves cleaning, steeping, milling, dough fermentation, aflata
preparation, mixing of aflata and raw dough, moulding and packaging, and cooking into
kenkey.

Cleaning

Maize for processing into kenkey is cleaned to remove all foreign matter. This is done by
one or a combination of several processes including winnowing, handpicking, sieving, and
sedimentation. These operations remove dust, chaff, stones, insect-damaged grains, and
other debris. The sedimentation process involves pouring the grains into a big basin of
clean water, stirring with a wooden ladle to allow the mature and good-quality grains to
settle at the bottom while the less dense immature, some insect damaged, and diseased
grains float on the surface. The latter are collected with small baskets or sieves and used as
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Plate 1. Bags of maize to be processed into kenkey
at a large traditional production site.
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Fig 2. Process flow diagram showing various unit operations in the
production of kenkey from maize (Source: Amoa-Awua et al., 1998)

animal feed. The good maize is washed again in water before steeping (Halm et al., 2003).
Steeping

This involves the steeping of the maize grains in clean water for 1 to 3 days depending on
the initial moisture content and hardness of the grains. Most local varieties are steeped for
1 day, but some hybrid maize with very hard kernels and high portion of testa are steeped
for up to 3 days to soften the kernels and facilitate milling. It has been confirmed that
soaking of whole maize before milling remains the best option for developing the necessary
dough textural characteristics (Akingbala et al., 1987; Nche et al., 1996). The steep water is
drained off and the maize washed before milling. Amponsah (2010) has reported a water



uptake of 28-29% during the steeping of maize for 24 — 48 h.

Plate 2. Maize being steeped in large aluminium containers at the
large traditional kenkey production site

Milling and Doughing (Kneading)

The steeped maize is milled in a plate mill or disc attrition mill popularly known in Ghana as
corn mill into a very smooth meal; which is then mixed with water to form a dough with a
moisture content of about 5o-55%. The amount of water used to form the dough is very
important as this affects the rate of fermentation as well as the quality and shelf life of the
dough. This amount varies widely from one producer to another, between 17 and 44 liters
of water to 100 kg of maize (Allotey, 1996). Plahar & Leung (1982) demonstrated that low
moisture content of 45% reduced the rate of acid production to 1.4 mg NaOH g™ instead of
about 2.2 mg NaOH™ and early onset of mould growth, while high moisture content of 65%
and 80% developed high concentration of acids and subsequently a high degree of
sourness.

Fermentation

The dough is packed tightly into wooden vats, aluminium pots, enamel or aluminium
basins or plastic containers and allowed to ferment spontaneously for up to 3 days at
ambient temperature (i.e., 25—30°C). The size of the fermenter is variable, but it will
normally not exceed 50 kg of dough. Normally, after 2 days of fermentation, the dough is
ready for use in making different products including kenkey, banku and koko. Dough
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Plate 4A. Milling of steeped maize  Plate 4B. Kneading of milled maize into dough

fermented for 24h does not give a good-textured product, but this can be mixed with older
dough to obtain the desired texture. Sometimes the traditional processors hasten the
fermentation by back-slopping with old dough. With back-slopping, fermentation can be
shortened to 24 hr.

Usually the processors use up all the fermenting dough between the second and third day,
but if fermentation is prolonged beyond the third day it might lead to the development of
undesirable flavours and high acidity. However, according to some commercial producers,
the shelf life of the dough can be extended without adverse effect on consumer
acceptance if less water is used in making the dough. The dough may also be sun-dried
after the desired acidity of 2.2 to 2.5 mg NaOH®has been obtained within 2 days.
Commercial producers of kenkey do not advise using 24h dough kenkey, however, this can
be mixed with over-fermented dough (3 days) and used for kenkey to give the desired
characteristics (Halm et al., 2003). Some large scale producers encourage “back-slopping”
as means of facilitating fermentation, by adding old dough to fresh dough. This leads to a
shorter fermentation time of 24h and the dough seems to attain all the desired
characteristics within this time (Nout et al., 1996). Three days seems to be the maximum
time for the fermentation. Extended times often result in undesirable characteristics such
as undesirable flavours and high acidity with extreme sourness (Halm et al., 2003).

Plate 5. Fermenting maize dough



Aflata Preparation and Mixing

A portion of the fermented dough is made into a slurry by adding two or three parts of
water and cooked/boiledwith continuous stirring (about 20 mins for 1.5 kg of dough) into a
sticky gelatinous paste known as aflata. During this process, salt is added in the case of Ga-
kenkey. The aflata is mixed thoroughly with a portion of the uncooked fermented dough
using wooden ladles and allowed to cool. The ratio of aflata mixed with uncooked dough
depends on the type of kenkey being produced and the preference of the consumers.
Amongst the indigenous Ga people who consume kenkey as a major staple, the ratio of
aflata to the uncooked dough is usually 1 to 1. However, some producers mix two-thirds of
aflata with one-third of the uncooked dough, and others mix one-third aflata with two-
thirds uncooked dough. The ratio of aflata mixed with the uncooked dough determines the
texture of the kenkey that will be produced. In a sensory evaluation of the texture of
kenkey, the highest score was given by panellists for kenkey prepared from a 1-to-1 aflata
to uncooked dough mixture (Bediako-Amoa & Muller, 1976). The study confirmed that
aflatalisation is necessary to produce kenkey of the desired texture. Aflata is reported to
act as a binding agent when mixed with uncooked fermented dough and enables the
product to be moulded into balls and other shapes (Sefa-Dedeh & Plange, 1989). Aflata
acting as a binding agent also gives kenkey its firm and semi-sticky consistency (Sefa-
Dedeh, 1993)

Moulding and Packaging

For Ga-kenkey the mixture is moulded into balls of uniform sizes of about 300 g weights
and wrapped in clean pre-wetted maize husks. Fanti-kenkey is moulded into rectangular
shapes, placed in a polyethylene bag and then wrapped with plantain leaves (Halm et al.
2003).

Plate 6. Moulding of Ga-kenkey into balls

Cooking

Some clean maize husks or plantain leaves are placed at the bottom of large aluminium
cooking pots and the balls of kenkey are packed on top to prevent the balls from sticking to



the pots during cooking. Boiling water is poured into the pot to cover the balls and the top
covered with a piece of cloth or polyethylene sheet to conserve steam. The kenkey is
cooked for about 3 to 3.5hours. The length of cooking depends on the ratio of aflata to the
uncooked dough and how well the aflata was cooked. For kenkey containing less aflata,
boiling lasts longer. After the balls are well cooked, they are removed from the pots and
placed in large bowls lined with polyethylene sheets, which are also used to cover the balls
of kenkey to keep them hot until they are all sold for consumption. The cooking water left
in the pot, referred to as kenkey water is collected and drunk as a thin porridge and is
believed to have curative properties against malaria, diarrhoea and jaundice. It has been
reported that the carbohydrate and electrolyte levels of kenkey water are comparable to
the UNICEF/WHO Oral Rehydration Salts and therefore suitable for use in oral rehydration
in Ghana (Yartey et al., 1993).

s
Sy

Plate 7. Traditional cooking of Ga-kenkey

Plate 8. Cooked Ga-kenkey
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Processing of maize into Nsiho or Akporhi

Nsiho or akporhi is a dumpling similar in consistency to kenkey. It is a popular product
in the Western and Central regions of Ghana made from dehulled maize. The process
flow diagram for the production of nsiho is shown in Fig 3. In the processing of nsiho
dry maize is cleaned of foreign matter and tempered with a little quantity of water.
The conditioned maize is then dehulled in a disc attrition mill and winnowed to
remove the hulls and chaff. The dehulled maize is washed and steeped in water for 24
h. The steep water is drained off and the maize is milled once into a smooth meal in a
disc attrition mill, mixed with water to form a dough of 50-55% moisture content and
allowed to ferment for 6 to 24h. The period of fermentation can be reduced to 6 hours
when the steep water is used in forming the dough. After fermentation, one half of
the dough is cooked into a paste known as aflata, which is mixed with the remaining
half uncooked dough, and moulded into balls. The balls are packaged in plantain
leaves and cooked for up to 2 h or more to give nsiho (Whitby, 1968; Dovlo, 1970; Sefa-
Dedeh, 1993; Johnson & Halm, 1998).

Dry Maize

!

Washing
(Optional)
Dehull, Winnow & Wash
Steeping (24 h)

v

Milling & Kneading into dough

Fermentation (8-24h)

Pre-cook half dough l Mould dough into balls
Mix pre-cooked dough with I** Cooking & I Pounding

remaining half of dough

Mould & Package in plantain leaves 2" Cooking & Pounding
Boil (2h) Mould & Package in banana leaves
NSIHO FOMFOM

Fig 3. Process flow diagram showing the production of Nsiho and Fomfom
from maize. (Source: Johnson & Halm, 1998)
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Processing of maize into Fomfom

The traditional procedure for processing maize into fomfom is shown in Fig 3. Fomfom
is a stiff porridge similar to kenkey in consistency but made from dehulled maize.
Maize is dehulled in a disc attrition mill and milled as for nsiho. The meal is mixed with
water to form a dough containing 50-55% moisture and an inoculum of old dough is
added to shorten the fermentation period from 24 h to 6-9 h. The fermented dough is
shaped into balls with holes made in the centre. The balls are cooked twice in boiling
water. After each boiling, the balls are pounded in a mortar. After the second
pounding, the mass is moulded into balls and packaged in banana leaves ready for
consumption. This product is popular in the Western region of Ghana (Johnson &
Halm, 1998; Halm 2006).

1.3 Major problems associated with processing metlis

The major problems with kenkey production and consumption are contamination with
aflatoxins and other mycotoxins from maize grains and corn husks used for processing,
survival and growth of spoilage organisms during steeping and fermentation and physical
contamination with various foreign materials and items (Kpodo et al., 1996; Amoa-awua et
al., 1998).

Maize sold on the open market is often contaminated with moulds, including mycotoxin-
producing species such as Aspergillus flavus and Aspergillus parasiticus, which produce
aflatoxins, and Penicillium citrinum, which produces citrinin (Jespersen et al., 1994; Kpodo
et al., 1996). The occurrence of aflatoxins in maize and maize products in Ghana has been
reported by Kpodo et al (1996) and is a matter of public health concern. According to
Kpodo et al (1996) contamination of maize with moulds is largely dependent on the
moisture content of the grains and storage conditions. Maize sold on the open market is
also often contaminated with fumonisins produced by some Fusarium spp. (Kpodo, 2000;
Kpodo et al. 2000). Field infestation of maize with moulds may occur if there is intermittent
rain during the period that mature maize is left to dry on the field before harvest. However,
prompt harvesting of mature grains and mechanical drying to a moisture content of not
more than 12% and efficient storage prevents mould growth. The prolonged cooking of
kenkey for about 3 hr destroys some mycotoxins which may be present such as citrinin.
However aflatoxins are heat-stable and survive the process even though there is reduction
in their total level (Kpodo et al., 1996).

The second problem encountered in kenkey production is the risk of spoilage of steeped
grains and fermented dough due to growth of spoilage microorganisms. Proliferation of
such microorganisms in the products may result in an economic loss to the producer,
because the organisms produce strong offensive odours, which are not acceptable to
consumers. The growth and survival of the spoilage microorganisms is favoured by higher
pH values. A rapid drop in pH to acidic conditions as a result of the fermentation during
steeping minimizes the occurrence of this problem (Amoa-Awua et al., 1998).

A third problem in kenkey production is the survival and growth of pathogenic
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microorganisms even though the lactic acid fermentation of maize during kenkey has been
shown to have antimicrobial effects against major bacterial food pathogens (Mensah et al.,
1991; Halm et al., 2004; Halm 2006). The prolonged cooking of kenkey for about 3 hr is
drastic enough to destroy any surviving pathogenic bacteria and most of their toxins.

Maize purchased in sacks from the open market often contain a lot of debris such as broken
cobs, soil, pieces of nylon thread used to knit the open end of the sacks and other foreign
material. Processors handle large quantities of maize, so they find it rather tedious to clean
the maize by sifting and picking out unwanted materials manually. Maize cleaning is
therefore often carried out inefficiently. Hazardous materials may also occur in the form of
metal pieces broken off from the grinding plates of the plate mill during milling.

1.4 Storage methods, maximum duration and problemassociated with storage

Cooked kenkey balls are placed in a big container lined and covered with polyethylene
sheets to preserve heat until sold. Kenkey has a moisture content of about 62-68%, pH 3.7
titratable acidity of 2.2 to 2.5 mg NaOH g™ and shelf-life of about 3 to 4 days with no
refrigeration (Hayford, 1998). Fanti kenkey however has a slightly longer shelf life and can
be stored for about 5 to g days under ambient conditions (Atople, 2006)

2. Socio-economic importance

2.1 Production, processing, handling and storage mes identified in the country

The process of kenkey-making is lengthy and laborious; therefore it is more often
purchased from a commercial kenkey producer rather than cooked at home. The
producers, who are mainly women with little or no formal education, carry out commercial
production as a family-acquired art. The small-scale processors carry out their activities
either as individuals or as a family business in the household, often depending on family
labour to produce and retail the product. In a survey conducted in Accra, Allotey (1996)
found that at most production sites the amount of maize processed weekly ranged from
0.05 to 1.2 metric tons with an average of 0.3 tons of maize processed into o.5 tons of
kenkey. There are however, a few large production sites with weekly capacities of several
tons (up to 5 tons) of maize. Such large production sites do not only produce kenkey for
sale, but also sell the intermediate product, the fermented dough, which is also used to
prepare other products such as koko and banku. The production of kenkey is based on
traditional technologies, which have been handed down in generations. Production costs,
apart from the raw material, maize, are minimal, because the family labour employed is
often not perceived as costs. This makes the product affordable, providing food for a large
part of the urban population especially the low-income group.

2.2 Socio-economic profile of kenkey processors ametailers

Traditional processing of foods, including the production of indigenous fermented foods, is
an important activity in the informal sector of the Ghanaian economy. It provides a means
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of livelihood for a large number of traditional food processors in the rural areas and
increasingly in urban areas in recent times. Despite the importance of traditional food
processing, several issues including the food safety aspects of their operations are of
concern to the regulatory authorities and attempts are being made to improve their
operations (Amoa-Awua et al. 2007). According to Sefa-Dedeh (1993), these traditional
food processing technologies have strong links with the rural traditional environment and
even though they employ the same principles and unit operations as those found in modern
food technology, their mode of application may be different. For most products the
processing technologies may be at a rudimentary stage using simple techniques and
implements and the operations are home based with women as the major executors (Sefa-
Dedeh, 1993). Lartey (1975) lists the disadvantages of the indigenous technologies to
include high labour input, uneconomical operations, low efficiency, time consuming nature
of the processes, and lack of quality assurance. According to Halm, Amoa-Awua &
Jakobsen (2003), the underlying fermentation processes of the indigenous African
fermented foods, provide foods of highly appreciated properties and represent an art of
food preparation and preservation, which has substantial socio-economic impact in West
African societies.

The informal food processing sector in Ghana, including kenkey production, is dominated
by traditional food processors who operate on a cottage level or rural /small-scale level.
These traditional food processors produce the bulk of processed foods consumed in Ghana
using traditional methods to produce indigenous foods. However their operations are being
increasingly mechanized to overcome labour intensive activities (Amoa Awua et al., 1998).
These kenkey processors make an effort to control factors that affect the quality of kenkey
since their share of the market depends upon the quality and reputation of kenkey. For
management of the quality of kenkey, traditional processors rely on their own experiences
and factors which they are able to control during processing. The traditional kenkey
processor plays an invaluable role in maintaining the cultural and social integrity of the
Ghanaian society and their activities need to be supported , upgraded and promoted for the
social and economic advance of Ghana (Amoa Awua et al. 1998).

Kenkey plays an important socio-economic role in African economies in terms of
employment potential. Although kenkey vendors come from diverse backgrounds, the
majority are female heads of households. Most of these vendors employ other people to
assist with the business and thus consider themselves as employers. A study by Tomlins
and Johnson (2004) showed trends in terms of the participation of the different groups of
people, with women constituting the majority of vendors. However, men are now playing
an increasingly prominent role in this lucrative business.

Kenkey vendors operate from various places including municipal markets, cooperative
markets, industrial sites, vacant bus shelters and other undesignated sites. Kenkey vending
takes place alongside other activities such as the sale of haberdashery and clothes,
commuter omnibus ranking, push cart operations, cleaning of commuter omnibuses and
the hawking of other items including sweets, tobacco and cigarettes, thereby exposing the
food to multiple sources of contamination.

14



2.3 Socio-economic importance of kenkey

Commercial production and street vending of kenkey is the source of livelihood for many
traditional food processors and food vendors in Ghana and these activities make a sizeable
contribution to the rural and urban economy in Ghana. Kenkey as a street food is
convenient, cheap and affordable for the poor and provides informal and self-employment
opportunities as well as supplementary income for the households. The vending of kenkey
contributes positively to the food security of all the actors in the chain including maize
farmers, input suppliers, kenkey processors and vendors. The kenkey vending business in
Ghana starts from the house. A woman with a little capital sets up a structure and kenkey
prepared in the home is sold. Kenkey contributes significantly to food security and
nutrition and is physically and economically accessible to most people. It is an activity
which provides employment to many while providing nutritious, inexpensive and tasty food
to millions of women, men, children and students (Tortoe et al., 2008). Kenkey is now a
widely eaten food all over Ghana. It is also eaten across other parts of West Africa including
the people of Lagos State in Nigeria.

2.4 Commercialisation of kenkey

An indigenous fermented food like kenkey has several inbuilt advantages such as its anti-
microbial properties due to the lactic acid fermentation and needs to be patronised and the
production methods upgraded to withstand competition with fast foods which continue to
gain popularity in urban areas in Ghana. There is therefore a threat posed by the food
industries and multi-national corporations, which have the facilities to totally dominate the
food processing sector. Since these companies produce mainly international, foreign or
non-traditional foods, it is important that the quality and production methods of kenkey
are upgraded to a level where it will be absorbed into the formal food sector (Amoa Awua
etal., 1998).

3. Quality characteristics of the product

3.1 Nutritional quality

Maize contributes significantly to the total calorific and protein content of the diet of
people who consume it as a staple in Ghana and is richer in protein than other staples such
as cassava, cocoyams, yams, and plantain. However, the traditional maize varieties are
deficient in lysine, tryptophan, and B vitamins (Mertz, 1970). It has been estimated that
maize accounts for go—95% of the total calories and over 70% of the dietary proteins of
some people in parts of the coastal areas (Davey, 1962). On a dry-matter basis the
proximate composition of Ga-kenkey is roughly 8.9—9.8% protein, 1.3—-3.2% fat, 0.5-1.9%
ash, 10.6-78.6 mg.100g™ calcium, 202.4-213.8 mg.100 g™ phosphorus, 6.5-12.6% mg.100
g™ iron, and 74.3-87.1% total carbohydrate (Eyeson & Ankrah, 1975; Ahenkora et al., 1995;
Obiri-Danso et al., 1997; Annan-Prah & Agyeman, 1997).

Maize as a cereal is low in protein and deficient in lysine and tryptophan. The nutritional
value of the maize product kenkey is basically dependent on the variety of maize and the
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processing technique applied. Processing methods such as soaking, milling, packaging
material, cooking and fermentation may either reduce or increase one nutrient depending
on the susceptibility of the nutrient in question (Ankrah 1972). A high lysine variety of
maize known as * Obantanpa” and developed locally is being introduced to raise the level
of the nutritive value in maize products (Ahenkora et al., 1995; Obiri-Danso et al., 1997).
However, soaking, fermentation and cooking all had an additional increase in available
lysine in maize and maize-cowpea fermented dough and, consequently an improved
nutrient quality of kenkey (Nche et al., 19943, 1995). Calcium losses occur during kenkey
production; phosphorus content however increases, but due to anti-nutritive factors such
phytic acid which bind this mineral, there is a reduction in bioavailability of both
phosphorus and calcium.

Kenkey is rich in desirable high fibre low glycaemic index carbohydrates advocated for use
in diabetics, because it slowly releases its carbohydrate content over a long time, helping
the body manage its carbohydrate requirement for a perfect glycaemic index control.
Kenkey is nutritionally rich and especially a good inclusion in diets for diabetics, those with
high abdominal fat and indeed any individual who wants to control their weight and shape
(http://www.africanfoods.co.uk/buy-ga-kenkey.html).

The fermentation of maize during processing into kenkey may improve the nutritional
status of the product by increasing synthesis of B vitamins (e.g., thiamine), protein
digestibility and bioavailability of nutrients, among others. It has been reported that
soaking of maize resulted in significant increases in lysine availability by about 20% (Nche
et al., 1996). Cooking of soaked samples further improved lysine availability by 68%.
Fermentation for 2 days further increased lysine availability by 22%. Prolonged
fermentation and cooking effected further significant improvements in lysine availability.
Nche et al., (1995) reported lysine concentration of 3.42 g N of protein equivalent for maize
dough fermented for 4 days and cooked for 3 h. The increased availability of essential
amino acids resulting from lactic acid fermentation may be related to a reduction in
proteinase inhibitors (e.g., trypsin inhibitor) in legumes and a reduction of tannins
(Hamaker et al., 1987, Khetarpaul & Chauhan 1989). Lactic acid bacterial strains isolated
from kenkey and other Ghanaian fermented foods have been found to show different
abilities to degrade or inactivate trypsin inhibitor under defined conditions (Holzapfel,
1997). Lactobacillus plantarum strain 91 and Leuconostoc sp. 106 isolated from kenkey were
able to degrade trypsin inhibitor by about 50%.

Very little or no change occurs in the level of riboflavin in maize dough during
fermentation, whereas cooking maize dough into banku and Ga-kenkey results in a mean
loss of 33% and 36% riboflavin, respectively (Ankrah 1972; Andah & Muller 1973). The
thiamine content, however, is reported to increase considerably during fermentation of
maize dough from 339.1 g.100g™ maize to 389.3 A g.100 g™ fermented dough (Andah and
Muller 1973).

3.2 Microbiological quality

In kenkey production, fermentation occurs during the steeping of maize and the
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fermentation of the dough. Earlier studies on the microbiology of maize dough
fermentation during kenkey production carried out in 1970 reported the presence of a
mixed population of lactic acid bacteria and yeasts at the advanced stage of fermentation
(Christian, 1970). The bacteria consisted of homo fermentative Pediococcus cerevisiae and
the heterofermentative species Leuconostoc mesenteroides and Lactobacillus fermentum.
Other investigators (Fields et al., 1981) identified the dominating lactic acid bacteria in
spontaneous fermentations of whole maize meal under laboratory conditions as
heterofermentative L. fermentum, Lactobacillus cellobiosus, and Pediococcus acidilactici.

Studies carried out by Halm et al.,, (1993) identified the dominant lactic acid bacteria
responsible for maize fermentation during kenkey production to be closely related to L.
fermentum and Lactobacillus reuteri based on the pattern of carbohydrate fermentation.
Other fermentative organisms identified were Pediococcus pentosaceus and P. acidilactici. In
a later study Hayford et al., (1999) confirmed the dominant lactic acid bacteria to be L.
fermentum using molecular methods. Some authors have reported the dominance of
Lactobacillus plantarum in the later stages of maize dough fermentation during kenkey
production (Nche et al., 1994; Olasupo et al., 1997). Olasupo et al. (1997) have reported L.
plantarum, L. fermentum, Lactobacillus brevis and Lactobacillus delbrueckii as the dominant
organisms but using biochemical profiling.

With regards to yeasts involved in maize dough fermentation during kenkey production
Jespersen et al (1994) reported the presence of Candida, Saccharomyces, Trichosporon,
Kluveromyces, and Debaryomyces. The species of the dominant yeasts involved in the
fermentation of maize during processing into kenkey have been confirmed by molecular
methods to be Saccharomyces cerevisiae and Candida krusei (Hayford & Jakobsen, 1999;
Hayford & Jespersen, 1999).

