KKU Res. J. 2016; 21(2) 397

KKU Res.j. 2016; 21(2) : 397-403
http://resjournal . kku.ac.th

Preparation the Substrate from Palmyra Palm Fruit
by Candida stellimalicola Fermentation
for Acetic Acid Production

Siriporn Artnarong', Payap Masniyom? and Jaruwan Maneesri'"

! Department of Food Science and Nutrition, Faculty of Science and Technology,
Prince of Songkla University, Pattani, 94000, Thailand

’Department of Technology and Industry, Faculty of Science and Technology,
Prince of Songkla University, Pattani 94000, Thailand

*Corresponding author: jaruwan.ma@psu.ac.th

Abstract

The ripe palmyra palm or toddy palm (Borassus flabellifer Linn.) has the
yellow-orange pulp with proximate pH 4.47-5.1 and total soluble solid 5.01+0.15 °Brix.
In this research, the yeast Candida stellimalicola isolated from the ripe palm fruit pulp was
used to ferment the palm fruit juice to ethanol and applied into acetic acid production. The
effects of ammonium sulphate as the nitrogen source and sugars (glucose and sucrose) as
the carbon source on ethanol fermentation were investigated. The ammonium sulphate
concentrations at 300, 500 and 700 mg/L significantly increased the produced ethanol
content (»p<0.05). The supplementation of 500 mg/L ammonium sulfate gave the highest
ethanol content at 5.754+0.09% after 7 days. The palmyra palm fruit juice was adjusted into
10 °Brix and 15 °Brix by sucrose and glucose addition for fermentation at 30°C and
shaking condition within 7 days. There was a significant difference in the ethanol content
between glucose and sucrose (p<0.05). In addition, 10 and 15 °Brix glucose showed the
ethanol content with 5.43+0.13 and 5.40+0.44%, respectively (»p>0.05). Whereas, using
10 °Brix sucrose showed the ethanol content with 1.82+0.45 and closely to 15 °Brix
(1.70+0.41%). For scale up at 6 liters, the fermentation of palmyra palm fruit juice with
10 °Brix glucose and 500 mg/L ammonium sulfate supplementation was carried out at room
temperature (31+2°C) and 300 rpm/min. As the results, the ethanol content was
approximately 3.92+0.15% after 14 days. In the future this product will be used for acetic
acid production.
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1. Introduction

Palmmyra palm or toddy palm
(Borassus flabellifer Linn.) is a kind of
palm. It is tropically found in many
provinces in Thailand (Phetchaburi,
Supanburi, Songkhla, Ayudthaya,
Kanchanburi, NakhonPatham and Pattani).
The mesocrape or sweet pulp has
yellow-orange colour that can be used in
several foods such as kanomtaan, ice cream
and cake. Additionally, palm fruit also was
a substrate for Saccharomyces cerevisiae to
produce alcohol (Theivendirarajah
and Chrystopher, 1986).

In order to produce vinegar,
fermentation process includes two stages:
alcoholic fermentation by yeast,followed by
acetification by acetic acid bacteria. For
alcoholic fermentation, different fruits such
as apple, banana, grape, coconut water
strawberry and cherry, can be used as the
fermentable substrates. In this research,
palmyra palm fruit juice was used as
a potential substrate for ethanol production
by the yeast C. stellimalicola isolated from
palmyra palm fruit juice. The effects of
carbon sources and nitrogen sources
supplemented in the juice for the high
ethanol production were investigated.

