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ABSTRACT
There’s a current interest in the economic conversion of renewable resources into industrially useful
products. For this a large number of agriculture wastes have been harnessed.. Of this pineapple waste is
one of them. The ability of different bacterial and yeast strains isolated from ripe pineapple peels waste to
degrade cellulose from pineapple wastes was investigated by assessing cellulose decomposition by the
method of cellulose Congo red agar media hydrolysis capacity (HC-value). Of the 8 isolates screened for
their fermentation ability, 6 showed enhanced performance and were subsequently identified and assessed
for cellulose degradation and amounts of glucose produced. Solid state fermentation was carried out in
flasks containing pineapple peel waste and pulp wastes as substrates and inoculums of 10% size was
cultured in a rotary shaker at a pH of 4.5 and at temperatures ranging from 22° C, 27°C, 32°C and 35°C
for 21 days. Cellulose degradation and amounts of glucose produced by 4 test organisms and 1 positive
organism in both peel and pulp of pineapple was determined. The highest amount of cellulose
degradation and glucose formation was produced by the bacterial isolate PPP04 for peel waste and the
yeast isolate YPO2 for pulp waste.
The present study was undertaken to identify bacteria and yeasts which could degrade cellulose and that
which could be used for their degrading ability for commercial production of ethanol and vinegar.
Keywords: cellulose, pineapple wastes, isolates, fermentation, substrates.

INTRODUCTION Pineapple waste, consisting mainly of cellulose

Cellulose is a polymer of glucose and is the most
abundant organic material in nature. It is however
resistant to decomposition. A large number of
bacteria, fungi and actinomycetes are known to
degrade cellulose. The substrates of compost with
primary components of plant material such as
cellulose, hemicelluloses and lignin are rather
difficult to biodegrade and reduce the availability
of other polymers by means of a physical
restriction (Ladisch et al., 1983).

Several methods for enumerating cellulose
utilizing microbes have been described which
include liquid media (Smith, R E, 1977) and solid
media  (Teather and Wood, 1982) for
guantification of cellulose utilizing bacteria.
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and starch, was suggested as a substrate for
production of valuable fermentation and non
fermentation products (Tewari et al.1987). In the
past, pineapple waste from canneries has been
utilized as substrate for bromelin, vinegar, wine,
food /feed and organic acid (Dev and Ingle, 1982).
Various strains of indigenous yeasts capable of
producing ethanol have been isolated from
different local sources such as molasses (Rose,
1976), sugar mill effluents (Anderson et al., 1986),
local fermented foods (Ameh et al., 1989) and
fermented pineapple juice (Eghafona et al., 1999).
Pineapple (Ananas comosus) is one of the
commercially important fruit crops of India.
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Total annual world production is estimated at 14.6
million tonnes of fruits. India is the fifth largest
producer of pineapple with an annual output of
about 1.2 million tones. (Database of National
Horticulture Board, Ministry of Agriculture, Govt.
of India, 2002).

The objective of present study is therefore to study
the potential of cellulose degrading bacteria and
yeast on Pineapple wastes, isolated from pineapple
peel.

MATERIALS AND METHODS

Source of Pineapple fruit

For isolation of microorganisms, Pineapple fruit
wastes were obtained from the dump yard of
Kalsipalyum, K R Market, Bangalore, while for
fermentation, ripe Pineapple fruit was procured
from hopcoms, a common vegetables and fruits
outlet of Lalbagh Farmers Association, Bangalore.
The pineapple fruit wastes from the dump yard
were used within 24hrs after collection. When the
peels could not be used, they were stored in the
refrigerator to prevent deterioration. However, the
stored fruit peels were used within 48 hrs.
Isolation of microorganisms from pineapple
peel

1g of rotting pineapple peel was serially diluted
and plated on two different media viz., a.

Nutrient agar and b. Saborauds’s Dextrose agar,
using pour plate technigue described by Madigan
et al.,, (1997). All the plates were incubated at
30°C, for 24 — 48 hrs for bacteria and yeast.
Growth of bacteria on SDA was avoided by the
addition of 0.003% (w/v) of the antibiotic —
streptomycin sulphate. Similarly growth of fungus
on nutrient agar was avoided by the addition

of 0.004% (w/v) of the antibiotic —actidione
(cyclohexamide).

Characterization and Identification

This has been done using procedures described for
bacteria and Barnett et al (1983) for fungi and
yeast. The identification parameters included —
morphological characterization of each isolate that
included: color, size, colony characteristics
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microscopic features like gram staining for
bacteria, simple staining for yeasts.

