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ABSTRACT

Research for new, cheap and abundant agro-raw material for ethanol production remains a
contemporary issue in the quest for safe and renewable energy globally, particularly with reference to
bio-fuel production. This study evaluates the potentials of Ficus carica (Fig) and Phoenix dactylifera
(Date palm) fruits as possible alternative raw materials to food grains for ethanol production. Fig and
date palmfruit pulps were fermented in flask on a rotary shaker using Saccharomyces cersvisiaes (NCIM.
3288) obtained from National Collection of Industrial Microorganisms (NCIM) Pune, India. pH and
Ethanol yield of the reacting media were determined every 24 hr till 120 hr. At 120 hr, distillation of
ethanol from the pulp syrups was carried out at two temperature regimes (80-88, 78-82°C) and the
digtilled ethanol purified by sodium hydroxide reaction (NaOH). The results showed that pH decreases as
fermentation time increase and ethanol yield increased with increase in fermentation time till 96 hr when
optimal yield was attained and subsequently decrease in ethanol yield beyond 96 hr to 120 hr. Both
ethanol quantity determination by fermentation (0.95w/v for fig and 1.23w/v for Date fruits) and
digtillation (8.76% for fig and 10.64% for date fruits) revealed that date fruit yielded more ethanol than
fig fruit fermented syrup. However, ethanol obtained and purified from the fruit pulps showed that fig
fruit produced purer ethanol than date pulp. The study concluded that both fig and date fruits could be
utilised as potential alternative raw material to food grainsfor bioethanol production.

Keywords: bioethanal, distillation, ethanol yield, fermentation, Saccharomyces cersvisiaes.

INTRODUCTION
As the debate on renewable and clean energy parlicwith respect to bio-fuel production continues
the search for new substrates for ethanol produdésiéamperative. Lately, fuel prices are risingregowith
increase in the demand globally. Consequently,rathergy sources like biofuel, and solar energy are
increasingly being used as alternative energy ssuk mitigate the emission of green house gas i
global warming. Biofuel are biodegradable, non-<toxind usually free of aromatic and sulphur
compounds
Fuel-ethanol production is one of the fastest gngweénergy industries globally and in the recenetim
European Union has given priority to produce biwaebl from agricultural residues to reduce fos#il o
consumption by 20 %. Similarly, about 30% of the gasoline in the Udittate is reportedly blended
with bio-ethandl To save premium motor sprit (PMS), the Governnmnindia seeks to implement
addition of 10 % ethyl alcohol to gasoline for thél utilization and combustion of gasoline fuel.
According to Ward and Singhbio-ethanol blended with gasoline can reduce olehtarbon dioxide
emissions by 90%. Currently, about 80 % of totalrldaethanol production is obtained from the
fermentation of simple sugars by yéaSaccharomyces cerevisiae is species of yeast that has been used
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in brewing industry for production of alcoholic ages for years; also, itroutinely used in productic
of ethanol by fermentation of molasses. The yidicethanol from microbial fermentation reporte
depends upon the type of yeast strain, physiolofythe yeast, media composition and ot
environmental parameters like plemperature ett’.

Basically, cereals, corn in particular have beezduss raw material in ethanol produc® °. However,
there is constraint in the supply of alcohol cqumsling to demand using corn solely as the raw madt
Considering the roleorn plays in global food security and its utilinatin animal feed formulation the
is need to diversify the source of bioethanol patidi. To this end, other cereals have been exuldit
industrial bioethanol production, meanwhile, thakkernaive cereals are reported to be associated w
number of problems are likely to reduce their ethaield"® ** *2

Abundance and economies of biological raw matedadscritical factors that determine its explodat
for ethanol production. Avaikility of molasses from sugarcane has made it rizditef choice for ethanc
production in Brazil, while corn and sorghum aresthoused in USA and Canada, but cereal source
more relevant in solving global food security pevhb than production of oethanc'®. Therefore, there
is a pressing need for research into fermentalwfitgthanol from nc-edible agricultural sources such
non-edible fruits and seeds of forest species to retheeressure on cereals bioethanol produ”.

The present study attemptsuee cheap and readily available sugar sources pulp of the fruits of
Ficus carica (Fig) andPhoenix dactylifera (Date palm) for ethanol production usiiSaccharomyces
cerevisae. The study also seeks estimate the amount of etharmioduced during fermentation a
distillation processes of these natural sugar &®

MATERIAL AND METHODS
Materials
The seeds dficus carica (Fig) andPhoenix dactylifera (Date palm) used for this research were sou
from a local market in Mahuva llage, Surat District of Gujarat State of India. heTl yeas
(Saccharomyces cerevisiae NCIM strain No. 3288) in active culture form wastaibhed fromNational
Collection of Industrial Microorganisr (NCIM) Pune. NCIM is located within the National €hical
Laboratory (NCL), Pune, in western India with maedaf repository for isolation, preservation ¢
distribution of industrially important cultured maorganism for scientific and industrial purposée’
sucrose use for the experiment was obtained frorH Limited, Poole in England while other reage
were obtained from SD Fine CHEM Ltd, Mumbai and HHDIA Chemicals, Bangalore, both in Inc
Methods
Preparation of plant materials
The plant samples were identified at DepartmerBatbiny, NavsarUniversity of Agriculture, Navsar
Gujarat, India. The experiment was carried ouhaBiotechnology Laboratories, C.G.Bhakta Institft
Biotechnology, Uka Tarsadia Univeristy, BardoliSarat District of Gujarat, India. The samples wagir¢
dried for about 2@5 days, after which they were gently crushed upiestle and mortar to separate
fruit pulp from the seeds (Fida & b). The fruit pulp obtained after crushing v&sred in a cool, dr
cupboard until used.

