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Abstract

The objective of this work was to add value to nipa sap from nipa palm. Nipa palm is a plant grown in a conservation
program under a Royal Initiative Project. The potential of the nipa sap was assessed for bioethanol production. The sap was
fermented using the yeast isolated from the fresh sap. The fermentation variables including total sugar concentration, pH, yeast
suspension, temperature, and time were analyzed with response surface methodology on the ethanol concentration, ethanol yield,
and fermentation efficiency. Time was the most significant effect, whereas the yeast suspension had the least effect. The yield is
considered the priority. The optimum total sugar concentration was 212.6 g/L with a pH of 4.8, and 10° cells/mL of yeast
suspension at 32 °C for 77 h. An experimental yield of 53.2% was achievable under these conditions. The achieved experimental
concentration of ethanol was 113.1 g/L. Ethanol productivity and efficiency were 1.5 g/L.h and 98.6%, respectively.
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1. Introduction

Energy sources are one of the key factors driving
the economies worldwide. However, the consumption of
petroleum-based fuels, which are the major sources of energy
around the globe, has also caused a great amount of
environmental pollution. One of the suitable approaches to
reduce the current problem is alternative sources of energy
(Lang et al., 2001). Ethanol is an alternative source of energy
and has become a prominent biofuel since its properties are
similar to gasoline (Costa & Sodre, 2010) and its use offers
the promise of an improvement in the agricultural economy
(Gnansounou & Dauriat, 2010; Wang, 2011). Ethanol can be
produced from biomass and agricultural residues such as
sweet sorghum (Fernandes et al., 2014), corncob (Zhang et
al., 2010), bagasse (Costa ef al., 2015), palm trunk (Bansal et
al., 2016), and oil palm frond juice (Srimachai ef al., 2015).
At present, the largest producers and consumers of ethanol
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from corn starch and sugarcane are the U.S. and Brazil,
respectively. In Thailand, feedstocks for the production of
ethanol are cassava and sugarcane which still have some
limitations in their need for water, fertilizers, pesticides,
machinery, and electrical power. Meanwhile, waste products,
especially from sugarcane such as leaves and bagasse, are a
concern after extraction of the juice (Luo et al., 2009). At the
moment, compared with that of gasoline, the cost of ethanol
production is not economically competitive due to its rela-
tively high cost of feedstocks, i.e. cassava chips, molasses,
and sugarcane juice, which can also be used in several other
industries. Thus, it is necessary to increase alternative feed-
stocks and develop cost-effective processes for cost reduction
in the production of ethanol.

Among the potential biomass materials for ethanol
production is the nipa palm (Nypa fructicans). It is grown
throughout Asia (Jabatan, 2009) and it is of interest because it
gives more sugar yield than sugarcane (Tumanaidu et al.,
2013). The plant grows naturally in all areas including saline
soil and swamps as well as slow-moving tidal and short-term
drying areas. Moreover, it is a plant already conserved and
promoted in the projects initiated by Her Royal Highness
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Princess Maha Chakri Sirindhorn. This palm tree is useful for
coastal rehabilitation and restoration of land after shrimp
farms are abandoned. Nipa sap is collected easily by tapping
the stalk and cutting off the edible inflorescence of the palm.
Therefore, harvesting the sap causes no waste, no damage to
the environment, and no effect on the growth of the palm
(Dennett, 1972; Hamilton & Murphy, 1998). Furthermore, the
palm can provide sugar-rich sap regularly without shortening
the life of the tree (Gibbs, 1911).

Nipa sap also serves as raw material for the
production of dried sugar, alcoholic beverages, and vinegar.
The sap is rich in various kinds of sugar, organic nutrients,
minerals, and microbes. Therefore, it is also an ideal raw
material for bioethanol production. Although it has gained
interest in fuel alcohol production, there is no intensive
research on this source. Over the past few years it has been
used only locally due mainly to the problems of storage and
the short shelf-life. The sap becomes rancid easily by
microbial decomposition (Dodic’ et al., 2009; Lipnizki et al.,
2006; Tamunaidu et al., 2013) which is the main drawback for
the commercialization of ethanol made from nipa sap.