2. Materials and Methods

2.1 Palmyra palm fruit ripe
preparation
Palmyra palm fruit ripe was
harvested in Pattani province in southern of
Thailand. The fruits were washed in tap
water and peeled before extraction.
The pulp was hand-extracted in water
(the ratio of pulp:water= 1:2) until the pulp
was dissolved completely to obtain
palmyra palm fruits juice. The palmyra
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palm fruits juice was pasteurized at 65°C
for 5 min (Leuangnapa, 1990) and
subsequently stored in refrigerator at —20°C
until use. The pH value and total soluble
solid (TSS) were measured by a digital pH
meter (Sartorius, Germany) and
a refractometer (Atago, Tokyo, Japan),
respectively. Acidity was estimated by
titration with 0.1 NaOH (AOAC, 2000).
The minerals of palmyra palm fruits juice
were analyzed by Scientific Equipment
Center, Prince of Songkla University
2.2 Yeast culture
C. stellimalicola was isolated
from palmyra palm fruit ripe. The pure
culture was inoculated in yeast extract
peptone dextrose broth (YEPD broth; yeast
extract 10 g, bacteriological peptone 20 g,
D-glucose 20 g in 1000 ml distilled water)
incubated at 30°C for 24 h and stored at
4°C.
2.3 Ethanol production experiments
2.3.1 Starter culture preparation
For starter culture, a full
loop of C. stellimalicola was inoculated into
200 ml palmyra palm fruits juice adjusted
to 10 °Brix with glucose. This culture was
incubated on rotary shaker with 110 rpm at
30°C for 18-24 h.
2.3.2 Effect of nitrogen sources
on ethanol production
Palmyra palm fruit juice was
standardized at 15 °Brix with glucose.
Ammonium sulphate [(NH,),SO,] was
supplemented at different concentrations of
0,300, 500 and 700 mg/1. The starter culture
10% starter culture (v/v) was inoculated into
600 ml substrate that subsequently
incubated at 110 rpm, 30°C for 7 days. The
sample was taken out every day to measured
ethanol content by ebulliometer.
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2.3.3 The effect of glucose and
sucrose as carbon sources on ethanol
production

Palmyra palm fruit juice
was standardized at 10 and 15 °Brix by
glucose and sucrose. The starter culture 10
% (v/v) was inoculated into 600 ml
palmyra palm fruit juice containing
ammonium sulphate 500 mg/L. The
fermentation was carried out for 7 days at
30°C and 110 rpm. The ethanol content was
daily measured by ebulliometer.

2.3.4 Scaling up

The starter culture 10%
(v/v) was inoculated into 6 liters palmyra
palm fruit juice with the TSS 10 °Brix by
glucose and ammonium sulphate (500
mg/L) supplementation. The fermentation
was carried out for 14 days at room
temperature and 300 rpm/min. The ethanol
content was measured every 2 days by
ebulliometer.

2.3.5 Statistical analysis

The experimental results
were expressed as mean+standard deviation
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(SD) of triplicate. Completely randomized
design (CRD) was applied in this
experiment and data was presented by
average meanststandard error. Duncan’s
multiple range test used for comparison the
means between samples with the statistical
level of significant was set at p < 0.05.

3. Results and Discussion

3.1 Chemical property of palmyra
palm fruits juice
The mature palm fruit pulp or
mesocrape are shown in Figure 1. The
palmyra palm fruit juice has the TSS
5.1+0.15 °Brix, acidity 0.53+0.02,
pH 4.47-5.1, while mineral compositions
are shown in Table 1. The TSS and minerals
depend on the ripeness of the fruits. The
TSS and mineral content in the palmyra
palm fruit juice could be considered as the
carbon source and mineral for yeast
consumption in ethanol production.

Figure 1. The palmyra palm fruit ripe.
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Table 1. Chemistry property from palmyra palmfruit pulp.

Chemistry property Results
Total soluble solids (TSS) 5.10+0.15
pH 4.47-5.1
Acidity (10%) 0.53+0.02
Trace element (mg/kg)

Copper <LOQ
Calcium 21.79+0.37
[ron <LOQ
Magnesium 40.16+0.67
Potassium 845.24+5.34
Phosphorus 22.00+0.27
Sodium 51.054+3.92
Zinc <LOQ

3.2 Ethanol production

3.2.1 Effect of ammonium sulfate

C. stellimalicola, an

anamorphic yeast, was isolated from
palmyrah palm pulp to apply in alcoholic
fermentation of the palm juice. The effects
of ammonium sulphate concentrations at 0,
300, 500 and 700 mg/L as the nitrogen
source on ethanol fermentation are shown
in Figure 2. The increase in ammonium
sulphate concentrations from 0, 300, 500
and 700 mg/L (w/v) significantly increased
the produced ethanol content (p<0.05). The
maximum ethanol contents were 1.90+0.15,
3.00+0.00, 5.75+0.09 and 5.84+0.05%,
respectively within 5 to 7 days. In addition,
the ethanol concentration in the juice

supplemented with 500 and 700 mg/L of
ammonium sulphate were not significantly
difference (p>0.05). (Figure 2) Thus, the
supplementation of 500 mg/L. ammonium
sulfate gave the highest ethanol content
at 5.7540.09% within 7 days.