The presence of moulds during the initial stages of maize dough fermentation has also
been reported (Jespersen et al., 1994). These moulds — Penicillium, Aspergillus, and
Fusarium species, including potential mycotoxin producers — were isolated from raw
maize, but during the maize dough fermentation the initial high counts disappeared within
24hr of fermentation.

3.3 Physico-chemical and sensory characteristics

Volatile compounds present in fermented maize dough to be used for kenkey production
have been identified Annan et al. (2003) and are shown in table 1. Annan et al 2003 have
also identified aroma compounds produced during spontaneous fermentation of maize
dough for 48 h through GC sniffing and are shown in Table 2.

A complex combination of factors during steeping, milling and dough fermentation
contribute to the final pasting characteristics of kenkey (Nche et al., 1996). Endogenous
enzymatic activity, hydration and grain softening during soaking combine to facilitate the
release of starch during milling, thus ensuring better hydration and swelling of granules, to
achieve a high degree of gelatinization and set back viscosity necessary for good aflata
quality. In kenkey production, the aflatalization (gelatinization) process is crucial for the
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texture of the kenkey and the gelatinization properties are described in terms of viscosity
and studied by amylographic measurements (Hayford, 1998). A dough with a high starch
gelatinization index (during cooking) and a high set back viscosity on cooling is required to
give an aflata of adequate binding and moisturizing capacity important in determining the
desired textural characteristics of cooked kenkey (Nche et al., 1996).

Amponsah (2010) has recently carried out an instrumental textural profile analysis of
kenkey using a texture analyzer and reported the following scores for the different
parameters; hardness, 3.85 + 1.52; adhesiveness, -1.17 + 0.91; springiness, 0.40+ 0.07;
cohesiveness, 0.23 + 0.04; gumminess, 0.86 + 0.35; chewiness, 0.36+ 0.21; and resilience,
0.09 = 0.02. Adhesiveness is the force required in removing materials that adhere or stick to
the palates during the process of mastication; hardness value being the peak force of the
first compression of the product; cohesiveness how well the product withstands a second
deformation relative to how it behaved under the first deformation; springiness how well a
product physically springs back after it has been deformed during the first compression;
chewiness the length of time required to masticate a product at a constant rate of force
application to reduce it to a consistency suitable for swallowing; gumminess the denseness
of a product that persist through mastication, energy required to disintegrate a semi-solid
food to a state ready for swallowing; and resilience how well a product recovers from
deformation. From the correlation matrix of means obtained from the instrumental texture
parameters compared with sensory evaluation by untrained panelists, cohesiveness and
resilience showed significant positive correlation with sensory texture implying that when
the panelists assessed the texture of kenkey they associated texture with how cohesive or
resilient the product was.

3.4 Product quality perception/requirement by consmers

The requirement of kenkey by consumers may be attributed to several factors. To an
extent it may be due to

* convenience, accessibility and affordability

* habit ("we have always eaten it and nothing has happened”)

* psychological attitude i.e. resignation or fatalism of consumers (“there is nothing we
can do about it anyway”)

* the inability of consumers to associate safety of the food with its overall quality since
many consumers may confuse taste with quality

* lack of alternatives or options

* poverty or budget constraints

Kenkey is consumed principally in the coastal areas. It is consumed as a main meal served
with fried or grilled fish and an accompanying sauce or soup. The sauce is usually a blend of
onions, tomatoes, pepper, and salt, which is freshly ground and uncooked. Kenkey forms
an important article of diet in the food-eating habits of low income workers who may eat it
as breakfast, lunch or dinner. Kenkey is a heavy meal because it is bulky, so when eaten as
breakfast, it carries through to dinner thus making it economical (Halm et al., 2003).
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Table 1. Volatile compounds identified in maize dough after 3 days of spontaneous fermentation.
(Source Annan et al., 2003)

Compound Identification
Retention index MS Reference®

Carbonyls 3-methylbutanal nd ] X
Diacetyl 930 * X
Pantanal 0932 * X
Hexanal 1.068 FE X
2-heptanone 1,175 *x X
Heptanal 1,178 *% X
l1-octen-3 -one 1.277 ¥ X
MNonanal 1,382 *# xX
Furfural 1,394 * X
2-octenal 1.405 i X
Trans.grans-2.4-heptadienal 1,472 ok X
Benzaldehyde 1.495 * X
2-nonenal 1.525 ¥ X
Phenylacetaldehyde 1.607 i X
2-decenal 1.638 * X
2 4-nonadienal 1,683 * X
2-undecenal 1.738 * X
2. 4-decadienal (E.Z) 1,744 * X
2.4-decadienal (E.E) 1,783 &k x
y-nonalactone 1,992 N X
Pentadecanal 2,132 + X

Alcohols Ethanol 914 ke X
Propanol 1,016 ek X
2-Methyl- 1-propanol 1,085 * X
1-Butanol 1,130 * X
1-Penten-3-nl 1.143 * X
3-Methylbutanol 1.189 ok x
3-Methyl-3-butenacl 1,237 = X
1-Pentanol 1.243 ** X
1-Hexanol 1,335 o X
1-Octen-3-cl 1.443 * X
I-Heptanol 1.449 * X
1-Octanol 1.549 * X
2-Undecencl 1.560 * X
Nonanol 1.656 * X
2-Nonen-1-0l 1.697 * X
Phenylethyl alcohol 1,893 LS
2.4-Decadienol 1.964 #*
Nerolidol 2.027 *

Esters (C<12) Ethy! acetate nd ek
Ethy! propionate 921 (*)
3-Methylbutyl acetate 1,115 *
Ethy! hexanoate 1,231 *®
Hexyl acetate 1.254 *
Ethyl lactate 1.301 *
Ethy! heptanoate 1,305 ")
Ethy! octanoate 1.420 *

Acids (C<12) Acetic acid 1,422 .
Propanoic acid 1.514 *
Pantanoic acid 1.716 (%)
Hexanoic acid 1,804 ®
Heptanoic acid 1.930 *
Octanoic acid 2,037 *
MNonanoic acid 2,144 (%)

Furan, phenols 2-Pentyl furan 1,227 s
Guiacol 1,829 *
4-Vinylguiacol 2,153 *

Other 3-Ethyl-2-methyl-1,3-hexadiene 1,387%

* Known reference compound in close agreement with mass spectrum and retention index
Nd Not detectable, ** quality index >90, * quality index between 8o and 9o, (*) quality index between 70 and 8o, where

quality index = degree of agreement between mass spectrum of sample and mass spectrum in database on a scale from o
to 100
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Table 2. GC sniffing identification of aroma compounds produced during spontaneous

fermentation of maize dough for 48 h (Source Annan et al., 2003)

Compound

No. of judges'

. e,
Average intensity -

Odour description

Hexanoic acid
Pentanoic acid
Ethy] hexancaie
Guaiacol
Unidentified peak
1-Octene-3-one
Unidentified
Trans-2-octenal
Unidentified peak
Trans-2-undecenol
Phenylacetaldehyde
Nonanol

No peak
2.4-Nonadienal
4-Vinylguiacol
Acetic acid

Ethv] propionate
Nonanal
2-Nonenal
Nerolidol
Umdentified
3-Methyl-butanal
Ethanol
1-Propancl
Hexanal
Unidentified
I-Penten-3-ol
2-Heptancne
Heptanal
2-Pentyl-furan

No peak

Heptanol
Benzaldehyds
1-Octanol
2-Undecenal
2.4-Decadienal
Trans, trans-decadienal
Phenylzthylethanol
Octancic acid
Heptadecane
Pentadecanal
2,4-Heptadienal
2-Methylpropan-1-ol
I-Butanol
Hexanol

3-Methylbutano!

[ e e R e e B S el e e R s i e el S ILE I L Ve R o I B S I

4.5
4.0
35
35
35
33
3.0
3.0
3.0
3.0
3.0
3.0
3.0

2.0
2.0
2.0
2.0
2.0
20
2.0
2.0
20
2.0
2.0
2.0
20
2.0
2.0
2.0
1.5
1.0
1.0
1.0
0.5

Strong, urine

Burnt rubber
Unripe pear, plant
Chemical, hospital
Eraser, hospital
Mushrcoms

Linseed oil, nsecticide
Bad. peas. cucumber
Library, insecticide
Mouldy, wet soil
Hyacinth, tulip, rose
Popcorn

Sour, spoiled fruit
Fermented, dzep frying
01d, hespital, raw bacon
Sour, vinegar
Fruity, sweet
Aquarium, water
Old, musty, onions
Dill, dried
synthetic, smelly
Bread, sweet
Alcohol

Alcoholic, fruity
Green, grass

Fruity, candy

Boiled potatoes

Bad

green

Sweet, liquorice
Cooked food, meaty
Alcohol

Vegetables, green
Orange, sweet smell
Citrus, fruity
Chicken soup
Bacon, lemon, chips
Flowers

Urine

Perfume

Sweel, spicy

Hot, beiled potato
Pungent, rubber
Sweel smell

Sweel, {lower
vegetables

1 Number of judges to detect odour
= Mean odour intensity perception recorded by judges (on a scale of 1 to 5 n increasing order)
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4. Consumption forms of the product

4.1 Food forms

There are different types of kenkey. Some are sweetened with sugar, some have sweet
potatoes or salt added. Some are wrapped in maize sheaves while others are wrapped in
dried plantain leaves. Some are made from wholegrain maize flour and dark in colour,
others are white and made from high extraction flour. The three common types of kenkey
are the Fanti kenkey wrapped in plantain leaves, and Ga-kenkey and Nsiho or Akphorhe
wrapped in corn husks (see Plates 8 & g). The corn husk wrapping is typically pushed into
the dumpling from below, leaving part of it exposed at the top. The further the corn husks
are pushed into the bottom of the dumpling, the more ample its appearance (Muller &
Nyarko-Mensah 1972).

There are numerous other types of kenkey, including a type where the skins of the corn are
removed before grinding it. A sweet version is called dokompa, and it is one of the few
instances where sugar is added to a main carbohydrate (sweet potatoes or yam are also
added). Kenkey can also be made from plantains, where very ripe plantains are pounded
and mixed with green plantain meal (amada kokonte). Plantain kenkey is known as
brodokono in Twi, afanku in Ga, and ahyenku or asenku in Fanti (www.betumi.com).
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4.2 Period of the day for consumption (breakfastunch, dinner)

Kenkey forms an important article of diet in the food-eating habits of low-income workers
who may eat it as breakfast, lunch or dinner. Kenkey is a heavy meal because it is bulky, so
when eaten as breakfast, it provides a feeling of satiety to dinner thus making it
economical. It may also be mashed with water into a thin porridge, a sort of refreshing
drink to which sugar and milk are added (Halm et al., 2003).

5. Research activities and new development on teablogy and product

Several studies have been carried out to upgrade and mechanize some of the unit
operations involved in the production of kenkey, including the development of shelf-stable
dehydrated fermented maize meal flour as a convenience intermediary product.

Spontaneously fermented maize dough has been successfully dehydrated in a hot air tray
dryer (Fig. 5) at temperatures of 6o0° C, 120°C, and 200° C to produce acceptable product
(Andah & Osei-Yaw, 1979). Dehydration at a temperature range of 60—70° C did not affect
total acid content of the product, and taste panel evaluations found products such as akasa,
koko, and banku made from the dehydrated dough acceptable. Dehydrated fermented
maize meal made by this method can be reconstituted into fresh dough by adding water
and is now produced on commercial basis for sale in Ghana and also for export.

An accelerated option for industrial production of kenkey flour was developed by
inoculating dry-milled maize flour with dough containing an enrichment of lactic acid
bacteria to accomplish fermentation within 24 h of incubation at 30° C to obtain the
required level of acidification (Nche et al., 1994). Subsequently, the dough was dehydrated
into kenkey flour and pre-gelatinized aflata using cabinet and drum drying. Although the
two methods were effective in preparation of pre-gelatinized aflata, drum drying caused a
34% reduction in titratable acidity of the fermented dough whereas cabinet drying had a
less drastic effect. The possibility of using a mixture of drum-dried aflata and uncooked
cabinet dried flour for convenient preparation of kenkey at domestic level was
demonstrated. However, dry-milled maize flour had inferior pasting and setback viscosities
as compared to the traditionally prepared dough and was not suitable for the production of
pre-gelatinized starter dough.

The cooking time and energy expenditure was reduced from 2 hr to 35 min by changing the
dimensions of the kenkey balls from 10—-15 cm diameter to 6 cm diameter cylinders. Due to
the different processing conditions, yeasts were found to be more active than in traditional
fermentation, resulting in higher alcohol levels. However, these alcohol levels remained
low and ethanol disappeared after cooking. The combination of lactic acid fermentation
and cooking resulted in a microbiologically stable product even after the dumpling had
been deliberately contaminated. This study concluded that the traditional kenkey-making
process could be shortened to 24 hr by a combination of reduced steeping time, use of
starter dough in a dough-aflata mixture, and packaging in sausage casings. However, it
should be noted that the traditional packaging of kenkey in maize husks or plantain leaves
gives it a unique sensory characteristic that consumers associate with the product.
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Attempts have also been made to increase the protein content of kenkey by fortification of
the dough with amino acids, soybeans (Plahar et al., 1983; Plahar et al., 1997), cowpeas
(Nche et al., 1994b) and also by the development of Quality Protein Maize (QPM) varieties
(Eyeson & Ankrah 1975; Ahenkora et al., 1995). In addition to increasing the protein
content, addition of boiled whole soybeans to soaked maize before milling and
fermentation reduced the fermentation time by 60% (Plahar et al., 1997). A lactic acid
bacteria—enriched starter dough has been developed by back-slopping. Initially, a previous
batch of acceptable-quality spontaneous fermented dough was used to inoculate fresh
dough at a level of 10%. The procedure was repeated every 24 h at 30°C until a stable
culture indicated by pH, titratable acidity, and viable microbial numbers was obtained. This
was then used successfully to ferment dough within 24 h at 30°C to the required level of
acidification, a total titratable acidity value of 1.24%, calculated as lactic acid on a wet
weight basis, and a pH of 3.79 (Nche et al., 1994b).

A starter culture containing strains of L. fermentum, S. cerevisiae, and C. krusei has also been
developed for the production of fermented maize dough. Both in laboratory trials and at a
commercial production site, the period of fermentation could be reduced from 48-72 h to
24 h. The organoloeptic qualities of the kenkey and koko prepared from doughs fermented
with the starter for 48 h were not significantly different from the traditional products.
However, kenkey prepared from doughs fermented for 24 h with starter culture were found
to be unacceptable by the taste panel although similarly produced koko was acceptable
(Krogbeck, 1993; Halm et al., 1996; Amoa-Awua 1996; Hayford 1998).

At the Food Research Institute of the Council for Scientific and Industrial Research, Ghana,
a pilot plant has been established for semi-industrial scale production of dehydrated
fermented maize meal and kenkey using modern methods of food processing. The plant
layout satisfies the basic elements of Good Manufacturing Practice, whilst the cleaning of
maize is mechanized. The maize is steeped in tanks line with porcelain tiles, and dough
fermented in small plastic containers. The kenkey is cooked in a small retort and dough
dehydrated in a walk in cabinet dryer (Amoa-Awua et al., 1998)

An HACCP system that is suitable for kenkey production at both traditional and upgraded
commercial production sites has been published as a manual and been used to train
processors, entrepreneurs, etc (Amoa Awua et al.,, 1998). A semi-commercial kenkey
production plant in Accra was also upgraded by the Food Research Institute and HACCP
implemented at the plant in 1997 (Amoa-Awua et al., 2007). The HACCP Plan developed by
Amoa-Awua et al (1998) is presented in table 2.

Conclusion (Perspectives on research and innovatioreeds)

Kenkey is one of the best examples of traditional African foods, which through history have
played a significant role in food safety as well as food security. The underlying fermentation
process has provided foods of highly appreciated properties and represented an art of food
preparation and preservation with substantial socio-economic impact in West African
societies. The raw materials used are all of local origin and the sustainability of this type of
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food processing is unique. The industrialization of the global agribusiness system has
strongly concentrated opportunities for adding value to the process end of the chain.
Development of traditional food fermentations, like processing of kenkey, into scientifically
based and controlled industrial operations will be a way forward for the food industry in
Ghana and beyond.

Through recent intensive research activities, the microbiology of kenkey is now very well
understood. Effective starter cultures have been identified and shown to improve maize
fermentations leading to the preferred characteristics of kenkey. The cultures appear to
have desired functional properties and they have been defined by detailed pheno- and
genotyping, which can also provide a proper background for patenting of cultures and
protecting intellectual rights. It has been demonstrated how traditional production sites
can be upgraded to meet the requirements of recognized guidelines of GMP. Local
producers, consultants, and organizations have been trained in the use of the HACCP
concept for management of food safety in maize processing. Kenkey flour with an
extended shelf life has been developed.

The final step of development, to achieve a product that is acceptable and attractive to the
international market and European consumers, in particular seems no longer to be out of
reach. This is the activity to be tackled by the African Food Traditional Revisited by
Research project. The next move should be directed towards the development of local
governmental agencies for independent and qualified verification and validation of the
safety and quality of kenkey as well as hygienic conduct and understanding of the basic
principles of food hygiene in the complete chain from growing and handling of maize
through to the processing of kenkey. The important role of microbiology in African foods
has been demonstrated by the biodiversity and promising properties of the dominating
microorganisms in the many different fermented foods, including kenkey, in Africa. It
justifies that microbiology be made a high-priority research area in Africa to support
development in biotechnology. Potential biotechnological activities could include, for
example, production and sales of starter cultures, probiotic cultures, cultures for bio-
preservation and bioactive substances for various purposes.
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Table 2. HACCP Plan for kenkey production (Amoa-Awua et al., 1998)

DATE: June 2, 1995

Cccp

microorganisms

. Cover dough

Lactic: -1.4-2%
Acetic:0.18-023%

. Volatile/Non volatile
acid ratio about 0.16

PAGE 10f2 APPROVED BY
CONTROL OF CCP’'S
PROCESS STEP HAZARD CONTROL CRITICAL LIMITS MONITORING CORRECTIVE ACTION
MEASURE PROCEDURE
(each batch)
. Mycotoxins: .Purchase good quality > ppm . Visual inspection . Reject raw material
MAIZE Aflatoxins material and inform supplier
Citrinin 13.0% moisture
ccp fumonisins
> e ppm
. Foreign materials
. Spoilage and . Clean water . Transparent, clear, . Visual inspection . Boil water
STEEPING pathogenic . pH control to odourless and
microorganisms desired level colourless . Use of pH strips . Educate
ccp . keep hands off
. pH4.2+0.1 . Steep longer
. Keep hands off
. Mycotoxins . Adherence to . pHnot>3.9 . Visual inspection . If fermentation is
DOUGH fermentation time slow backslop with
FERMENTATION . Spoilage and pathogenic . Titrable acidity . Use of pH strips old dough
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PROCEDURE

DATE: June 2, 1995 PAGE 2 of 2 APPROVED BY:
PROCESS CONTROL
MONITORING CORRECTIVE
PROCESS STEP HAZARD CONTROL MEASURE CRITICAL LIMITS PROCEDURE ACTION
. Mycotoxins in . Selection of non- mouldy > ppm . Visual inspection . Reject
PACKAGING maize husks maize husks
. free from moulds
CCP . Good Hygiene
. . Residual mycotoxins . Adequate cooking . not less than 3 hrs cooking . Recording of time . Heat longer
COOKING in kenkey:
Aflatoxins > 10 parts per bilion of
CcCpP Citrinin aflatoxins
>100 cfu/g of foreign bacteria
KENKEY (non LAB)

Final product

>100 cfu/g of moulds

>10 parts per billion of
aflatoxins

CLEANING

Cccp

. Contamination with

spoilage and
pathogenic
microorganisms

. Good housekeeping and

personal hygiene

. Maintenance of
equipment

. Clean premises, processing
equipment and vessels and
processing staff

. Visual inspection

. Clean premise,
hall equipment and
vessels

. Clean factory coats

. Wash hands
. Use gloves
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ABSTRACT

The Egyptian indigenous cereal-based fermented fatldd Kishk Sa’eed(KS) is reviewed in
this report which describes the traditional origasswell as the evolution that occurred across
time resulting in modifications that involved sifioant scientific and/or technological steps.
Fermented cereal-based foods suctKehk Sa’'eedi(KS) have received limited attention by
researchersKishk Sa’eedis an indigenous food that is part of the rich fdwmtitage of Egypt.
Various products derived from fermented milk, wathwithout the addition of wheat (or other
cereals), are common to the Eastern MediterranadnAsab countries, including Turkey and
Iran. The present review differentiates between ithigredients and methods used in the
production of the Egyptian KS and the kishk produoelLebanon. Several of these fermented
milk products are known by other names, and thesligdpon “kishk” may refer to a fermented
product that may not even contain wheat as is #s® dor the Iranian fermented milk paste
called “Kishk”. The milk-cereal mix in KS provides source of affordable balanced proteins
that areparticularly valuable for children and che promoted as a high quality locally produced
component in nutrition improvement and poverty\adéon programmes. The first step towards
valorization and protection of such indigenous fented foods involves scientific
characterization of the product that includes itigasing the production methods and processing

techniques, and establishing standards for th&ratimg procedures.

The present review focuses primarily on the indagencereal-based fermentEghk Sa’eedi
(KS) that will be subjected — for the first timego a full scientific investigation in the present
AFTER Project. The results will provide new knowgedabout KS. KS research is rarely
encountered in published literature and the logaibduced grey literature dating as early as the
mid-20" Century was undermined by the limitations of tiailable technical plateau during
that period. Also no verification had ever beedentaken of its potential health attributes



INTRODUCTION

Fermented milk—wheat mixtures, knownlashkin the Middle East anthrhanain Greece and
Turkey, are important foods in the diet of manyylapons. In addition to their well-established
position in the dietary patterns of the peoplehia above countries, these products have even
been promoted in Mexico (Cadena & Robinson, 19%@)ia Europe (Tamime et al, 1995). The
name "Kishk" refers to a group of popular fermented dairy-dere& products and their
variations. According to Tamime (1995) there aree¢hmain kinds of food referred to as
“"Kishk”. They include foods based on curdlaik products likeyoghurt or freshcheese; foods
based orbarley broth, bread, or flour; and foods basedcereals combined with curdled milk.

In theTurkish andGreek cuisine, the closely related foods are callethana or trahana.

Throughout a region that extends from the Eastemditdrranean to Iran in the Indian
subcontinent, the namé@shk is applied to a number of dried fermented milk ptd. Thus, it

is extremely difficult to find a common definitidior Kishk which adequately covers all these
products. In the present AFTER Project, the traddl nameKishk Sa’eed(KS) is reserved for
the Egyptian product prepared traditionally acaogdio the method applied by Upper Egyptians.

The termSa’eediis the designation that is given to the peoplehafSa’'eedor the south of

Egypt.

The cereal-based fermented fodighk Sa’eed{(KS) constitutes a major source of high quality
dietary nutrients for millions of Egyptian. It @&sbasic traditional food for Upper Egyptians and
is popular among all social strata. To-date, KSratsbeen fully investigated and standards for
its operating procedures have never been estatilisReblished literature on KS is scanty, and
the locally produced grey literature that dateskitacthe 1950's was limited by the state of the
art of the technical plateau of that period. Nafieation was made of its health attributes and
claim for probiotic activity. Various products dezd from fermented milk, with or without the
addition of wheat or other cereals, are commorhéoltevant and Arab countries, and are even
found in Iran. The majority of these fermentedknpitoducts are known by other names, such as
Guameedn Jordan. The Lebanese, Turkish, and Iranian prigdihat bear the naniKishk' are

all prepared using ingredients and methods th&trdifom the age-old method of the Egyptian
Kishk Sa'eedi.