The fermentation of the sap can be carried out
directly without an intermediate hydrolysis step (Abdullah et
al., 2015; Germec et al., 2015; Gumienna et al., 2016; Luo et
al., 2014). However, in order to obtain profitability of ethanol
production, the decomposition problem needs a solution and
the operating parameters of fermentation need to be investi-
gated (Liu & Shen, 2008). The ethanol concentration, ethanol
yield, and fermentation efficiency, which are affected by the
operating parameters, can be determined by response surface
methodology (RSM). RSM has been widely used to analyze
the effects of individual process variables on the response
variables. It can evaluate the interactions between different
mathematical approaches widely applied in many processes
(Baghkheirati & Bagherieh-Najjar, 2016; Gupta & Nayak,
2016; Gupta & Parkhey, 2014; Santos ef al., 2016).

The aim of this work was to add value to nipa sap
from nipa palm while assessing the full potential of the nipa
sap. The work may also help create an efficient alternative
feedstock that can maintain good ecology together with
developing a cost-effective process for sap-based bioethanol
production. The sap was fermented using the yeast isolated
from the fresh sap as the culture medium. The variables in the
fermentation process, that included the initial total sugar
concentration (106.3-318.9 g/L), initial pH (4.5-6.5), yeast
suspension ( 10%-10® cells/mL), temperature (28-40 °C), and
time (10-144 h), were analyzed with RSM on the ethanol
concentration, ethanol yield, and fermentation efficiency.

2. Materials and Methods
2.1 Nipa sap

Nipa sap was obtained from a plantation located in
Pak Phanang, Nakhon Si Thammarat Province, Thailand. The
nipa sap was harvested daily between February and October.
The fresh sap was collected early in the morning and stored
immediately at 4 °C until use. The chemical compositions of
the fresh sap used in this study were analyzed using UV-Vis
spectrophotometer which showed 25.9 g/L of reducing sugar
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(monosaccharide) and 343.8 g/L of non-reducing sugar (disac-
charide).

2.2 Preparation

Based on our previous work (Puangpee & Chong-
khong, 2016), the preparation for the sap began with filtering
solid impurities from the fresh sap and adjusting the filtered
sap to a pH of 4.9 with sulfuric acid solution. Then the ad-
justed sap was heated in an oil bath at 54 °C for 25 min.

2.3 Fermentation without nutrient supplementation

The yeast strain PSU-NS1 (Punlumpak, 2016) was
isolated from the fresh nipa sap and used as the fermenting
medium by the Department of Microbiology, Faculty of
Science, Prince of Songkla University. This study is the first
to focus on isolation of yeast from nipa sap. The isolated
strain was prepared by mixing 1 mL of sap with 9 mL of
0.85% normal saline solution. The mixed solution (0.1 mL)
was spread on a yeast mold (YM) agar plate and its pH was
adjusted to 4.5. The yeast cultured on the YM agar was kept at
ambient temperature (28-30 °C) for 48 h. It was then stored at
4 °C in a YM slant. Before use, the PSU-NS1 yeast was acti-
vated in YM agar for 48 h. The activated yeast cells were
diluted with the sap substrates to give 10°~10% cells/mL.

Fermentation was carried out in 250 mL air-locked
flasks with a working volume of 100 mL. The prepared sap
was cooled to room temperature and diluted with deionized
water to obtain a substrate which contained total sugars of
different concentrations. The pH value of the substrate was
adjusted to the assigned initial value with sulfuric acid or
sodium hydroxide solution. Then the required amount of
activated yeast was added to the substrate. The flasks were
placed in a shaking incubator (LabTech, LSI-3016A, South
Korea) at a shaking speed of 80 rpm at various temperatures.
The solutions were sampled at different times during the batch
fermentation process which was conducted under anaerobic
conditions. The experimental conditions are shown in Table 1.

2.4 Analytical methods

Reducing sugar concentration was analyzed by the
dinitrosalicylic acid (DNS) method (Miller, 1959) and total
sugar concentration (sum of reducing sugar and non-reducing
sugar) was estimated by the modified phenol sulfuric method
(Dubois et al., 1956), using a UV-Vis spectrophotometer (UV,
HP8453 with Chem-Station software).

