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Abstract: The present study aimed to access for the physiochemical parameters of vinegar production through
Togolese local variety Mangovi of mango Mangifera indica juice fermentation. The juice was fermented
successively by Saccharomyces cerevisisae and acetic bacteria. The levels of ethanol and acetic acid n the
juice during the production of vinegar were momtored by gas chromatography and titrimetry methods,
respectively. The physiological state of the yeast Saccharomyces cerevisiae 1.2056 was determined by flow
cytometry using a dual fluorescent labeling of diacetate carboxy-fluorescemn (CFDA) and propidium iodide. The
results indicated that 200 ml. of mango juice, sugar content 20 Brix, set in alcoholic fermentation with 10° yeast
cells produced 22.4 g L™ ethanol in 72 h. Acetic fermentation transformed 93% of this ethanol to acetic acid
in 288 h. Twenty-fowr howrs after the beginning of alcoholic fermentation, 91% of cells were viable, 8.85% were
stressed and 0.05% died. After 24 h of acetic fermentation, viable, stressed and dead cells were 45, 12 and 39%,
respectively; corresponding to the passage of acetic vinegar level from 0.9 to 2.1°. At the end of the acetic
fermentation, dead cells were estimated to 98% at and acetic acid to 4.7°. Using consecutive fermentations 1s
suitable technique for vinegar production from mango juice. The application of the present results may
contribute to avoid fruits post harvest losses.
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INTRODUCTION technologist trying to control a bioprocess in industry
(Treek, 2005). The production of traditional balsamic
Post-harvest losses of seasonal fruits are vinegar uses a selection of yeasts and acetic bacteria

considerable in tropical countries. In Togo, according to
the mimstry of agriculture, mango losses can be estimated
to 50%. Mangoes are particularly biodegradable and
highly perishable fruits, because of their high water
content and the presence of carbohydrates. The sugars
adhering to the mango fruit are ideal for fermentations.
Several reports suggested the possibilities of alcohol and
vinegar production from juice (Ethiraj and Suresh, 1990).
The reduction of overproduction fruits of the local variety
Mangovi in Togo, Mangifera indica by alcohol
production resulted in high content of residual sugar at
the end of the fermentation. Some reports demonstrated
that, the production of vinegar needs some sugar in the
juice and ethanol contents 1s not a limiting factor for the
growth of acetic bacteria involved in this production
(Gullo et al., 2005).

Acetic bacteria are of important industrial interest as
well as lactic bacteria and yeast. Since, the acetic bacteria
are involved in the production or spoilage of food, their
mnformation for the

species 1dentification 1s lead

(De Vero et al., 2006). According to Ndoye et al. (2006)
acetic acid bactenia are Gram negative, strictly aerobic and
commonly found in nature on different plants (fruits,
grains, herbs etc.). They have the ability to oxidize the
different types of alcohol in major biotechnological
process food products such as vinegar (Treek, 2005). In
recent years, there have been major advances in
understanding thewr taxonomy, molecular biology and
physiology and in methods for their isolation and
identification (Raspor and Goranoviccaron, 2008).
However, problems related to environmental conditions
such as temperatire variations and process technology
limited the industrial applications in tropical regions
(Ndoye, 2007). The successive fermentations: alcoholic
and acetic fermentation during the production of vinegar
could lead to change physiological status of yeast. Flow
cytometry allows the following up of the physiological
state of the yeast during the production and control in
bioreactors (Kacmar et al., 2006). Kacmar et al. (2004)
reported that cytometric system indicates not only the
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quantity of yeast cells and their viability but also provides
a reproducible detail on culture dynamics. Thus,
increasing the acetic acid content of the wort from the
ethanol oxidation would influence the viability, stress and
disintegration of yeast.

Our work therefore, aimed access for the
microbiological and physico-chemical parameters of
vinegar production.

MATERIALS AND METHODS

Plant material: The mango Mangifera indica (1..) Merr.
(Bromeliaceae), local variety mangovi was used in this
study. Mango fruits, average weight between 120 and
165 g, were purchased from Ahanoukope market, in L.omé
town, in Togo, in April 2006.