1. TRADITIONAL PROCESSING OF KISHK SA’EEDI (KS)

The traditional processing &fshkhas been the subject of review by van Veen &

Steinkraus (1970); Hesseltine (1979); Wang & Hesse(198 I); Steinkraus (1983);

El-Gendy (1983, 1986) Tamime, and O'Connor 1995 aandal (1989) and recently by
Blandino et al (2003) but limited information isaakable on the traditional Egyptian product
that is under study, theishk Sa'eed{KS). The following section draws in greater part oradat
from an unpublished article reporting on the firgdinof repeated field observations on KS
production in Upper Egypt. (“The production of Kisa’'eedi in Egypt”, by Ahmed ZS and

Hassan-Wassef H, under preparation for publication)

The production of KS is commonly home based andktimv-how is transmitted from mother
to daughter. It is produced on a small scale in d®m@nd in villagesKishk Sa'eed(KS) is
typically prepared by mixingaban Zee(buttermilk separated from freshly drawn milk aett |

to sour in an unglazed earthenware container:zbef’) with coarsely ground parboiled wheat.
The locally grown mature freshly harvested wholesathis boiled in a metal barrel on an open
fire until soft then sun dried, milled (coarse) aidved in theghorbal in order to remove the
finely ground part of the wheat meal. The concdatthaban Zeetthat is fermented for at least
40 days is mixed with the moistened coarsely gropadboiled wheat in a large earthenware
magout to produce a heavy paste calldthrna”. The milk cereal mixture is then allowed to
ferment again for about 24 hours after which ikmeaded with the addition of more of the
fermented salted milk diluted with a little waterreach the required consistency. Alternatively,
the fermentation of thBamaallowed to continue for a further 24 hours. Theuf&ant mass is
thoroughly mixed incorporating the aromatic spibefore cutting into unformed chunks (of
about 3 cm in diameter) or shaped into small baflsabout 2 cm in diameter, which are

arranged on a reed mat to dry in the sun. The ptadwstored in the form of the dried product.

Considerable product variations exist between K& @ther varieties bearing the natkishk.
For instance the Lebanekishkis produced traditionally from goat milk and itsnemercial
production method (Tamime and O’Connor 1995) iscdbed as follows: Milk is boiled,
cooled and fermented using a starter culture optegious day’s yoghurt. The ratio of bulgur

to yoghurtis 1 : 4, and salt is added at a le¥él% (w/v). The yoghurt is added to the bulgur in



small quantities for up to 6 days, and the mixtigekneaded daily. The temperature is
maintained at 35°C in order to complete the fermgm and achieve proper hydration of the
bulgur. Afterwards, the fermented milk-cereal raret is formed into small balls, placed on
trays or on the concrete floor of roofs and driedhe sun for 7-8 days. The sun dri&dhkis

then milled to a powder at a flour mill and eitlpaicked in cloth, plastic bags or in large tins.

Table (1): Comparison betwe&lishk Sa'eed{KS) andLebanes&isk (LK) preparation method:

Kishk Sa'eed| Lebanes&ishk

(KS) (LK)
Ingredients and preparation
Parboiling period (1 hr) v
Parboiling period (~4 hr) v
Drain and dry after boiling v v
Coarse grind the parboiled wheat then winnow tonawe bran v

(to produce bulgur*)

Coarse grind boiled whole wheat and sift to reméime part| v

(higher rate of extraction)

Use of alternate cereal base v
Low fat yoghurt v
Strained yoghurt (labneh) v
Fermented concentrated buttermilk pasiban Zeer) 4

Aromatic spices (whole cumin seeds) v

Process

Mixing coarsely ground wheat with dairy base 4 v
The mixture is then kneaded daily for up to 6 titesomplete v
the conditioning' period

The mixture is left to rest overnight then kneaded dough 4

Dough cut up into unformed chunks or rounded irgtlsb v v
Chunks or balls are preserved in olive oil or cagsto a powder v

*Bulgur (coarsely ground and bran-free parboiledeaih



1.1. Raw materials and additives used and their handling
The KS consists of two main ingredients namely: Mhparboiled locally grown freshly

harvested wheat and unpasteurized fermented biiltgfiraban Zeer).

The fermented buttermilk draban Zeeiis prepared by collecting the buttermilk after cting

raw unpasteurized buffalo or cow milk. In other d&rit is a by-product of butter production.
Traditionally, churning takes place in an animahdbag calledkerbah It is usually that of a
goat or sheep with the openings in the skin tied uphe churning is achieved by hanging the
kerbahfilled with milk from a wooden tripod or from theeiling and vigorously shaking it back
and forth until butter lumps are formed. Nowaddls, traditional churning is being replaced by
the use of an electrically powered device (i.ehsag a small washing machine) to save time and
reduces the physical effort of manual churning.

The collected buttermilk is transferred into antle@anware jar calledeer and freshly separated
butter milk is added to it each morning and stinredollowed by a sprinkle of coarse table salt
on the surface. The cover is then well secureti witlean cloth and treeeris left in a well
aired dark place. The whey formed by the procésermentation and souring of the buttermilk
progressively seeps through the pores of the uadlfg and is collected and disposed of. Over
time, the fermented buttermilk in the jar thickeagroduce the sour milk referred to lesban
Zeerwhich is in the form of a heavy paste. This pescefLaban Zeerproduction is seasonal
and starts usually during December and Januarycandextend to April-May. During this
period, the animals feed on fresh green clover Wwhicfluences the composition and
characteristics of the milk that is usediahkproduction.

Whole Wheat

The wheat grains are manually sorted to discaldsstdirt and weeds. Clean mature grains are
boiled on an open fire in a metal barrel in pleatywater till they soften. The end point is just
before rupture of the bran layer. They are draiaed spread on mats to dry in the sun. They
are then coarse milled and the resulting wheat ngealeved using a metal mesh sieve or a
ghorbal The sieving process separates the finely grouneatvmeal from the coarsely ground

part. Itis the latter that is preferably usedhe production of KS.



Condiments
Whole cumin seeds are added just before cuttingshading the fermentdthma In some

households, a small quantity of finely ground Huati pepper is added as well.

1.2. Description and variability/similarity of processing methods (with flow diagrams,
equipments and promising technology)
The ingredients that enter into the production psscinclude freshly harvested locally grown
wheat, freshly separated butter milk from Egyptiaws or water buffalo, salt and cumin seeds.
The milk is fermented alone, then mixed and ferm@ragain with the coarsely ground mature
whole wheat that had been previously parboiled amddried. The mixing is traditionally done
in a large unglazed earthenware pot, i@gour,in which the fermented milk angarboiled
wheat mixture is left to ferment. Following corapbn of the second milk-wheat fermentation,
the mixture is well kneaded and the cumin seededdkfore cutting into small chunks and
shaping into balls (or leaving to dry as small dig)rthat are then spread out on reed mats to dry
in direct sunlight or the hot shade.
The dry KS is stored in elongated mud-sealed uedlazarthenware jars (about a meter in
height) that are stacked on the roof tops in dieeqiosure to the sun. Other smaller and more
rounded earthenware containers cafi@mna’a(a reduced version of the traditional grain sterag
silo) can also be used for storage. Prior cleamind fumigation of the jars destined for KS
storage is common practice. Special plant materniatsuding grass, shrubs and hardwoods, are
used for fumigation. The burning fumigation mixus introduced into the storage container
and kept inside for a few minutes with the lid eldsThe containers are then allowed to cool and
are wiped clean with a dry cloth specifically uskxd this purpose. In some regions the
fumigation mixture includes hot red peppers. KSassidered shelf stable as it can be stored
without depreciation or spoilage for up to the ngghkmaking season, that is, a shelf life of one
year.
The methods employed for the production of EgypK#shk Sa'eed(KS) may differ from one
region to another because these processes are drasedlitional local knowledge systems. One
of the variations in KS is the milk-frd@shkthat is eaten during the fasting months for thpt€o
the Egyptian Christians (El-Gendy, 1983).



Figure (1): Flow diagram for the preparation of Kishk Sa'eediKS)
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1.3. Major problems associated with processing methods

The inconsistency in the sensory profiling as wvadl the hygienic quality of traditional KS
available in the marketplace reflects the varigbilof its micro-flora and technological
processes. Various contaminants have the potetdtidde invariably introduced during the
processing stages. The standard of hygiene adbgtdue KS operatives, the potable quality of
the water and the cleanliness of the utensils @sedthe possible sources of contamination

(Ahmed ZS personal communication 2004).

1.4. Storage methods, maximum duration and problems ass@ted with storage
The shelf life of well dried KS balls stored in ttraditional way reported above is one year. The
growth of spoilage organisms is discouraged by sofriee traditional methods used by women
such as the incorporation of whole cumin in thalfistage before shaping and sun drying. In
addition to the fumigation of the earthenware comties used for storage, the cumin acts as an

antimicrobial agent that prolongs the shelf lifettod KS.

2. SOCIO-ECONOMIC IMPORTANCE

2.1. Production, processing, handling and storage zonédentified in the country
The geographic region for traditional KS productiextends south of Cairo from Fayoum to
Luxor governorates. Though consumed all over thety, KS has not till now entered the food

retail system.

2.2. Socio-economic profile of the actors (processors dmetailers)
This technology is indigenous and is a producthef traditional culinary culture of the people
KS is produced by home based production units ial iamilies of the south. The know-how
for preparation of KS is handed down from motherdaughter across generations. The
traditional production method has been preservatl \ittle change in the utensils and other
equipment used, many of which such as #eer, the ghorbal or the magoare modern

reproductions of those found in the Egyptian museug® is essentially produced in rural areas
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south of the Nile delta for home and local consuampand is occasionally marketed. However,

KS may reach some urban markets through informaketiag channels.

2.3. Socio-economic importance of the product (volume, ngployment generation,
income, food security, etc...)
KS is the undisputed national food of Upper Egymiavhere it shares the importance of bread

as a basic component of the diet. It is considesskntial for an Upper Egyptian home to
always be well stocked in bread (dried) dashk The contribution of KS production to the
household economy and food security in Upper Egyptamilies is undeniable despite the non-
conformity to official regulatory standards and thearmal marketing and distribution channels
(e.g. street vending, village weekly markets, neayh, friends and family). Its importance to
food security lies in the fact that it is a locgtisoduced source of quality proteins that allowes th
consumption of milk proteins throughout the yearctsa contribution is crucial in rural areas
where farming is one of the main economic actigitéd the resulting agrifood products are
either consumeth situ or sold in neighboring urban or peri-urban market$he income thus
generated allows the family to pay for their otheeds. KS production is a family business and
is essentially a feminine occupation. In some kbokls, the kneading of the product of the
second fermentation of the wheat-milk mixture maytdo heavy a task for a woman, and a male
hired help may be employed for that specific chofor the stage of shaping into balls and
arranging in rows to dry on the reed mats, the woofehe family and/or the neighbors join in,

and the favor is returned when it is their turptoducekishk.

Lactic acid fermented foods generally requireditif any, heat in their fermentation and can be
consumed without cooking. This zero energy demantiohnique represents significant energy
savings that is important to rural families. KShealogy has withstood the test of time probably
because it is a low-cost way of preserving and rssgifood availability during food shortage
periods. Furthermore, it contributes to the imgoent of the nutritional value and digestibility

of the raw materials used.
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24. Commercialization of the product (market opportunity, domestic and international
trade, price structure)
Due to lack of data pertaining to marketing anctipg of KS, it is difficult to estimate the

turnover of the national production kishk KS is very popular locally in Upper Egypt andica
be found in village markets and sometimes in urlmaarkets in some of the popular
neighborhoods at a price ranging from 5-12 LE/Kgufealent to 0.9 to 2.18 USD) which is
within the means of the majority of consumers. (&ldnZS, Personal communication 2010).

Some data on the consumption/productionKighk have been reported from the following
countries (1) Iraq: in the 1960s the estimated ahper caput consumption ¢fishk in the
northern region ranged between 20 and 30 kg (RI8&4; Kurmann et al., 1992). (2) Turkey: the
trahanaproduced locally is consumed at a level of 8 kggaput per annum (Platt, 1964). (3)
Lebanon: the average yearly production kishk is about 1000 tonnes (FAO, 1990) for a
population estimated at 2 974 000 for that yedd World Population online database).

3. QUALITY CHARACTERISTCS OF KS

3.1. Nutritional quality

The nutritional impact of fermented foods on nidnal disorders can be direct or indirect. Food
fermentations that raise the protein content orrawg the balance of essential amino acids or
their availability can have a direct therapeutiteeff Similarly fermentations that increase the
content or availability of vitamins such as thiaminiboflavin, niacin or folic acid can have
direct effects on the health of the consumers chdoods. This is particularly true of people
subsisting largely on maize where niacin or nidotiacid is limited and pellagra is incipient.
The same is true for people subsisting principalty polished rice which contains limited
amounts of thiamine and beri-beri is incipient l{fe] 1968). Biological enrichment of foods
through fermentation can prevent this. Tannin lewvehy be reduced as a result of lactic acid
fermentation, leading to increased absorption afi,ilexcept in some high tannin cereals, where

little or no improvement in iron availability hasdn observed (Nout and Motarjemi, 1997).

Not much detailed information is available on theritional quality of KS. Howeverkishk can

be generally considered as a balanced food witlellext preservation qualities, richer in B
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vitamins than either wheat or milk alone, and vaelapted to hot climates by its content of lactic
acid (Abd-el-Malek and Demerdash, 1993; Mahmoud,9319 Morcos, 1993). Some
modifications, such as the substitution of wholesatimeal by bulgur in the making kishk
have been proposed (Tinay et al. 1979). It has bmend that substitution by bulgur enhances
the availability of Ca, Fe, Mg and Zn and improvies utilization of wheat nutrients, without

undue effects on the acceptability of the finalduat.

On the whole, KS is a highly nutritious food, hayia protein content of about 23.5% (Morcos,
1993). It is of a high digestibility and has a higiblogical valueKishk has good nutritional and
microbiological qualities. Fermenting the milk makig easier to digest and the high fibre
content is in line with current trends for good nitignal practice. The milk-cereal mix in KS
provides a source of affordable balanced protdiasdre particularly valuable for children. The
fermentation process raises the micronutrient dgmsia final product that is characterized by

being low in saturated fats and high in fiber.

3.2. Microbiological quality

There are only four main fermentation processesohdllic, lactic acid, acetic acid and alkali

fermentation (Soni & Sandhu, 1990). Lactic acidrfentation (e.g. fermented milks and cereals)
is mainly carried out by lactic acid bacteria. liadcid fermentation contributes towards the

safety, nutritional value, shelf life and acceplighof KS.

According to Aguirre and Collins (1993), the terrAR. (lactic acid bacteria) is used to describe
a broad group of Gram-positive, catalase-negatmeg-sporing rods and cocci, usually non-
motile that utilize carbohydrates fermentativelyddorm lactic acid as the major end product.
According to the pathways by which hexoses are Inoditeed, they are divided into two groups:
homofermentative and heterofermentative. Homofetaiee such as Pediococcus,
Streptococcus, Lactococcus and some Lactobacdlilyre lactic acid as the major or sole end
product of glucose fermentation. Heterofermentachsas Weissella and Leuconostoc and some
Lactobacilli produce equimolar amounts of lact&@@@2 and ethanol from glucose (Aguirre &
Collins, 1993; Tamime & O’'Connor, 1995).
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Lactic acid fermentation technology has been fotmdoe a very effective way by which
Egyptians for centuries have improved their food materials to make them palatable and safe
for consumption (Oyewole, 1997). Lactic fermeratimproves the nutritional quality of food
in the following basic ways:

* by the detoxification of food raw materials to makem safe for consumption;

* by improvements of functional properties; and

* by improving the digestibility and nutritional vawf food products.

The microbiology of KS is quite complex and not wmo The acidic nature of KS, coupled with
low moisture content and the presence of salt amairg represent unfavorable conditions for
the survival of coliforms an&taphylococcus aureusAtia & Khattab (1985) detected faecal
streptococci (possiblygnterococcus faeciunim) only one out of eight samples kifhktested (at

a level of 3.4 x 16’ colony-forming units per gmKQ g-). These authors attributed the presence
of this organism in th&ishksample to its high pH (4.70 compared with an ayeraf 4.17 for
the other samples), and its low salt content (4.£6%pared with 8.9%).

3.3. Physico-chemical and sensory characteristics

Fermentation is carried out to enhance taste, arehf-life, texture, nutritional value and other
favorable properties of foods (Mensah, 1997; NoWwl&tarjemi, 1997; Steinkraus, 2002). Some
modifications, such as the substitution of wholeeathmeal with bulgur, have been proposed in
the formulation ofkishk (Tinay et al. 1979). From the organoleptic pahtview, the whole
wheat-meal KS is reported to be granular, more,dess cohesive, contains more bran particles,
and is more yellowish in color than the traditioflaébanese) bulgutishk Also, the production

cost is lower when whole wheat meal is used imtlaging ofkishk

The sensory properties of Leban&sshk reconstituted with water and served as a hot ¢geri
or gruel have been reported by Matral. (1995). The Lebanese product made with capritie mi
was clearly distinguishable from the rest of Kighk samples. Tamimet al. (1997) found that
the mouth-feel attributes (grainy, sticky and slioharacter) okishk were associated with the

type of bulgur used (e.g. made from wheat, barteyats).
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The effect of the substitution of whole wheat mtal bulgur in the formulation of Lebanese
kishkwas investigated by Toufeili et al (1999). Theppuepared from both formulae i.e. bulgur
and whole meal were comparable to a certain degtemever, whole wheat me&ishk was
significantly (p < 0.05) more yellowish in color,om® sour, less gritty, less cohesive and
contained more bran particles than the bulgur-bdsedulation. These findings suggest that
substitution of whole wheat meal for bulgur in fbemulation ofkishkenhances the nutritional
quality without undue effects on the acceptabiityhe final cookedkishk

In contrast, except for the pleasant acidic and saste of KS, little is known of the sensory

quality of the product.

3.4. Product quality perception/requirement by consumers

While fermented foods are themselves generally, siabould be noted that fermented foods by
themselves do not solve problems related to comt@ed drinking water, environments that are
heavily contaminated with human waste, impropers@eal hygiene of food handlers, or
exposure to flies carrying infectious disease alggas. Also, incomplete fermention of food can
be unsafe. However, application of the principleattcan guarantee the safety of fermented
foods could lead to an improvement in the overalliy and the nutritional value of the final

food product.

A valid concern is that of mycotoxins that may besent in the wheat before fermentation. They
are produced when the cereal grains are improgetyested or stored. During soaking and
cooking of the raw substrates before fermentatimany potential toxins such as trypsin

inhibitor, phytate and hemagglutinin are destroy®d. on the whole, fermentation can have a

detoxification action on the substrates.

Svanberget al. (1992) and Svanberg (1996) reported that lactid-Barimented gruels inhibited
the proliferation of Gram-negative pathogenic baaténcluding toxicogenid&scherichia coli,

Campylobacter jejuni, Shigella flexnesind Salmonella typhi-muriumThe mean number of
diarrhea episodes in pre-school children over aditm period was 2.1 per child receiving
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fermented gruelsompared with 3.5 per child receiving non-fermentgdels for the same

period.

Minimizing contamination of the raw materials ispartant for controlling pathogen levels in
the final product. Measures should be taken tornmap¢ the transmission of pathogens to
fermented foods at both the household and comnieleiels. At the commercial level,
improvement of product quality and safety couldalshieved by applying Good Manufacturing
Practices (GMP), Good Hygienic Practices (GHP) tiedHazard Analysis and Critical Control
Point (HACCP) system. Guidelines are needed fotieapion of the HACCP system in the
production of traditional fermented foods such &hk However, educating food handlers,
particularly housewives and food vendors in thadsasf food hygiene is a strategy that can be

used for prevention and control of food-borne disesa

4, CONSUMPTION PATTERNS OF THE KS

4.1. Food forms
KS forms part of the regular food intake of the rage individual in the south of Egypt.
Egyptians consume KS at all meals under differerh§ of preparation and it serves as the food
of choice for the sick. KS is usually reconstituteh water and is consumed as a hot gruel,
often with the incorporation of vegetables, spiggslic, herbs or dates. It can form the core

ingredient in savory and sweet dishes (Morcos &9B).

One of the unique features of KS is that it caréiken at all stage of preparation (Ahmed ZS and
Hassan-Wassef H, unpublished data). Dilutabdan Zer is consumed in summer on its own as
a refreshing drink. ThBama(mixture ofLaban Zeerand parboiled ground wheat) is consumed
as a sour paste for breakfast or as a semisoliti aman accompaniment to vegetables and eggs.
The final dried balls/chunks can be eaten as aksaagd are a common school snack for Upper
Egyptian children. Reconstituted in water, KS serag the basis for preparation of many savory
and sweet dishes. It can be cooked with meat dtrgas a kishk stew. Two KS balls soaked in

a glass of water is the first drink on waking ughe morning for many Upper Egyptian women.
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For households with limited incomes, a few KS b#ilown in the cooking pot replace meat in
the preparation of the daily vegetable stew.

4.2. Period of the day for consumption
Together with bread - KS is a basic component efdietary system for Upper Egyptians and

can be consumed at all meals, morning, mid-dayeniag.

5. RESEARCH ACTIVITIES AND NEW ACTIVITIES DEVELOPMENT ON
TECHNOLOGY AND PRODUCT

Although all KS consumed in Egypt is homemade &edefore sun-dried, a mathematical model

of direct sun and solar drying of laboratory prephKS was developed by Bahnasawy and

Shenana (2004). The model was able to predict thimgl temperatures at a wide range of

relative humidity values. It has also the capapild predict the rate of moisture loss from the

product at wide ranges of RH values, temperaturdsaa velocities.

A great deal of attention has been paid towardsptteeluction of instant or ready to use
dehydrated KSand to evaluating the quality of the developed pobd The data obtained
revealed a good acceptability for the instant potgluas compared to their parent form.
Moreover, the computed protein efficiency ratio FEobtained from its amino-acid
composition, the FAO/WHO pattern for essential awacids, and the in-vitro digestibilityere
significantly improved.

In order to enhance further the potential improveime the application of the KS processing
technology, there is need for more research, tdoggdransfer with due consideration to the
socio-economic implications. Studies are needecbt@r areas of concern such as food safety,
processing techniques and nutritional value. Smatiy, research is needed to challenge the
hitherto uninvestigated lactic fermentations, téedaine the need for and feasibility of using
starter cultures and probiotic microorganisms, amdoptimize fermentation conditions for
achieving specific health benefits. Traditionaltiadermentation processes in Egypt will be

greatly improved with the development and applaratof quality and safety systems such as
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GMP and HACCP. Like all foods, lactic acid fermahfeods will need to be made to stand up
to the challenges posed by the existing risk oftmmmation with newly emerging pathogenic
bacteria, viruses, and parasites. All these ingastins will need to be done to meet the
producers’ and consumers’ specific needs. Tramdferformation and technology to household

and cottage industry levels calls for participatpiipt projects that are replicable.

From a nutritional point of view, new insights l@&aglto increase in nutrient and energy density
and to the removal of phytic acid, offer opportigstfor future improvement of nutrient uptake

by consumers of KS.

CONCLUSION AND PERSPECTIVES ON RESEARCH AND INNOVAT ION NEEDS
Traditional KS products have been produced for ez in Egypt and are very popular and
appreciated by millions of Egyptians. It can be aoded that in temperate regions, mixed
natural fermentations of cereals with lactic acigcteria and yeasts (“sourdough
fermentations”) are widely practiced. These fertadions play an important role in providing
wholesome food with an attractive flavor and tegtur

Based on the available information reviewed heesapa number of conclusions can be drawn.
Firstly, Provision of technical support that accelerates guides the evolution of the production
process of the home-based the cottage industrresmgrade the quality and increase the market
share of traditional products. However, the natueslources, culinary traditions, culture, and
current overall level of development in the courghpuld be carefully taken into consideration.
In this regard, it is worthwhile to point out titae production of KS is historically considered as
an exclusively female occupation. Hence, the dmgaion of kishk producing women into co-
operatives and associations to manage such tedieslmay be a means towards:
 The enhancement of the added-value of indigenoadsfoand in turn, increasing the
income of rural women.;
* Making available to local consumers a variety aligenous and highly appreciated
products at affordable prices. Products that aggroned in quality and safety and that

keep well.

