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In Africa, various kinds of traditional alcoholic beverages commonly named sorghum beers or opaque beers, have been recorded and
described. These drinks have a central role in peoples' cultures and play fundamental socioeconomic function. Their brewing involves
malting, mashing, souring, straining, boiling and two successive steps of fermentation which occur at ambient conditions. A primary
lactic fermentation, or souring stage, confers the souring taste and storage longevity. The alcoholic fermentation is usually initiated by

pitching wort with a portion of previous brew. The beverage thus obtained is unstable. Since the African sorghum beers fermentation
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process is run by uncontrolled inoculation under no standard hygienic conditions, producers have a major problem to make a good beer
with a long shelf-life. In other hand, recently the disappearance of many active synthetic substances in foods protection has resulted to a
renewed interest in naturally occurring substances. In parallel to these disappearances, the regulatory environment incites strongly to

increase the use of alternative methods to chemical control. This review aims to summarize works about African traditional sorghum
beers stabilization and potential applications of plants extract for their natural preservatives.
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INTRODUCTION

Fermentation is one of the oldest and most economic methods of producing and
preserving foods, particularly in tropical countries where the high temperature
and humidity, coupled with unsanitary conditions, favor food spoilage
(Hounhouigan, 1994).While in developed countries, most fermented food are
produced under controlled conditions, in developing countries, such foods are
processed under uncontrolled conditions, using village habits and age-old
techniques (Nout and Rombouts, 1992). In Africa, various kinds of traditional
fermented beverages commonly named sorghum beers or opaque beers have been
described. These beers are known as ikagage in Rwanda (Lyumugabe et al.,
2010), pito or burukutu in Nigeria and Ghana (Achi, 2005), dolo in Burkina Faso
(Dicko et al., 2006), amgba in Cameroon (Lyumugabe et al., 2010), doro or
chibuku in Zimbabwe (Chamuorwa et al., 2002), Merissa in Sudan (Dirar
1978), mtama in Tanzania (Tisekwa 1989), bili bili in Chad (Maoura et al.,
2005), kaffir in South Africa (Novellie et al., 1986) and tchakpalo in Ivory Cost,
Togo and Benin (Konfo et al., 2012). These drinks have a central role in
peoples' cultures and are an important part of the diet for an increasing part of
urban population. The present review deals on tchakpalo in Benin. Initially
produced in the center of the country, this drink has spread throughout the
country and especially in the economic capital where it knows a boom. In its
usual production technology, we note the presence of a double fermentation: an
alcoholic one which combines natural lactic fermentation. Over time, the
conditions of the production have not changed. The drying of germinated
sorghum grain is made in natural air, in border of the ways. Moreover, the
production process suffers of a crucial lack of measuring instruments and
precision, good hygiene practices and wort are inoculated with the yeast from
previous fermentation whose hygienic quality is often not guaranteed. The
resulting product is alive and unstable and its organoleptic characteristics
continue to change, and within 72 h it becomes too acidic to be consumed. The
short shelf-life of this traditional brewing method limits its consumption to within
a day of its production and hence its availability is limited to the seasonal
availability of the sorghum grain (Osseyi et al., 2011). It is then important to
improve production and conservation technology of this product in order to
preserve its nutritional and merchantable qualities and to reduce the risk of food
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intoxination. Microbial activity is a primary mode of deterioration of foods and
many microorganisms contributed for the loss of food quality and safety.
Chemical antimicrobial compounds had been largely used as foods preservatives,
but unfortunately their use increases the risk of toxic residues in the products
(Tatsadjieu et al., 2009; Yeéhouénou et al., 2010a). Plants extracts as
antimicrobial agents are recognized as safe natural substances to their user and
for the environment and they have been considered at low risk for resistance
development by pathogenic microorganisms (Antunes and Cavaco, 2010). This
paper aims primarily to summarizing the research results on improvement of
African traditional beers processes and collecting information relative to the
major components of Cymbopogon citratus, Mentha spicata and Hemizygia
bracteosa which provide them potential antimicrobial properties and their
capacity in this drinks bio preservation.