The ethanol concentration was determined by gas
chromatography, using an HP-FFAP column (GC 6890,
Hewlett Packard, USA) equipped with a flame ionization
detector. The oven temperature was set at 85 °C while the
injector and detector were kept at 150 °C and 250 °C,
respectively. The flow rate of the hydrogen carrier gas was set
at 44.6 mL/min. The nitrogen flow rate was set at 25 mL/min
while the flow rate of air was set at 300 mL/min.

Ethanol yield (%) is the percentage of the total
sugars at the beginning that are converted to ethanol, and the
fermentation efficiency (%) is the percentage of sugars used in
fermentation that are converted to ethanol. The amount of
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Table 1.
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Experimental conditions and ethanol productivity results for nipa sap fermentation.

Process variables

Experimental number

Ethanol productivity

(Exp. No.) . (g/L.h)
Total sugars (g/L) pH Yeast (cells/fmL)  Temperature (°C)  Time (h)
1 106.3 5.5 10’ 34 77 0.7
2 159.5 5.0 107 31 44 1.8
3 159.5 6.0 10° 31 44 14
4 159.5 6.0 10’ 31 111 0.6
5 159.5 5.0 10° 31 111 0.7
6 159.5 6.0 10’ 37 44 1.0
7 159.5 5.0 10° 37 44 1.1
8 159.5 6.0 10° 37 111 0.7
9 159.5 5.0 10’ 37 111 0.3
10 212.6 5.5 10’ 28 77 13
11 212.6 55 10’ 34 10 5.8
12 212.6 55 10’ 34 77 13
13 212.6 45 10’ 34 77 1.1
14 212.6 6.5 10’ 34 77 1.1
15 212.6 5.5 10’ 34 77 13
16 212.6 5.5 10’ 34 77 13
17 212.6 5.5 10’ 34 77 13
18 212.6 5.5 10° 34 77 1.0
19 212.6 5.5 10’ 34 144 0.5
20 212.6 5.5 10’ 40 77 0.4
21 265.8 6.0 10’ 31 44 1.8
22 265.8 5.0 10° 31 44 28
23 265.8 6.0 10° 31 111 1.0
24 265.8 5.0 10’ 31 111 1.1
25 265.8 5.0 107 37 44 1.7
26 265.8 6.0 10° 37 44 1.7
27 265.8 6.0 10’ 37 111 1.2
28 265.8 5.0 10° 37 111 1.1
29 318.9 5.5 10’ 34 77 1.9

total sugar used is the concentration of initial total sugar
minus the concentration of residual total sugar.

The ethanol yield and fermentation efficiency were
calculated as follows:

Ethanol yield (%)

ethanol obtained in fermentation (g) «100%
= 0
total sugars at the beginning (g)

M
Fermentation efficiency (%)
ethanol obtained in fermentation (g) < 100%
= 0
(0.51 1x reducing sugar used in fermentation (g)) +
(0.538>< non-reducing sugar used in fermentation (g))
(@)

where 0.511 indicates the theoretical ethanol yield from
glucose and fructose (0.511 g ethanol/g reducing sugar), and
0.538 indicates the theoretical ethanol yield from sucrose
(0.538 g ethanol/g non-reducing sugar). Thus, 0.511 and 0.538
represent the conversion factors from reducing sugar and non-
reducing sugar to ethanol, respectively (Sasaki ez al., 2014).

2.5 Statistical analysis

RSM was used to investigate the effects of the
initial total sugar concentration (106.3-318.9 g/L: g of total
sugars in 1 liter of substrate or the mass fraction calculated at
10-30% (w/w): g of total sugars in 100 g of substrate), yeast
suspension (10°-10°® cells/mL), fermentation temperature (28—
40 °C) and fermentation time (10-144 h) on the ethanol
concentration (g/L), ethanol yield (%) and fermentation
efficiency (%). The central composite design for the five
factors with circumscribed type provided 27 experimental
conditions and another two with repeated 3 center points
(Table 1).

Microsoft Excel 2013 was used to conduct a
regression analysis of the experimental data that employed a
quadratic polynomial model shown in Equation 3.