18



Secondly mechanization of some key processing stagesssatide, for example, the manual
mixing of the ingredient§Laben Zeerground wheat, salt, and condiments) in traditidad
making can be replaced by using an appropriatengigiachine. Such a replacement will ensure
optimal homogeneity of the different ingredientsidaavoid possible contamination of the

product that may originate from the KS operatived/ar handlers.

Thirdly, there is scope for improvement of, a) the opennathod used for drying to avoid

contamination, and b) the packaging of the prodaftes processing. In the traditional methods,
the KS is packed (stored) in earthenware jarsthénindustrial production of second generation
KS derivatives, the packaging and labeling mustidiee with due care and in compliance to the
specific statutory standards. This is importartterdy for marketing reasons, but also to protect

the product from post processing contaminationgaratcelerated deterioration.

Fourthly, from a nutrition point of view, new methods facreasing nutrient and energy density
and for removal of phytic acid, offer opportunitiies future improvement in nutrient uptake by

consumers.

Fifthly, ,The popularity of ready-to-eat food items amonghbibhe food processing companies
and the consumers offers excellent opportunitesliversification by production and marketing
of a variety of intermediate KS products to constam®ne could imagine that fresh or frozen
KS sourdough is packed in modified atmosphere packsused as a thickening ingredient in
stews and gravies. Dehydrated sourdough prepaoed different cereal mixes and extraction
rates can be used in the production of baby foadsfer thickening of soups. These could open
novel culinary and technological applications, cognorally and at home. Innovative research is
needed to produce second generation KS productsathaadapted to the preferences of the
modern consumer and to the demands of modernitys dould lead to commercial exploitation
of the advantages of KS such as the affordablesptie relatively high nutritional quality, the
low energy input required for its production and tow environmental impact of its production

method.
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Abstract

Lanhouin, a traditionally processed fermented fislwidely used as a food condiment in ur-
ban and rural areas in Southern Benin and in tighheuring countries of Togo and Ghana.
Lanhouin is processed by spontaneous fermentatidnita production is largely artisanal.
Two variations of the traditional processing metlaod practiced, both apparently producing
the same final product. Salt is used as the maiitiae and its ratio varies from one process-
ing site to another and from one processor to amo8ince in the traditional processing
method of lanhouin, the fish must be in partialtetiorated form, chemical and microbi-
ological changes are expected. Work carried odaawohouin samples purchased from proces-
sors and retailers showed that the histamine ctsitermost of the samples (75%) exceeded
the recommended level of 20 mg.180the microbial loads in the same samples were &igh
well. In this respect, the processing of fresh figlo lanhouin was investigated with the ob-
jective to identify the micro-flora responsible ftine fermentation and the biochemical
changes, brought about in the product. A numberoblems associated with the traditional
processing were also identified. These include lacroper hygienic practices during proc-
essing, rudimentary packaging, contamination ofdpot, the re-use of salt for subsequent
fermentation, insect infestation and poor qualityh@ end product. Lanhouin is also suscep-
tible to larvae infestation, mould growth and baelespoilage during storage. From the fer-
mentation study, it appears that the microbial pajpan of lanhouin consists largely of a va-
riety of halophilic Gram-positive bacteria typedato a lesser extent, Gram-negative bacte-
ria. This review is intended to provide compreheasinowledge on the processing of fresh
fish into lanhouin, which will facilitate the dewgiment of the traditional operations to a level

where it can be integrated into the formal sectdahe food industry in Benin.



Introduction (definition of product, origin and cul tural background)
Lanhouin, a typical Beninese fermented fish, iseldused for its flavour and taste enhanc-
ing properties in the West African countries of Bemogo, Ghana and Senegahnhouin a
a Ghanaian fermented fish like-product called moenas processed by spontaneous and
largely uncontrolled fermentation (Nerquaye-Tetethal, 1978; Yankah, 1988; Essuman,
1992; Abbey et al., 1994; Anihouvi et al., 2005miarly to other African countries, artisan-
al fish processing remains the predominant and mgsbrtant method of fish preservation in
Benin. The principal methods are smoking, sun-dyyisalting, frying and fermentation.
These processes may either be used alone or camnibireeder to achieve the desired prod-
uct. For instance, salting and sun-drying are off@mbined with fermentation to get a well-
preserved product. The choice of a particular pgsiog method is greatly influenced by the
geographical location of the area, socio-econoraatofs and the food habits of the local
people. Traditionally, many commodities (maize,gboim, millet and fish) are processed in
Benin by the cottage industries into fermented $adhich constitute the most important part
of the staple foods, beverage, weaning foods andiog@nts consumed in the country (Houn-
houigan, 1994; Anihouvi et al.,, 2005; Azokpota &t 2006; Vieira-Dalodé et al., 2007).
Salted, fermented and sun dried fish is generalbwn as “fermented fish” (Beddows, 1985).
Fermented fish is any fishery product, which hadengone degradative changes through
microbiological and enzymatic activities either time presence or absence of salt (FAO,
1993. In Benin, the fermented fish is called lanhouinViena word which literally means
smelling fish (Anihouvi et al., 2005). The nameHanin refers to a group of popular fer-
mented fish products common to West Africa coust(lessuman, 1992). Some of the major
fermented fish produced in West Africa are: momdabi and kako in Ghana, lanhouin in
Benin and Togo, and adjuevan in Ivory-Cost (Nergu@gttteh et al 1978; Yankah, 1988;
Essuman, 1992; Anihouvi et al., 2005).

In contrast to Southeast Asian region where fisiméntation normally lasts for several
months (three to nine months) and the fish flesly titaefy or turn into a paste, in Benin
salting and drying of fish for preservation is aoganied by fermentation as well, but the
period is short (few days) and the product is nabdformed into a paste or sauce (Huss &
Valdimarson, 1990; Essuman, 1992; Anihouvi et 2005). Lanhouin can be described as

highly salted and semi-dried fishery product whidd developed a strong odour. Areas of



production oflanhouinare mainly the coastal landing centres (Atlantid &ono Districts) of
the country; in those areas the production of laimhas the main economic activity of the
women of the two ethnics groups callééh andMina (Anihouvi et al., 2005).

1. Traditional processing of lanhouin
The production of lanhouin is an artisanal activitgnhouin is processed by spontaneous and
largely uncontrolled fermentation. This fermentatiosually involves the use of mixed cul-
tures in solid substrate. Solid substrate fermemtaefers to any fermentation that occurs on
a solid or semi-solid substrate (Aidoo et al., D9&bobi, momone and lanhouin are listed as
some indigenous Ghanaian and Beninese fermentedofeducts, which are produced by
solid-substrate fermentation (Essuman, 1992; Aldiegl., 1994; Kingley-Ekow, 1999; Ani-
houvi et al., 2005). The advantages of solid sabstiermentation include superior productiv-
ity, simpler techniques, reduced energy requiremantl low waste water output (Aidoo et
al., 1982).

Various processing methods in fish fermentationuaed in different localities and the par-
ticular method used depends largely on availabditysalt and the food habits of the local
people (Beddows, 1985; Olympia, 1992; Essuman, ;189@m & Huss, 2000). Three main
techniques have clearly emerged as methods comrpoatyised in many African countries:
these techniques are: i) Fermentation with saling drying, ii) Fermentation and drying
without salting and iii) Fermentation with saltimgthout drying (Essuman, 1992). For the
three processing methods, the end product retnsiginal form Lanhouin belong to the

category of fermented fish obtained by the comlbpmadf salting, fermentation and drying.

Most of traditional lanhouin processing plants aweal and informal and the fermentation
processes are handed down from generation to dgemerdhe processing sites are mostly
located close to the beach; processing activitiescarried out late in the evening or early in
the morning to avoid high temperature during tingt tage of processing and to prevent con-
tact of fish with flies. Activities are carried onttostly by illiterate women as the major opera-
tors (Anihouvi et al., 2005). The methods of preoeg were developed in homes and im-
provements were based on the observations of poaetis. There is little interest in knowing
the role of micro-organisms and the chemical chartigat occur in the product. What is rec-

ognized are changes in texture, colour, odour astdt Two variations were noted in the pro-



cedures employed for the processing of fresh fist lanhouin, but both apparently lead to

the same end product (Fig.1) (Anihouvi et al., 2005
1.1. Raw materials and additives used and their handling

The main raw materials used for lanhouin processiolyde fresh fish which had not been

subjected to any cooling preservation or salt tnegit.

Fish

Different types of fish can be used for lanhouingassing, but those mentioned by the proc-
essors are listed in table 1. However, the majd@%pb6) of processors interviewed claimed
that they mainly use cassava fish/cassava cro&lsaugotolithusp.) followed by lesser Af-
rican threadfin Galeoides decadactylu$91% of processors) and king fish/spanish matkere
(Scomberomorus tritdr(77% of processors) (Anihouvi et al., 2008j@assava croaker and
spanish markerel are mainly used for the processimgomone, in Benin as well as in Ghana
(Abbey et al, 1994). According to the processanses of fish not cited in table 1 are not rec-
ommended for lanhouin processing because lanhaoaom those species often cause itch
when they are used to season non-cooked tomat@ seumed “monyo” (Anihouvi et al.,
2005).Species of concern include for examplea Sarda sard® sardine $ardinella made-

rensi9 and aloesHisha africang.

Various authors have reported that fresh fish iswell handled and stored in developing
countries (Watanabe, 1982; FAO, 1989; Gram & Daljad002). The current methods of
fish handling and processing are generally inadequanshore fish handling in the artisanal
sector is often poor; fish are usually scoopedoduhe boats with all sorts of containers. This
method of unloading the catch by hand takes coredide time during which the temperature
of the fish also increases considerably. For thressons, spoilage rates are extremely high
compared to those in temperate climates and acgptdi observations some species can be-
come completely spoilt 10 to 12 hours after catgtand sometimes after 5 to 7 hours (Huss,
1988). In addition, the environment in which fishe® processed is generally unhygienic,
paving the way for microbial contamination and prottbn of food toxicants such as hista-
mine (Anihouvi et al., 2006). This shows that thare basic educational problems, such as

lack of awareness of the importance of hygiene.



Table 1 Types of fish used for lanhouin processing iniBen

Local names Common names Scientific names
Agbanmandou/Zadou Kingfish/spanish mackerel Scomberomorus tritor
Ekan/djoke Cassava croaker Pseudotholithus sp.
Figni Senegal jack Caranx senegalensis
Gbohloué Milk shark Rhizoprionodon acutus

Glanmatan/kobi

Guinfio/guinlénou

Longfin pompano

Royal treadfin

Trachinotus goreensis

Pentanemus

Hawui Bigeye grunt Brachydenteus auritus
Kokoui Bastard grunt Pomadasys sp.

Kpankpan Crevalle jack Caranx sp.

Lizi Guachanche barracuda Sphyraena guachancho
Signivi Atlantic horse mackerel Trachurus trachurus
Sika-sika Congo dentex Dentex sp.

Tchikoué Lesser African threadfin Galeoides decadactylus
Zozrovi Atlantic bumper Chloroscombrus chrysurus

Source: Anihouvi et al., 2005

Salt

Imported salt and sun-dried sea salt are the twestyf salt used in Benin for fish curing
prior to fermentation. The correct use of salt dgrihe artisanal production of fermented fish
is known to delay the onset of bacterial spoilage Beduce the susceptibility of the product
to insect infestation (Sefa-Dedeh, 1995; Horne97)9 Salt also imparts a flavour to the
product. In Benin, where solar salt is availablel amexpensive, fermented fish is heavily
salted. Sun-dried sea salt, however, is notedt$gooor microbiological quality (Sefa-Dedeh
&Youngs, 1976; Essuman, 1992). Certain types ofdva; which can live in strong brine or
in solid salt, have been found practically in eveage where salt obtained from seawater was

used. Thesdnalophilic bacteria, which can grow at salt concaiins of 13 % and above,



confer a reddish colour on salted and fermentdd (BB2ddows, 1985; Essuman, 1992; Sefa-
Dedeh, 1995; Anihouvi et al., 2005).

Very pure sodium chloride would be the most desgrdbr curing purposes. However, the
end product of fish salted with the pure sodiunoctke is not desirable as compared to fish
salted with salt containing small amounts of caftiand magnesium (Beddows, 1985;
Horner, 1997). The salt to be used for fish cushguld have approximately 0.50 % calcium
and magnesium impurities, although in the caseexdtgr levels of such impurities in the salt,
C&* and Md" ions bind with protein and form a barrier to thesgage of Naons through
the thicker part of the fish flesh (Horner, 199¥daditional methods of fish curing in Benin
involve rubbing dry salt into the belly cavity, tgéls and on the surface of the fish or making
alternate layers of salt and fish. There are ofievblems with these methods because the
concentration of salt in the flesh is not sufficiém preserve the fish, as it has not been uni-
formly applied (Beddows, 1985; Anihouvi et al., B)0A better technique is brining which
involves immersing the fish into a pre-preparedisoh of salt. The advantage is that the salt

concentration can be controlled easily and salefvation is more uniform.

1.2. Description and variability/similarity of processing methods (with flow
diagrams, equipment and promising technology)
The fermentation period varies from three (3) ghei8) days and depends on the species of
fish and marketing conditions. At the end of ferta¢ion, the fish is sun-dried for 2 to 4 days.
For processing of lanhouin, fresh fish is scaledtegl and sometimes cut into pieces and then
left overnight at ambient temperature for ripenife nextday, the seemingly spoiled fish is
washed. Dry salt is rubbed into the gills, the Yoetvity and on the surface. After this first
salting, the fish is arranged in a basket, a caa bole, covered with old cement paper bag
and old clothes and allowed to ferment for threed@ys at room temperature befdreing
removed, washed lightly and sun dried. Sometimeshenthird day after the fish has been
removed and washed lightly, a second salting magidme and fermentation allowed to pro-
gress until the 8day before sun drying. Two variations were notethitraditional process-
ing method. For the first variant the fresh fistgigted before being ripened (left overnight)
without water while for the second one the fres fis ripened in sea water before gutting
(Fig.1). According to the processors, this firgpstwhich involves leaving the fish overnight,
is very important for the production of good, stktured and well flavoured lanhouin. Salt

ratio used during the processing range betweenng(03&% by weight of fresh fish for the
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first salting while for the second salting, the il of salt accounts for approximately 15-25
%. The processing activities are carried out latehe evening or early in the morning to

avoid high temperature during the first stage afcpssing and to prevent contact of fish with
flies.



Raw material (fresh fish)

v

Scaling, gutting Ripening (1-15hrs in @
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L

Dressed and soft fish

e

Soft and salted fish

Fermentation (3-8 days)

Rinsing with water

i

Fermented fish

Sun drying (2-4 days)

‘.*

End product « lanhouin »

Fig.1: Flow diagram of the traditional processing of laaim in Benin from
Source: Anihouvi (2006)

Utensils and other simple pieces of equipment siscknives used by lanhouin processors are

shown in Table 2.
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Table 2: Equipment used for lanhoyirocessing

Processing steps Utensils, etc

Washing Bowl

Gutting Knife

Salting Bowl

Fermentation Basket, can, hole, claypot, concrete vats
Washing off salt Bowl

Storage and packaging for sale Basket, cement paper bag

Source: Anihouvi (2006)

1.3. Major problems associated with processing methods

The major problems observed with the lanhouin msoes are the general unhygienic condi-
tions of the processing environment as well asetpgpment used for processing. Other im-
proper handling practices noticed include the Usairty water for washing the fish and im-
proper packaging of the product. Washing the figth wirty water can cause contamination
of the fish. Dirty water contaminated with faecahtter could harbour coliforms suéfsh-
erichia coli, which is a prolific histamine producer. The ratibsalt used varies from one
production site to another and from one processantther, and is not usually quantified. As
salt is the only preservative agent used, low Balnentation could possibly permit the
growth of some pathogenic organisms in the prodacaddition the salt is not stored under
good conditions and most of the time the salt issed in subsequent fermentations. This
practice could be a potential source of contamamably halophilic bacteria. Flies also are a
big problem to the processors leading to the illeg& of household insecticides to prevent
flies setting on the product. The use of insec#sifor this purpose poses a health hazard to
the consumers. Processors usually package thedemimobaskets covered with old sacks, old
clothes or cement paper bags during fermentationage and when transporting the product
to the market. The unhygienic nature of these nadsecould be potential sources of micro-

bial or other types of contamination.
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1.4. Storage methods, maximum duration and problems ass@ted with stor-
age

On the mode of storage, after processing lanhsuarranged in a basket, a can or hole and
wrapped with old jute sacks, paper cement bag<skntikes. Very dried fermented fish can be
stored for nearly six months but lanhouin, whicl isemi-dried product, has a shelf life of up
to three months according to processors (Anihotial.e2005). Baskets do not offer any bar-
rier to insect infestation. During storage lanhoignalso susceptible to larvae infestation,
mould growth and bacterial spoilage. Another sterpgblem is the continuous bacterial and
enzymatic activity within lanhouin. In a recentdyuon storage trials with lanhouin it was
observed that stored lanhouin continued to undérgber fermentation resulting in instable
finished product (Agossou Yao, 2009). The sameystadealed that garlic extract or vinegar

can be used alone or in combination to improvestiedf life of the product during storage.

2. Socio-economic importance

2.1. Production, processing, handling and storageones identified in the country
The production zones of lanhouin in Benin are ledanh the southwestern districts such as
Mono/Couffo and Atlantic/Littoral (Fig.2). In theseeas lanhouin is a specific product for the
ethnic groups calledla andMina (Ewe in Ghana) known as the main processors iokaim

in the country Nowadays with the migration of these populatiansards the urban centres,
the consumption of lanhouin is gradually adoptedther ethnic groups living especially in
the south of Benin (Anihouvi et al., 2005).

2.2 Socio-economic profile of the actors (processoand retailers)

In Benin, the production and the commercializatmhnlanhouin are only performed by
women. These women mostly have a familial relatgmsvith the fishermen. In general most
of them have no formal education. The know-howpiaduction of lanhouin is handed down
from mother to daughter across generations. Thiaga actors were identified in the lanhouin

processing sector: the processors, the collectatdhee retailers (Anihouvi et al., 2005).
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Processors

Three categories of processors were identifiediaige scale, the medium scale and the small
scale processors (Table 2). The large scale proxepsoduce approximately 200 kg of lan-
houin per month while the medium scale processave la monthly production of 25 - 50 kg.
The last category produces less than 25 kg of lainhger month; this activity is auxiliary for
them. According to the survey of 2001, the productand commercialization of lanhouin
constitute the main activity and the main sourcanocbme for 75 % of processors inter-
viewed. Ninety five percent (95%) of them work wmidually but 5 % evolve in group. Thirty
five percent (35 %) of large scale processors faein transborder trade of lanhouin as the

collectors.

Collectors

Collectors are mainly West African traders. Approately 65 % of them come from Togo
and Ghana. They collect lanhouin in the markeis ¢ine processing sites. They distribute the

collected lanhouin in the Togo and Ghana markeats4f

Retailers

Contrary to collectors, retailers distribute thedurct throughout the different markets of the
country as found through the survey of 2001. Theysaipplied from large scale and medium
scale processors and sell approximately 15-20 Kgndfouin per month. In addition to lan-
houin some of them sell all kinds of ingredientstsas vegetables, tomatoes, salt, etc, needed

for the preparation of sauce.

2.3 Socio-economic importance of the product (voluey employment generation,
income, food security)

The economic access to the production of lanhaunelated to the type of production prac-
ticed (Table 2). The minimum starting capital ipapximately 100 00DF CFA for medium
scale processors and 300 000 F CFA for processeoswant to invest in hinterland trade.
The turnover of this last category of processoapproximately 2 400 000 F CFA per year
with about 500 000 F CFA of net profit. The incofnem this activity varies according to
production importance, the existence of fixed cogs and the age of the processor.
Usually, the processors of lanhouin do not havesgto an institutional credit, which consti-

tutes an obstacle for expansion of their activitgwever, they receive some short term credit
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from their family or from actors in the supply chavith whom they have built a relation of

trust. This credit is used to buy raw materialsifand salt) and equipment. As it was ob-
served, the production of lanhouin is an activityieh is transferred from generation to gen-
eration. Thus, a mother, an aunt or a cousin psoceshose age is advanced can give her

equipment to a younger member to perpetuate thigtgan her family.

Table 2 Economical data on the production of lanhouiBanin

Small scale Medium scale Large scale

TVDES Of DIOCESSOrS processors processors processors
yP P (< 25 kg/month ) (50 kg/ month) (> 200 kg/month)
Starting capital
gcap 25000 100 000 300 000
(fcfa)
Turnover
200 000 800 000 2 400 000

(fcfa)/ year

Source: Anihouvi et al. (2005)
1655.96 F CFA = 1 euro

2.4 Commercialisation of the product (market opportinity, domestic and interna-
tional trade, price structure)

The commercialization of lanhouin follows localgi@enal and international flows through
domestic and external market (Fig.2). Internatidiads are animated by the collectors and
some large scale processors whereas local andheg¢dlows are animated by medium scale
and small scale processors and retailers. AboltG3téns of lanhouin are produced per year
in Benin, which correspond to an annual turnoveambroximately 3 billion F CFA. There
are no statistical data on exports, but accordinigutge scale processors, more than 50 % of
the production of lanhouin is exported towards Tagd Ghana.
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3. Quiality characteristics of the product

3.1 Nutritional quality

Fermented fish products are added to a varietyiaif éind contribute greatly to the general
nutrition of large populations, particularly in Afa. Fermentation known to improve the bal-
ance of essential amino acids or their availabday have a direct therapeutic effect. Indeed
fermentation can increase the content or avaitgbdf some vitamins in fish. For mineral
elements, fish flesh is regarded as a valuablecsounir calcium, phosphorus and magnesium
in particular, but also of iron, copper and selemiiHowever, processing sometimes tends to
affect the nutritional value of fish. The presewncdistamine, one of biogenic amines known
as food toxicant, is due to the decarboxylatiorhigtidine by microbial activity $halaby,
1996) Little information is available on the nutritidnquality of lanhouin, however this
product can be considered as a highly nutritiout) & protein content of about 25% on a wet

weight basis.

3.2 Microbiological quality

Microbiological investigation carried out by Anihdawet al (2006 and 2007) on lanhouin on
sale and during the fermentation study showed ttiatpredominant microorganisms were
largely halophilic types such &acillus species, coagulase negatiphylococcuandMi-
croccocus Various authors have reported similar microfloranomone(Nerquaye-Tetteh et
al., 1978; Yankah. 1988\bbey et al, 1994) and other fermented fish products (Essuman
1992). Bacillus species and coagulase negative staphylococciraerkto be involved in
various vegetabléSteinkraus, 1991Dakwa et al., 2005; Parkouda et al., 2088d meat
product(Metz, 1993)fermentation processes. The low counts of coliand faecal coli in
most of the lanhouin samples purchased from mank@tprocessing sites (Table 3) mean that
the product is subjected to faecal contaminatidre presence of low numbers $faphylo-
coccus aureuandClostridiumspp. in some samples of lanhouin is still significand prove
that there is a need for improved handling and gssing procedures of lanhouifhe ab-
sence of the pathogenic bacteria suctsaknonellain salted fermented fish sample is the
result of the high salt concentration in the prdditds expected that controlled material han-

dling and fermentation will lead to better micrdistatus of lanhouin.

