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I . BACKGROUND 

To utilize the significant amounts of rejected fresh banana available in Cen­
tral America in excess from the requirements for the international market 
convnercialization, a fennentation process to preserve the banana puree using 
lactic acid producing bacteri~. that could be applied to cooperatives in ru­
ral areas, was developed. To prevent enzymatic browning, the opti111Jm ripened 
and peeled fruit was immersed in boiling ~,ater for 7 minutes; 1t was made into 
a puree and 1% milk solids and 1% inoculum (V/W) were added. Fran lactk bac­
teria studied, 4 were selected, based on its ability to fennent the puree and 
reduce the pH below 4~5 in an adequate amount of time. L. plantrrum ATCC E 
8014, L. casei lISTR 390, L. fumentum TISTR 391 and L. cellobiosus TISTR 398 
reduced the pH fran 4.8 to 4.00, 3.95, 4.10 and 4.00 respectively in 24 h at 
37°C. At ~his time, the arana flavor and color of the resulting pro~ucts 
were pleasant. After an additional 24 h the desirable organoleptic characte­
ristics decreased. Fe~entation must be stopped by refrigeration or pasteu­
rization (boiling water) for 34 min and cooling for 30 min. L. plantar'1!Jl 
ATCC E 8014 was the final selected strain after a preferential respo,se in 
the sensory evaluation. The fennented puree is suitable for use in ~any ba­
nana flour specialty food products 1 ike "bocadil 10 11 product chosen as the one 
with greatest corMlercial possibilit:es in the Central American region. 

II. INTRODUCTION 

The natural pH of banana puree is high (4.8-5.0), requiring a drastic heat 
sterilization process for preservation, that is only practical with aseptic 
canning. For a small operation in a banana-producing cooperative, acidifica­
tion plus a moderate heat treatment (pasterization) is more feasible if the 
final product will be also acid, like a jelly, because acid-flavored banana 
puree may have a low acceptability by people familiar with the natural product. 

An alternative will be the preparation of a puree fermented by lactic bacteria, 
whict. could be associated more with yoghurt than with natural banana puree. 

lactic bacteria (l.actobacillus, 1.euoomstoc, Pediooocnis and Streptococcus) 
have been used industrially since about a hundred years to produce a variety 
of fennented food products. Lactic acid produced by these bacteria enhance 
food preservation by inhibiting the growth of patogenic microorganisms 
(Gilliland and Speck, 1977). 

Its use in food processing has been widely described in the literature (Speck, 
1978; Teply et al, 1979; Mital ~nd Steinkraus, 1979; Patel et al, 1980; Tiwari 
and Pandey, 1978; Ngata and Lee, 1979; Beuchat and Nail, 1978; Bucker et al, 
1979; Field et a1, 1981). However, there are few papers on lactic fermentation 
of fruit products such as fruit yog~urt (Kriel, 1979), and brined mango slices 
(Ma1tra et al, 1~79). 

In relation with fermentation ~f banana puree hy l~ctic acid bacteria, a gennan 
canpany (Eden Waren, GmbH, 1972, 1972a) obtained a patent for a pasteurized 
ba~ana puree fermented by~ mixed culture of L. salivarius, L. casei, S. lactis 
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ands. creroris during 12-20 h, starting at 38°C with a gradual temperature re­
duction of l-3°C. final pH was frcm 4.1 to 3.7 according to fennentation time. 

Wheeler and Gillies (1973). prepared a yoghurt from a 1:5 by wt banana puree/ 
m1lk mixture with acceptable flavor. Aegerter and Dunlap (1980), tested L. 
Wlgariais, S. thernophilus, S. faecalis, L. fernentum and L. mesenteroides in 
banana puree from ripe and green fruits with a fennentation time of 7 days at 
37°C. The ~ennented products became spongy. with soft solids floating in a 
clear 1 iquid a·:d of medium to 1 ight creamy br<'wn col or. The inocula were not 
standarized. Matamoros (1981) used L. casei to fennent banana puree during 10 
to 19.5 hat 38°C. The product had a shelf life of 32 days at 7°C. Dilution 
of the puree with water and addition of pectinolytic enzymes was also tried. 

In the present work, the objective was to select an appropriate lactic acid 
bacteria to produce a fennented banana puree with a pH below 4.5, acceptable 
flavor. texture and light color; and with a simple enough process that could 
be implemented in small plants located in a rural areas. This process required 
a simple procedure and low cost equipment. 

III. MATERIALS AND METHODS, EXPERIMENTAL 

Bananas (Musa Sapientum v~riety Grande Naine) in the mature-green stage of 
ripening were procured from Bananera, Izabal, Guatenala and San Manuel. Cortes, 
Honduras. The fruit was stored at 28°C and 85-90% relative humidity and treated 
with ethylene to obtain homogeneous ripening. 