Figa: Dry pulp of fig fruit Fig.1b: Dry pulp of date fruit
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Maintenance of organism
The yeast strairBaccharomyces cerevisiae NCIM strain No. 3288 for the fermentation procesas
maintained on yeast media by inoculating wire lobghe culture in to the yeast extract/peptonefamse
agar (YPDA), sealed with st mineral oil at room temperature °C) and kept for growth till thre
days when ready for use (Imagt

Image 1: showing the growth of the yeasSaccharomyces cerevisiae NCIM strain no. 3288

Fermentation and ethanol estimation Proce:

20g of pulp mash oF. carica andP. dactylifera were measured into 500 ml flasks using WENSAR |
precision balance (Model 9001) with three replisater each species. The fermentation procedul
described by Igwet. al.** was adapted with slight moications.S cerevisiae taken by loop wire were
first dissolved in nutrient agar (NA) broth and patincubator at 3°C for 24 hr before used. Ye:
preculture was prepared according to the methodritbes! by Zharet. al. *> and the cell concentratio
of the preculture were checked bgy Values of Spectrophotometer. Thgdvalues ranged betwe:
2.002.40. Warm water was added to the pulp in the ftasknhance fermentation. 5 mL of yeast
added to each of the flasksmade up to 500 ml and the content was thorougbitated using a rotal
shaker. The flasks were properly covered with sdvayers of sterile aluminum foil to create favabie
condition for the anaerobic reaction. Fermentatias allowed for 120 has. pH of the fermentin
system was adjusted to 6 at the onset of fermentaimd determined at interval of 24 hr using Etettr
pH meter (CL 54+ by Toshcon Industries Pvt Ltd, diaar, India), sugar consumption was estimate
titration of ferricynanide'® and ethanol production of the system were detemhineery 24 hr usin
ethanol assay hgichromate colorimetric method as described by W!” and Lakhawaet. al., *®,
Distillation Process

After 120 hr (on the fifth day when it was obsenthdt fermentation process had stopped), the rest
syrup from the fermentation of the fruit pulps wéhered separately into 500 ml distillation flaskGlass
chips were added into the flasks to reduce sidesmgeof the filtrates. The distillation expment was
set up and distilled ethanol was collected +88°C for the first round of distillation and at-82 °C for
the second round of distillation. Raw percentapaml yield was determined. The ethanol obtainest
second distillation wagpurified by addition of sodium hydroxide to thetdied and kept overnight t
obtain ethanol of 9086% purity

Statistical Analysis

The data obtained from the experiment was in thepkcates and the mean values were determined
Microsoft Excel br Microsoft Window Operating Syste
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RESULTS
The determination of reducing sugar by titrationfaficyanide resulted in colour change as it rea
end point. The colour changes in dichromate metmadysis are shown in Image 2a and
Image 2a: shows color formation ir Image 2b: shows coloformation in
dichromate method of fig sample dichromate method of date sampl

The pH value of fermentation media was adjuste@ tat the beginning of the fermentation. The

values of the fermenting syrup determined at 2¢htarval showed that as fermentation time incree

the acidity of the medium increases. The patterpH change in the fermentation medium for the

samples was similar in trend. The trend in pH clearfgr the fermentation process is presented ir2F
Fig 2: Showing pH values oF. carica and P. dactylifera during fermentation proces:

pH values

3 - —&o—F. carica
== P. dactylifera

0hr 24 hr 48 hr 72 hr 96 hr 120 hr

Fermentation Time in Hours

The sugar coeint present at the starting of fermentation wag@and 11.10w/v foF. carica andP.
dactylifera media respectively. The amount of sugar presetitérfermenting syrup gradually decrea
by every 24 hours up to 6.20 w/v in fig and 4.1y im datemedium at 120 hr. As the sugar conl
decreases from 220 hrs, sugar consumption increases (Tab

Table 1: Sugar content and consumption in the figrad date media in different time of fermentatior

Time (hr) Sugar contents (w/ Sugar consumption (W)
F. carica P. dactylifera F. carica P. dactylifera
0 13.40 11.10 0.00 0.00
24 11.10 6.90 2.30 4.23
48 7.50 5.20 5.90 5.90
72 7.10 4.10 6.30 6.00
96 6.70 3.60 6.70 7.50
120 6.20 3.45 7.20 7.62
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The alcohol production from the fig sample progredyg increased from 0.31 w/v at 24 hr

fermentation to a peak value of 0.95 w/v at 96 ir & decline irethanol yield was recorded at 120
(0.85 wi/v). Although ethanol yield was higher irteléermentation (0.88 w/v at 24 hr) which also pet
at 96 hr with ethanol yield of 1.23 w/v it then veds on further fermertion at 120 hr to 1.23 w/