16



3.3 Physico-chemical and sensory characteristics

The physico-chemical composition of lanhouin samplbtained from two types of fish is
summarised in Table 3. In general, the moistureesda of samples varied between 45.2 and
55 % for cassava fish lanhouin, and ranged betséesfo and 61.6% for king fish lanhouin
(Anihouvi et al., 2006)This difference in moisture level between the tyyoes of lanhouin is
probably due to the high fat content of king fishieth limits the removal of water from the
fish tissue to the outside during processing. Basedhese levels of moisture content lan-
houin could be considered as intermediate moistargent product. The pH values of lan-
houin samples varied between 6.7 and 7.9. Thesewalf pH are similar to those reported on
momone, a lanhouin-like product (Sanni et al., 300ke averages dfee fatty acid (FFA)
contents werd 2.5 % oleic acid for lanhouin samples obtainednfrmassava fish and 31.9% for the
second group of samplebligh level of FFA is an indication of microbial gfage activity
(Pearson, 1976; Huss, 1988; Horner, 19%fhtein contents ranging between 23.4-29.6 %,
20.9-28.3% were found in samples of lanhouin framssava fish and king fish respectively,
and these values did not differ significantly. Tdeslues of protein contents are close to
those reported in momone and other fish productairmdd by solid substrate fermentation
(Nerquaye-Tetteh et al., 1978; Abbey et al., 19%dnni et al., 2002; Anihouvi et al., 2006).
However higher protein content of 57 % was als@ioleid mainly on fish fermented for two
days (Yankah, 1988). These variations in proteieliedepend on the intensity of enzymatic
and microbial activities and the duration of therfentation. The reduction of protein content
during the fermentation was explained by proteslggfect leading to the break down of pro-
teins into peptides and amino acids, which coulddse in the exudates (extracted water)
from the fish. Abbey et al. (1994) reported proteamtent of 12 % in the exudates collected

during the fermentation of momone.

Chemical compounds such as total volatile nitrofeviN) and biogenic amines (e.g. hista-
mine) which do not occur normally in fish muscle &rmed by autolysis and microbial ac-
tion (Table 3). The histamine contents found irmtauin samples prepared with cassava fish
and king fish ranged between 17.4- 25.4 mg.108gd 26.5-39.7 mg.100 grespectively
(Anihouvi et al., 2006). These levels of histammeeeded the recommended level of 20
mg.100¢" stipulated by the Australian Food Standards CtieFood and Drug Administra-
tion (USA) and the European Economic Community (EEEDA, 1982; CEE, 1990; AFSC,
2001). However, lanhouin samples obtained from kKisly had the highest histamine content;

this is expected since king fish belong to scombgpecies which are mostly implicated in
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histamine poisoning (Ahmed, 1991; Kerr et al.,, 200the high level of histamine in the
samples is an indication of mishandling during pssing and storage; this could also be seen
as a result of the low salt concentration of sasjpleading to a high activity of histamine
producing bacteria. Salt content at least 12% tes®ary to avoid histidine decarboxylation

activity by biogenic amines producing bacteria (Atun1991; Deng et al., 1995).

Table 3: Physico-chemical characteristic of lanhouin in BgAnihouvi et al., 2006)

Parameters Means * Standard Deviations

Cassava fish (lean) King fish (fatty)
n=25 n=25

Moisture (%) 50.1£4.9a 56.6 £ 5.0b

Water activity 0.71 £ 0.06a 0.77£0.1b

pH 7.3+0.6a 7.6+0.3b

Free fatty acids (% oleic acfd) 125+ 1.5a 31.9+4.7b

Salt (%) 7.3+ 1.6a 5.2 +1.0b

Total volatile nitrogen (mg N/100 ) 294.5 £ 29.8a 374.5+15.3b

Crude protein (% nitrogen x 6.25)- (g/100 g) 26.5 +3.1a 246 £3.7a

Histamine (mg/100g) 21.4+4.0a 33.1+6.6b

n = number of samples analysed, each sample icdtg'Wet weight basis
a, b: Means with different letters in a row arengfigantly different ( p < 0.05)

3.4 Product quality perception/requirement by cosumers

According to consumers the quality standard of glant¢houin is based on its texture, its fla-
vour and its colour (Anihouvi et al. (2005). Thesnsumers qualify a good lanhouin by its
wet aspect, its soft texture and its marked flav@umr the sanitary aspect lanhouin does not
always have a good image amongst urban consumarshi category of consumer, the ac-
tual processing technique characterized by thé lat& of hygiene as well as the conditions
under which the fish is processed, do not insfiliGent confidence to eat this product. It is
expected that the upgrading of the processing tqubnand the packaging of lanhouin will

contribute to the promotion of lanhouin processegtor.
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4. Consumption forms of the product

4.1 Food forms

Lanhouin is mainly used as a food condiment. thastly added in small amounts to different
types of dishes (fried rice, vegetable sauces, tosalces, stew and uncooked tomato sauce
called “monyo”) (Anihouvi et al., 2005). Howevar some countries such as Ghana, mo-
mone, a lanhouin-like product is consumed as maimcg of protein when it is grilled and
consumed with kenkey, a popular traditional ferredntood made from maize (Essuman,
1992)

4.2 Period of the day for consumption (breakfastunch, dinner)
In Benin, lanhouin is only used as condiment; illddoe consumed at any time of the day. In
fact all different types of dishes cited in sectibfhi can be consumed in the morning as break-

fast, at the middle day as lunch and in the eveasdinner.

5. Research activities and new development on teablngy and product
Although all lanhouin consumed in Benin is tradiatly made by illiterate processors, a
number of studies were carried out on this prodlicese works are related to the study of the
socio-economic importance of the lanhouin sectioe, ¢haracterization of traditional lan-
houin, the study of the fermentation and the dgwalent of aroma compounds during the
fermentation. The predominant micro-organisms weeatified and characterized, and their
ability to ferment sterile flesh fish for the pradion of good sanitary and organoleptically
acceptable modern lanhouin was tested. Indee@diace the ripening and fermentation time,
an adapted ferment which could be used as starieire for the traditional lanhouin process-
ing was produced and tested. According to the t&silile use of ferment as starter culture for
the production of traditional lanhouin led to a uetion in the fermentation time, an im-
provement in the sensory characteristics of thelygband enhanced inhibition or elimination
of food-borne pathogens. The optimization of fertaBan conditions using response surface
methodology was also investigated and a model wasldped. The model was able to pre-
dict the duration of the ripening and fermentatsteps, and the salt ratio that yield a low level

of histamine in the end product.
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However, further studies need to be performed fbetier understanding of the traditional
fermentation. The role of different predominant ratorganisms in the development of the
taste and aroma of lanhouin needs to be investigB&rameters (temperature, salt ratio, type
of salt, ripening procedures, Aw, fermentation matg influencing the fermentation, and
their impact on product characteristics need testablished. Two variations were identified
in the traditional processing of lanhouin. Theseratated to the ripening procedure (ripening
without water and ripening in sea water). The itigasions carried out until now are only
related to the first ripening procedure (withouttevg it would therefore be interesting to in-
vestigate the second procedure by using the Diinigcie and monitor the impact on the qual-
ity characteristics of the product on both micrabgical and chemical aspects. These studies
will provide new knowledge for the re-engineerinigtioe traditional process. The improve-
ment of lanhouin quality and safety also involves implementation of Good Hygienic Prac-
tices (GHP), Good Manufacturing Practices (GMP) #mel Hazard Analysis and Critical
Control Point (HACCP) system, in order to providAECP guidelines for traditional lan-
houin processing. It is expected that the new veankied out in this project will offer a mo-
dern lanhouin with characteristics adapted to tteeptance of African and European con-

sumers.

Conclusion (Perspectives on research and innovatiareeds)

Through this review it appears that the use of &rtation as a low-cost method of fish pres-
ervation is commonly practised in tropical regi@msl remote areas where access to sophisti-
cated equipment is limited. Indeed, this reviewvpies comprehensive knowledge which
will facilitate the improvement of the traditionaperations to a level where it can be inte-
grated into the formal sector of the food indusirye development of local food industries is
one of the appropriate solutions to enhance valigee products and the market share of tra-
ditional products. In this regard, the culture dne culinary traditions as well as the current
level of development of the processing methodsaniB should be taken into account. This is
necessary for the success of any action that willildertaken for the improvement of tradi-
tional technology.

Basket-weave is mostly used as fermentation matét@vever, this material can not assure
good control of temperature during the fermentatitap. There is a need to find an adequate
material for this step of processing. Such replaa#mf material will ensure optimal fermen-

tation conditions and avoid possible contaminatibthe product that may originate from the
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environment of processing. Another point that ndedse raised is related to the packaging of
lanhouin. Appropriate packaging of the product rafieocessing requires improvements. In
the traditional methods, the lanhouin is usuallgkeal in baskets for storage and transporta-
tion to the market. For the new lanhouin processmmrding to the re-engineered processing
method, the packaging must be done according tonator specific standards, not only for
marketing purposes, but to protect the product faontamination after processing and to
reduce the rate of deterioration during storage.

According to the survey of 2001, women are the naators in the lanhouin sector since the
artisanal production of this product is an exclagivemale activity. It is expected that the
improvement of processing techniques and the quadithe product will be followed by the
enhanced production of value-added of indigenonkdain, and consequently will provide

better income for women.
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Abstract

Gow¢ is a traditional Beninese beverage made from malted and non-malted sorghum or maize
flour. It is a fermented and sweet paste with specific aroma consumed after dilution in water.
Sugar, ice or milk is added if wanted. It is originally produced in the centre of Benin, but
nowadays sold also in Cotonou, Parakou and surroundings. Several studies performed in
Cotonou and Parakou led to the identification of four production processes. The main
operations characterizing original gowé production are malting, fermentation and cooking. From
the four processes identified, one is a modified technology which does not contain the malting
step. The characterization of the different products obtained showed that its pH is around 4
which limits the development of pathogenic micro-flora. The main sugars identified during gowé
production are glucose and maltose. The dominant micro-organisms responsible of spontaneous
gow¢ fermentation are lactic acid bacteria and yeasts. Some trials have been performed using the
identified lactic acid bacteria as starter cultures to perform controlled fermentation. These studies
aimed at obtaining gowé with an improved and reproducible quality. Gowé can be stored at 4°C
with a maximum shelf life of around 8 days. More research is needed to standardize the malting,
to control the fermentation and to improve the nutritional and organoleptic quality and shelf-life

of traditional gowé.



Introduction

Gowé is one of the most popular products obtained traditionally from sorghum (Sorghum bicolor
(L.)Moench) in Benin. Gow¢é is consumed as a beverage after the addition of sugar, ice and
sometimes milk. It is traditionally obtained after three main operations namely malting,
fermentation and cooking. The final product has a sour and sweet taste with specific aroma and
texture. It is widely consumed in the urban areas of Benin by the children and the adults. The
gowé produced from red variety of sorghum is the most popular with consumers. It is produced
and sold in the main cities of Bénin (Bohicon, Cotonou and Parakou), especially during the hot
periods and feasts such as Ramadan. It is presented to the consumer wrapped in leaves (Thalia
webwichii or Tecktona grandis) or plastic material. During the past seven years, some research
activities have been performed on gowé in Benin. This report gives an overview of the results

obtained.

1. Traditional processing of the product

1.1. Raw materials and additives uses and their handling

The raw materials used to produce gowé are maize or sorghum. The gowé made from sorghum
(Sorgbum bicolor (). Moench) is the most common in several cities of Bénin. The red variety is the
most preferred by the consumers (Michodjehoun-Mestres et al., 2005). The kernel must be entire,
not damaged, having a big size and being floury. Sorghum is cultivated mainly in the northern

part of the country, but it is sold in all regions of Bénin and available in all markets.

1.2. Description and variability /similarity of processing methods

Several surveys carried out in different parts of the country have led to the identification of at
least three types of traditional processes and one modified technology. The main unit operations
characterizing the traditional technologies are malting, fermentation and cooking (Michodjéhoun-
Mestres et al.., 2005, Glidja et al.., 2006, Vieira-Dalodé et al.., 2007). The modified technology is
encountered in some cities and in that case the gowé is produced without the malting step
(Michodjéhoun-Mestres et al.., 2005).

According to Michodjehoun-Mestres et al.. (2005), following the traditional process, the sorghum
grains are cleaned and soaked overnight about 16 hours) at local room temperature (28-30°C).
The soaked grains are drained and left for germination at room temperature (28-30°C) for 2 days.
The germinated grains are sun-dried (4 days) and milled to obtain the malted sorghum flour. A
part of this flour is mixed with non-malted sorghum flour and water. The mixture is left for a
first fermentation of 12h at room temperature (28-30°C). The fermented paste is mixed with a

porridge made with the rest of the non-malted sorghum flour. A second fermentation of 24 to
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48h is carried out. After that, the fermented mixture obtained is cooked at 100°C f or 30 min
(figure 1).

A survey carried out at Parakou, in the north of Benin, identified another traditional process in
which the germinated sorghum grains are mixed with non-germinated sorghum (Glidja et al.,
2006. The mixed grains are milled. One part of the flour is kneaded with water and left to
ferment for 10 to 72 h. The rest of the flour is used to make a porridge which is mixed with the
fermented paste and left to ferment again for 7h. The fermented mixture is cooked to produce
gow¢ (figure 2).

Vieira-Dalodé et al.., (2007) identified a third traditional process in Cotonou. The grains are
cleaned and divided into two parts. One part (25%) is soaked, germinated, sun dried and milled.
The malted sorghum flour obtained is kneaded with water and undergoes a first
saccharification/fermentation of 12h. The rest of the grain (75%) is milled. A part of the flour is
used to make hot slurry which is then mixed with the fermented product with the rest of the
non-malted flour with water and left for a second fermentation for 12 to 24h. The fermented
product is cooked to obtain gowé (Figure 3).

The gowé obtained by the traditional processes are characterized by a natural sweet taste and a
soft texture. The major constraints noticed are the time needed for malting and the skill required
to perform it.

In Cotonou (south of Benin) a modified technology is practiced lately whereby gowé is produced
by fermentation of non-malted sorghum flour for 72 h and adding commercial sugar to obtain
the traditional sweet taste (Figure 4), (Michodj¢houn-Mestres et al., 2005). Sometimes the
supernatant of a previous production is used to reduce the fermentation time from 72 to 24h.
The time required to produce the modified gowé is 3 days compared to 6-8 days for the
traditional processes requiring malting of cereal grains.

The equipment used for gowé production is plastic buckets, baskets, a mill and leaves (Thalia

welwichii ot tecktona grandis)
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1.3. Major problems associated with processing methods

The major problems with the gowé production following the traditional processes are linked to
the malting step and the control of the fermentation. The malting of sorghum grain is done
without any control on the parameters which can affect the malting (moisture, temperature, etc).

Consequently, the malting duration is variable and affects the functional properties of the malt.



The sun drying of the germinated grain depends on the weather, mostly the intensity of the
sunshine. Furthermore, either during soaking, germination or drying, the grain can be subjected
to contamination by fungi with potential development of high levels of mycotoxins (aflatoxins)
(G. Fliedel, personal communication). The fermentation is initiated by the microorganisms of the
environment (vessels, grains, etc) and consequently, is not controlled. Depending on the
technology, high variability is noticed on the physico-chemical characteristics of the products.

(Michodjehoun-Mestres et al., 2005; Vieira-Dalode et al., 2007).

1.4. Storage methods, maximum duration and problems associated with storage
Another constraint is related to the shelf-life of the product. The cooked gowé has a water

content of 78.4% (Michodjehoun, 2000). Combined with the fact that the cooked gowé is
packaged in leaves, sometimes under non-hygienic conditions, this high moisture content does
not ensure a long shelf-life and the safety of the product. According to Michodjehoun-Mestres et
al., (2005), gowé can be stored for two to three days at ambient temperature and up to one week

at +4°C.

2. Socio-economic importance

2.1. Production, processing, handling and storage identified in the country
The different investigations done up to now (Michodjehoun, 2000; Glidja et al., 2006; Vieira-

Dalodé et al., 2007) concluded that gowé is produced and sold in some cities of Bénin like
Cotonou, and Parakou. This constitutes an income generating activity for many women. About
20 Gowé producers/sellers have been identified in Cotonou in 2006, distributed in different
zones in the town (Table 1), with 14 producers using malt-based technologies. Gowé is also
known as “sifanou’” at Parakou. Eight (8) gow¢ sellers have been identified at Parakou (Table 2),

all of them being of the “Idatcha” socio-cultural group.

Table 1 : Distribution of Gowé sellers in Cotonou

Sales Point Gowé sellers

Number Percentage (%)
Sacré-coeur 7 35
Fidjrosse 1 5
Gbégamey 8 40
St Rita 3 15
Godomey 1 5




Total 20 100

Table 2 : Distribution of Gowé sellers at Parakou

Gowé producers

Sales point Number Percentage (%0)
Wansirou 7 87,5
Amanwingnan 1 12,5
Total 8 100

Gowé production in Cotonou and Parakou is estimated to about 230 tons, with 210 tons (91%)

produced at Cotonou and 20 tons at Parakou.

There is a need to do some investigations on gowé production and handling in the center part of

Benin which seems to be the region of origin of traditional gowé.

2.2. Socio-economic profile of the actors

A socio economic study was carried out to determine the actors in the gowé chain through the
Malto-Sorghum project funded by DURAS (Agropolis, France). The production and the
commercialization of gowé are traditionally activities performed by women. The incomes are
generally used to provide in the needs of the family. The production of gow¢ is mostly performed
in Cotonou by the Fon socio-cultural group, but also by the Mahi, the Goun and the Yoruba. In

Parakou the socio-cultural group involved in gowé production is the Idatcha.

Gowé consumers are in different groups depending on the town (Fig. 1 & 2): traders, civil

servants, workers, pupils or students, peasants, etc..
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Pupils
10%

A
Household

keepers Workers
Peasants 16%
Traders
14% 14% 12%
Figure 2: Distribution of gowé consumers among soal

groups in Parakou

2.3. Socio-economic importance of the product
During the hot period of the year, a high demand of gowé is observed. The product is consumed

by many people (children and adults) and is sold per ball of 128-170g costing 50 FCFA while
smaller quantities of 73-80g is sold at 25 FCFA. The women monthly income can be about 37905
FCFA (Michodjehoun, 2000).

2.4. Commercialization of the product

After cooking the gowé is wrapped in leaves (Thalia welwichii or tecktona grandis) or plastic material
in the form of a bowl of 75 or 175 g. The product is sold in many cities of Benin as a paste for
the preparation of ready-to-use beverage. Sales take place in the markets, along some main roads..
Optionally it can be sold as ready-to-drink beverages after dilution in water with added sugar,

milk and ice.

3. Quality characteristics of the product

3.1. Nutritional quality

Up to now few research studies have been conducted on the nutritional quality of gowé (Table

3). Some nutrients, essentially proteins (11.3 % dry basis) and lipids (1.6%), have been
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determined (Michodjehoun, 2000). Otherwise the malting and fermentation performed for gowé
production may have an important effect on nutrient levels, by reducing some anti-nutritional
factors (phytates, polyphenols) and enhancing the bioavailability of some micro-nutrients. The
fermentation and the malting processes involved in gowé production may have made it a product
rich in micro-nutrients like iron, zinc, the B vitamins, A, C and E which availability may have

been improved (Traoré ez al., 2003).

3.2. Microbiological quality

Several studies have been done on the microbiological characteristics of gowé (Michodjchoun,
2000; Sossa, 2001; Adjibey-Tasas, 2003; Zohoungbogbo, 2004; Michodjehoun-Mestres et al.,
2005; Vieira-Dalodé et al., 2007).

Michodjehoun-Mestres et al. (2005) showed that the micro-organisms present in the gowé are the
lactic acid bacteria, yeasts and moulds. According to these authors the microbial count of
uncooked gowé after 72h of fermentation is 9 log (CFU/g) and 8,7 log (CFU/g) respectively for
the lactic bacteria and yeasts and moulds. Vieira-Dalodé et al. (2007) found in the non-cooked
gowé after 24 h of fermentation a count of 9,9 log (CFU/ml) and 5,1 log (CFU/ml) respectively
for lactic acid bacteria and yeasts.

Previous works showed that the dominant lactic acid bacteria involved in gowé production are
Lactobacillus ~ fermentum, Weissella confusa, Lactobacillus mucosae, Pediococcus  acidilactici, Pediococcus
pentosaceus and Weissella kimchii. 'The yeasts are Kluyveromyces marxianus, Pichia anomala, Candida
krusei and  Candida tropicalis (Vieira-Dalodé et al., 2007). Some laboratory trials have been
performed to use the identified lactic acid bacteria singly or in association with the yeast for a
controlled fermentation (Vieira-Dalodé et al., 2008). The acidic pH of gowé may contribute to

the reduction of development of the pathogens.

3.3. Physico-chemical and sensory characteristics.
The studies carried out by Michodjehoun (2000) showed that the gowé bought in markets is a

product with high water content. The fermentable sugars in the product are by order of
importance, glucose and maltose, whereas the main organic acids are lactic acid and acetic acid.
Table 3 shows some physico-chemical characteristics of the gowé from sorghum available in the

market.

Table 3. Some physico-chemical characteristics of the sorghum-based gowé sold in the market
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Parameters Mean values
pH 3,8
Titratable acidity (% db) 3,8
Water content (% wb) 78,4
Proteins (%0 db) 11,3
Lipids (%odb) 1,6
Ash (% db) 1,9
Crude Fibre (% db) 1,7
Carbohydrates (% db) 83,5
Total sugars (%0 db) 3,2

db: dry basis wh: wet basis

Source : Michodjehoun (2000)
The different aromatic compounds identified in gowé are alcohols, acids, esters, aldehydes,
hydrocarbons, furans and phenol (Vieira-Dalodé, 2008). All these compounds have been

identified at the beginning of the fermentation and may have been produced during malting.

3.4. Product quality perception/requirement by consumers

According to Michodjehoun-Mestres et al., (2005) consumers prefer gowé of intermediate
texture, one that holds together, but does not resist to finger pressure. When consumed, the
gow¢é should not stick to the fingers, the teeth or the roof of the mouth; it should simply melt in

the mouth.

4. Consumption forms of the product

4.1. Food forms

Gowé is sold in the form of a soft paste which is further consumed diluted in water with the
addition of ice, sugar and milk according to tast (Michodj¢houn, 2000). Some people consume it

without dilution.

4.2. Period of the day for consumption

Gow¢é is consumed as a thirst quenching beverage mainly during the hot periods. It is also

frequently used to stop fasting, mainly during Ramadan.
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5. Research activities and new development on technology and product

5.1. Comparisons of different technologies of gowé processing

A study was performed to compare two sorghum-based traditional technologies using
malted sorghum (Fig. 1 & 3), in terms of the hygienic, nutritional and sensorial qualities of the
product. This study showed that the titratable acidity, the total phenols content, the total cyanide
contents, are not affected by the technology, but that the yield, the pH, the total sugar content,
and apparent viscosity are significantly affected by the technology used. The organoleptic
characteristics of the two types of cooked gowé are significantly different. Gowé from TSG
technology were found to be sweeter, more consistant, aromatized and consequently more

popular than gowé from TSM (Adjigbey-Tasas, 2003).

Another study was performed to compared the TSG technology to the TNSG technology
(Figure 4) (Zohoungbogbo, 2004), using the same quality characteristics as previously. The results

of this study can be summarized as follows:

* The dry matter yield of the TSNG (95,7 %) at 12 hours of fermentation is higher than
that of TSG (89 %) after 24 hours of fermentation.

* The TSG product showed higher sugar content and lower viscosity values than the
TSNG product irrespective of the time of fermentation. Moreover, TSG product showed
higher a pasting temperature and total phenols concentration values. Nevertheless, total
phenol content of the TSG at 24 h of fermentation is similar to the one of TSNG at 12 h
of fermentation.

* Phytate concentrations decrease during fermentation in both technologies.

* There was no significant difference between the product of 24 h fermentation obtained
from the TSG and the product of 12 h fermentation from the TSNG processes in terms
of the pH, the titratable acidity, the phytate and total phenols concentrations.

* The cooked " gowé " obtained from these technologies had the same taste, the same
sweetness and similar aroma (flavour). However, the lower viscosity of the "gowé" from
the TSG process makes it more acceptable by the "gowé" panelists.

* Finally, among 3 of the 4 technologies identified, the TSG technology was found as the

most promising in terms of both nutritional and sensorial quality.