The bacterial isolates were further subjected to
biochemical tests like IMViC and carbohydrate
fermentation which included sugars such as
glucose, sucrose, maltose and lactose. This was
done to prove the isolates as bacteria.
Maintenance of bacterial and yeast isolates
From the bacterial isolates only the bacterial rods
were chosen and further maintained on enrichment
media consisting of yeast extract- 0.1% (v/v),
peptone-0.5% (v/v), CaCO; -0.2% (v/v), NaCl-
0.12% (v/v). The yeast strains were maintained on
SDA slants.

Assessment of bacteria and yeasts for attributes
of Cellulose degradation

Each bacterial and yeast isolate were further
screened by using pure cellulose powder of Hi-
media grade. For assessing cellulose hydrolysis by
the method of carboxymethylcellulose hydrolysis
capacity (HC-value), by growing each isolate on
the cellulose Congo-red agar medium by streak
plate technique, i.e., the ratio of diameter of
clearing of zone around the colony (Hankin and
Anagnostakis, (1977); Hendricks et al., (1995);
Reese et al (1950). The isolates with HC values
were selected and maintained on the respective
maintenance medium.

A positive cellulose degrading bacteria-
Cellulomonas. uda, NCIM no. 2353, ATCC no.
21399 and an yeast —  Saccharomyces.
cerevisiae.var.ellipsoides NCIM no. 3494, ATCC
no. 24702 was procured from NCL, Pune; and
used as standard organism ie., to compare the
cellulose degrading

activity with that of the isolates.

Pretreatment of Pineapple peel and pulp for
fermentation activity

The pineapple was skinned off the peel using a
knife that was disinfected with 70% ethanol.

The waste substrates used in the study were
pineapple peel and pineapple pulp. Both of which
were fermented separately with different isolates.
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2.7 Processing

Specific quantity of Pineapple peel, 100g was
taken and mixed with hot sterilized distilled water

of equal quantity and mashed in an electric blender
to obtain a semisolid mixture. About 200ppm of
potassium meta- bi- sulphite was added to further
kill away any local micro-flora of the pineapple
peel. Similarly, pineapple pulp mash was also
prepared by the above mentioned process.

Various parameters such as initial cellulose
content, Brix content, pH, titrable acidity and
volatile acidity were noted before introducing the
peel mash and the pulp mash separately into
sterilized 250 ml reagent bottles. Three bacterial
isolates and the standard organism were then
inoculated separately into the peel mash. Similarly
four yeast isolates and one standard yeast were
inoculated into the pineapple pulp mash. A
constant pH of 4.5 was maintained in all the
reagent bottles.  The organisms were then
incubated at four different temperatures viz., 22°C,
27°C, 32°C and 35°C.

Estimation of Cellulose and glucose content in the
pineapple peel and pulp were estimated after 21
days of incubation by anthrone method, Hedge and
Hofreiter (1962) and by DNS method,

Miller, G.L. (1959), respectively.

RESULTS

Isolation of microorganisms from pineapple
peel

About 22 bacteria have been isolated from
Pineapple peel. These bacterial isolates have been
named as PPPO1 to PPP22. Of the 22 isolates,
only six isolates were found to be bacilli, the
remaining ones were cocci. From these six bacilli,
only three bacilli viz., PPP13, PPP04 and PPP16 is
used for the study, depending upon the HC value
obtained by the carboxymethylcellulose hydrolysis
capacity by cultivating it on cellulose Congo -red
agar media.

The yeast isolates, have been mentioned as YPO1
to YP12. Of the 12 yeast isolates only four yeasts
were used for the study, again depending upon the
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HC value obtained by the carboxymethylcellulose
hydrolysis capacity on cultivating it on cellulose
Congo -red agar media.

Biochemical tests

Of the 22 bacterial isolates subjected to
biochemical tests viz., IMVIiC & carbohydrate
fermentation — glucose, lactose, maltose and
sucrose. All the isolates showed positive tests for
one or the other biochemical tests. It has been
commonly observed that, all the isolates fermented
glucose and maltose producing gas/ acid or both,
as evident from gas formation in the Durham’s
tube and change in the colour of bromo-cresol-
purple (BCP) from purple to yellow colour.

It is also noticed that all the 22 isolates of bacteria
showed no response in fermenting sucrose and
lactose, as the colour of BCP in the test tubes
solutions continued to remain purple.  The
formation of gas in Durham’s tube was absent, but
growth could be seen, as evident by the
development of turbidity in the test tube,
compared to the control.

