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Selection of Lactic Acid Bacteria from Fermented Plant Beverages to Use
as Inoculants for Improving the Quality of the Finished Product
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Abstract: Lactic Acid Bacteria (LAB) from fermented plant beverages were selected based on their
antibacterial actions against potential food borne pathogenic bacteria (Staphylococcus aureus PSSCMI 0004,
Escherichia coli PSSCMI 0001, Salmorella typhimuriun: PSSCMI 0034 and Vibrio parahaemolyticus VP 4).
Antibacterial activities were measwred using an agar spot method. The Lactobacillus plantarum WO0A strain
isolated from a wild forest noni (Morinda coreia Ham) beverage was used as an inoculant. Three different
moculation procedures were conducted with the fruit of wild forest noni fermentations to establish which one
was the best for controlling the numbers of yeast in the finished product. A 5% inoculum of L. plantarum
WI0A (LLAB set), initial cell density 8.6 log cfu mI.™, produced a better product and inhibitory properties
agaimnst the test orgamsms, particularly £. cofi PSSCMI 0001 than one with no inoculum or with a 5% moculum
from a previous natural fermented product. An LAB inoculum resulted in a reduced total bacterial count and
no yeast throughout fermentation period (90 days). The lower yeast resulted in a reduction of the ethanol
contentto 2.9 g ™' compared to 12.2 g 1.7 inthe culture with no inoculum. The highest acidity (1.3-1.4%) with
the same pH (3.3) was observed m both sets of inoculated fermentations, whereas the uninoculated set gave
a pH value of 3.7 (1.2% acidity).

Key words: Lactic acid bacteria, food borne pathogenic bacteria, yeast, acidity, Lactobacillus plantarum, wild
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INTRODUCTION

There have been many reports that Lactic Acid
Bacteria (LAB) exert strong antagonistic activity against
food spoilage and pathogenic bacteria, particularly those
involved with food borne diseases (Ivanova et al., 2000,
Sjogren et al., 2003; Chung and Yousef, 2005). Some
products of lactic acid fermentation such as, organic
acids, diacetyl, ethanol, hydrogen peroxide, and
bacteriocins are well known preservatives that possess
antibacterial activity and may help to control pathogenic
bacteria (Lindgren and Dobrogosz, 1990, Kang and
Fung, 1999, Chung and Yousef, 2005). Organic acids
such as lactic acid produced by LAB strongly inhibit
some enteropathogens (Fooks and  Gibson, 2002).
Zalan et al. (2003) demonstrated that Lactobacillus
species (4 1solates) grown in MRS broth produced from
2-6 pg mL~" hydrogen peroxide after 72 h of incubation
and this was much higher than that produced in tomato
Juice broth.

In Thailend, Fermented Plant Beverages (FPBs)
produced by lactic acid fermentation are consumed by
many Thai people who believe that these products have

a high nutrient value and also have antimicrobial
activities. The antimicrobial activities in the FPBs may be
produced by LAB but others may be extracted from the
plant materials used m the process (Kantachote et af.,
2005a). Thailand 1s located i the tropical zone, and
diarrheal diseases caused by food-borme infections and
food toxieity 13 endemic (FAO/WHO, 2002) and locally
produced FPBs are thought by some Thai people to be
able to protect themselves from these food borne
illnesses. Although this might be true, there are some
major problems involved in scaling up the production of
these local FPBs to allow them to be produced as a
commercially viable product. One such problem 1s the
high contamination by yeasts in their finished products
(Prachyakij et al., 2007) due mostly to the fact that the
finished product 1s not pasteurized. That means that
the shelf life of the fimshed product is short and there is
no certainty that potential spoilage and pathogenic
microbes have been significantly reduced. Consumers and
producers also believe that heat may destroy nutrients
and other valuable compounds such as anti-oxidants, so
tend to avoid procedwres that may involve heating that
could reduce microbial contamination. To help local
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communities to improve and control the quality of their
fimshed FPBs m a so called natural way the use of
standard characterized inoculants might help. The aim of
this study was, therefore to screen LAB for FPBs that can
inhibit potential food borne pathogenic bacteria and to
examine their use as starter cultures to improve the quality
of the fermented plant beverage.