Microorganisms: The vyeast strain Saccharomyces
cerevisiae 1.2056 used for alcoholic fermentation was
provided by Laboratory of Microbiology ENSIA Massy
France. The acetic bacteria strain used for alcoholic
fermentation was isolated from a red wine after exposure
at ambient temperature. Indeed, 250 mL of red wine was
exposed to ambient temperature in open air for 72 h.
Afterwards, the wine was used to inoculate Muller Hinton
Petri dishes. After 24 h mcubation 1n air at 30°C acetic

bacteria were isolated from pure single colonies. The
identification was made on the basis of morphological
character and biochemical profiles such as gram staining,
respiratory metabolism and acid production from ethanol,
catalase and oxidase tests. Catalase test was performed by
adding one drop H,O, on a pure microbial colony. The
presence of catalase is revealed by the production of
bubbles. Oxidase test was performed using oxidase disk
(Bio Rad France) as recommended by the manufacturer.
Respiratory metabolism of isolated bacteria was assayed
by sowing the beef-liver agar semi solid (BioRad, France)
then incubated at 30°C for 24 h The acetic acid production
from ethanol was carried out in the mid of yeast extract
and phenol red (BioRad, France) by addition of ethanol
The identification of gender was completed by the tests
of oxidase and catalase.

Production of mango vinegar: The production of mango
vinegar was assayed according to the diagram in Fig. 1.

It was carried out in two successive stages Alcoholic
fermentation at 30°C for a total period of 144 h using the
yeast strain Saccharomyces cerevisiae 1.2056 and acetic
fermentation at 30°C using the acetic bacteria isolated
from wine. Briefly, the mango fruit was washed to
eliminate the dirt; afterwards the fruits were peeled off.
Juice was obtained from the peeled mangoes by mechanic
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pressure. The juice was heated at 80°C in order to prevent
microbial contaminations and to concentrate sugar until
20 Brix. This was determined using a refractometer
(Europe, HP type 0-32). After cooling at room temperature,
the juice was distributed in 200 ml sterile bottles. One
bottle was used as control to check environmental
bacterial contamination. The other bottles were seeded
with 2 mL of 10° cfu yeast suspension for 144 h alcohelic
fermentation at 30°C. One of these seeded bottles was
used for the determination of yeast biomass and alcohol
concentration at anytime during the fermentation. After
72 h, the culture was seeded again with 2 mL of 10° cfu
acetic bacteria for acetic fermentation. This fermentation
was performed at 30°C for a total period of 15 days to
have mango vinegar.

Ethanol production: Ethanol contents was determined
every 24 h dwing the
fermentations of mango juice by gas chromatography
using a Head-Space GC (PERKIN ELMEIR Autosystems
XI. ®) with a column PEWAX 30 m long, 0.32 mm in

1

alcoholic and acetic

diameter. The flow rate of helium column was 3 mL. min~
and the flow rate of carrier gas (hydrogen) Split FLOX was

20mL min .

Acetic acid production: The production of acetic acid was
determined every 24 h by titration of 1 mL sample with
sodium hydroxide 0.1 N, using phenolphthalein as
indicator. The acidity of vinegar expressed in degrees of
acetic acid was defined as the mass in gram of acetic acid
i 100 g pure vinegar (Lotong et al., 1989).