5.2. Using decorticated and non malted sorghum to improve gowe quality

Some trials were conducted to improve the nutritional quality of gowé using decorticated

sorghum grain (Houndélo, 2004). The results revealed that when the non-malted part of sorghum
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is decorticated, there is a decrease of phytates (67%, bs) and total phenol (42%, bs), but no
significant modification of pH, titratable acidity, solubility, swelling capacity and pasting
temperature was observed. Nevertheless, viscosity of the decorticated product became
significantly higher (P<0.005). Furthermore, sensorial characteristics were improved due to the
decrease of astringency. Gowé from decorticated sorghum was then prepared in two forms: (1)
cooked gowé that is directly diluted into porridge (liquid form) and cooked gow¢é flour obtained
by drying the fermented and cooked paste. Traditional gowé was used as control for comparison.
The physico-chemical and sensorial evaluations showed that all gowé were similar as far as
sourness and sweetness were concerned. The new forms were all acceptable and equally popular.
However, the drying temperature (80°C) of the cooked gowé flour was reduced to 70°C, because
the higher temperature induced a burning smell and taste in the product. The yoghurt-like gowé
obtained from the liquid form can be conserved at 4°C during 8 days. The market survey
revealed that gowé, its packaging as well as its commercial name were accepted by larger part of
the people investigated (more than 75% obtained versus 30% for expected). The market survey
showed that most (more than half) of the people interviewed agreed upon the price (100F CFA)

that can enable the producer to make a small profit.

Recently, a study was undertaken to improve the traditional technology of gowé production and
the shelf-life of the product by using the TSG technology. The effect of three main parameters
(the moisture content of the substrate during fermentation, the fermentation time and the drying
temperature of the non-cooked product) on gowé quality was evaluated. The main findings were

that:

. The pH and the titratable acidity were significantly different when gowé was dried after

24 h of fermentation as opposed to after 48 h.

. The pH and titratable acidity of the product dried after 48h of fermentation are very
similar to those of the traditional gowé.

. The physico-chemical characteristics of the products dried at 70°C after 48 h of
fermentation were similar to those of traditional gowé, irrespective of the initial water content.

o The best characteristics were obtained for gowé fermented for 48 h and dried at 70°C

with an initial water content of 58,6 %. This type of gowé was preferred by 80% of the panel.
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5.3. Controlled fermentation of Gowé

Lactobacillus  fermentum, Weissella confusa, Kluyveromyces marxianus and Pichia anomala previously
isolated during natural fermentation of traditional gowé (sorghum beverage) were tested for their
ability to be used as starter cultures for controlled fermentation of gowé. The characteristics of
the final product were evaluated by chemical analysis and sensory evaluation. Determination of
colony forming units and molecular biology techniques were used to verify growth of the starter
cultures used. Significant decrease of pH with concomitant increase of titratable acidity was
observed after 24h of fermentation when the lactic acid bacteria (LAB) starter cultures were used
alone or in association with any of the yeasts. The LAB count increased significantly while yeast
count remained constant throughout fermentation. Patterns obtained from Rep-PCR performed
on isolates during the fermentation, confirmed dominance by the LAB added as starter cultures.
A sensory evaluation revealed that the product fermented for 7h with L. fermentum alone or in
association with K. marxianus was as acceptable as the traditional product normally obtained after
a minimum of 24h of fermentation. Consequently, gowé with stable quality obtained by

controlled fermentation, can be envisaged in small scale industry.

Conclusion

Important research activities have been carried out on gowé. This report gives an overview on
the socio-economic importance of the product, mainly at Cotonou and Parakou. It also gives an
overview of the variability of the technologies and of the quality of the products. Some research
activities have been performed to upgrade the technology. However, more research is needed to
confirm the results obtained. Furthermore, there is a need for more investigations on the
variability of the technology at the center of the country (Zou-Collines), to improve the
processing and the nutritional and organoleptic quality of the product through decortication of a
part of the sorghum grain, standardization of the malting process, control of the fermentation
and improvement of the shelf life of the product by drying and better packaging of the non-

cooked or cooked gowé.
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Abstract

Ziziphus mauritiang a tree ofRhamnaceafamily, locally calledJaabi in northern
Cameroon, is spread in the Sahelian region of Afrlsut has not attracted scientific and
technological interest in spite of its significarste by local populations. Studies performed on
the chemistry and technology of tl®ziphus fruits are focused on Indian and Chinese
products. The present review investigates the estpanof Ziziphusin the world and in
African markets, with emphasis on its processiraciices in Cameroon. The chemical and
biological composition and properties of the Afncaariety ofJaabi compares favourably to
the Indian and Chinese fruits, both for nutritiorsald medicinal applications. Research
guestions and hypotheses are then raised aboetidsgesi) the relation between the above
properties and indigenous processing practicebarpteparation of a local cakéaabandg
i) the valorisation ofJaabi through the formulation of nutraceutical foods atwng
antioxidant components, abundant in the fruiiy;and the exploitation of the intense and
pleasant biscuit-like flavour of the fruit in breathking, using composite flours containing
Jaabi powder or aroma extracts. The scientific validatod the above hypotheses may raise
the agricultural and economic interestlaabiand facilitate its agricultural development with
advantages for the producing farmers in terms gdravement of their incomes, poverty

reduction and nutritional status.

Introduction

The jujube tree, a species belonging to the g&miphusand the familyRhamnaceae,
is widely spread in the tropical and subtropic@ioas of Asia, Africa, and Australia (Figure
1). This plant originated from central Asia (Aubitiey 1950), its exact date of introduction in
Africa is uncertain. The nani&ziphusis related both to an Arabic wordizoufq used along
the North African coast, and to the ancient Persiards,zizfumor zizafun and also to the
ancient Greek wordiziphon(Azam-Ali et al, 2006).

An important number oZiziphusspecies have been described, varying from 86 apeci
(Evreinoff, 1964; Johnston, 1972) to 135 (Bhansifi/5), or even 170 (Liu and Cheng,
1995), with multiple names, many of them correspoog¢ust to synonymy, depending on the
taxonomist’s view of a species. This variabilitysHaeen the subject of a review by Azam-Ali

et al. (2006), who emphasized the fact tA&iphusfruits are an ihtegral part of the culture



and way of life of millions of diverse Asian peoatel have become so for large regions of

Africa’,

- D:a:‘l.l:l;-l.ﬁ.m ufl Po

Figure 1: Distribution of jujube tree in the world (Pareek(2).

The two major domesticated jujubes, cultivated oxast areas of India and China, are
Z. mauritianaLam, the Indian jujube or ber, arl jujuba Mill, the Chinese or common
jujube. These species have been introduced ina&wicere they coexist with minor cultivated
or wild species.

In Africa, Ziziphusis currently found in Soudano-Sahelian savanngions, where it
grows as wild plants on any type of soil, prefeyabear temporary rivers (Seignobos &
Olivry, 2000 ; Arbonnier, 2002). The main speciels jgubes found in Africa areZ.
mauritiana Z. spina chritj Z abyssinicaandZ. mucronata. Z. mauririaneepresents the most
common specie largely consumed and used in foedapleutic and social practices in many
regions. Table 1 gives some local nameZ&iniphusin different African languages

In Cameroon, it is only found in the northern pairtthe country, in the mountainous
regions of Logone Birni and Rhumsiki.

The tree ofZ. mauritianais 7-12 m in height and the trunk is 30 cm in diden.
Branches are slender and downy, bearing pairedyrbgpines; one straight and the other
slightly hooked. It has a wide spreading crown arghort bole. It is a fast growing tree, with
an average bearing lifespan of 25 years. The frlatally known asJaabiin Cameroon, are
variable in shape, colour and size. Round, ovablolong in shape, the fruits may be

brownish, reddish or violet/purple in colour (Figue). Wild fruits are 1.5 - 2.5 cm in length



and 1-2 cm in diameter. However fruit of improvadtivars, developed in India and China,

can be up to 5 cm in length.

Table 1: Local African names dfiziphus

Country Language Vernacular name
Fulfulde Jaabi
Cameroon Guiziga Hilvid
Kapsiki Ndova
Nigeria Haoussa Magaria
Mali Bambara Ntomono
Madingue TObord
Zaire Swabhili Mkunazi
Zimbabwe Shona Musawu
Sénégal Wolof Sidem
Kenya Swabhili Mkunazi
Ethiopia Tigre Gewa-ortigi
Malawi Chewa Masawo
Tanzania Swalihi Mkunazi
Uganda Karamajong Esilang
Zambia Nyanja Masau

Young fruits Dry fruits Mature fruits Dry fruits

(brownish variety) (brownish variety) (violet variety) (reddish variety)

Figure 2: Ziziphus mauritianafruits



1. Traditional processing ofZ. mauritiana

1.1. Overall traditional food processing oZiziphusin Africa

Ziziphusfruits are used for processing of different pradugarticularly in India,
which provides the wide platform of processed agférenced products from fresh and dry
fruits (Table 2). In Africa, only the pulp of dryuits is used in food processing. The pulp is
pounded into flour which is then processed in déife traditional products varying from one
region to another. Th&iziphuspowder is currently used as famine food in Nig#fllfams,
1998), and for the preparation of local cakes datteNtomononfléni » in Mali (Penda and
Alpha, 2002) or “Yaabande” in Cameroon (Noyé, 198%kes are made out of dried and
fermented pulp in western Sudan (Dalziel, 1937)] am Zambia (Kalikiti, 1998). The
Touareg nomads in Mali make flat bread from drytfpulp using wild species (Chevalier,
1947). In Zimbabwe, th&. mauritianaflour is also processed for jam (Maposa and Chisur
1998), traditional loaf (Kadzere, 1998) and “kadias crude spirit (Arndt & Kayser, 2001).

An alcoholic drink is made in Malawi with wild. mauritianafruits.

Table 2: Main food processing diziphusfruits

Processing forms References
Munier (1973) ; Pareek & Vashishtha (1983) ; Maposa
& Chisuro. (1998) ; Pareek (2001) ; Rathore (1986),

Candy, jelly, beverage,
nectars, compotes

Fresh fruits ICUC (2002).
(India) Khurdiya & Singh (1975) ; Chivero & Mawadza.
Alcoholic beverages (1998) ; Pareek (2001) ; Rathore (1986) and ICUC,
(2002).
Raw or powder
Traditional bread Chevalier (1947) ; Kadzere (1998)
Drv fruit Munier (1973) ; Kalikiti (1998) ; Arbonnier (2002)
Ar]}’r.cr:' ; ndiay  Cakes Penda & Alpha (2002) ; Pareek (2001); Rathore (1,986
(Afri 1a) ICUC (2002).

Cheema et al. (1954) ; Munier (1973) ; Pareek (2001
Rathore (1986), ICUC (2002).

Beverage Vivien & Faure (1995)

Dessert and cream

1.2. Variability of processing methods oflaabiin northern Cameroon

Yaabandea round biscuit-like product, is the main proaegdorm of Jaabiin the
northern part of Cameroon. The methods of premaratiary from one tribe to another.

Kapsiki, Guzigua and Kanuri are the main tribescpssing the fruit. Thdaabi powder is



obtained from the dry fruit by pounding in a mordad sieving. Then, four main practices are
used to process the powdervinabandeafter sprinkling it with water and molding (Figusg

The Kapsiki tribes wrap the molded paste in vedetémves and cook it directly in
the fire for about 30 min. (Fig. 3a) The Guiziganaact the paste in small calabashes which
are set in a cooking pot containing water, andpiédige is cooked by vapor for about 30 min.
(Fig (3b). The Kanuri sundry the molded paste toowt 12 hours, either after compaction in
small calabashes (Fig. 3c) or wrapping in vegetbdalees (Fig. 3d).
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Figure 3: Traditional processing methodsJsabiin the northern region of Cameroon



1.3. Major problems associated with processing metials ofJaabiinto Yaabande

It could be assumed that the variability of thelitianal processing methods d&abi
results in variability of théraabandeguality, both from a composition and hygienic gah
view. In this respect, the Kapsiki method, basedlivect cooking or roasting afaabi paste
in fire, raises the question of the risk of heajrdelation of the nutrients. In addition, since the
Guiziga and Kanuri processing methods present fawgés for nutrient degradation, the
amount of residual water in the product has nonlstadied and may constitute a favorable
medium for the development of microorganisms durgtgrage. This risk is potentially
greater with the Kanuri processing method by whiehJaabi paste molded in a calabash is
sundried without protection. In this case, the piadis exposed both to dust and aerial
microorganism contaminations.

In general, the pounding procedure does not caoeitaddiminating the fruit pellicle

which may contain anti-nutrients, as observed imynagetal structures.
1.4. Storage methods, maximum duration and problemassociated with storage

Jaabidry fruits are stored, at room temperature, iryfh@ne bags or in calabashes after
harvesting, and the powder in plastic bags or ealladésYaabandéds sold as such on market
stands or in dishes. The storage of dry fruits fuosm November to March or April, which
corresponds to the harvesting period, while thedmvis usually stored for longer period (6 —
12 months) depending on the availabilifaabandecan also be stored for longer periods,
depending on the market.

No scientific study exists on the storage condgion on the quality of fruits, powder
andYaabandealuring storage. Since the main production, prangsand marketing period of
Jaabi is during the dry season, this may explain whydpobd degradation is not usually
observed on markets. However, the risks of mitestation or microbial contamination
should be taken into consideration, especially iewvof the local and non-standardised

methods of conservation.

2. Socio-economic importance ofaabi

2.1. Production, processing, handling and storagemes identified in the country

The production and processing aredadbicover the savannah region of Cameroon, in
the northern part of the country (Fig. 4). Thisaarepresents also the main consumption zone

of the product. The fruits and even the processedytt can be found in other areas of the



country, due to migration of populations from tharthern part, who conserve their tribal
food habits.

Darak

Repubique du

Figure 4 : Production and processing arealaébi in Cameroon

2.2. Socio-economic profile of the actors (procegsaand retailers)

Jaabi processing is an indigenous practice of savanmgdulptions. Its consumption
and use can be linked to the culture of these aipuls, mainly constituted of shepherds. It is
usually eaten as side dish by shepherds when tieegua with their flocks. In addition, the
fruit is defined as food for kids when guarding oand sheep, and can constitute part of
their usual diet if available in good quantity (Mag, 2000, cited by Igor De Carine, 2002).

The processing int¥aabandeand its marketing are essentially activities penked by

women.
2.3. Socio-economic importance and commercializatioof Jaabi

Jaabiis a typical traditional local food, consumed @stvely by savannah populations
as side dish. Its market is essentially local, ipaldrly in areas inhabited by a significant
number of population originating from the savannadion of the country. Its contribution to
food security has not really been evaluated. MedeswBince the fruit is harvested and
processed during the dry season, a period chawmedeby a significant risk of food
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starvation, it can be considered as a significantrdoutor to food security during that period.
The processing of the fruit inftdaabanderepresents a form of conservation of the product
which is consumed throughout the dry season, aad thereafter.

3. Quality characteristics ofJaabi

3.1. Nutrient content

The richness oiziphus pulp in nutritive compounds has been widely recoem,
particularly for the Indian and Chinese jujubes €a3). These fruits have interesting
contents of carbohydrates, minerals (calcium, phoggs, iron),p-carotene and vitamins C
and P (bioflavonoid). Major scientific interest Hasused on the vitamin C and P contents of
jujube pulp, considering their biological and sygedic properties (maintenance of capillary
walls, antibacterial, antioxidant, stimulation ofleb production, prevention of allergies)
(GreatVista Chemicals, 2004). Baratev al. (1975) found, in som&iziphusfruits, 188 to
544 mg Vitamin C and 354 to 888 mg Vitamin P pe® §0of pulp. Troyan and Kruglyakov
(1972) and Ahmedov and Halmatov (1969) reportedh dugher contents of these vitamins:
up to 811 mg.1004and up to 1230 mg.10dgespectively for vitamin C and vitamin P.

In general, data on the nutrient contentZofiphusvary greatly among authors, due,
certainly to the variability oZiziphusspecies and methods of analysis. In addition, data
the nutrient contents of African varieties are tiely scarce. This assessment suggests the
necessity to investigate Africafiziphusfor comparison with Indian and Chinese varieties.
Preliminary studies aZ. mauritianafrom the northern part of Cameroon (Biyanzi 200&ye
confirmed significant amounts of carbohydrates {281%, DM basis), minerals (Fe: 1.6 — 2
mg.100g' DM; Ca: 63 — 86 mg.1004DM; P: 59 — 69 mg.1004DM), vitamin C (81 — 92
mg.100g" DM), vitamin A (20 — 26 pg.100GDM) and polyphenols (0.4 — 0.6 %, DM basis)
in the pulp (Table 4)

11



Table 3: Summary of some nutrient content of Indian and €eZiziphus(100 g DM)

India China
Troyan & Kruglyakov

Nutrients Morton Pareek
) (1972), Barato\et al,

(1987) (1983;2001) 1975)
Water (%) 81,6-83,0 81 /
Protéins (%) 0,8 1,03 2,9
Lipids (%) 0,07 / /
Carbohydrates (%) 17,0 18-20 /
Calcium (mg) 25,6 30 /
Phosphore (mg) 26,8 10 /
Iron (mQ) 0,76-1,8 1,00 /
Fibres (%) 0,60 / /
Pectins (%) 2,2-3,4 / /
[3-caroten (uQg) 21 76,8-81,2 /
Ascorbic acid (mg) 65,8-76,0 73-363 500-881
Thiamin (mg) 0,02-0,024 / /
Riboflavin (mg) 0,02-0,038 / /
Niacin (mg) 0,7-0,873 / /
Vitamin P (Bioflavonoide)(mg) / / 354-1230

Table 4 :Composition (for 100g DM) oZ. mauritianapulp from different areas of northern
Cameroon (Biyanzi, 2006)

Components Average level
Proteins (g) 1.2-13
Lipids (g) 0.6
Total carbohydrates (g) 28.5-35.6
Free sugar (Q) 14.4 — 18-8
Vitamin C (mg) 81.2-92.3
Vitamin A (ug) 20 — 26
Crude fibre (g) 14-19
Total ash (g) 08-1

- Iron (mg) 16-20

- Calcium (mg) 62.6 — 85.8

- Phosphorus (mg) 59 - 69
Saponins (mg) 0.3
Total polyphenols (g) 0.4-0.6

- Tannins (g) 0

- Aglycones (Q) 0.06 - 0.2

- Anthocyanins (Q) 0.08-0.3
Phytates (mQ) 0
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3.2. Biological properties

Ziziphusfruits have been found to stimulate nitric oxiggeasein vitro, in cultured
endothelial cells anth vivo, in the kidney tissues of rats (Kim & Han, 1998)hypothesis
was then formulated concerning a possible coniobubf Ziziphuson the reduction both of

blood pressure and inflammation of kidney.

Different triterpenoic acids (colubrinic acid, aitic acid, 3-O-cis-p-
coumaroylalphitolic acid, 3-O-trans-p-coumaroylatplhc acid, 3-O-cis-p-coumaroylmaslinic
acid, 3-O-trans-p-coumaroylmaslinic acid, oleandicid, betulonic acid, oleanonic acid,
zizyberenalic acid and betulinic acid) have beetaied from the fruits oZiziphus Some of
them, in particular 3-O-p- coumaroylalphitolic ,tbienic acid and oleanolic acid, showed
high antitumor, anti-inflammatory and antibactepabperties (Eiznhamer & Xu, 2004, Lee
al., 2003, 2004; Kinet al, 1998; Hstet al,, 1997).

In Cameroon, two pentacyclic triterpens of lupipeet (p-coumaryl alphitolic acid) and
oleanane type (p-coumaroyl maslinic acid) have heelated fromJaabi using silica gel 60
chromatography, and have shown good antioxidanvigcthrough in vitro inhibition of
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical andeablourisation of the radical cation
ABTS" [2,2’-azinobis-(3-ethylbenzothiazoline-6-sulforacid)] (Biyanziet al, 2008, 2009).
These results suggest tliaabi could be a good source of antioxidants and coatdrially

be used for the treatment of inflammatory diseases.
3.3. Physico-chemical and sensory characteristic @aabi

Jaabiis characterized by an intense and pleasant bilkoeiiaroma, which may justify
the fact that the dry fruit is highly popular aside dish. This aroma is more developed in the
powder and ir¥aabandeexplaining why this local cake is usually consetkas biscuit. The
cake has a stronger texture than industrial biscdihe colour of the pulp, powder and

Yaabandes chocolate like.

4. Consumption forms ofJaabi

Dry Jaabi fruit is usually consumed as side dish in maniesibf northern Cameroon.
The main period of consumption during the day & dfternoonYaabandes eaten as dish,

usually at dinner, accompanied by milk into whibk take is crumbled.
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5. Research activities and new development on teabiogy and product

The ability of Ziziphustree to grow in a wide range of climatic and agoological
zones and the value of the fruit in human nutritowl in medicine has led to its high research
interest. This recognition is justified by a hugenber of scientific organisations specialised
in the study of the tree and its fruits (Azam-£lial, 2006). These studies focused mainly on

Indian and Chinese varieties Aziphus

The crop has been introduced in vast regions ofcéfrout although know-how exists
on production techniques fruits are still gathefedm wild stands,. However, some
governments, such as Malian government, have dtagognising the interest diziphus
through a national programme of incorporatiorZiphustrees into land systems, with the
aim of transferring production, management and ggsitig technologies to local farmers, in
order to improve both their nutrition status ancoime, and to develop the processing system
of the fruit. The success of such programmes ireo&dditional research studies concerning:
market characterisation and development, econondcsacio-economic impact on farmer’s
income, development of management practices whiol environmentally friendly,
development of post-harvest processing and uses pdht-harvest research needed include:
standardisation of harvesting, grading, packaginffuts, and of processing methods, with
regards to cost-effectiveness, marketability amalijuof products from fruits.

In addition, since the numerous useful medicinddssances oFiziphusfruit has not
elicited interest of pharmaceutical companies Fairt exploitation, despite the fact that the
fruit and the different parts of the tree are ragylexploited by traditional medicine and that
numerous substances responsible for these prapéidee been extracted and scientifically
characterised, new research is needed towardsspovof cheap and accessible forms of

products useful for nutrition and traditional mede:

Conclusion and perspectives

Taking into consideration the nutrient contentJagbi its current food use by local
populations, its physico-chemical and biologicabpgerties, particularly its antioxidant
content and its pleasant biscuit-like flavour, theit offers interesting hypotheses and

research questions for its development for markets.
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First of all, the local non-standardised procesgingctices, raise a question on the
effect of these treatments on the quality of the @noduct, particularly on antioxidant
components and properties. This question highlights interest in studying the local
technologies and their relation with the quality Yaabande regarding the biological

properties of the food.

Secondly, considering the richnessJahbiin antioxidant compounds, confirmation of
their biological activity through extraction and achcterisation appears scientifically
interesting, since the extract could be developed &alorised in the treatment of
inflammatory diseases. In addition, the formulatadna nutraceutical product based on the
use either of the extract or of the whole powdgpears to be an interesting form of
valorisation ofJaabi

Thirdly, the aromatic complex of the dry fruit, Witegard to its biscuit-like flavour,
offers the opportunity to usdaabi fruit or extract as additive in bread-making or as
aromatizing ingredient. This valorisation step t@msake into account the local practices and
uses of the fruits, the behaviour of functional poends during processing involved in those
practices and the formulation of appropriate neadpcts likely to be used as vectors of the

developed functionalities.
The implementation of the above research intere3aabileans on three main actions:
1. Socio-economic and technological diagnosis of tnebe production and market
channels. This action include:
> ldentification and characterisation of productioaas and systems
» Characterisation of the market system
» Characterisation of local processing practicesus®s of the fruits

» Characterisation of the quality perception and rgan@ent of the fruits and
their products by local actors.