MATERIALS AND METHODS

Lactic acid bacteria: Sixty LAB were previously 1solated
from 2 fermented plant beverages, one produced from wild
forest noni and the other from phomnang seaweed
(Gracilaria fisheri) (Kantachote and Charermyiratrakul,
2007). Forty of these 1solates that grew rapidly on MRS
agar, were chosen to investigate their antibacterial activity
against bacterial food borne pathogens.

Indicator bacteria: The following organisms
Staphylococcus aureus PSSCMI 0004, Escherichia coli
PSSCMI 0001, Salmonella typhimurium PSSCMI 0034 and
Vibrio parahaemolvticus VP 4 were used as bacterial
indicators to evaluate the antibacterial effects of LAB
isolated from the FPBs. The test strains isolated from
clinical specimens during 2004-2005 were obtained from
the Department of Microbiology, Faculty of Science,
Prince of Songkla Umiversity, Thailand.

Selection steps of LAB: Three steps were used to screen
for LAB 1solates with antibacterial activities using the
agar spot method of Spelhaug and Halander (1989) and
Schillinger and Lucke (1989). Briefly, cultures were first
grown with MRS broth, containing 2% glucose for 18 h
and 5 pL of each isolate (107 cells mL ™) was spotted onto
the surface of the MRS agar plate (4 1solates/plate). Each
indicator strain (10° cells mL ™) was inoculated into 7 mL
of soft BHI (Brain Heart Infusion) agar (0.7% agar) and
poured over the plate on which the preducers (LAB) had
grown. There were four replicates for each LAB 1solate.
For the first step, all plates were incubated at 35°C for
24 h and no attempt was made to control the production
of either hydrogen peroxide or acids. The plates were
checked for mhibition zones and the inhibition was
scored to 4 levels as follows: <5-5mm =+, >5-10mm = ++,
>10-15 mm = +++, =15 mm = -+

To limit hydrogen peroxide production, a similar
procedure to the above process was used but adapted
by placing the plates in an anaerobic jar for
incubation. Inhibition zones were ranked as follows:
>4-5 mm = +, »>5-6 mm = ++, »>6-7 mm = +++, >7-8 mm =
++++, =8-9 mm = ++++, =9 mm = ++H+++.

To limit productions of both organic acids and
hydrogen peroxide MRS plates with only 0.2% glucose
were used with incubation again in anaerobic jars.
Inhibition zones were classified as follows: >2-3 mm = +,
>3-4 mm = ++, >4-5 mm = +++, >5-6 mm = +—++.

Only results of the TLAB isolates that gave good
inhibition zones agamst the bacterial indicator strains
have been presented as diameters of their zones of
inhibition.

Wild forest noni fermentation: The wild forest
noni tree (Morinda coreia Ham) is a medicial plant
commonly found in all parts of Thailand. In earlier study
we had observed that fermented beverages produced
from the frut of this plant did mhibit the growth of
potential enteropathogenic (Kantachote et al., 2005b).
Ripe fruit of wild forest nom often has a bad smell and
using a ripe fiuit would also have introduced another
difficult te control le., the possibility of
adding more potential spoilage organisms to the
fermentation. Our previous work we therefore chose to