Physiological state of yeast by flow cytometry: The
physiological state of yeast was accessed at the
beginning, the middle and at the end of alcoholic and
acetic fermentations during the production of vinegar.
The assay is based on the use of fluorescent diacetate
carboxy-fluorescein (cFDA) (CHEMUNEX laboratory) and
propidium iodide HPLC grade (SIGMA Aldrich Clhumie,
Samnt Quentin and Falladier, France) double-labeling.
Propidium iodide penetrates cells through their membrane
to color their DN A in red orange. The cFDA is hydrolyzed
by cells esterase and therr membranes become
fluorescent, therefore taking a green color in fluorescent
microscope (Sekavova et al., 2005). For the assay, 1 mL
fermented juice was centrifuged at 14.000 rpm for 90 sec
using a centrifuge EPPENDORF (model Mimspin Plus).
The pellet was dissolved in a pH4 buffer solution. This
solution was divided into two tubes, one receiving 10 ul.
propidium iodide and being incubated in a Bain Marie
(FISHER SCIENTIFIC brand, model Polystat 36) at 40°C
for 20 mm. Afterwards, the two tubes were then incubated
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in a Bain Marie at 40°C for further 10 min after introducing
of 10 pl of 1/10 ¢FDA. The observation of cells was
carried out on fluorescence microscope (ZEISS brand,
model HBO50 more AxioStar) equipped with camera
(IMASYS mode Scan HD, Wen and PCLK out
Synchrogreen) whose 1mages were processed by the
software Turbochrom Navigator 4 (CR4). The enumeration
of yeast was carried out using a flow cytometer (Dikinson
BECTON, FAC Scan model) using the Cell Quest Pro
software. The viable cells were stamned in green color,
stressed cells in yellow and dead cells in red (Hatzis and
Porro, 2006).

Statistical analysis: The results of the development of
ethanol and acetic acid during the production of vinegar
were analyzed by correlation test using the software Excel.
Statistical significance was set at p<<0.05.

RESULTS

Acetic bacterium identification: After 72 h exposition in
air, the cultivation of the red wine on Muller Hinton agar
yielded pure single colonies. The Gram staining revealed
that the microorgamsms were Gram-negative bacilli. The
respiratory metabolisms  assay revealed that the
microorganisms were strictly aerobic and producing acid
from ethanol. Catalase and oxidase tests showed that they
were catalase and oxidase positive. These characters are
the main characters of Acetobacter gemus. Thus, the
isolated strain was affiliated to this genus and was coded
Acetobacter sp. ASVO02.

Ethanol and acetic acid productions: The dosage of
ethanol during the production of vinegar revealed that,
the alcoholic fermentation yielded 1.0 to 22.4 g L™ ethanol
in 72 h (Fig. 2). The monitoring of ethanol level in bottles
not seeded with acetic bacteria revealed that, this amount
deceased to 142 g L7 after 144 h. Indeed 72 h
corresponded to the time to have maximum ethanol in the
medium. This time was selected as the starting point for
acetic fermentation since ethanol will be used as the
substrate for this second fermentation.

The evolution of acetic acid and ethanol during
different stages of wvinegar production. showed an
increase in the production of acetic acid from 0.9 to 4.7°
(Fig. 3). This production was mversely proportional to the
decline in ethanol from 22.4 10 1.25 g 17" in the juice of
mango after 288 h of acetic fermentation. The
stabilization of the alcohol content to 1.25 g L™ and that
of acetic acid to 4.7 degree marked the end of the acetic
fermentation. This acetic fermentation transformed 93%
{(w/w) of ethanol to acetic acid m 15 days. The residual
ethanol in vinegar product was maintained at 1.25 g T.7".
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Cyboonetry of veart ¢elb: The yenst plosiologicel state
montomg drmg the produetion of wme g vwes assered
b fhner cytoenehy. The remults mdeted thet 20 to 2% of
vensts were wishle 24 hafter the alecholie fermertation
(Fig. 4-6). The percatage of wiahle yepsts decrensed from
4 5% [comespondmg to the end of elechalic famentation)
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to zero mt the end of the aeetic fermertetion (360 h after
the stert of the femnertetion’. Shessed yensts decrensed
from 2.85% efter 24 h of fameadation acetic 12.10% to
1.51% after 94 end 360 b, respectrrely. The decrense of
wighle yepsts wes folbwed bee the meresse of dead
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vensts. These dend yensts were estpneted at 0.05, 3930
and 98 .00% , respectree b after 24, 94 and 360 h aeete
famerntation.