Ethanol or Yield or Efficiency = b, + b F, + b, F, + b,F, + b, F, + b,F;
+ b, + b, F] +b F +b,F} +byF. +b,FF, +b,FF,
+b,FF, +bFF, +b,,F,F, +b, F,F, +b,sF,F, + b, F,

+ b, F,F; +b,F,F;,
A3)
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Ethanol, yield, and efficiency are the response variables and
F\, F5, F3, Fy, and Fs are the factor variables. The coefficient
by is the intercept while b;, b,, b;, by, and bs are the linear
terms. In addition, b;;, by,, b33, byy, and bss are the quadratic
terms while b]g, b]g, b14, b]j, bgg, b24, b25, b34, b35, and b45 are
the interactions of the factors.

3. Results and Discussion

3.1 Components of nipa sap

The major compositions of the raw nipa sap in-
cluded different types of fermentable sugars or total sugars
which were divided into two main groups: reducing sugars or
monosaccharides (glucose and fructose) and non-reducing
sugar or disaccharide (sucrose). The non-reducing sugar can
be digested into glucose and fructose by enzymes from yeast,
namely sucrase or invertase (Gumienna et al., 2016).

The raw sap contained 25.9 and 369.7 g/L of initial
concentrations of reducing sugar and total sugars (sum of
reducing and non-reducing sugars), respectively. The sugar-
rich sap, therefore, is the source of several organisms
including acid bacteria, molds, and yeasts that easily cause
decomposition and spoilage of the sap.

In order to get the maximum benefit from the use of
the sap and reduce the auto-hydrolysis of di- or poly-saccha-
rides and avoid further decomposition of organic acids, the
raw sap had to be collected early in the morning (before 7:00
a.m.) and placed immediately in screw-capped bottles at 4 °C
to avoid oxygen and sunlight that would support the microbial
decomposition. Not only can this preparation reduce the
energy consumption and, subsequently, the cost of traditional
drying of the sap to prevent spoilage, but it can also maintain
nutrients in the sap which are often destroyed by heat.

After the sap preparation, the sugar concentrations
increased to total sugars 0of410.6 g/L and 61.3 g/L of reducing
sugar. This assured that the preparation supported the function
of the native microbial enzymes, for example, amylase from
bacteria hydrolyzing dissolved starch and invertase from yeast
hydrolyzing sucrose (Underkofler ef al., 1958).

3.2 Effects of fermentation on nipa sap

The experimental conditions are reported in Table 1.
Responses of the experimental and predicted ethanol concen-
tration, ethanol yield, and fermentation efficiency were used
to establish a second degree polynomial model evaluating the
effects of the variables (Table 2). The coefficients of the
models, the results of the statistical analyses and the analysis
of variance (ANOVA) are shown in Table 3. The deter-
mination coefficients (R?) of the three responses indicated the
accuracy of the models given in Equations 4, 5, and 6. The
individual effects of variables and their interactions can be
considered based on a P-value which points to the signi-
ficance of the results. A probability (P-value) of less than 0.05
implied that a variable effect was significant (Wang et al.,
2008). For Fisher’s F-test, the mean square regression (F-
model) showed the mean square residual (F) and the extreme-
ly low probability value (P-model > Fsignif) which indicated
that the model showed a good fit to the data.

Table 2. Effects of process variables on the ethanol concentration,
the ethanol yield and the fermentation efficiency during
nipa sap fermentation.

conEct:r?trrl:tlion Ethanol yield Fermentation
Exp. (%) efficiency (%)
(g/L)
No.
Exp.  Predicted Exp. Predicted Exp. Predicted

1 50.3 51.3 47.3 45.0 89.7 79.0
2 81.2 88.3 50.9 54.1 95.4 104.7
3 62.0 62.0 38.9 38.9 73.1 73.1
4 69.7 69.7 43.7 453 85.2 83.0
5 76.6 76.6 48.0 48.0 90.0 90.0
6 41.9 39.3 26.3 26.6 51.5 67.3
7 49.1 49.1 30.8 30.8 99.9 100.0
8 73.5 73.5 46.1 46.1 86.9 86.9