ORIGIN, SOCIOECONOMIC ASPECTS
COMPOSITION OF SORGHUM BEER

AND  NUTRITIONAL

African cereal beers (made from sorghum, millet, maize, etc.) have ancient
origins. They may have originated in Egypt or Mesopotamia, where beers were
being produced by at least 3,500 BC, and probably much earlier (Briggs et al.,
1981). The first mentions of sorghum or millet beer come from the Arab
travellers who, in the 6th and 7th centuries, praised the merits of beer
manufactured in the Sahel region, in particular the merissa beer of Sudan (Huetz
de Lemps, 2001). The manufacturing of sorghum beers is a tradition preserved
by African women brewers and passed down to the next generation. According to
Osseyi et al. (2011) in Togo, approximately 60% of the national production of
sorghum is used to produce two kinds of sorghum brew: Tchakpalo and
Tchoukoutou. The production and marketing of Sorghum beer remain women's
activities from which they derive a substantial income. Tchoukoutou is sold and
consumed in special cabarets that are popular bars and places of huge
conviviality. Sorghum beer plays a fundamental socioeconomic role in northern
Togo where it is abundantly served to maintain an atmosphere of merriment in all
celebrations. This beer is also used in religious ceremonies, libations and
traditional rituals. Sorghum beer is called the “milk of the hoe” in Africa (amata
y’isuka in the Rwandese language), affording the beer noble qualities (De Lame,
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1995). Sorghum beer is an ancestral beverage widely used in various festivals
and African ceremonies such as marriage, praying for rain, communication with
ancestors, births, the handing-over of a dowry, circumcision, burial ceremonies,
and the popular annual sorghum festival (Kayodé et al., 2007a; Lyumugabe et
al., 2010). In Rwanda or Burundi, dowry handing-over ceremonies start initially
with the consumption of traditional sorghum beer. The representatives of the two
families greet each other around a clay jug (called an ikibindi) filled with
sorghum beer because ikigage beer symbolizes the complementarily of the sexes
(De Lame, 1996). Traditional sorghum beer is also consumed after community
work or meetings of mutual associations, in order to provide energy. There are
mainly consumed by the poorest in society, and contributes significantly to the
diet of millions of African people It is very rich in calories. It is also rich in the
B-group vitamins including thiamine, folic acid, riboflavin, and nicotinic acid
and is high in essential amino acids such as lysine. They contained mineral
elements such as calcium, magnesium and iron that were essential for regulating
and building the living cells and aid in fighting depression (Kayodé et al.
2007b).

IMPROVEMENT OF THE MANUFACTURING PROCESSES OF
AFRICAN TRADITIONAL SORGHUM

Malting, mashing, boiling, souring, and fermentation, are the general steps of the
beer brewing processes. Several studies have focused on these different stages
particularly malting and fermentation.

MALTING OPTIMIZATION

The sorghum malting process is split into three unit operations: steeping,
germination, and drying (Dewar et al 1997; Taylor and Dewar 2000).

Steeping involves immersing the grain in water until it has imbibed sufficient
water to initiate the metabolic processes of germination. The steeping period at a
given time varies according to the sorghum cultivar. A variation in moisture
content of 32.4 to 43.4% has been observed after steeping 26 sorghum cultivars

Table 1. Dried malts microbiological characteristics (Ballogou et al., 2011).

for 24 h (Kumar et al., 1992). The effect of steeping conditions has been
extensively investigated in an attempt to increase sorghum malt amylase activity.
Novellie, 1962 reported that steeping time had little effect on the final diastatic
power of sorghum malt. A steeping regime, and in particular the use of air-rests
and a final warm water (40 °C) steeping period has been shown to enhance
sorghum malt quality, including 3-amylase activity (Ezeogu et al., 1995). A later
study specifically confirmed the importance of the effect of air-rests on the level
of sorghum malt B-amylase activity (Okungbowa et al., 2002). 0.1% of
Ca(OH),;, KOH or NaOH) has been shown to significantly enhance the diastatic
activity of sorghum malt especially B-amylase activity (Okolo et al., 1996;
Okungbowa et al., 2002).