DISCUSSION

The presert shidy emaed to eecess for the
phy=ziochemics]l paremeters of wmegay production from
mengn muice. The exposiion of red wme n embiert s
allowre d us to olete an aeetic bactarnon that wes bk to
use ethamol s substrate to produce weety weid This
beetermm vwms & Greme-negetme baeilhs, shiethye serobie,
cetelese ard oxddese postmes . Accordmz to previus
criterin deseribed m severnlreports the beeternmm conld
belong to Acwtobocter gems (Hdopye o al, 20063
Howrewrer wre could not secess for the species, thms the
beeternmm vwms coded Aeetobacter sp. ASVOE, Shot 17
peetle beeterin hiewve been isolated from tropicel end
sub- Zaheren fuds end nsed m mdnsteie] production of
e gpr . Ther mem characteristic iz to produce seetie seid
from etheol. fmong them 40% of were 1dentfied as
Acetobacterthough 16 5 EHA sequenemz . The rememmg
strams were 1dentfied ss Glucomobarter germs. The baro
germs differ m biochemicsl characteristies; Aowtobacter
1z oxidese posimee wherens Glumwbanter E oxdese
1e gatme.

Vmegar wes produced by beo conseodme
famerntations. Trmg the growng phese of eleohohbe
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fenmertation, ethanol produdtion mey be proportionel to
the wrohnme mnd concertretion of mugpr puce . The rapid
and significert rednetion of the ethanol cortert of wme
after fennertation mey be dus to oxadetion of ethanol be
dehydrogeneses dirmg the weetic fermetation, which
constihites the second stage of the production of wmegpr
[(Frebortows gral, 19975,

The second famentation by Acetobeeter sp AH5W02
remttedm 1.25 g L' ethenol end 4.7 degree peetic weid
copterts. Accordmz to Velli wr al. C2004), the merms
Acgtabacky commonly used m mdnstrisl vmeger
production process was prroled m biological oxadetion
of ethanolto eeetie peid b the combmetion of bero tepes
of enzymes: mm alechol delpedrogenasze [(ADH) and
pldelrede delpedrogenasze (ALDH). 0w remlts mdicets
thet the seetic fennertation of mengo nues requires 12 ta
15 deys for 4.7 degree wmeger. These results were m
pcoordence wih those of Bhxejend Swresh (19900 wha,
found thet the seetic fenmertation of the pues of memego
peelmgs produees 465 degrees vmempy m 12 deys. The
process of bao consecntire fennertetions is repid than
the fermertation by the sinple bateh thatrequires 4 to
Swreels for a complete fermentation (Ethore) axnd Suresh,
199073, The study of the evohtion of eoetic sexd and
ethero]l m the muice Mangown dormg the production of
vimegnt shovwred the existence of & non- lme s e lebiopship
[r = -0928) betmeen both parameters. This suggested
mdependence bebreen the evohtion of seetic pexd and
the evohtion of ethanol mithe mengo nuce.

Cytomehy study exabled to mecess to changes mthe
plosiologicel stete of yesnst dirmg the produchion of
vimegpr. Stressed yenst cells died dwmg the ecete
fermertation. The stete of shress mmems e banstionel
stame lepdmzto the denth of the yenst mthe mjordy of
cases. Ceptambye, plechol mdueed shress m A& cwrewvisios
b ceusmgthe flocenletion [ Clava g af 20070, Howrewrer,
the stress of yenst 1s more reloted to peetaldelnede which
15 the fost produet of biologiel oxidetion of sthanolly
Acgtabacter. Thet scetaldelpede dishirhs the enmymete
aetmaty of yenst (Arende exd Delokne, 20033, Aeetr weid
oxidation cmses & change of extrace lnler pH end aff eots
the norecellsr pH of the yeast (Velli er af., 2003,
redue mg considernbly s production of ethemol ss soon
g5 the peid oone atretionrenched 3% [ Grawes eral, 20070,
Cell depth m1d production of eeid dirmg the produetion
of mengo vmegwer were highly correlsted = 0280
mggestmg the depth of the yenst was lmbed to the high
cortert of meetie aeid.

The presat shidr ellowed us to molde @1 efficient
Acwtobacter strem thet = mder pmeshigetion for
moalecnler cherecterizetion. The shidy sloo ellmered the
production of vmeger by bro consecitnre fepnertations
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of local variety mango juice. The process is rapid and non
expensive method and easily applicable. The application
of the present results may be an alternative for the
transformation of local fruits to avoid the post harvest
loses.
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