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FERMENTATION OF BANANA FRUIT TO PRODUCE BUTANO
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ABSTRACT

Banana dominates the export and domestic mark@anfan. According to statistics of the past 5 years
estimate of 300,000 tons of bananas is producedadiymnwhich make its yield the highest among a# ghomological
products in Taiwan. 10% are found to be below pahé midst of commercialization.

With the widespread of environmental awarenessctimeept of energy conservation by recycling isobgog a
highly plausible alternative. Butanol has showragmotential to be developed as a renewable ersrggce .1t produces
25% more energy than that of gasoline and yetridpgrties remain similar to gasoline. Butanol isrenmiscible with
gasoline than ethanol and it does not corrode ipiggleasily as ethanol does.

To analyze the yield of butanol, different concatitms (2%, 6%, and 18%) of discarded bananareie added
to three culture mediums @l ostridium acetobutylicum. A pure culture medium without added waste was ptepared as
a controlled groupClostridium acetobutylicum will utilize the banana fruit's high compositiorf oarbon, vitamins,
minerals and trace metals content. Hence, it isgardhat the carbon content has a direct effet¢heryield of butanol. In
this process, acetone, ethanol and butanol areupedd ABE fermentation is allowed to occur for 126urs under
constant environmental conditions. Finally, gaatatography was used to isolate and calculateiéhe gf butanol.

Experimental results showed that fermenting 2%aofdma fruit for 120 hours produced the highestyo!8.78
g/ L of butanol and 3.25 g/ L of acetone. Cultomedium with added banana fruit decreased the fiimmaate of butanol,
but increased the yield of butanol.

However, ethanol yield in all groups showed no #igant difference. This means, addition of bandnst to
increase ethanol yield is not significant.

KEYWORDS: ABE Fermentation, Bioresource, Clostridium, Acettiicum
INTRODUCTION

In recent times increased fossil fuel use havealeglthe Earth's resources. Due to the shortafpssif fuels, the
concept of recycling and reuse are being incredsimgployed. Moreover, the exorbitant prices ofsibfuels price and
their low availability is making renewable energy alternative source. When the man power used ficudyre
operations was gradually replaced by automationma@chanization, this enabled mass production tarogcmuch lower
cost. For example, banana dominates the exportlameéstic market of Taiwan. According to statist€she past 5 years,
an estimate of 300,000 tons of bananas is prodaoadally which make its yield the highest amongtzdl pomological
products in Taiwan. 10% are found to be below pathe midst of commercialization. This issue carrésolved using
fermentation engineering, to obtain biomass enwrggh can reduce energy shortages and reuse agradulvaste.

According to the literature, banana fruits havéd tarbon sources, and therefore butanol can bdegelith the

use of ABE fermentation so there is a direct retahip the carbon source and the amount of butimoied .In this
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experiment batch fermentation was used due towscbst, and also to explore its effectiveneseimenting banana fruit
using Clostridium acetobutylicum. (Wu Menglong, 3p1

A process that uses bacteffi@mentationto produce metabolites acetone, butanol, and ethanol undserabic
conditions. ABE fermentation metabolites contain solvents ofybia acid, propionic acid, lactic acid and acedicid,
respectively. The metabolic pathway that was usaed mamed the "butterfly" displacement effect todpie acetone,
ethanol and butanol, and produced butanol as thie matabolic pathwayln the early stage of the ABE fermentation
engineering, fermentation by batch culture was eygi .The concentration of the butonal was mora @% which will
inhibit bacterial growth. However, thekills of engineers improved the way in which fentaion occurred, but the
butanol production was still low at 25%Vith the help of engineering and technical exgertiusing two strains of
Clostridium tyrobutyricum and Clostridium acetoldidym with use of continuous and immobilized reactdich can
make the butnaol yield up to be 42% which one caximize the products of hydrogen and butyric aeidgther can
conversion can be butyric acid into butanol.