Germination induces the synthesis of hydrolytic enzymes, e.g. starch degrading
enzymes, and proteases. This operation is recommended between 25 and 30 °C
for the development of optimum amylase and diastatic power in sorghum malt
(Novellie 1962; Okafor et al., 1980). The reduction of phytic acid, some
flavonoids and proanthocyanidins has been observed during germination (Traoré
et al., 2004). The increase of the availability of minerals (iron, zinc, etc.) and
essential amino acids (principally Lys, Tyr and Met) upon germination has also
been reported (Anglani, 1998).

While germination usually has positive aspects, it is important to note that it
increases the content of nitrilosides (cyanogenic glycosides, e.g. dhurrin) of the
grain (Ahmed et al., 1996; Traoré et al., 2004). These compounds release
cyanide (prussic acid) which may be removed either by heating the flour or
removing shoots, roots and the germs, but removing the latter reduced the content
in a-amylase (Uvere et al., 2000; Traoré et al., 2004). Upon germination, the
initially low content of vitamin C is strongly increased (Taur et al., 1984).
According to Ballogou et al. (2011), the physico-chemical and sanitary qualities
of malts could be improved by controlled drying in shell drier. Sun drying
involved an exposure to microorganisms and the high final moisture content of
the malt was not interesting for its conservation. The table 1 shows controlled
drying effect on the quality of sorghum malts used for the chakpalo Production in
Benin.

Microorganism

Log (CFU/g)

Malt 1 (dried malt under the sun)

Total Mesophilic Aerobic Bacteria

7.44 +0.62

Total Coliforms 6.3+0..35
+

Faecal Coliforms 43x0.7
Staphylococci 391014
Sulfito-reducers

2.32+0.12
Anaerobes

7.3+0.42

Yeasts and Moulds

Malt 2 (dried malt using the drier) AFNOR Criteria

52+0.7 53
3+£0.42 2
0 -
1£0.09 0
2+0.25 2
3.69+0.26 8

-- Absence of criterion.

Brewing of sorghum beer (tchakpalo)
The brewing of sorghum beer (tchakpalo) is done in several phases:

v Crushing, mashing and thinning 1: Malt is crushed and the coarse
meal obtained is added a quantity of water and kneaded until a
moderately thick paste. This paste is left in the sun for about seven
hours before being diluted 'in water (2 to 3 liters of water for 1 kg of
grain). The suspension thus obtained is homogenized and then
allowed to stand at room temperature (28-29 ° C) for eight hours.

v' Cooking 1: The mixture separates into two phases (1 decantate and
decantation residue 1). The residue is collected and slurried in a large
amount of water (3 liters per 1 kg of grain). The whole is boiled.
During 150 minutes at 106 ° C.

v' Cooking 2: The cooled mixture is separated into a supernatant liquid
(decantate 2) and a solid deposit (settling residue 2). The latter is
collected, slurried in water (1 to 2 liters. Per 1 kg of seeds) and cooked
to a temperature of 95 ° C. This takes about 1H 45 minutes before
cooling and filtration. The filtrate obtained is mixed with decantate 2
to obtain initial wort that is sterilized for 5 hours by boiling.

v

The diagram below shows the tchakpalo production technology.
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v

Malting (soaking, germination, drying)

v

Sorghum malt

v
Grinding
v

Mashing

v

Maische 1

Residues of decantation
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Maische 2 |

v

Acidification (09H)

v
—
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A
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Filtration
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A

v
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v

v

Cooling
v

Fermentation

v

Tchakpalo

Figurel Manufacturing process of Tchakpalo (Konfo et al 2014)