2. Biochemical and physico-chemical characterisatibthe fruits, in relation with local

practices, with emphasis on:
» Extraction and characterisation of functional armhbtive compounds

» Study of the influence of local practices and pssgay conditions (form of
utilisation, temperature, storage conditions, ain.jhe functional properties

3.  Formulation of functional and/or composite flouentainingJaabi or extracts, and
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application in food processing (bread-making, hiscdiour for gruels, etc.)
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Abstract

The smoked fish called « kong » in Senegal is $fiesly attributed toArius heudelotii
(Valenciennes, 1840). The smoking occurs all yeagland represents 7.5% of traditionally
transformed fish in Senegal. This activity is mgimdracticed in the regions of Thiés,
Ziguinchor, Fatick and Dakar. The type of smokirsgd is the hot smoking using wood,
wood shavings, cardboards and coco stuffing as flieé smoking technology is still at
traditional level. The final quality depends on t&racontent, which is up to 61%, the amount
of B(a)P concentrations varying from 1.81 to 4.1p/|kg (Rivier et al. 2010). Unfortunately
at traditional level technology, the microbiolodicgualityis unsatisfactory (Adu-Gyamfi
2006; Mugula & Lyimo 1992; Efiuvwevwere & Ajiboyed®6; Oulai et al. 2007) and presents
a serious aflatoxigenic risk (Jonsyn & Lahai 19BRkola et al. 2008; Shephard 2003; Uraih
& Ogbadu 1981). In another study, Goueu (2006ndbthat 96.76% of the results were
satisfactory. Nevertheless, the exportations toopeirhas decreased since 2005 and was
stopped in Senegal. Many studies have been madedér to improve the smoking process
and the fish quality. New smoking processes hawn loeveloped to get a lower level of
benzo[a]pyrene content (Rivier et al. 2010; Stolgh®®05 and Knockaert 1995) such us the
choice of wood (Stumpe-Viksna et al. 2008; Nakajehal. 2007). For the microbiological
guality, chemical preservatives are used (Diod.€2@L0;da Silva et al2008; Tiamiyu et al.
2005). Some studies investigated the improvemenstofage life using sliced, vacuum-
packed product for a better shelf-life (VergaraleR001; Civera et al. 1995).

Introduction

The practice of smoking Kong in Senegal is very. dlde aim is to produce a new product
rather than a means of preserving surplus fishmRrtas point of view, the consumer gives
the smoked Kong qualities peculiar to it. This ipaular food whose selling price in the
markets is relatively high for the average Senegal@he technology used is that found in
tropical countries. This is a hot smoking procesarked by baking and dehydration

accompanied by an infiltration by smoke. In Sengtlpgd smoking technique remains today at
traditional level despite some efforts to moderrtize production facilities. This literature

review covers all aspects of the smoked Kong chatuding major production areas, the
availability of the resource, quality aspects innte of food safety (biochemical and

microbiological), storage, marketing and economatad The opportunities offered by the
research findings will be explored to consider ioyimg the quality of the finished product.

These arrangements should ensure compliance ofeshi®éng for European requirements,
better stability, and bring about new opportunif@sexports.



1. Traditional processing of the product

1.1.Presentation of the raw material

The smoked fish called « kong » in Senegal is sifiemly attributed toArius heudelotii
(Valenciennes, 1840). It belongs to the Family ofidae such as « catfish ». Its length and
weight can vary respectively from 30 to 60 cm asdneight ranges from 400g to more than
1200g.A. heudelottiis a fish which can be found in the West Africarastolocated from
Senegal to Angola. Other similar fishes which bglém the same family are found in other
African countries. These varieties are callddiuniscutis(Guyane) A. albicansGuyane) A.
parkii (Guinée),A. latisculatis Gambie, Gabon)Chrysichthys spp (Céte d'lvoiretlarias
gariepinus, Ictalurus furcatug.he main important property is that all catfistsmoked.

CRIND Y Hilig Wi #2005

Figure 1 A specimen oArius heudeloti{Valenciennes, 1840)

1.2.The smoking of kong

In Senegal, the type of smoking used for the Kosgspecially the hot smoking
(cooking+drying with the smoke and/or the natunaliry with the sun). This is done with
the improved traditional smoking devices (chorkpaypaing, Céte d'ivoire) and so other
devices

| Traditional oven made with ferro-concrete |  Traditibaven made with recycled barrels |




Figure 2: typical ovens in traditional fish smoking

Wood, wood shavings, cardboards and coco stuffireguaually used as fuel. The smoking
process lasts for 16 to 24 hours. During this tismne interruptions are observed in order to
turn the fish in the oven. The temperature athbart of the fish, during the smoking, can
reach 100°C but rarely exceeds 140°C. The lossdmghw of the fish is about 55%. The

different steps of the smoking process are summaiiz the following diagram:

Figure 3: The smoking process of kong

In general, the combination of drying and smokm¢hie most common technique that is used
in West Africa (Gret, 1993). The nature and theilalbdity of the fuel, depending on the
region, can cause some differences: wood, woodmsigwcardboards and coco stuffing, cow-
dung (Keita,2005)and even fish scales. However, in some cases,hmre step of salting in
terms of time, can be performed before the smokim&enegal, a similar product is produced
by heat treatment. Its nameKgtiakh In fact, it's a braised sardine and then driethirzdly
under the sun. During the drying process, the saridi highly salted.

Ketiakh production represents 55% of the national halieptaducts transformed while the
smoked fish produced under heat conditions, aldleccanétoroh represents 10% of the
production in 1995 (Ndoye, Moity-Maizi & Broutin @R). These percentages were
respectively 46% for the first one and 7.5% for tetorah in 2008 (DPM, 2009). By taking
into account th&kong andkethiahway of consumption (Table 1), the smoking techeigui
heat conditions is needed because the fish mustdiesd entirely or half cooked.



Tableau | : Main type of fish ??? products obtaibgdheat treatment process in Senegal

Products Species Treatment method Type of consumption
Smoked, dried fish Metora Heated smoking Substitut de
Kong included (big fishes such as openedcooking) followed by poisson frais ou

kong, entire small) drying with smoke condiment

Small pelagic, skate andand/or with the sun

shark
Braised, salted, Ketiakhsmall pelagic Braised, dressed, salte®ubstitute of fresh fish
dried (sardine) and dried or

Condiment

Source: Ndoye et al. 2002

The smoked kong is wrapped up in papers and thekepdan baskets for transportation. For

local consumption, especially in urban markets,dgm@ked kong is stocked under ice in old

fridges which are out of use. The stocking timeeaneaxceeds five days because of the kong
high water content. Contrary, the smoked kong dedtfor exportation, is highly dehydrated

and stocked at 25°C during about 4 weeks. Howekierhydrometric conditions may cause

some infestations due to insects or moisture.

2. The Fishing of A. heudelotii: Socio-economic importance

2.1. Statistics data

The results of maritime fishing in 2008, show a Bnmarease in kong capturing, increasing
from 421 910 tons in 2007 to 426 528 tons in 200& kong is essentially fished in artisanal
way which represents 90% of the total capturing @t2787 fisher-man are involved. This
activity had contributed, in 2008 to 10.62% of prénary sector added value and 1.35% of
the Gross Domestic Product (GDP).

The quantity of fresh Kong fish per year, during thst three years (2006 to 2008) is about
12500 tons, which represents 4% of the fishi inegah (DPM, 2007, 2008, 2009). Let us

remind ourselves that 94.6% of the Kong is fishethgi the artisanal fishing way and all of

the capturing (100%) is smoked. In fact, there asdata on the exact percentage which is
smoked. But, it is well known that cooking freshri§ois not in culinary practice in Senegal.

The repartition booked by the statistics (TablesHpws that the main regions of kong fishing
are Thies, Ziguinchor and Fatick.

Table II: Landing distribution of artisanal Kondishing in Senegal



Regions Tons (2006) Tons (2007) Tons (2008)
Dakar 120.34 57.84 92

Thiés 7526.11 5615.10 5021
Saint-Louis 272.35 319.23 239
Ziguinchor Artisanal fishing | 3535.25 4745.62 3740
Fatick 787.92 533.32 1030
Louga 24551 72.45 85
Kaolack 0 72.45 0

Overall  artisana 12497.48 11418 10207
fishing

Industrial fishing 714.87 1867.69 1562.80
Total 13212.35 13285.69 11769.80

(Sources: DPM, 2007, 2008, 2009)

According to the statistics, our sites of invedias during this program are showed on the
following map (Figure 4): it seems easy to identifyp groups:

* The first one gathered Ziguinchor, Karabane, -Gkiping and Kafountine. All those
sites are localized in the deep south of Senedarevthe climate is a soudanian one.

*The second group is localized in the south of &akalled the little coast (Dakar,
Joal, Djifere) in addition to Loumpoul, and Sairdtlis in the North (the big coast). The

climate in these group regions is a sahelio-sowaaone.

This classification is important. Indeed, it wilifluence the raw material quality and define
the type of fuel (combustible) available to be usethake the smoke.
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2.2. Availability of the raw material (Sources: DPM, 2007, 2008, 2009)
Monthly distribution of the fishing shows that temoking activities of kong occur all along

the year in Senegal. No seasonal variability iscedt(Table IlI).

Table IlI: Monthly landing’s distribution of Kongdns)

January February March April May June
2006 681.86 806.11 1201.32 1252.77 1198.10 1101.58
2007 768.29 730.53 741.35 868.27 837.81 907.08
2008 397.75 762.29 714.96 734.32 1054.59 899.99

July August September| October November  December
2006 1016.15 921.11 793.29 922.62 1304.62 1388.01
2007 1293.95 1051.64 1083.91 888.78 1083.85 1088|11
2008 791.96 659.49 960.67 907.93 1415.96 907.30

2.3. Statistic and economic data on smoked fish

According to the statistical data, smoked kongasKked as “metora” including those little
fishes which are also smoked and even the “kétiaRlen, it is easy to globalize and
summarize the production of smoked kong duringdkethree years in Table IlI.

Table Ill: Fresh and smoked kong production in $ahe

Years 2005 2006 2007 2008
Fresh Kong (tons) 21952.45 13212.35 13285.69 11769.80
Smoked | tons 2182.95 1220.13 2032.31 3534.1
kong Percentage| 9.94% 9.2% 15% 30%

The price of smoked fish varies between 2.3 eunos5aeuros but may reach some times 6
euros. Most of the time, the sale in Dakar's mairked business lead to Guineans. On the
exportation of smoked fish, we notice that durihg year of 2005, 33.85 tons were exported
to Europe representing about 48.3 millions Eurdss Tquantity decreases to 1.5 tons and
represents 5201 Euros in 2006. Then, since 200, qaantity is exported to Europe.
Nevertheless, in Africa, the exportation is quibastant (Table V).

Table IV: Exportation of smoked fish from Senegahfi 2005 to 2008

Destination | Europe | Europe | Europe Africa 2005 | Africa Africa Africa
2005 2006 2006 2007 2008
2007 -2008
Tons 21.51 1.46 0 0 678.35 416.06 494.76 | 366.17




VCE
(x 1000| 19 647.8
CFA) 3417.22 10 0 439 577.28| 269603.64 | 321594 | 238010.5

(Sources: DPM, 2007, 2008, 2009)

According to Ward (2003), the quantity of smokeshffrom West Africa entering the United
Kingdom is estimated to be about 500 tons per yhra retail value o£5.8 to £9.35million.

Nigeria currently exports approximately 60 tons sohoked fish per year. The other major
exporting countries are Ghana, Ivory Coast and Caome Unfortunately, 20 tons of product with
a retail value 0£240000 to£390 00Care destroyed.

With the exception of biochemical and microbiolajiquality, the main problems associated
with exportations of smoked kong or fish are:

Inadequate packaging
Insect infestation
Mould development

Bad practices in processing of necessary paperf@oskxport/import.

3. The smoked Kong’s characteristics

3.1. Biochemistry and sensorial quality

The common quality criteria for the consumers dreddroducers of smoked Kong are: for the
color (orange to dark brown); water content (344@%0). However, recent works on the
smoked Kong characteristics in Dakar markets rexetdat there is 61% water content, and
the amount of phenols is 18 to 95mg per 100g @ddfish and the B(a)P concentrations vary
from 1.81 a 4.15 pg / kg (Rivier, Kébe, Sambou, #sgei, Azoumah & Goli 2010). In
addition, these studies revealed that by using wal@lings. there is less B(a)P, but more
phenols and better sensorial results. On the dided, less overall phenol and B(a)P contents
are observed when the couple charcoal+wood shaeaiegssed as fuel (Rivier et al. 2010).

A new smoking theory has been developed (Maher@b2Rivier et al. 2010) and is based
on:

The separation between the smoking and the drying;
The use of wood shavings and charcoal, :

The successive use of smoking followed by dryirgusaces.



3.2. Nutritional quality

The nutritional quality of smoked fish is quite fdifent to that of fresh fish in general. The
smoking process does not produce big changes img gaality. The composition of a new
fresh fish such aérius species, specially Acaelatusis as follows according to Azam, Ali,
Asaduzzaman, Basher & Hossain (2004): 19.06% pro&ir9% lipid ; 25.75% TVBN. An
extended analysis on smokéd heudelotii(Laure 1974) give the following nutritional
composition.

Table V: Nutritional facts of smoked kong (LaureZ49

Moisture | Protein | Lipid | Mineral Calorific  value| Ca P Fe
(%) (%)* (%)* | matter (%)* | Kcal/100g* mg/100* | mg/100* | mg/100g *
Average | 23.7 72.6 11.7) 227 317- 416 7050 3750 24.8

* Dehydrated product

Recent studies on smoked kong gave the followisglte

Moisturs: 56%; Protein: 43.13% (Rivier et al., 2p10

lipids: 9.10% ; Total volatile nitrogen (TVN): 16ii@0g (Rivier et al. 2010)
Phenol: 18 to 92mg/100g (Rivier et al. 2010)

Benzo(a) Pyren like (main Polycyclic aromatic hydibons) HAP: < 4,5mg/kg (Rivier et al.,
2010)

The kong is a low fatty fish having less than 10R4md content. According to Laure (1974),
the fat of the fish is essentially composed by turséed fatty acids (65 to 75%).

These fish lipids contribute in reducing cardiowadar illnesses. Two fatty acids with very
long chemical chain play an important role in thEteir names are eicosapentaenoic acid
(EPA) and docosahexaenoic (DHA). Cholesterol cansslower in flesh fish when compared
in meat: 20 to 70 mg in 100 g of the comestible parthe fish. One of the advantages of
consuming fish is that it provided the body withiiee, vitamins such as vitamin B6, B12 and
biotin. Furthermore, fatty flesh fish is particytaich in vitamin D.

3.3. Microbiological quality

There is no available data on microbiological gyadf smoked kong in Senegal. Due to the
lack of national standards, the French microbiaabistandards can be appliedrgnce
1980).

Mesophilic aerobic bacteria : <¥§
Faecal coliforms: Absence/g
Staphylococcus aureus: 1/g

ASR at 45°C : Absence/g
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Salmonella sp: Absence/25g

This standard is more constraining but it can bevieed by the producers. Initial studies on
smoked fish from Ivory Coast showed that 69.3%hef &analyzed samples were not safe for
consumption (Oulai, Koffi, Koussemon, Djé, Kakouk&menan 2007). However,, ten years
later, with some technical support programs ofsiaetor, other studies done on 1819 samples
of smoked fish during the period of 2002 to 2006veed that 96.76% of the results were
satisfactory (Goueu 2006).

4. Consumption forms of smoked kong

4.1. Food forms

Smoked kong is consumed in two ways

*cooked: Soups called:

“sauces graines” (lvory coast, Bénin, Togo...)

“sauce gombo” (soupe kandja in Senegal)

“Bouillon de machoiron” + bananas or cassava

*not cooked “moyo ou ébesséssi” + akpan, pates, foufou

4.2. Period of the day for consumption (breakfastunch, dinner)

The smoked kong is eaten at lunch or dinner

11



5. Some recent researches about smokedHis

The smoked fish quality depends on the technolegg dor making it (smoking room, fuel).
Comparative studies on the cost, the profitabdityl the quality of the smoked fish classify
the traditional oven according to this order: smgkioom chorkor, smoking room Dafing and
smoking room Monoclais (Kabré, Diarra®aoré 2003). But some experiments performed in
some smoking room supplied with external steam igeoereduce benzo[a]pyrene from 50 to
0.1 ug /kg wet weight (Stotyhwo 2005). By using mode&nhnologies such as electrostatic
smoking, better results can be obtained, espe®allthe process cost, product quality, safety
and environment (Knockaert 1995).

By improving the quality, it was found that the ¢&ypf wood has a significant influence on the
amount of polycyclic aromatic hydrocarbon (PAH) smoked meat (Stumpe-Viksna,
Bartkevic, Kukare, & Morozovs 2008). For examplakidjima, Nagame, Kuramochi, Sugita,
Kageyama, Shiozaki, Takemura, Shiraishi, & Got@0@ then Stumpe-Viksna et al. (2008)
showed that samples smoked with apple-tree andr atdatained the lowest PAH
concentrations. Those samples smoked with sprudethehighest concentrations of PAH.
The difference in content of benzo[a]pyrene (fro@d&ill 35.07 pg/kg) and total PAH (from
47.94 till 470.91 pg/kg) indicates that choice oboad for smoking is one of the critical
parameter to be controlled in order to reducethmgasnination of food products. The smoking
process also influence biochemical components siscphenolic compounds (Sérot, Baron,
Knockaert & Vallet 2004) and PAH (Nakajima et &00Z).

Unfortunately at the traditional level of technojpgthe microbiological quality is
unsatisfactory. Investigations on smoked fish fratail market show the presence of total
aerobic bacteria, faecal coliformg&scherichia coli faecal streptococci, Staphylococcus
aureus Lactobacillusandmoulds(Adu-Gyamfi 2006; Mugula & Lyimo 1992; Efiuvwevwere
& Ajiboye 1996; Oulai et al. 2007). Moreover, in aked dried fishes stored for sale,
conditions are usually favorable for the developthadithe mould and the risk of producing
toxins such as aflatoxin. In some cases, mouldsAspergillus flavusvere found, and these
are aflatoxigenic(Mugula & Lyimo 1992; Jonsyn & Lahai 1992). This e¢enfirmed by
several studies (Jonsyn & Lahai 1992; Bukola, Abioéind Ukpe 2008; Shephard 2003;
Uraih and Ogbadu 1981). During storage also, insgestation byDermestespp and mites
was observe{Mugula & Lyimo 1992).

All these surveys emphasize the importance of prppecessing and handling of fish in order
to safeguard public healtlJsually, chemical preservatives are used for microbial Btabi
Efiuvwevwere & Ajiboye (1996) propose sodium berteoar potassium sorbate. Frankard,
Jacob and Lambert (1990) and Sofos (1984) propase smdium chloride and other ion
chloride salts,da Silva, Prinyawiwatkul, King, No, Bankston Jr. & Ge (2008) propose
NaCl with ascorbic acid or sodium lactate with dthwut 5% rosemary extract. Tiamiyu,
Ogbe, and Okpale (2005) propose spice extractguigmger and garlic juice extract). Diop,
Destain, Tine and Thonart (2010) propose the usactit bacterium and the bacteriocin. For
aflatoxin inhibition, Ogbadu (1988) propose gamma irradiation to prevent aflatoRi
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production in smoked dried fish. For all those cloainpreservatives, maximum shelf-life is
about 6 to 8 weeks at no refrigerated storage. $&&sns to be better than sliced vacuum-
packed product for which Civera, Parisi, Amerio &a&one(1995) forecast a lengthening of
shelf-life to 11 weeks at refrigeration temperatitBeme authors forecast 4 weeks (Vergara,
Di Pinto, Losito & Tantillo, 2001) and others 3®months for sliced vacuum-packed product
kept at refrigeration temperature.

If applied, these new innovations will, for surecrease kong fishing and smoked kong
exportation. Unfortunately, the maximum sustainalddd has been reached and the kong is
already supposed to be over exploited (Samba, Mbagene, Thiam, Sarré, Fall, Barry,
Ngom & Diouf 2007; Fall 2009). This trend was predble because Gascuel & Ménard
(1997) had drawn up already a list before 1981 smgpwhat 11 species of fish were over
exploited in Senegal. The situation is very critiftc@ Arius sp (Gascuel & Ménard 1997).
Moreover, their results can be interpreted as maaidragility of the ecosystem.

Conclusion

The state-of-the-art on the smoking of the kongnghthat new alternative pathways of the
traditional smoking can be performed in order tbsfathe new quality constraints of food
processing. However, these new technologies nee@ki® into account local context or
realities such as the scarcity of wood, the avditgbof construction materials and

consequently the smoking process.

Recent research results on smoked fish stabiliybsiapplied in our studies, for example, as
the use of lactic bacterium and the bacteriocirt. Sehe application of combined new
processes in order to stop bacteria and mould dprednt, so as to limit aflatoxin levels,
TVN, histamine and PAH’s production will be attermgbt Moreover, packing under vacuum
of the product and the storage condition at 4°Q inidrease the use-by date according to
Civera et al. (1995) and Vergara et al. (2001). tAatresource is already supposed to be over
exploited that is why for a viable and durable depment of the “smoked kong” production,
more studies are needed in order to diversify thece of the resource supply. For example,
the ecosystem and kong’s stock reconstruction eamdde or explored. The development of
fish breeding should be practiced too.
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Abstract
Introduction: The Baobab tree has an Arabic history, and belongséoBombacaceae

family and Adansonia gender. There are eight speitiethe world includingAdansonia
digitata L which is found in Senegal. This species is entared in many African zones and
has a long life. The baobab is used for many p@pasd represents an important source of
income for the Senegalese people when solely v&ldrin traditional ways. The flowering of
the plant begins in June and ends in January wiefruit is fully ripened in its capsule. The
fruit can be harvested all year round. The mostmmomname of baobab fruit pulp in Senegal
is “Monkey bread” or "Bouy".The baobab pulp is esoncally the most important food stuff,
and is recognized by the EU commission as an aeddnd exported in many countries.
Traditional processing of the product: The growtlsmall and middle enterprises makes this
fruit important. Although it is still traditionallprocessed, the baobab fruit pulp has covered
many different applications ranging from primarygucts to increased in value products.
The description and similarity/variability of pra&sng methods depend on the markets’
destination. The major problems associated withptieeessing of baobab pulp are linked to
vitamin C loss. An understanding of the variouscpssing parameters is necessary to
produce good quality products. The nectar’s stzdtilbn need to be improved as well as the
dried pulp for its exportation. The organolepticaljty attributes during storage need to be
kept at high level by processing technologies teuem safety and attractiveness of the final
products.

Socio-economic importance: Baobab plants are faumdany parts of Senegal with two main
production area Kaoalack and Tambacounda. Accgrdinthe Senegalese Institute of
Agricultural Research: the Baobab Fruit Companyegah a supplier to a family firm
Baobab Fruit Company from lItaly for exportation pose, while the remaining sectors are in
the small and medium scale enterprises as welbasetolds and culinary users. Depending
on the target markets, the harvested fruit produwts well represented in trade and
consumption. The different ways of using baobabt fpulp introduce a good source of
income for the local population. The market pridetlee baobab fruit pulp depends on
seasonal availability. With substantial incomedomecompanies, there is a growing interest
for this product indicating future development tov&urope and other continents.

Quality characteristics of the product: The quabiypects of baobab products depend on
intrinsic and extrinsic parameters governing thedfgroducts. The important parameters

include the nutritional and microbiologicalqualgie Furthermore, pectin and other



components play important role in the quality of tteobab by products. Some baobab pulp
components meet the recommended daily intake (RDHutrients in different population
levels. Also, due to many beneficial health effeatsl food technological functions, baobab
fruit pulp is a very interesting candidate for amngeneration of functional foods and drinks.
The stable microbiological status as well as theiptee effects of baobab pulp have been
mentioned by many authors. The physico-chemicalacheristics of baobab pulp show many
trends making this fruit more interesting compatedsome other fruits. The sensory
characteristics of the pulp and by products espigdlze appearance, the color, the taste and
the flavor are affected during processing and gmrand thus it is important to overcome
these difficulties. The quality perception/requierhby consumers depends on the kind of by
products from the baobab fruit mixed with or withcaather foods. Some recent studies
showed the important antioxidant activity of thengdete plant (pulp, leave, fibers), which
lead to many potential applications actually andy nme@ed more research to fulfill the
traditional assumption made before.