(Fig.3).
Fig.3: Comparison of ethanol production between fig andlate fruit at different times of fermentation
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Results obtained from the distillation process stathat date fruit fermented syrup yielded moreuesh
than fig fermented syrup at the two tempere regimes of distillation. The percentage purity tifamol
obtained after reflux distillation of the fermentegrups of the two samples was found to be 93.3
92.6% forF. carica andP. dactylifera respectively (Table 2).

Table 2: Distillation product and percentage yieldof ethanol from 250 mL of fermented syrups oF. carica
and P. dactylifera

Sample Fermented syrt 1°' Distillation 2" Distillation % ethanol yiel % purity
Staring Vol (mL 80 -3881C) 78 -821C)
F. carica 250.00 27.60 21.90 8.7¢ 93.3
D. dactylifera 250.00 33.45 26.60 10.6¢ 92.6
DISCUSSION

Research and product optimization in bioethanotpetion is a continuous process, as more biolol
materials are being explored for ethanol productS. cerevisiae used in this study for fermentati
process of the tested substrates yielded ethata. decrease in pH of the reactor systems occ
because ethanol fermentation process generat, (carbon iv oxide), which increases the aciditylod
fermenting syup as fermentation time increases and therebyirukecline in pH values of the medi
At the 0 hr the pH of the two media was the santediffer though slightly as the reaction proceed
proportional to the amount of sugar utilizatiorttie medic Similar pH reduction in ethanol fermentati
of pearl millet was reported by Wet. al.,** and Lakhawagt. al.,"® who worked of microbial fermentatic
of Vitislanata.

The level of sugar in the reactors decreased Wiptogress of the fermentatiorocess. The difference
in the sugar content and surface area of the rejamiaterials for the fermentation process coulaawt
for slight difference in sugar consumption pattefhe systems. Less amount of sugar in date mag
larger surface area gsibly increase enzymatic turnover and sugar mésabdy the microbial activity
Although sugar metabolism by the yeast was proyessom 24 hr till 96 hr after which sug
consumption reduced, since fermentation processrgts equal moles of C'and ethanol. Reduction in
sugar consumption signified weight loss in ,, which consequently indicated reduced vyield iraeth
production after 96 hr of fermentation. A numbenafrkers had reported that weight loss from esci
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CO, in a fermentation process could be used to moriganentation proce$¥° In determining the
optimum fermentation time, it was suggested thanitodng of CQ weight loss during a shaking-flask
fermentation process can be a convenient way tdigirethanol yield and determine the end point of a
fermentation proce$s

The alcohol yield from the tested plant materialaswprogressive and peaked at 96 hr, thereafter
decreased. The decrease in ethanol yield was pomdsg to decrease in sugar in the media.
Fermentation beyond 96 hr was not sustainable,stijgjests that at 96 hr, most of the glucose in the
mash has been consumed and other fermentable sigdrsas maltose, dextrins and maltotriose were
already hydrolyzed and utilized in rapid ethanalging phases of the fermentation process. Thearefor
the ethanol fermentation for fig and date fruitedigor the study essentially ends at 96 hr forropth
ethanol yield, beyond this; the ethanol producegoissibly reconverted to glucose in the systemether
reducing the yield of ethanol. This finding was dgreement with earlier workemgho had earlier
observed ethanol yield reduction beyond optimumésttation time in biological material studféd

From the results, the overall yield of ethanol femation from date fruit mash is higher than etthano
yield form fig mash, even though, sugar conters slghtly higher in fig than in date pulps. Thasen

for this may likely be dissimilarities in chemicahd physical properties of the tested fruit mestigish
affect sugar consumption and consequently the ethéeld, also, freer-amino nitrogen (FAN) contents
has being indicated to affect ethanol yield in pimateriaf’. However, ethanol obtained from distillation
of syrups from fig was purer that ethanol obtaifreth date mash.

CONCLUSION

The research into bioethanol from sources that lbas food dependency, high availability and
comparatively good fermentation efficiency is a wayevolutionize bioethanol production in the figtu
A large amount of renewable biomass could be etliand converted to ethanol using environment
friendly approach. The present work evaluated ethgirld fromF. carica (fig) andP. dactylifera (date)
fruits using yeast fermentation method. The optinfermentation time for higher yield for ethanottiis
study was 96 hr and more ethanol product was addafrom date fruit than fig fruit mash at optimum
fermentation time. The ethanol yield from the studfruits may further be enhanced for fermentation
efficiency by using fermentor rather than rotarglshg flask method. The study concluded that fid an
date fruit could be utilized in production of etishand therefore could serve as alternative feeistto
food grains in the production of fuel ethanol.
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