FERMENTATION AND IMPROVEMENT OF AFRICAN TRADITIONAL
SORGHUM BEERS

Characteristics of African traditional beers brewed with sorghum malt have been
reviewed by Lyumugabe et al. (2012). Fermentation is the important step by
which yeast converts the sugars in the wort into ethyl alcohol. African traditional
leaven is a result of the spontaneous fermentation of sorghum malt wort (Kayodé
et al., 2005; Lyumugabe et al., 2010). Very varied yeasts and bacteria flora have
been found in African sorghum beers, although S. cerevisiae and Lactobacillus
sp. usually predominate (Novellie, 1976; Maoura et al., 2005; Kayodé et al.,
2007b; Lyumugabe et al., 2010). Unlike European beer made with barley,
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African sorghum beers are typical examples of lactic fermentation followed by
alcoholic fermentation in which initially, lactic acid bacteria (LAB), and later
yeasts, play the dominant role (Novellie 1982; Holzapfel, 1997; Kayodé et al.,
2005; Maoura et al., 2009). Due to their higher growth rate, bacteria typically
dominate the early stages of fermentation. A symbiotic relationship could explain
the simultaneous presence of yeasts and LAB. LAB creates an acid environment
favorable to the proliferation of yeasts. These yeasts produce vitamins and
increase other factors, such as amino acids, to aid the growth of LAB. Table 2
shows characteristics of some African traditional sorghum beers and
improvement suggested stages for their production.

SHELF LIFE OF TRADITIONAL SORGHUM BEERS

Most traditional, African cereal-based fermented foods deteriorate rapidly and
become unacceptable to consumers within one to four days of production. The
deleterious changes are primarily due to the objectionable off-flavour or over-
souring induced by continued microbial activities after production (Kutyauripo
et al., 2009). Traditionally-made sorghum beers have a poor keeping quality. The
limited shelf life (stability) of sorghum beers has been reported as the major
problem confronting commercial brewers in Sudan (Dirar 1978), in Tanzania
(Tisekwa, 1989), in Nigeria (Sanni et al., 1999) in Rwanda (Lyumugabe et al.,
2010) and in Benin (Konfo et al., 2012). Sorghum beer is consumed while it is
still fermenting. The wort from which beer is made is not heated — or otherwise
treated prior to the addition of yeast, and the drink therefore always carries a
residual microflora originating mainly from its ingredients. Microorganisms such
as Staphylococcus aureus, Esherichia coli, Bacillus subtilis, Streptococcus
species, Proteus species, Rhizopus stolonifer, Aspergillus flavus, Aspergillus
niger, Saccharomyce cerevisiae and Mucor species were also isolated from the
samples. They explained that the presence of some these microorganisms in the
samples may be attributed to poor handling during production. Some strains of E.
coli can cause gastroenteritis and urinary tract infection as well as diarrhea in
infant (Kolawolé et al., 2007). Sorghum beers spoil rapidly because they are
actively fermenting when solid, with organisms in addition to yeasts flourishing
in the rich medium. During fermentation, yeasts initially increase in number.
Then in the later stage of logarithmic growth the production of ethanol starts and
proceeds during the stationary phase. According to Baba-Moussa et al. (2012)
the manufacturing process of tchakpalo, the environment and the way of selling
are responsible of tchakpalo contamination. These authors added that it might be
important to confirm these results, by studying microbiological quality of raw
materials used for its preparation before their utilization. It has been observed
that during storage, very little or no increase in the number of contaminating
organisms seems to occur. However, at the end of fermentation, the yeasts die, or
else they undergo autolysis and their cell constituents are released into the beer.
With little or no competition from yeasts for the readily available nutrients,
contaminating microorganisms increase rapidly in number and their metabolites
change the flavor of the beer. Because of the relatively high temperature of
fermentation, these sequential events occur within a short time period. This
period does not usually exceed more than 3 days in summer or 5 days in winter
before this spoilage occurs. The metabolic activities of mesophilic lactic acid
bacteria are primarily responsible for the spoilage. These bacteria, along with
other undesirable bacteria (Acetobacter), produce acetic acid, volatile off-flavors,
fruity odors, and pellicles which render the taste, odor and texture of the beer
unacceptable to consumers (Lyumugabe et al., 2012). The flash-pasteurization
method increases the shelf life of industrial European beers by destroying
spoilage microbes. Unfortunately, this process is not applied in traditional
sorghum beer-making. Early attempts at pasteurization failed because they led to
an unacceptable increase in beer viscosity through further gelatinization of starch
and elimination of amylolytic enzymes and also eliminated the beer’s
characteristic effervescence by killing the active yeasts (Novellie et al., 1986).
On the other hand, pasteurization of beer results in the killing of a large
proportion of yeast cells, thereby making the B-group vitamins they contain
available to human consumers of beer (Van Heerden, 1987). Post-fermentation
pasteurization has enabled the shelf life of “tugela gold” sorghum beer to be
extended to an extent comparable to that of European barley beers (Haggblade et
al., 2004). The results obtained by Dossou et al. (2011) shown that the tchakpalo
fermented by commercial yeast and the traditional ferment and stabilized by
pasteurization at 60 °C during one hour can be preserved during at least 30 days
at ambient temperature. However, the rear slightly bitter taste appeared in the
tchakpalo fermented by commercial yeast and disapproved by tasters should be
eliminated before all tentative of the technology transfer in real environment.
Recently, Konfo et al. (2012) put in evidence the conservative power of essential
oil (EO) of Cymbopogon citratus essential oil harvested for the preservation of
the traditional beer tchakpalo, a local drink based on sorghum in Benin. Konfo et
al. (2014) have shown that the aqueous extract of Hemizygia bracteosa (Benth)
contains chemical natural compounds that give it its antifungal properties. The
addition of this powder during the mashing found that it has a beneficial effect on
the physico-chemical and microbiological parameters and gives a slightly sweet
drink less acidic, with a low degree of alcohol. The table 3, figures 1 and figure 2
show results of microbiological and physico-chemical changes in sorghum beer
during storage.
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Table 2 Characteristics of some African traditional sorghum beers