Compared to the early stages of the modified ABB&ntation which can eliminate the solvent acetid,dactic
acid, propionic acid, acetone, ethanol, isobutama only generate the hydrogen gas, butyric ad¢thal and carbon
dioxide, and therefore butanol yield can be incedasAnaerobe which refers to an organism which dumsrequire
oxygen for growth there are two types of anaeraii@gate anaerobe and facultative anaerobe. Thgaiblanaerobes
were defined when the growth in non-anaerobic emvirent which they will be death or spore formatibat the reason
was under in aerobic environment making cells thgesoxide dismutase and catalase lacked causahedsther hand ,the
facultative anaerobes when in the anaerobic enwviesnt can available for aerobic respiration ,in othse, to do the
hypoxic respiration which can let glucose by glysid into pyruvic,and then the pyruvic by decarbation to remove the
carbon to form the aldehyde and at the samettimelease CO2. Among them the aldehyde by glyeotgsproduce the
NADH2 which revert to form the ethanol and (ATRY{ Menglong, 2013)That was higher compared tolggdn strictly
anaerobic bacteria, and which can grow in aerobirenment. Unless the products have exceptioregfiests otherwise
the products were requested under anaerobic em@onfor the spindle. In this study, the Clostridi@cetobutylicum
belonged to obligate anaerobes family which therditure says the formation of endospores help grdtgelf when in
aerobic environment until suitable conditions afa@robic environment will restore its charactersstiso it was very easy
to operate in the experiment. pH value is importt control parameter to maintain the cells suitable environment.
When the pH value is too high or too low it inhébigrowth and functioning of the cell in the studlye Clostridium
acetobutylicum was suitable in pH values between t6. 7. In Anaerobic fermentation processes theee \arious
temperatures needed for growth, these temperataesbe divided into three groups, psychrophilss(lehan 2@T),
mesophils (Between the 20 to 45),and themophils(more than 48),respectively. In present study, the Clostridium
acetobutylicum belong to mesophils, group and meareual average temperature of about3@Which the most suitable
for the survival of mesophilic in Taiwan. The masimmonly studied bioreactors include batch, fedcihéree cell
continuous, respectively. Free cell continuousreefe the new culture medium and vessel were exggtmwith the same
flow, rate and speed simultaneously (at the same)tremoved and supplied to the broth such thabtb#n content of the
same in vessel, can increase the nutrient souraésha concentration of the liquid product of teenfientation, pH, cell
density, growth rate can remain stable. Basedestription above, the nutrient source suppliededifit with the fed-

batch. Batch culture is easy to control which retee culture medium and cells at the same timj@inche vessel until the
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end of the fermentation period which has pH valoetol, air exchange,and no exchange of nutrientcgs and materials
in vessel. In the present study, batch fermentaigslow cost, easy to operate and easy to idepgifgmeters. Based on
this study, we examined the pH values, pressurecaltdre, adding extra banana fruit (single vaealib improve the
feasibility of butanol yield. Clotridium acetoblium. Clotridium acetobutylicum is belong to ajdie anaerobe which
grows without oxygen in the environment, and thedpcts of fermentation creates liquid productweitetone ,butanol,
ethanol as well as the gas containing hydrogencanidon dioxide. When in aerobe environment an itgdbcell grows
endospores to protect cell itself. Spores are raifdhowever, under reactor conditions they amaddrinactive, then in
the present study, the cells are easy to operdteo&e, starch and carbohydrates used for gengrétesolvent have a
direct relationship with the carbon source. Théboarsource is a major component of the skeletaesy®f the cells, and
can help promote the synthesis of extra-celluldrstances. The protein was used as a nitrogen seuhizd helped
generate gaseous products suglamtl CQ.
(Ji Yi Quan, 2011)
EXPERIMENTAL APPARATUS AND METHODS
Materials

In this study, we use the North banana which nafivedsa Tai Chiao No.1” introduced from the SouthGliina
is common specie in Taiwan. First, we made the oredvith Beef extract (0.49), peptone (0.4g), NaRg), glucose
(0.2g), yeast extract (0.12g), GEOONa (0.129g), soluble starch (0.04g) and agar2¢f).which was added to 40 ml
deionized water contained in a 100 ml screw-cagpgéx bottle. The medium was sterilized at T2for 10 minutes then
cooled to room temperature to provide an anaerebigronment. When above process, is completed tiiaéns were
added for 12—16 hours in an anaerobic environnte3-637C and pH values of 6~7. The process was repeatdthsthe
cells can be domesticated which lead to them beugstable. Then the domesticated strains were usativ was stable
for a fermentation period of 120 hours at a tenmjpees of 35~37 and pH values 6~7 ,the batch culture medium
composed of 1L total volume of the different cortcation of total volume 2%, 6% and 18% of the basafiuits (used
the heterogeneous machines crushed), glucose (Z8HL,OONH, (2.2g), Yeastextract (1.5g),,KPOy(0.5g), KHPO,
(0.5g), MgSQ - 7H,0 (0.2g), MnSQ - 7H,0 (0.01g), FeS®- 7H,0O (0.01g) and NaCl (0.01g) in anaerobic environment
(N,,100%).
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Figure 1: The Clostridium acetobutylicum BCRC10640strains stored at 4 Cin
distilled