The nitrogen source and mineral are
essential for the cell growth (Bafrncova et
al., 1999; Pramanik and Rao, 2005).
The increase in nitrogen source enhanced
the efficiency of wine fermentation. Ethanol
fermentation at low nitrogen source showed
low ethanol content (Coleman et al., 2007).
Ammonium sulphate and ammonium
dihydrogen phosphate are good nitrogen
source for wine fermentation. (Nantitanon,
2006)
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Figure 2. The effect of (NH,),SO, on ethanol production in palmyra palm fruits
juice with 15% (w/v) glucose for 7 days by C. stellimalicola.

3.2.2 Effect of carbon sources

The effect of glucose and sucrose =~ Whereas, using 10 and 15 oBrix of sucrose
was investigated. In ethanol fermentation, = showed the ethanol content at 1.82+0.45
glucose and sucrose had significant and 1.70+0.41%, respectively (p>0.05).
difference in ethanol concentration (p<0.05).  (Figure 3). C. stellimalicola produced the
Indeed, 10 and 15°Brix of glucose showed  highest ethanol (5.43+0.13%) at 10° Brix
the ethanol content at 5.43+0.13 and  palmyra palm fruit within 7 days.
5.40+0.44%, respectively (p>0.05).
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Figure 3. The ethanol production of C. stellimalicola in palmyra palm fruits juice with
10 and 15% (w/v) glucose and sucrose for 7 days cultivation.
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Figure 4. Ethanol production in 6 L palmyra palm fruits juice with 10 % (w/v) glucose

for 14 days by C. stellimalicola.

For scaling up, the ethanol content was
approximately 3.92+0.15% after 14 days of
the fermentation with 6 L palmyra palm
fruit juice (Figure 4). This result was
considered as low content when compared
to other substrates. Ariyasenaet al. (2000)
reported that palmyra palm fruit ripe
contained flabelliferin (FB) that was the
steroidal saponin or tetraglycoside
(flabilliferin II). The flabilliferin II
composed the bitter taste in palmyra palm
fruit pulp (Jansz et al., 1994); and had
antimicrobial effect that could decrease the
ethanol fermentation. (Nikawelaet al.,
1998a: Ariyasena et al., 2001). At 250 mg/L
of FB, Saccharomyces cerevisiae growth
was decreased about 50-70 %. (Nikawela
et al., 1998Db)

The produced ethanol substrate could
be used in vinegar fermentation.
The vinegar has yellow orange colour and
distinct flavor (Figure 5). Additionally, it
also contains mineral; (as 1.50+0.02 mg/kg
calcium, 0.02+0.00 mg/kg iron, 7.22+0.05
mg/kg magnesium, 15.00+0.00 mg/kg
phosphorus, 30.40+0.72 mg/kg potassium
and 65.10+1.82 mg/kg sodium) the

residual alcohol at 0.24+0.00% and acetic
acid content contain 4.14+0.10% suitable
for vinegar standard.

4. Conclusion

The supplementation of 500 mg/L
ammonium sulfate gave the highest ethanol
content at 5.75+0.09% after 7 days. C.
stellimalicola could produce high ethanol
5.43+0.13% at 10°Brix palmyra palm fruit
within 7 days. For scale up at 6 liters, the
fermentation of palmyra palm fruit juice
with 10° Brix glucose and 500 mg/L
ammonium sulfate supplementation gave
the ethanol content at approximately
3.92+0.15% after 14 days. The ethanol was
the substrate for acetification by acetic acid
bacteria. In the future, this product will be
useful for acetic acid production.
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