Of 34 lactic acid producing bacteria obtained frcm different sources, 16 were 
selected on the basis of good growth 1n MRS liquid medium (Man, Rogosa Sharpe; 
Oxoid l'.:d. Basingstoke, Engl and). B-12 I 11nocul um Culture Broth (DIFCO) was 
substitJted for MRS after several months of experimental work because sane 
strians began to show poor growth. 

The 16 strains selected are listed in Table 1. These strains were obtained 
from the American Type Culture Collection (ATCC), the Thailand Tnstitute of 
Scientific and Technological Research (TISTR), the Northern Utilization Research 
and Development Division (NRRL), the National Collection of Dairy Organisms 
(NCDO) and Christian Hansen's Laboratory, Inc. 

Each of the assayed strains was rehydrated with liquid medium. with succesfve 
transfers until good growth was obtained. 

The same standarized cell concentration (71-77% transmittance at 540 rvn, Bausch 
and Lomb Spectronic 20 spectrofotanetry was used in all inocula. The number of 
microorganisms present in the inocula was detennined by standard plate count 
(Speck, 1976). 

Optimum growth temperatures recommended by suppliers were used ahd time for 
maximum growth registered. 
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TAIL[ 1 

OPTIU CllOllTK TlllE AllO TDIPERAME Of TH£ l.ACTOIAClllUS STUlllS ASSAYED 

MJCllOORGAlflSM 

., L. plmtmua Am: E I011l 35 
. L. casei '1'~~ HO 35 

L. dcqNlu& llRRL I 1910 35 
L. ecldcphilus l«m 1 35 
• • pentosacctJs l«m 1159 35 
I. lal:tia NCOO 1966 J2 
S. thmqiiilus C:-istian Hansen'• GH 43 
L. lul&arkus NRliL B 1909 43 
L. b.Jlpricus NaX> 11119 ~ 
L. delh\JecJc:il Am: 961f9 43 
L. delbueddi Nm B 763 43 
S. lactia NCOO 1967 32 
L. lnvia !AL 8 11527 32 
L. fermentua ATCC 9331 43 
L. fment\n TISIR 391 35 
L. cellobi~IS TIS'lR 391 32 

., • • INdequ1te growth wlltch prwented Its dete ... t111tton 

Z4 
IS.20 

IS.20 

2' 
Z-1 
Z4 
Z4 
H 

Before processing, the ripe fruit was washed with a 20 p,.m chlorine in water 
solution, peeled by hand and blanched for 7 min in boiling water. The puree 
was prepared in a Langsenkamp pilot plant pulper Model 18-1227 with a 3.18 nm 
screen. 1% milk solids (skimned milk powder) was added to the puree before 1% 
V/W bacterial inoculation. 150 ml portions of inoculated puree were poured 
into glass jars (237 ml) and transparent poliethylene bags (12.6 x 21.3 cmj. 
After sealing, the jars and bags were incubated at 37°C for 24 h. The fennen­
tatfon process was then stopped either by refrigerating at 4°C or by invnersion 
in hot (85°C) water for 34 min followed by cooling with water to ambient tem­
perature. A process diagram is presented in Figure 1. 

Total acidity of the puree was detenninecl according to AOAC (1975), total 
sugars were analyzed following the methods reported by Browne and ierban (1955) 
The pH meter used was a Corning Model 10. Strains were selected ·,or their 
ability to reduce the pH of the puree and generate a pleasant flavor. 

A sensory evaluation was perfonned on 4 sel --·~d fermented banana puree samples 
following the hedonic scale method (Lannond, 1910) by a trained panel of 14 
persons. Two samples of fermented banana puree were compared with a samp'le of 
conmercial banana yoghurt, with natural banana puree and with banana puree aci­
dified with lactic acid to the same pH of the fennented samples on each sensory 
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Figure 1 

Processing scheme for Fermented Banana Puree 

Banana Grande Md~~e Variety 

(optimum ripeness for processing) 

Washing (enough water and 20 ppm chlorine solution) 

Control 1 

Control 2 

Sampling 0 h 

PEELING 

Enzyme inactiva~ion 

(Boiling water for 7 min) 

PULPING 

1% milk solids 

Langsenkamp Pulper 
(scr.een 1/8" (3 .18 cm) 
(skimmed milk powder) 

1% Inoculum (V/P} ~ix to ensure a homogeneous 
distribution 

FILLING 

Closing ~nd sealing 

Glass jars (8 oz polyethylene 
bags 0.025" (12.6x21.3 cm) 

Incubation at 37°C for 24 h 

Sampling 16, 24, 42 h STORING 

Pcom tempterature (23°C) Refrigeration (4°c} 

Sensory evaluation 
at 24 h fermentation 

evaluation sesion. A st3tistical analysis was performed to determine signifi­
cant differences in preference among samples. The best fermented banana puree 
was then mixed with commercial ~ilk yoghurt in 40:60, 20:80 and 10:90 fermented 
puree/yoghurt proportions by weight and compared in a hedonic scale s~nsory 
test using a sample of banana puree acidified with la=tic acid as standard. 