Beer name (country)

Raw materials

Principal stages

Improvement suggested
stages

References

Tchakpalo (Benin/ Ivory
Cost)

Tchoukoutou (Benin and
Togo)

Bili bili (Chad)

Pito (Ghana)

Burukutu /Pito
(Ghana/Nigeria)

Dolo (Burkina faso)

Doro Chibuzu
(Zimbabwe)

Amgba (Cameroon)
Safari (Cameroon)

Ikagage

Sorghum grain
or/and maize

Sorghum
grain

Sorghum grain

Sorghum grain

Sorghum grain

Sorghum grain

Sorghum grain

Sorghum grain
Sorghum grain

Sorghum grain

Malting, grinding, mashing, brewing, acidification,
fermentation

Malting, grinding, mashing, brewing, acidification,
fermentation

Malting, grinding, brewing, acidification,
fermentation

Malting, grinding, mashing, brewing, lactic
fermentation, alcoholic, fermentation

Malting, grinding, mashing (adjunction of gari),
brewing, acidification, fermentation

Malting, grinding, mashing, brewing, fermentation

Malting, milling, mashing, brewing, lactic
fermentation, cooling, alcoholic, fermentation

Malting, grinding, brewing, fermentation
Malting, brewing, fermentation

Malting, grinding, mashing, brewing, fermentation

-adjunction of Cymbopogon
citratus essential oil
-filtration

-pasteurization (60°C/1h)
-use of starter culture of
Saccharomyces cerevisiae
stabilisation using

use of rustic Wine-Making
Method

use of starter culure of
Saccharomyces cerevisiae

adjunction aqueous extract of
yolga (Grewia bicolor, Juss)

use of starter culure

adjunction of Hibiscus
esculenta

juice

- use of starter culure of
Saccharomyces cerevisiae
- removing the second
conversion of malt
Adjunction of Triumfetta sp sap
essential oil

Hopping with Vernonia
amygdalina and Nauclea
diderrichii

Adjunction of Vernonia
amygdalina sheets

Konfo et al., 2012
Aka et al., 2008
Dossou et al., 2011

Osseyi et al., 2011

Maoura et al., 2005

Van der Aa Kiihle et
al., 2001
Sawadogo-Lingan et
al., 2007

Achi, 2005

Mbajiuka et al., 2010
Orjietal., 2003

Traoré et al., 2004

Chamunorwa et al.,
2002

Kutyauripo et al.,
2009
Chevassus-Agnes et
al., 1979

Desobgo et al., 2013

Lyumugabe et al.,
2013

Table 3. Tchakpalo microbiological characteristics during storage (Konfo, 2012)