variable

use non ripened fruit and L. plantarum WO0A was one of
isolate  from  this beverage (Kantachote and
Charerryiratrakul, 2007). However, now we mnvestigated
to use inoculants of a selected strain from this study,
L. plantarum WO0A, or a previous fermented beverage
that might be useful to allow better quality control with a
fermentation starting with ripened noni. L. plantarum
WO0A was prepared to use as starter culture by using
cells in a late log phase from MRS medium. Cells were
separated by centrifugation (6000 rpm, 15 min) and
washed twice by normal saline solution. Finally, cells
pellet was resuspended by sterile distilled water to obtain
approximate x10" cfu mL™" cell density based on
preliminary test using pour plate method. Three different
moculums were used to inoculate and mitiate the
fermentation of the fruit of wild forest noni as follows: 5%
inoculum of a previously fermented wild forest noni
preparation (FWB set), a 5% of L. plantarum W90A
culture (LAB set) and no additional inoculum as a
control set. Each 28 liter fermentation bucket contained
6 kg of ripe fruit, 2 kg of sugarcane and 20 T. of tap
water while the space above the fermentation liquud was
filled with a water filled plastic bag to make the
fermentation virtually anaercbic (Kantachote and
Charermyiratrakul, 2007). Three replicates were carried out
for each treatment and sampled at days 0, 1,2,3,4,5,6, 7,
14, 21, 30, 45, 60, 75 and 90 m order to monitor the
characteristics of the fermented beverage and any
microbiological succession.
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Microbial enumeration: Microbial counts were made at
every sampling time using standard methods (FDA, 2001).
Ten fold dilutions starting with 25 mL of each sample
added to 225 mL normal saline selution to obtain a 10~
dilution and then appropriate dilutions were used for pour
plate counting of LAB and Total Bacterial Count (TBC).
De Man Rogosa Shape (MRS) medium was used for the
LAB, whereas Plate Count Agar (PCA) was used for TBC.
Potato Dextrose Agar (PDA) was used for counting molds
and yeasts by the spread plate technique. All plates were
incubated at room temperature (28+3°C).

Determination of the chemical properties of fermented
beverages: Standard analytical methods (AOAC, 2002)
were used to determine pH, titratable acidity and Total
Acidity (TA) was calculated in the form of lactic acid.
Total Sugar (TS) in the form of glucose was examined
using the phenol sulfuric method (Dubois et al., 1956). All
chemical properties were monitored at every sampling
time, except for the orgamc acids (lactic acid and acetic
acid) and alcohols (ethanol and methanol) that were only
measwred at days 0, 30, 60 and 90. Those compounds were
estimated by gas chromatography as described by Yang
and Choong (2001).

Investigation of antibacterial activity of fermented
beverage: Using the same set of test organisms used for
the LAB screeming a cup well diffusion method was also
used to test for the antagonistic activity of the fermented
beverages. Following at least two subcultures (24 h, 37°C)
on fresh (TSA: tryptic soy agar or TSA plus 2%NaCl for
V. parahaemolyticus VP 4) plates prior to the experiment.
Each actively growing culture from the plate was adjusted
to 0.5 (McFarland standard) using 0.85% NaCl and then
swabbed over the surface of a TSA plate. The fermented
beverage samples, collected at different fermentation
times (0, 30, 60 and 90 days) were filter sterilized using a
0.45 pm filter and 125 pl. of each filtered sample of
fermented wild forest noni beverage was added mto each
cup well.

RESULTS

Selection of LAB isolates based on their antibacterial
activities: LAB isolates growing aerobically can produce
both orgame acids and hydrogen peroxide as metabolites
(Hammes and Vogel, 1995, Adams and Moss, 2000).
Eighteen LAB 1solates (45%) produced good inhibition
zones against all test orgamsms and those producing
inthibition zones >10-15 mm 1.e., ++ and =15 mm, +—++
were selected for further studies. This involved only four
strains P45B, P75B, W60A and W90A (Table 1). The

order of sensitivity of the test bacteria to the LAB
isolates (40 isolates) grown with aerobic conditions was
V. parahaemolyticus VP 4 = S. typhimurim PSSCMI 0034
= 8. aureus PSSCMI 0004 == F. coli PSSCMI 0001 (datanot
shown).