Consumption forms of the product: There exist uasidood forms of baobab pulp with
traditional processing status. The period of daysoonption depend on the special events and
the type of food, from breakfast to dinner.

Research activities and new development on tecggaad product: The pulp and nectar of
baobab fruit pulp, assumed as natural and fundtifowal category, need more research to
improve stability, storage conditions as well las tunctional properties of the by products.
The increasing consumer interest in ethnic andtioadlly processed products makes baobab
a good candidate for research. The traditionalgssing of baobab fruit needs to be evaluated
and improved technologies be adapted. Furthermargood opportunity will be the
comparison studies betwefdansonia zgmost used species in Madagascar) witlansonia
digitata L. (only species from Senegal) for many reasonghEtmore, to my knowledge no
data is available oA. zaincluding the physico-chemical and biochemical position and
processing technology of any products from thiscEgse An open way for results to be
exploited will be a concern.

Conclusion: The perspectives on research and iniomgcan be divided into different ways
including: more appropriated extraction methodsbabbab pulp; the possible increase in
value of bioactive components by improved processathnology, in this way the use of
microencapsulation of some specific healthy bie@ctiomponents can be investigated as well
as soluble and insoluble dietary fibers. Therelss aeed for research that will focus on the

thermal stabilization of locally produced baobabitfipulp nectar as well as on vitamin C
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conservation using kinetic factors other than waigivity. Another route would be to use
enzymes to increase the yield of the baobab frulp guice and syrup yield, as well as
increasing its stability and organoleptic propertiinctional food components). A study on
the pulp concentration aroma lost and ultra highpterature (UHT) pasteurization may also
be explored, as well as the evaluation of the eféécbrowning reaction on organoleptic
quality, as well as other undesirable changes oélfiproducts. The benefit of some
microbiological properties particularly found inethry fibers of the baobab fruit pulp needs

to be kept during the process. The optimizatiothefprocessing parameters will help a lot.

Introduction

From its English common name baobab by translatlefruit is probably derived from the
Arabic bu hibab, which means “fruit with severaleds» {, 2. The baobab, from its
descriptor Michel Adanson, belongs to Bombacaceamily in which the gender is
Adansonia. Also it originated from tropical Afri¢h, 3. There exist eight species of baobab
in the world includingAdansonia digitata L mostly found in Africa and which was
botanically named by the French Carl von Linné Bedhard de Jussied,(3, 4. The baobab
(Adansonia digitata L) is important to the livelihood and can be foumanost of Sub-Sahara
Africa’s semi-arid and sub-humid regions as welirasvestern Madagascar providing food,
medicine, etc.5-7). African baobab is a very long-living tree. Itrnally lives for about 500
years, but it is believed that some trees are {D@® years old?). It has been introduced to
areas outside Africa and grown successfly [n many part of Africa tubers, fruits, seeds,
leaves and flowers of this plant are identifiedcammon ingredients in traditional dishes in
rural and urban areas. Also, baobab is an impodantce of income for Senegalese people
and solely valorized in traditional wa)(
In Senegal, the flowering begins at June. The keaame up with flowers at the same time
and persist till October. Between August and Oatoliee fruits form and grow before
reaching the final size. As this time, the capsalgreen and humid. From November to
January, the fruit dry on the tree. When the capguaks dark, the fruit is ready for harvesting.
The harvesting time is mainly between January tard&ay, but can be continued the all year
because the fruit is well conserved on the tredoiog monthsg, 10
Monkey bread or baobab, is generally assumed tdebged from the fact that monkeys eat
the baobab’s fruitq). This fruit is a poly sperm berry, ovoid, witlgtieous epicarp. The
numerous linked seeds coated with whitish pulpgareerally dried 10). Baobab fruit pulp is
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called "Bouy" or Monkey bread is widely used by 8galese people and it is consumed in
different forms 5).

The pulp is probably the most important foodstuaffoiaobab fruit because of the strongest
economic potentiahs compared to the remaining paris 7, 8, 1). The same pulp was
approved by the European Commission as a conveadtitive (Phytotrade Africa 2008).
The exportation of the dried pulp from Sudan to Iend allowed to pharmaceutical industries
to produce inflammatory products. From Senegal,dlse fruit is exported towards some
European countries. In fact, the ingredients in g@wform are well used in many

circumstances for conservation advantages. (

1. Traditional processing of the product

In Senegal, traditional processing of the baobdp pave improved a lot by the creation of

many growing small and medium scale enterprises.

1.1.Raw materials and additives used and their hanithg
The ripe baobab fruit pulp appears as naturallydedted, powdery, whitish colored and with
a slightly acidulous taste, and its separation frilm@ shell only needs single mechanical
process without any extraction, concentration agnaical treatmentl@®). This ensures that
the pulp characteristic is that of a slightly presed food 14).
The fresh pulp, the most common used part of thig fs obtained after:
* Leaving the whole fruit to dry on the tree, armrt harvesting the dried fruits before
crushing the fruit shells and separate the seeas fhe pulp. The pulp is ground and sieved
to produce a powder, and the powder is finally kemonvenient containers;
» But mostly after crushing the fruits shell, theeobab fruit pulp is directly sold in the market

to people for some specific uses.

Most of applications of the baobab pulp could ideluhe preparation of refreshing drinks and
caillement of milk (Diop et al. 2006), and in someses it can used for traditional therapy.
Caluwe et al. (2010) has mentioned that when thg islsoaked in water, it produces a milky

solution which is then consumed as a milk subgtitlihis technique is used by urban area

populations of Dakar and in many parts of counttysd produce ice creams. The funicles (in
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the mesocarp) mixed with the pulp in decoction poedherb tea good for amenorrh8gi
comparison to Senegal tradition way this decoci@dtien is also used for curing some
specific health troubles. These funicles, reporfbgd Besco et al. (2007), showed more

antioxidant capacity compared to the pulp al@)e (

1.2. Description and variability/similarity of processing methods
The description and processing methods used fdpalafruit in Senegal are represented in
figure 1 Variability of processing is noted between proehs b).
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Figure 1. (a) Traditional processing of nectar and main varaitdr realized investigation on
93 persons’ samples in Dakar urban zone and Sal§biour (Source: Cissé et al. 2009))
dried baobab pulp from Baobab Fruit Company Senégjdbaobab fruit pulp market selling



The different steps during the baobab fruit pulpcesssing are representedigure 2
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Figure 2. Perfect microbial profile, harvested and transtdmwith inox patented
technologies in special rooms
Source: Baobab Fruit Company Senegal retrieved fraww.baobabfruitco.com

1.3.Major problems associated with processing metlis
From results reported by Cissé et al. (2009), baghdp quality from Senegal is rapidly
decreased because of a lack of caution during psotg The same conclusion was done by
Chadare (2010) in which baobab pulp quality degradavas linked to vitamin C loss. Using
water activity as a parameter, there is still wirldo on combining the latter parameter with
other usual parameters to minimize the vitamins3.o
Vitamin C loss is the most important problem endeted by pulp producers. Also, the
control of the browning reactions must be takero imiccount for better organoleptic
characteristics.
Results from Cissé et al. (2009) show that drim&fbaobab fruit pulp that are not stabilized
have quality differences.
From these investigations, the washing and extradiep of the nectar from the baobab fruit
pulp need to be improved in order to maximize sleligolids (SS) with satisfactory quality

and improved shelf life. The need for pasteurizasbould be optimized such that it does not



significantly alter the final quality (sensory amitamins) of the product. In other words, the
thermal pasteurization for stabilization of the taees needed. The improvement of the dried

baobab fruit pulp quality ensures better use.

1.4. Storage methods, maximum duration and problemassociated with storage
The storage condition of nectar from an investaggatin 93 persons including 42 households,
27 sellers and saleswomen, 24 restaurateurs was Newctar was stored 1-7 days into plastic
bottles at 4 °C. In spite of good microbiologica&sults, modification of the flavor of
pasteurized nectar was observed after 11 dgyd-(om the same results, the color and the
flavor of stored nectar were altered by the pagtation treatment. The vitamin C loss of 50-
60 % was noticed during the storage condition (4&f@®r 80-90 °C pasteurization treatment.
Vitamin C can be adversely affected by moistureirduistorage or by heat during food
preparation 15).
The organoleptic changes during storage can betauwowning reactions. In fact, most
traditional producers did not have an adequate ymtozh line and good storage condition

because of lack of equipments.

2. Socio-economic importance

2.1.Production, processing, handling and storage mes identified in the country

In SenegalA. digitata(L.) plants are everywhere. Most of them grow aakar, Thiés
and Kédougou regions. Elsewhere, the trees aradfaear villages or ancient hamlets, but
rarely in soudano-guinean bush0). According to the Senegalese Institute of Agiiaual
Research, the two main production zones of baohabpulp are located in Kaolack (in the
center of Senegal) and Tambacounda (the west p&dreegal) regions, notably in Kounguel-
Kossanar and Bakel-Goudiri Salémata, Fongolembi af&tlougou. More disperse
populations were exploited for fruit production ifhies (especially Nguekhokh and

Tivaouane), Louga, Matam, and Saint Louis regidfis 16.
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2.2. Socio-economic profile of the actors

Baobab Fruit Company is a successful family firnicka markets very expensive finished
products with specific health claims. It expotie baobab fruitfrom Senegal, where it has a
subsidiary company, the Baobab Fruit Company Sénddss firm mainly sells also the
baobab fruit to other companies in smaller amoun®. (Small and middle enterprises as well as

households produce nectars, ice creams and culioagg with baobab pulp as the basis constituent or

in some cases it is used as additive to local nhaslgpermarkets, stores and cars station.

2.3.Socio-economic importance of the product
The pulp is largely the most important part in tesmincome from the baobab fruit. The
separation of seeds and fibers from the pulp isedordifferent ways. One is using the dry
method (which is a form of moderated grinding tkeving) to obtain a powder; humid way
is another (soaking and kneading in water thenirgggvto get liquid product with sticky
consistence. The pulp is directly used as ingrdglibecause of its binder, thickening, and
acidifying proprieties &, 8, 10, 1). The pulp is directly used as ingredient in maeyeals
preparations such as porridge and rolled flour petsl (for example, “Ngalax” in Senegal),
sauces or ice trimmings. The pulp can be used tivade alcoholic fermentation of drinks.
Finally, by adding water or milk (200-4004'}, the baobab fruit pulp can be used as nectar
rich in vitamin C or to make sorbet@, 1§. From Infoconseil, Paoa (2006), the harvested
products including baobab pulp occupied a choiacelon trade and consumption for
classified legumes and fruits. The volume of exgtosh is still growing according to local

and international markets.

2.4.Commercialization of the product

In Dakar market, the price of the baobab fruit palfhout the capsule (pulp + seeds + fibers)
vary from FCFA kg 300 to 400 according to the season peridi). (

The growth in the number of companies using bagbalolucts is observed through the
increased demand for raw materials. The Baobali Eampany implanted in the region of

Thies exported 70 tons of raw material in 2003 B4@d tons in 2004, which correspond to 44
tons of fruit pulp and 83,000 € income. In ltalgté is a growing interest for this product in
the media, which indicates that this market wilhttioue to develop in future. Another Italian

company that uses baobab fruit pulp is Specchiagadh manufactures a symbiotic health
product (symbiotics, wich are products which comebthe two biotic claims). The target

group for the Baobab Fruit Company is primarily fkeian niche market. The market for
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baobab fruit pulp is not saturatadd there are more possibilities that the Baobaiit Bompany
have not exploited, such as a natural ingredienttfe food industry2). Figure 3 shows a general

international trade for the baobab fruit pulp todpe.

Africa Europe
Harvester |, | Processor »| Trader/ ,| Wholesaler/
Exporter Manufacturer Industry
A\ 4
Retailers
Hundreds of (Pharmacies,
people in Herbal shops

rural areas

Figure 3. Supply Chain for Baobab Fruit Pulp
Source: Gruenwald & Galizia (2005)

3. Quality characteristics of the product

The quality characteristics are linked to someinstc and extrinsic parameters that govern

the food products.

3.1. Nutritional quality
The pulp is very nutritious. The pectin in baobabtfpulp is mainly water soluble and has a
low degree of esterification and a low intrinsicaasity. This suggests that it will probably
not yield a high quality jelly of high solids conte because it tends to precipitate rapidly in
acid media to form irregular gels. It is of lowewatjty than commercial apple pectin and
citrus waste pectin7j. According to Caluwé et al. (2010), about 35.6% tlwe total
carbohydrate content is represented by simple sugmibaobab pulp. This explains the
noticeable sweet taste of the pulp. However, theetmess may vary for different types of
pulp (19). The low water content, strong acidity and higiges content was confirmed by
12



Cissé et al. (2009). The reported proximate contjposiof baobab fruit pulp differs
according to different literature sources with scméhors reporting that there is no starch in
the pulp 7). According to Chadare et al. (2009), consumptiba00 g pulp will cover 26 to
50% of the carbohydrate recommended daily int@@l) for pregnant women. From the
same authors, 21.5% to 40.6% of the RDI is achiewbdn 60g is consumed by child
between 4 and 8 years.

The consumption of 20 g baobab pulp covers an geet84% of the RDI for children (4-8
years) R0). Additionally, vitamin C aids the bodily uptaké icon and calcium, of which the
fruit pulp contains more than double that founahian equal amount of milkR). Therefore,

in some Senegalese weaning food, the baobab puletas a milk substitute for babies. The
baobab pulp is also a good source of vitamins 1,85 and A {0).

The baobab fruit pulp is particularly high in theniao acids valine, tryptophan and
phenylalanine and tyrosine. Linoleic acid is thestrabbundant fatty acid in the pulp)(

The pulp is relatively rich in dietary fibers (7@0g average), but the reported values vary
from one author to anothet(@).

Baobab fruit pulp, due to the combination of healdims (such as anti-oxidation properties,
high calcium content, and anti-inflammatory effea)d food technological functions (due to
its high pectin and fiber content, baobab fruitgogives beverages a thicker consistency and
can be also used as filler), is a very interestiagdidate for a new generation of functional
foods and drinks21).

3.2. Microbiological quality

The baobab fruit pulp has been reported to havddil®ving microbiological count:s lactic
bacteria (1,2 — 3,7 x $QFC-g%), yeast (<1UFC-g?), molds (4,0 x 10 2 — 2,0 x 10FC-g

1), salmonellas (absent in 25 g of sample sizejfazoi bacteria (<10 UFCJ) (5).
Furthermore, soluble dietary fiber, such as thanébin the baobab fruit pulp (about 25%), is
known to have prebiotic effects, which means theyidate the growth and/or the metabolic

activity of beneficial organism( 21).

3.3.Physico-chemical and sensory characteristics
The pulp represents 14-28 % of the total fruit mass 29 .
Arnold et al. (1985) reported that with an avera§®.7% moisture, the pulp contains about
74% carbohydrates, 3% proteins, 9% fibers, 6% ashoaly 0.2% fat. The content of pectin
is approximately 52-56%( 23, making the pulp traditionally used as a basgdor making.
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It is also characterized by a high vitamin C (abutoracid), calcium, phosphorus and
potassium conteng].

Independently of the variation in reported valuég, data reveal high vitamin C content of
the pulp (169-980 mg/100g3,(20. The content of 169,0 mg/100g vitamin C in thelsb
fruit was found, and compared with 106,0 mg/100g ffesh chillipepper 15). While for
Gruenwald & Galizia (2005), only 75.6 mg/100g wasrfd.

Table 1 Analysis of most important components in BaobabtMRulp

Bio-chemical components Contents (mg/100g)

Protein 2.3

Lipids 0.27

Soluble and insoluble Fibers 52.0

Ascorbic acid (Vitamin C) 75.6

Calcium 280-300 (to compare: 51 in oranges**)
Potassium 293 (to compare: 125 in milk**)
Phosphorus 231

Phosphorus 96-118

Source: Gruenwald & Galizia 2005

The pulp is acidic, with an average pH 3.3, du¢h® presence of the organic acids citric,
tartaric, malic, succinic and ascorbic. As previgusentioned, the pulp is also rich in fibers
(average 7%). The fruit pulp contains a high amoointcarbohydrate, low protein, and
extremely low fat [, 24).

The most important sensory characteristic of thebbh nectar that have been searched for
include color, taste and flavos)( Due to many difficulties, the sensory attribuées really
compromised by lack of processing facility as vaadlthe byproducts storage in the ready to

sell nectar in different areas.

3.4.Product quality perception/requirement by consmers
The quality perception/requirement by consumersddp on the type of byproducts of the
baobab pulp mixture with or without other food. Fbe baobab nectar and pulp, the most

important perception is the taste, the appearandesametimes the flavor. People like baobab
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pulp’s ice cream with a milk-yogurt taste. Thistie reason why milk yogurt is usually
added.

Dietary fiber isknown to be essential in food beszaaf its physiological effects on the human
digestive system. The insoluble dietary fiber, vahis not assimilated by the intestines,
speeds up the intestinal transit time, which im tacreases the amount of stool, thus reducing
constipation. At the same time dietary fiber gieesense of satisfaction, thus reducing food
intake. The high amount of fiber in baobab pulpfigparticular interest, especially when it
relates to in to intestinal microflora’s capacibydeal with other bacteria. The studies done on
the soluble fibers highlighted the hypothesis of drebiotics use, which means that, as a food
ingredient that is not assimilated, it can stinmlmetabolic activity of limited number of
microorganisms (Roberfroid 2008, Mason 2007, Klimeteal. 2008, Henryk 2008).

Furthermore, some recent studies have showedhbatdmplete plant (pulp, leave, fibers),
has important antioxidant activity, and this magdeto the prevention the of free radical
formation and also reducing them, when presentriié pulp of A. digitata ( L) has been
compared using photochemiluminescence, with othet pulps which include orange pulp,
grape pulp, blueberry pulp, and kiwi pulp. The tessgshowed that its integral antioxidant
activity is higher than the fruits cited above (Be®t al. 2007). The use of functional food is
still growing in Senegal as happened in Europeamfres.

4. Consumption forms of the product

4.1. Food forms

The different ways of using baobab fruit pulp im&egal are:

Fruit powder mixed with water and milk yogurt isedswith sticky rolled flour porridge
especially during the naming ceremony and othentsvd he mixture is also used with steam
rolled millet flour called in local name “Ngalaxi) other way, the fruit baobab pulp is soaked
and kneaded in water to make a nedigufe 4) used in the same way as described below;
Also the fruit pulp of baobab is very prized fons® culinary use, sauces and food additive;
Drinks can be prepared by adding fruit pulp powdewater or making a decocted fruit pulp.
The final solution is mixed with sugar, milk, vdailextract and fruit juice to produce nectars

properly packed in plastic bottles as describe€isgé et al. (2009).
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Figure 4: Preparation of baobab fruit pulp nectar in tradiéibway: (1-2-3) pulp, seeds and
fibers are diluted in water; (4) seeds and fibeesramoved (4a) and dissolved pulp remains
(4b) (Source: Caluwé et al. 2010)

4.2. Period of the day for consumption

During the breakfast of the naming ceremonies, xdure of baobab pulp nectar with yogurt
milk on rolled flour millet sticky porridge is versnuch appreciated by Senegalese people.
Most of time, people commonly enjoy baobab pulptaeafter eating a very nice fatty rice
and fish “tiebou dien”. However at dinner time, ploprefer “Ngalax” which is steam rolled
millet flour mixed with baobab pulp nectar, peabutter and yogurt milk containing some
dried grapes and many additives according to patsonoice. Also poured mixture of
baobab pulp nectar with yogurt milk on rolled flouillet sticky porridge is mostly consumed
at dinner. The baobab pulp is also used to aciddd.

5. Research activities and new development on technglpand product

The references on baobab fruit pulp processing@irhpact of treatments on final products
quality are rareX).

In the functional food category, functional beveragre the fastest growing segment. In the
forefront of consumer interest, are substances wait-aging properties, energy supplying,
relaxing, or beauty enhancing effecb)( The pulp and nectar of baobab fruit pulp can be
assumed as natural and functional food categorgusecof the high antioxidant activity from
the vitamins (C, B, A) and the all kind dietarydils that they contain. They offer a wide
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range of active components and functions becausigeaiineral compounds present in high
guantities.

There is also an increased preference for planmedignts over animal derived ingredients,
but they should be organic, not merely natural.@Asonsequence, medicinal plants used
traditionally in Europe have found their way intevierages in small amounts, lending not
only new taste, but also the appeal of a healtmptmg ingredient, even if their
concentration is insufficient for any actual phacwlagic effect. Another trend is the
increasing consumer interest in ethnic and traaltiily used products. Baobab is one example
of plants used in new products that have recenttgred the market2f). In this way, the
look of trends to develop new products and to imprthe traditional African food becomes
the right way to be exploited for many reasons .

The added value baobab fruit products for theiticachl market are limited to drinks
destined for the local market. These products arstijnnot shelf stable, and have a storage
life of a few days. The baobab products are wékdi by the local population for their
organoleptic characteristics. It is important tcalesate the potential of technology in the
development of products destined for the localiomeg), and international markets.

A good opportunity is to make some comparison meselaetween the most important species
(leaves, seeds, pulp and tubers) used in Madag&&dansonia zpwith the Adansonia
digitata we have in Senegal. Furthermore, to my knowledgeéata is available oA. zaon

the physico-chemical and biochemical compositioproicessing technology of any products

from this specie. An open way for results to belexgd will be a concern.

Conclusion

The perspectives on research and innovations @sssacan be divided in different ways, as
follows:

More appropriate extraction methods (under vacunfrbpobab pulp are still needed to obtain
high concentration, as well as in order to minindegerioration of the pulp nutritive value as
recommended by Abdalla et al. (2010). It would Ipeaalvantage to use different drying
methods, that can targe for the preservation @ddiive components, safety and added value
products;

To my knowledge no research has been done on t&hb® increase in value of bioactive
components by processing technology, in this wayuke of microencapsulation of some
specific health-benefitting bioactive components ba investigated;
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A research focused on the thermal stabilizatiofocél nectar production from baobab fruit
pulp is a promising area as concluded by Cissé €2@09). These results will increase shelf
life of the baobab fruit pulp drinks and also wibost the economic profit margin for
enterprises in this area for exportation possybilts noticed, the baobab fruit nectar is easy
to be destabilized because of instability due e, some specific fructo-oligosaccharides
and glycosides which easily sediment or fermentipcong taste and flavor changing. The use
of specific enzymes will help to partially remoweérease these components (/sizes) cited
below for the stability suspension;

Dried baobab fruit pulp is the most important pradused in trade marking, but still needs
research on the vitamin C conservation as recomatebygl Haddad (2010). The research on
kinetic factors (pH, temperature and time) combimeth water activity will help a lot on
improving the vitamin C loss;

Nowadays enzymes are the key factors for juice ilgiabimprovement; hence the
optimization of processing parameters for natubdab fruit pulp nectar using specific
enzymes will be good opportunities for juice andugy yield increasing, stability and
organoleptic enhancement (polyphenols, solublerdibend others). As we know fruto-
oligosaccharides are easily fermented especialbaobab fruit pulp in which bacterial micro
flora can start the fermentation process. The eatignstabilization can be experimented;
Berlinet et al. (2007) reported that the lower plodp concentration in orange juice the higher
the aroma lost after ultra high temperature (UH&¥tpurization (20 sec at 98 °C). Hence
study is necessary on this topic for a good predienv of baobab fruit pulp syrup and nectar;
More research is needed on the enzymatic browamgnon enzymatic browning reactions
to reduce the undesirable organoleptic quality ghaof final products;

The beneficial effects of baobab dietary fiber ome microorganisms need to be retained

during processing. The optimization of the proagggiarameters will help to achieve this.
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