Microorganisms

Total Mesophilic

Localities Aerobic Yeasts (UFC/ml) Moulds (CFU/ml)
Bacteria (CFU/ml)
Glazoue (center of Benin) D1 56 10° 2.210° 80
D5 5107 610° 1.2 10°
D10 8 10% 910" 1.9 10
2 2
Dassa (center of Benin) Bé 8841102 4%11%)9 ?)21
D10 2.2210° 1.20 10* 06
2 2
Cotonou (South of Benin) %51 127'5211007 352110% ?)11
D10 5.8 10" 3.210" 04
(WHO) Criteria <10 <10* <10

D- Day

Alcohol (% viv)

1.5

1.0

0.5

Total acids (%v/v)

96 144

Time (hours)

Figure 2 Changes in total dissolved solids and alcohol concentration during
fermentation of Chibuku beers. —A— alcohol control, - -A- - alcohol variant, ——
dissolved solids control, - -¢- - dissolved solids variant.

o

variant.

Time (hours)

Figure 3 Changes in pH and total acids during fermentation of Chibuku beers. —
+— pH control, - -¢- - pH variant, —A- total acids control, - -A- - total acids
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POTENTIAL APPLICATIONS OF PLANTS EXTRACTS AS NATURAL
SORGHUM BEERS PRESERVATIVES.

ESSENTIAL OILS EXTRACTION AND CHEMICAL ANALYSIS

EOs are products, generally, of rather complex composition comprising the
volatile principles contained in the plants, and more or less modified during the
preparation process. They are essentially obtained by hydrodistillation where the
plant material is heated in two to three times its weight of water with indirect
steam from outside the still. Chemical analysis of EOs is generally using GC
(quantitative analysis) and GC/MS (qualitative analysis). Identification of the
main components is carried out by the comparison of both the GC retention times
and MS data against those of the reference standards (with known source)
(Sessou et al., 2012).

MECHANISM OF ANTIMICROBIAL ACTION OF EXTRACTS
ANTIFUNGAL ACTION

Antifungal agents such as essential oils kill the fungal cell via binding primarily
to ergosterol, the major sterol found in fungal cellular membrane. This binding
destroys the osmotic integrity of the membrane, and this is followed by leakage
of intracellular potassium, magnesium, sugars, and metabolites and finally by
cellular death. Lipid characteristics of essential oils act via the same mechanism.
It has been suggested that oxidative damage due to essential oil may also
contribute to its antifungal activity against Candida (Murray et al., 2003).

ANTIBACTERIAL ACTION

The mechanisms of plants extracts compounds action and their effects on cellular
membrane and cell wall are known. Their influence on the cell permeability,
interfering on the membranous and cytoplasmic functions (electron flow, nucleic
acids synthesis, protein synthesis coagulation of cell contents activity on proton
motive force and on ATP production) could be at the origin of this antimicrobial
character (Yehouenou et al., 2010b).

ANTIMICROBIAL  ACTIVITY OF
FOODSYSTEMS.

PLANTS EXTRACTS IN

Spices and herbs can be used as an alternative preservative and pathogen-control
method in food materials. Indeed, according to studies of Burt (2004),
Dahouenon-Ahoussi et al. (2010), EO of Mentha piperita had been recognized
as bio preservatives for Africa drink low-fat yoghurt (dairy products), fish dishes
and vegetables. The same report was for essential oils of clove and cinnamon on
vegetable and dairy products. The main active essential oil was clove oil (Burt,
2004). According to Ranasinghe et al. (2002), cinnamon and clove EOs could be
used as antifungal agents to manage post fungal diseases of banana. Xylopia
aethiopica fruit had a great potential to control Sitophilus zeamais, and therefore
it could be used in the protection of maize grain from storage pest. Pesticidal
properties of Xylopia aethiopica seem to be related to B-pinene and terpinene-4-
ol concentrations (Kouninki et al., 2007). Lemongrass essential oil had potential
to preserve food such as rice, vegetable (Burt 2004).

Table 5 Major components, susceptible microorganisms and food preserved of selective essential oils.