When the 4 selected LAB isolates were grown with
MRS under anaerobic conditions so that production of
hydrogen peroxide was limited and the order of sensitivity
was, V. parahaemolyticus VP 4 with an inhibition zone of
9-10 mm followed by S. typhimurium PSSCMI 0034
(mnhibition zone: 7-8 mm), and S. aureus (inbition zones:
7-8 mm). E. coli was the most resistant with an inhibition
zone of between 5-6 mm. Strains P75B and W90A were
better inhibitors of all test organisms than the other
strams and both strains had been previously identified
as  Lactobacillus  plantarum  (Kantachote  and
Charernjiratrakul, 2007).

When production of both organic acids and
hydrogen peroxide was limited by anaerobic growth and
reduced (0.2%) glucose only a few of the selected LAB
isolates exhibited good antibacterial actions against all
test organisms (Table 1). This indicates that these isolates
must produce antibacterial compounds other than
hydrogen peroxide and orgamc acids and were therefore
further investigated. Strain W04, isolated from
fermented wild forest noni, was the most effective strain
to intbit all test organisms (intubition zones: 5-6 mm).
Another selected strain P75B, 1solated from the phomnang
seaweed beverage, gave a similar inhibition zone against
bacterial indicators (inhibition zone: 3-6 mm); however,
stramn W90A gave a stronger inhibition of £. coli PSSCMIL
0001 than the strain P75B. Hence, 1solate WO0A was
selected for investigating its potential for use as a starter
cultures.

Effects of different inoculation procedures on wild forest
noni fermentation: All fermentations started with the
same initial pH of 4.5 and after day 1 dropped to 4.0;
however, at day 90 the control set 1.e. with no added
inoculum had a ligher pH (3.7) than that found in the
other 2 sets (pH 3.3) (data not shown). The TA levels
were in agreement with the pH values being lowest (1.2%)
in the control and in other sets were 1.3% (FWB) and
1.4% (LAB) (Fig. 1). The acidity levels were also
correlated with the amounts of sugar used as the initial TS
(13%) decreased to 4.65% in the control and 4.15-3.83% in
the FWB and LAB, respectively (Fig. 1).

The mumbers of TBC and LAB, including their
changed numbers, were similar throughout all sets of wild
forest noni beverage fermentations. This meant that most
of the TBC cells were LAB cells. Therefore only the
numbers of LAB and yeast are shown (Fig. 2). Yeast was
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Table 1: Inhibitory effect of isolated lactic acid bacteria against food bome pathogenic bacteria under various culture conditions

LAR isolate

P45B WG0A P75B W90A

Condition Condition Condition Condition

A B C A B C A B C A B C
Indicator Inhibition zone (rmrm)
S. aureus PSSCMI 0004 14 7 4 15 7 4 16 8 5 16 8 5
E. coli PSSCMI 0001 11 6 3 10 5 3 13 6 3 14 6 5
S. typhimurium PSSCMI 0034 13 7 3 14 7 3 15 7 5 15 8 5
V. parahaemolyticus VP 4 16 9 5 17 9 5 18 10 6 19 10 6
Total score 54 29 15 56 28 15 62 31 19 %] 32 21

A = Combination of organic acids and hydrogen peroxide production, B = Unlimited production of organic acids but limited hydrogen peroxide production,

C = Limitation of both organic acids and hydrogen peroxide production

14+ -1.6
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1] 1.2 n

F g

F L1.0 &

L s_ :Ex

§ ] 0.8 g

4 |

g 0.6 g
4 0.4
24 0.2
0 0

012345 67 101421 30 4560 75 90
Fermentation day

Fig. 1: Effects of different inoculation procedures on
changes of total sugar and total acidity in a wild
forest nom fermentation

e —&— Control-yeast
—0O— FWB-ycast
—i— LAB-yeast

Growth (log cfu mL™)