9 29.8 22.0 18.7 18.1 383 45.5
10 102.6 94.5 48.3 45.8 93.7 97.4
11 58.4 53.0 27.5 26.3 86.2 72.2
12 96.7 96.6 45.5 45.5 88.9 88.2
13 80.9 80.6 38.1 37.7 73.7 68.0
14 81.4 83.0 383 38.6 72.8 69.9
15 96.9 96.6 45.6 45.5 86.7 88.2
16 96.6 96.6 45.4 45.5 88.8 88.2
17 96.5 96.6 45.4 45.5 88.8 88.2
18 73.4 73.4 34.5 34.5 64.8 64.8
19 75.2 82.1 354 36.6 67.0 72.7
20 29.7 39.1 14.0 16.5 86.1 73.7
21 78.7 85.2 29.6 30.1 62.5 63.8

22 124.2 124.2 46.7 46.7 89.1 89.1
23 116.3 116.3 43.8 43.8 82.4 82.4
24 126.8 128.0 47.7 47.3 90.4 83.3

25 76.3 74.9 28.7 27.0 64.4 75.2
26 73.6 73.6 27.7 27.7 97.4 97.4

27 132.9 124.6 50.0 46.8 99.9 99.3
28 1213 1213 45.6 45.7 98.9 98.9
29 147.1 147.4 46.1 48.5 87.0 89.2

Note: Exp. is Experimental.

3.2.1 Response analysis of the ethanol concentration

From the P-values of the ethanol concentration
responses (Table 3), the individual and quadratic effects of
fermentation time were the crucial influences on ethanol
concentration. Additionally, the interaction effects indicated
that time had a significant influence on total sugars, pH, yeast
suspension, and temperature while other variables were of less
significance.

Ethanol =-171.47 - 0.281F; - 109.69F, + 86.2F; + 28.74F,
- 3.038F5 + 0.000241F,2 - 14.82F,” - 7.601F5>
- 0.828F,% - 0.00648F5 - 0.135F,F, + 0.04501 F, F,
+0.0209F,F, + 0.00453F,Fs + 12.81 F,F,
+ 53125+ 0.42F,Fs - 2.032F;F, - 0.08302F;F;s
+0.04591 F,Fs

“4)
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Table 3.  Analysis of variance of the response surface models for nipa sap fermentation.
Ethanol concentration Ethanol yield Fermentation efficiency
Terms
Coefficient P-value Coefficient P-value Coefficient P-value
bo -171.470 0.788 -133.480 0.539 43.020 0.965
b -0.281 0.716 -0.5430 0.063 -1.780 0.163
by -109.690 0.280 -44.140 0.204 -40.270 0.791
bs 86.200 0.321 63.950 0.049 137.420 0.309
[ 28.740 0.109 14.000 0.031 1.195 0.963
bs -3.038 0.031 -1.094 0.023 -1.783 0.350
b <0.001 0.678 0.0001 0.563 -0.000 0.683
b2 -14.820 0.047 -7.269 0.009 -19.270 0.085
bss -7.601 0.135 -3.476 0.054 -5.723 0.443
bay -0.828 0.002 -0.398 0.000 -0.073 0.795
bss -0.006 0.002 -0.003 0.000 -0.004 0.147
bz -0.135 0.096 -0.057 0.046 0.062 0.592
bis 0.045 0.490 0.017 0.444 0.008 0.940
by 0.021 0.119 0.017 0.003 0.040 0.060
bis 0.004 0.003 0.002 0.002 0.003 0.138
bas 12.810 0.089 4252 0.092 10.700 0.327
by 5.312 0.003 2.653 0.000 3.999 0.077
bas 0.420 0.006 0.217 0.000 0.378 0.065
bsg -2.032 0.102 -1.296 0.008 -3.996 0.047
bss -0.083 0.424 -0.073 0.058 0.006 0.972
bas 0.046 0.042 0.019 0.019 -0.011 0.720
R’ 0.981 0.981 0.821
Adj R’ 0.935 0.933 0.374
F 21.210 20.420 1.837
F Signif << 0.001 << 0.001 0.190
Std Error 7.631 2.570 11.830
Yield= -133.480 - 0.543F), - 44.14F, + 63.95F; + 14.0F, The interaction effects of the two parameters can be