Which came from the Food Industry Research and Devepment Institute
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Analyses

Solvents were determined by gas chromatographyN®BIZU GC-2014) using flame ionization detector and
4M x 3mm stainless steel column (SHINCARBON ST 80/nesh). The broths were analyzed (solvent ABEPga for
setting centrifuge for 13000rpm for 10min,and thie@ supernatant was filtered through a Qu@2 filter by injecting the
samples into the gas chromatography, with threkcegjpns being done.
RESULTS AND DISCUSSIONS

After 24 hours of fermentation of the medium whitdd no banana fruit, it was found to have highectien
rates, which likely caused bacterial activity to indibited. When the cells generated metabolitesethvas a sharp
decrease in the ph values. When an 18% concemtratiobanana fruit was used the magnitude of thevalue

changed.slowly because the higher banana fruitsecaration of the medium the lower decompositiothefreaction rate.
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Figure 2: Graph Showing Added Different Concentraton of Banana Fruit the pH Value
From ABE fermentation
The non-adaptation of cells to the environment m#ue acetone yields non-significant within 0-24tsour
However in the logarithmic growth phase the ceffsted to produce a large volume of acetone. Within120 hours we
detected that when a 2% concentration of banaiita fiuas added to the fermentation broth, a yieRI28g/L.
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Figure 3: Graph Showing Added different Concentraion of Banana Fruit the Acetone
Yield from ABE Fermentation
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Within the 0-24 hours the adapted cells did notegate a significant amount of butanol. But in tbgdrithmic
growth phase of 48 hours the cells released theuatof undissociated acid, which generated the buoditas and
balanced the ph. In the experiment results showat when adding 2% concentration of banana fruét amount of

butanol present in the broth was 8.78 g / L with® hour time frame.
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Figure 4 : Graph Showing Added Different Concentraion of Banana Fruit
the butanol Yield from ABE Fermentation
When the 6% concentration was used results shdwegdih ethanol yield of 0.415g/l was obtained ahdmw
compared to the standard a yield of 7% less thald §i% concentration was obtained, this turnedbewa actual yield of
0.386g/l, and when compared to the other sampéebtier ethanol yields proves to be less econondigalto the fact that

if further purified very small amounts of ethanchybe obtained
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Figure 5 : Graph Showing Added Different Concentraion of Banana Fruit the ethanol Yield from ABE
Fermentation

From the figure 5, the fermentation final time 0201 hours obtained the highest yield of the solvents
butanol8.78g/L and acetone and3.25g/L, respectaetyin 96 hours of the highest yield of ethandhoted was 0.415g/L.
The experiment results showed, adding optimum amofibananas fruits in to medium, increased thédgief acetone

and butanol, but an increase in ethanol yield veasignificant.
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Table 1: Comparison of Solvent in ABE Fermentatiorfrom Added Different Bananas
Fruit Concentration

Ao ol pH Finalpi Acetone(gT) Buanol(g1) Ethanol(g)
0% 638 476 157 853 0385
w628 484 325 8T8 (348
6% 580 483 234 798 0368
18% 58 502 058 093 0376

CONCLUSIONS

Proper use of plants and agricultural waste foaoit is feasible route to replace fossil fuels.t@ea medium

with added banana fruit decreased the formatianofbutanol, but increased the yield of butarfdhé fermentation time

lengthens until 120 hours, adding highest concéatraf banana fruits will result in highest buthyld. Based on the

experiment results, in the future using continuéersnentation and increased use of banana fruit€lwhiaybe have

considerable results and can have a higher progesiiciency for agricultural waste. Banana fruase low cost

compared to the pseudo stem it means the pseudpvetelld be costlier for the conversion of cellulost a carbon

source, because banana fruit have trace metalsdahéd be used for cell growth. However, becauspsefudo stem high

yield and high efficiency process banana is a giatesource for producing butanol.
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