IV. RESULTS AND DISCUSSION 

Jn the fermentation assays, an increase of total acidity (expressed as g ma1fc 
aci~/100 g puree) with time was observed (Figure 2) while pH ond su~ar decreased 
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(Figures 3 and 4). There was sar.~ gas production that increa~ed slowly with 
time. fl.Iring the first 24 h of fermentation, most of the samples had a~ aroma 
and flavor which were pleasant and the color changed slightly to a beige­
yellow. 
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FIGURE·2 

FERMENTED BANANA PUREE ACIDITY vrs TIME 
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FIGUl\E ·3 

FERMENTED BANANA PIJR~E ACIDITY vrs TIME 
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Solle fermentation experiments w~re carried on at room temperature (23°C), but 
the pH did not decrease below 4.5. 

Table 2 presents the pH values obtained with the 16 strains studied (see Table 
1) at 24, 42 and 48 h of incubation. Those strains which were presented in 
duplicate from two different sources in Table 1. were merged in Table 2 

TAii.£ Z 

p11 l'ntRVAL.S AT Z4 • 4Z AllD 48 llllltS f'Ol TllE LACTIC 
~ID PllODUClllG PCTERIA IN THE FEMllTATIOll EIPEll· 

IDTS. 

"' 11CllOCRGl.Hl5r. 
... 

'~ Ii 42 h -
... ~ 4.40 • 4.IO 4.40 

r. pmouaus 4.30 • 4.60 4.0S 

... cuc1 J.95 - 4.44 3.84 - 4.30 

.. lectia 4.60 • 4.70 4.40 

... pl.ant.u\D 4.00 - 4.40 3.83 

... clellwedd1 4.80 4.50 

... bevis ·4,70 

... f\lnentuD 4.10 - 4.30 4.10 

L. lulpricus 4.80 

a.. oellnbjosus 4.00 • 4.30 4.10 

... ,~ 4.30 

Control sfn tn6culo 4.57 • 5.11 4.48 - 5.00 

Control con 11 de leche. sin fn6culo 4.6i - 4.80 4.50 - 4.60 

• • llol deterwlned 

U!i 

4.03 • 4.32 

4.03 - 4.20 

3.80 - 4.24 

4.Z - 4.40 

3.92 - 4.02 

4.40 

4.30 

3.90 
4.60 
J.90 
4.00 

4.ZO - 4.70 

4.60 

Four strains were selected on the basis of their ability to reduce pH in a 24 
hours period while producing an acceptable flavor: L. plantarum ATCC E 8014, 
L. 1.2sei TiSTR 390, L. f~tum TISTR 391 and L. cellobiosus TISTR 398. 

It was found that after 24 h of incubation the flavor began to deteriorate. 

The sensory evaluation by the hedonic scale method compared samples of fer­
mented banana puree with the 4 selected strains, a corrmercial banana yoghurt, 
natural and acidified banana purees. The fennented puree sample with the 
highest preference was that prepared wi~h L. pJ.antarum ATCC E 8014; although 
the conmercial yoghurt scored highest overall. There was no signiticant dif­
ference in preference among the sample incubated with L. plantan.Jm ATCC E 8014 
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and the natural and acidified banana puree controls. This is important because 
it means that the fennented product was considered at least as good as the 
natural banana pulp. 

It can be seen from Fi~ure 2 that L. plantar'1m and L. casei had the lower aci­
dity among the fennented Sdmples, (after 16 h of incubation both ha~ the same 
acidity values, but as shown in Figure 3, the pH of L. plantar'1m was the lowest 
after 24 h of incubation. The total sugar content of the banana puree fermented 
with L. plantarum was the second highest among the fennented samples (Figure 4). 
A combination of low acidity with high sugar·at a pH of 4.2 explains why this 
sample had the better acceptability within the fennented banana purees. . . . 
Another sensory test by hedonic scale compared 40:60, 20:80 and 10:90 fennented 
puree (L. plantarum)/cOfllllercial yoghurt mixtures with banana puree acidified 
with lactic acid to the same pH of the fermented samples. No significant dif­
ference in preference could be detected among these samples. Hence, it can be 
concluded that the fermented puree can be blended with commer~ial yoghurt in 
order to produce an excellent food product. · 
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