4 5 6 7 1014 21 30 45 60 75 90
Fermentation day

Fig. 2: Effects of different inoculation procedures on
populations of lactic acid bacteria and yeast in a
wild forest noni fermentation

not detected throughout the fermentation in any set
moculated with LAB. The mmtial yeast count in the FWB
set was higher than that in the control set; however, after
day 14 no yeast was detected in the FWB set. In contrast,

at the end of the fermentation on day 90 the control set
had 1.6 log cfu mL.™" yeast. Initial counts of LAR was
8.6 log cfumL ™ in the LAB set, 4.6 log cfu mL ™" in the
FWB set and 2.8 log cfu mL.™" in the control set. After day
1 of fermentation the LAB counts dropped about 3 log
cycles in the LAB set then LAB increased and reached a
maximum of 8.2 cfumL ™ at day 5. Similar changes of LAB
counts occurred in all 3 procedures, a significant drop
after day 1 followed by an mncrease to reach a maximum at
day 5 in the LAB set or day 6 in the FWB and control sets
at 7.9 cfu mL ™", following day 5 or 6 LAB counts declined
to 2.5 cfuml. ™" at day 901n all sets of fermentation.

Effects of different inoculation procedures on organic
acids and alcohol levels in the fermented beverages
relative to their ability to inhibit test organisms: After
day 60 1n all sets of fermentation, the amount of acetic
acid (6.5-7.5 g L.7") was higher than that of lactic acid
(5.0- 5.3 g L") (Table 2). However, at day 90 the amount
of acetic acid in all sets significantly decreased, whereas
the amount of lactic acid decreased only slightly (Table 2).
The highest amount of acetic acid was found inthe
LAB set, while similar amounts were detected in both
the control and FWR sets. In contrast, at the end of
fermentation the control set had the lighest level of
ethanol (12.2 g I.7") followed by the LABR set (8.6 g L.™")
and the lowest level in the FWB set (2.9 g L™"). The
amount of methanol was less than 0.20 g ™' in all sets
throughout the fermentation.

No antibacterial activity was observed at day 0 in any
set of wild forest nom fermentations but increased with
the time of fermentation. The best inhibition was obtained
at days 60 and 90 (Table 3). A sunilar result to control
most of test organisms was observed between LAB and
FWB sets and 1t was higher than that found in the control
set. However, inhibitory effect against E. coli PSSCMI
0001 of beverages was in the order of LAB set > FWB set
= control set and the order of the test strains sensitivity
was V. parahaemolyticus VP4 > S. aureus PSSCMI 0004
> 8. typhimurium PSSCMI 0034 = E. coli PSSCMI 0001 . At
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Table 2: Effects of different inoculation procedures on organic acids and alcohols contents in a wild forest noni fermentation

Femmentation day

Control FPB LAB

Concentration
(gL™H 0 30 60 90 0 30 60 90 0 30 60 90
Lactic acid 0.69 4.08 5.29 4.21 0.79 3.62 5.26 4.56 0.59 3.84 5.01 4.27
Acetic acid 0.88 3.95 6.49 3.16 1.00 4.19 6.59 4.54 0.97 3.4 7.43 311
Ethanol 0.29 4.92 1.69 12.20 0.34 3.10 1.07 2.9 0.24 2.01 0.71 8.62
Methanol 0.16 0.42 0.12 0.20 0.17 0.41 0.14 0.20 0.19 0.42 0.15 0.22
FPB = 5% inoculum of a previously fermented wild forest noni, LAB = 5% of Lactobacillus plartariim W90A starter
Table 3: Effects of different inoculation procedures on the inhibition of food bome pathogenic bacteria in a wild forest noni fermentation