Major Potential
Plants Countries EO active agains biopreservative References
components of
Escherichia coli ATCC
25922
M&’;ZP??’(;%)A') Staphylococcus aureus ATCC
Benin Geranial ( 4'1 3) 25923 Tchakpalo Konfo et al., (2012)
' Aspergillus niger
Fusarium oxysporum
Penicillium camembertii
Candida albicans
Cryptococcus neoformans
0,
Todo g:r;ar:igil(f?? 1/05)) Malassezia pachydermatis
9 M rcene' Aspergillus fumigatus - Koba et al., (2003)
Cymbopogon (18/ 65%) Pseudomonas aeruginosa V5667
citratus ' Staphylococcus intermedius
1P81.60
E-
Cltra(lé?;r)anlal Penicillium expansum, P. Burt, (2004); Nguefack et al.
Cameroon ' verrucosum, A. ochraceus, A. fruits and (2009) ; Nguefack et al.,
7-Citral/Neral flavus, L. monocytogenes, vegetables, rice (2004), Nguefack et al.,
(21.2-80) Salmonella (2012).
India - Aspergillus fumigatus ; A. niger - Bansod and Rai, (2008)
Mentha spica India Aspergillus fumigatus ; A. niger - Bansod and Rai, (2008)
I\(/?Sr:\t/r?g:e(gl.sg) Aspergillus niger, Aspergillus
Serbia ' ochraceus, Aspergillus flavus, ) Sokovic et al., (2009)
Fusarium tricinctum, Penicillium v
funiculosum
Tanins
o Tanins L .
Hemizygia Bénin cathéchiques | emicillium citrinum; Penicillium tchakpalo Konfo et al., (2014)
bracteosa . italicum,; Aspergillus oryzae
Flavonoides
Anthocyanes

FUTURE PERSPECTIVES

To improve and control the production process and particularly the step of
fermentation, the starter cultures are increasingly used. However, most of these
starter cultures were introduced during the fermentation in the form of fresh
microbial suspensions difficult to maintain over extended periods. To solve this
problem, the use of dried starter cultures (lyophilization, spray drying, fluid bed
drying), active and stable during storage, could be a viable and sustainable
solution (Coulibaly et al., 2014). The use of plants extracts coupled by
pasteurization could however constituted an effective alternative to the synthesis
antifungal chemical compounds that are sometimes harmful to consumers' health
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and the environment. The most interesting area of application for extracts is the
inhibition of growth and reduction in numbers of the more serious food borne
pathogens such as fungi and bacteria strains (Salmonella spp, E. coli O157:H7
and L. monocytogenes). However, international standardization of the
composition of commercially available extracts would be essential for reliable
applications (Carson and Riley, 2001). Interactions between extracts and their
components and other food ingredients and food additives need to be
investigated. Clove and oregano oils can acquire a dark pigmentation when in
contact with iron (Bauer et al., 2001); this may impose limitations on their
application. Synergistic effects could be exploited so as to maximize the
antimicrobial activities. The stability of extracts during food processing will also
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need to be studied. The heat stability of cinnamaldehyde has been investigated,; it
was found to decompose to benzaldehyde at temperatures approaching 60 °C
when heated alone. When combined with eugenol or cinnamon leaf oil, however,
cinnamaldehyde was stable even after 30 min at 200°C (Friedman et al., 2000).

CONCLUSION

Traditional sorghum beers have a socio-cultural and nutritional value in Africa.
The presence of unspecified microorganisms from traditional leaven complicates
the control of the fermentation process and yields products of variable quality.
The use of starter cultures seems to be a good method to reduce organoleptic
variations and to reduce the risk of contamination with pathogenic organisms.
This approach would also increase the chances of preserving of traditional
sorghum beer, giving it a longer shelf life. The pasteurization of sorghum beer
appears most promising for resolving the brewer’s perennial principal problem of
a shorter shelf life. This operation coupled to the application of plants extracts
could be a potential alternative to synthetic preservatives for reasons that they
have large spectrum activity against Gram negative bacteria, Gram positive
bacteria and fungi which are known to be the main factor of beverages
deterioration. Thus there is hope that the current work can quickly lead to
practical applications that will open new opportunities for the sector of aromatic
herbs and spices, while ensuring drinks conservation in respect of the
environment.
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