Another important observation made was of the
isolate PPPO7. This isolate showed negative to

all the tests under IMVIC and fermentation of
sugars, although growth was seen in the test tubes
with sucrose, lactose and maltose. This probably
points to the isolate PPPO7 not being a bacteria.
Assessment of bacteria and yeasts for attributes of
Cellulose degradation After 36hrs of incubation at
32° C, a clear zone has been formed around the
streak of growth for each isolate. The zone of
clearing was highest 0.75cm for the bacterial
isolate PPP04 and 0.76cm for the yeast isolate
YP2.

Cellulose Estimation of Pineapple peel by
Anthrone method

Estimation of cellulose of pineapple peel and pulp
was done by the anthrone method using
colorimetric estimation at 630nm. The reading
obtained, was compared to the initial value of
cellulose of peel, which was 1900 pg/ml and pulp
1040 pg/ml before fermentation. After 21 days
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fermentation, the degradation ability of each
isolate was estimated by the anthrone method.
Lower the concentration value of cellulose in
pa/ml of the given isolate fermentation less was
the amount of cellulose remaining after
fermentation, indicating to the high cellulose
degradation ability of the isolate.

Higher the concentration value of cellulose in
pg/ml of the given isolate fermentation more was
the amount of cellulose still remaining after
fermentation, indicating to the low cellulose
degradation ability of the isolate.

Sugar Estimation of Pineapple peel by DNS
method

Estimation of reducing sugar in Pineapple peel and
pulp was done by the DNS method, after 21 days.
With the bacterial isolates from peel, varying
degree of sugars was formed, with the highest
being in isolate PPP04, with sugar formed of
1700ug/ml at  32°C, followed by PPP13,
1600ug/ml at temperature of 27°C, showed better
sugar accumulation. PPP16 showed the least
fermentation activity of an average of 1100ug/ml
of sugar formation. Similarly, in the pulp, the
yeast isolate YP2 showed the highest amount of
sugar at all three temperatures of 22°C, 27°C and
32°C, its activity decreased at 35°C.

DISCUSSION

The result of this study indicated that both the
bacterial and yeast isolates have good cellulose
degradative ability, this enhances their use in
obtaining useful organic compounds of Pineapple
peel and pulp.

After fermentation, estimation of cellulose content
in the pineapple peel has revealed that PPP04
isolate is able to degrade cellulose much better
than all the other isolates as evident from the less
amount of cellulose remaining from estimation by
Anthrone method after fermentation and the
amount of sugar formed as evident from DNS
estimation of sugar after fermentation at all the
four temperatures, with the vigourous activity seen
at 32° C.
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Altough other isolates degraded cellulose, PPP13
is active only at 32°C, its degradation ability is
also much lower compared to other isolates. The
standard organism C.uda  has shown good
degradative ability on pineapple peel. The
temperature 32°C, seemed to be the ideal for all
the bacteria.

Similarly, the yeast isolate YP2 has shown the
highest cellulose degradation compared to other
isolates, While 22° C has been the ideal
temperature for the degradation for all isolates.
YP11 has shown the least amount of degradation
ability compared to others. The standard S.
cerevisiae also showed a good amount of cellulose
degradation.

Sugar estimation revealed that all the bacterial
isolates are able to form some amounts of sugar.
The standard yeast S. cerevisiae has shown the
least amount of sugar compared to other
organisms; this could be probably due to its
fermentative ability.

In Pineapple pulp, the yeast isolate YP6 has shown
the least amount of sugar compared to the

standard yeast and other isolates. This indicates to
its vigorous fermentation ability.

CONCLUSION

This study reveals that the three bacterial isolates
and four yeast isolates have been able to degrade
appreciable amounts of cellulose and produce
glucose. A few isolates have also shown the
potential for utilizing glucose for further
secondary fermentation to obtain industrially
important chemical compounds.  Further, this
study has paved an understanding for scope for
utilizing the peel of pineapple or excess of post-
harvest pineapple as a good substrate for
industrially useful products, by harnessing the
potential of microbes.

Thus in conclusion it may be stated that the
isolates could be further harnessed using pineapple
fruit wastes, which are of low cost and used in the
production of products of high economic value
such as alcohol and vinegar.
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Figure 1: Zones of clearing by Bacterial on cellulose Congo-red agar media after 36hrs of
incubation at 32°C.

Figure I1: Zones of clearing by Yeast on cellulose Congo-red agar media after 36hrs of incubation
at 32°C.
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Fig VI1II. Cellulose estimation of pineapple pulp
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