Fermentation day

Control FFB LAB
Inhibition
zone (mum) 0 30 60 90 0 30 60 90 0 30 60 90
S, aurens PSSCMI 0004 0 12.7 12.7 12.7 0 12.6 14.0 13.5 0 11.6 12.9 12.6
E. coli PSSCMI 0001 0 0.0 0.0 9.2 0 0.0 0.0 12.2 0 0.0 124 12.7
Salmonella* 0 0.0 1.3 10.5 0 0.0 114 14.2 0 0.0 11.3 12.7
Vibrio® 0 0.0 13.7 13.4 0 15.9 15.8 14.5 0 11.8 14.1 13.5

*. Salmonella typhimurium PSSCMI 0034, V. parahaemolyticus VP 4, FPB = 5% inoculum of a previously fermented wild forest noni, LAB = 5% of

Lactobacillus plautarim W90A starter

day 60 the beverage from the LAB set produced an
inhibition zone with E. coli PSSCMI 0001 of 12.4 mm
while the other 2 sets produced their best inhibition at day
90 with a 9.20 mm mnlubition zone for the control and a
12.2 mm zone for the FWB set.

DISCUSSION

Selection of lactic acid bacteria to use as inoculants: An
agar spot test was used to demonstrate antibacterial
activities this indicates that the inhibitory metabolites
produced by the LAB isolates were extracellular and
diffusible. LAB isolates incubated under aerobic
conditions gave larger inhibition zones against the test
organisms than when grown with anaerobic conditions
(Table 1). Aerobically LAB produce more orgarmc acids a
larger reduction in the pH and also produce hydrogen
peroxide (Lindgren and Dobrogosz, 1990; Adams and
Moss, 2000). Tt has long been recognized that hydrogen
peroxide as an oxidizing agent can inhibit both Gram
negative and positive bacteria (Yap and Gilliland, 2000;
Zalan et al, 2005). Therefore when production of
hydrogen peroxide is inhibited by growth in anaerobic
conditions, most LAB 1solates had reduced levels of
mhibition but not as much as when the level of acid
production was further reduced in the control by a
reduction of the glucose substrate.

In most situations S. aureus PSSCMI 0004 was more
sensitive than that observed in S. typhimurim PSSCMI
0034 and E. coli PSSCMI 0001 was the most resistant.
This means that there may be antibacterial metabolites
apart from the orgamc acids and hydrogen peroxide that
mhibited 8. awreus PSSCMI 0004, Bacteriocins for

example are more effective against Gram positive bacteria
than Gram negative bacteria (Hernnadez et al., 2005;
Osmanagagaoglu et al., 2005). Therefore, the possibility
that bacteriocins may be produced by the selected
LAB isolates will be mvestigated in a further study.
Gram negative bacteria are generally not sensitive to
bacteriocins from LAB unless the barrier function of their
outer membrane 15 disrupted by treatment with chelating
agents such as EDTA (Adams and Moss, 2000).
Clavero and Beuchat (1996) have also reported that E. coli
0157 H7 is more tolerant to some organic acids than
many other infectious pathogens and can survive well in
acidic foods and beverages.

The resistance of Gram negative bacteria towards
antibacterial ~ substances 18 related to  thew
lipopolysaccharides outer membrane (Gao et al, 1999).
Results mdicate that V. parahaemolyticus VP 4 and
S. typhimurium PSSCMI 0034 were very sensitive to
organic acids in the absence of hydrogen peroxide
production (Table 1). In contrast, the effect of organic
acids on E. coli PSSCMI 0001 was less obvious. Perhaps
the outer membrane of E. ¢oli may differ from other Gram
negative bacteria such as V. parahaemolyticus and
S. typhimurium. Siumilar results have been reported by
Simango and Rukwre (1992) as pathogenic E. coli strains
were more tolerant to the low pH of the fermented foods
than Salmonella. In addition, there are reports that some
Gram negative bacteria have an acid-tolerant response
system that protects them against severe acid stress for
longer periods (Foster, 1991).

Tt is not surprising that both the LAB strains selected
from those isolated from Thai fermented plant beverages
are strains of Lactobacillus plantarum as this orgamism
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is normally found in fermented plants and vegetables
(Daeschel et al., 1987, Battcock and Azam-Ali, 1998).
There have been many reports that L. plantarum
produces  antimicrobial substances that minbit food
borne pathogen and  spoilage  microorganisms
(Molin, 2001; Fooks and Gibson, 2002; Sjogren et al.,
2003; Hermnadez et al., 2005). L. plantarum 1s recognized
as a probiotic strain that strongly mhibits human
intestinal pathogens such as Salmonella enteritidis and
E. coli (Fooks and Gibson 2002). Tn addition, among the
Lactobacillus strain, L. plantarum 2142 was shown to be
the best producer of hydrogen peroxide and bacteriocins
(Zalan et al., 2005).

Different inoculation procedures on wild forest noni
fermentation: The numbers of LAB cells in the LAB and
FWR sets were significantly higher than in the control set
in spite of the finding that the numbers of LAB cells
dropped by about 3 log cycles at day 1 of fermentation.
Thus loss 13 most likely due to the LAB cells requiring time
to adapt themselves to a new environment. It is also not
surprising that the numbers of yeast cells
significantly less after inoculation than in the control.
This may be due to a combination of having an mnoculum
being dominated by LAB and to the LAB producing some
anti-yeast metabolites (Table 1). The higher yeast
numbers m the FWB at the start probably results from
therr presence m the moculum from the previous
fermentation. However as the yeast would have been
dominated by the LAB more rapid growth of the LAB
would lead to mhibition of the yeast so that none were
detected after day 14. In contrast, 1 the control in the
presence of lower numbers of LAB the numbers of
yeast ncreased wntil day 5 and to 1.6 log cfu mL ™" at the
end of the fermentation (Fig. 2). This number could pass
the yeast numbers set by the Thailand rules provided
by the Medical Science Department, of not more than
100 cfu mL.~". However, it is well recognized that the
remaining of yeast i1 a fermented beverage product could
reduce a shelf life of the fimished product due to no any
treatment after finishing fermentation.

Another consequence of the inoculation procedure
1s that both sets of fermentations produced more acidity
than that found in a control set due to the higher nmumber
of LAB cells present after inoculation, and the higher
number of yeast in the control determined that the ethanol
concentrations were higher in this situation. L. plantarum
can also produce ethanol as 1t 15 a facultative
heterofermenter and can use either the Embden-Meyerhof
pathway or the phosphoketolase pathway depending on
the conditions of growth (Axelsson, 2004). This explains
why ethanol 1s produced in the LAB set in the absence of

were

yeasts (Fig. 2) as the fermentative conditions at sometime
may determine that L. plantarum uses the latter pathway
and both acetic acid and ethanol are detected m the
fermented beverages (Table 2). As antibacterial activity
corresponded to the amount of total acidity including
ethanol (Fig. 1, Table 2, 3) we had no convincing evidence
that the fermentation process might result i the extraction
of bacterial mhibitors from the nom fruit. However,
Tnoue et al (1981) have reported that wild forest noni fiuit
may have some antimicrobial compounds. Now we have
established that using an moculum of a selected
Lactobacillus can benefit the final product in terms of its
yeast and ethanol content and ability to meet Thai health
requirements.

CONCLUSION

To conclude, the results of this study show that LAB
play an mmportant rele m the production of FPBs 1n that
they produce extracellular and diffusible metabolites that
inhibit potential pathogens and spoilage organisms
including veast, thereby helping to preserve and make
the fimshed product safer. Lactic acid bacteria, such as
L. plantarum W90A, origmally isolated from the FWB
could improve the quality of the fermented beverage
produced from the fruit of wild forest noni as it completely
intubited yeast and provided more antibacterial activity.
Local producers should therefore be encowraged to use
standard procedures that include the use of a standard
controlled inoculum for producing their FPBs.
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