- 1.094F5 + 0.000114F 2 - 7.269F,” - 3.476F5>

- 0.398F,% - 0.00312F5> - 0.05701F,F,
+0.01684F,F; +0.01722F,F, + 0.00157F,Fs
+4.252F,Fy + 2.653F,F, + 0.217F,Fs - 1.296F,F,
- 0.07325F;F5 +0.01868F,Fs

)

Efficiency = 43.020 - 1.78F, - 40.27F, + 137.42F; + 1.195F,
- 1.783F5+0.000367F,> - 19.27F, - 5.723F;*
- 0.07307F% - 0.00451F5> + 0.06209F,F,
+0.0075F,F; + 0.04057F,F, + 0.00274F,Fs
+ 10.7FF; + 3.999F,F, + 0.378F,F;s
- 3.996F;F, + 0.00558F;F; - 0.01093F,Fs

(6)

where ethanol, yield and efficiency are the ethanol concentra-
tion (g/L), ethanol yield (%), and fermentation efficiency (%),
respectively. Fy, F,, F;, F,, and Fs are total sugar
concentration (g/L), pH, yeast suspension (10% cells/mL),
temperature (°C), and time (h), respectively.

explained by a three dimensional response surface with central
level fixing of the other parameters. The central levels of total
sugars, pH, yeast, temperature, and time, that were used to
plot Figures 1, 2, and 3, were 212.6 g/L, 5.5, 107 cells/mL, 34
°C, and 77 h, respectively.

Figure 1 shows the parameter effects on the ethanol
concentration. The ethanol concentration clearly increased as
the initial sugar content increased for all process conditions
(Figures 1A—1D). On the other hand, there was no improve-
ment in ethanol concentrations with yeast suspension higher
than 107 cells/mL (Figures 1B, 1E, 1F, and 1G), pH higher
than 5.4 (Figures 1A, 1E, 1H, and 1I), and temperature higher
than 34 °C (Figures 1C, 1F, 1H, and 1J).This suggests that the
fermentation time can be reduced as long as the concentration
of initial total sugars is high enough regardless of increased
yeast suspension or fermentation temperature. However, to
achieve the optimal concentration of ethanol (>100 g/L), the
yeast needs to be in a temperature range of 31-34 °C with an
initial pH in the range of 4.7-5.4 for a sufficient fermentation
time in the range of 70-95 h.
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Figure 1. Ethanol concentration in nipa sap fermentation as a function of: (A) total sugar concentration and pH, (B) total sugar concentration

and yeast suspension, (C) total sugar concentration and temperature, (D) total sugar concentration and time, (E) yeast suspension and
pH, (F) yeast suspension and temperature, (G) yeast suspension and time, (H) pH and temperature, (I) pH and time, and (J)

temperature and time.

3.2.2 Response analysis of the ethanol yield

The polynomial model (Equation 5) which predicts
the ethanol yield was developed from the data of Table 2. The
coefficients of the model including a very high coefficient of
determination (R> = 0.981) and the ANOVA results are given
in Table 3. The P-values for the yield response (Table 3)
showed that the significant influences on the yield were
individual, quadratic, and interaction effects of time, and the
results were similar for the concentration response. However,
the individual effects of yeast suspension and temperature
were also significant for the yield. In addition, the quadratic

effects of pH and temperature were highly significant. The
interaction effects of all parameters clearly influenced the
yield, except the effects between total sugars and yeast, pH
and yeast, as well as time and yeast. The interaction effects of
the five parameters are illustrated with surface plots in Figure
2.

There was no improvement of the yield with
increasing total sugars (Figures 2A-2D). The interactions
between the yeast load, which ranged from 10°to 10
cells/mL, and the other parameters had no influence on the
ethanol yield (Figures 2B, 2E, 2F, and 2G). The reason may
be because the sap had naturally native living yeasts;
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Figure 2. Ethanol yield in nipa sap fermentation as a function of: (A) total sugar concentration and pH, (B) total sugar concentration and yeast

suspension, (C) total sugar concentration and temperature, (D) total sugar concentration and time, (E) yeast suspension and pH, (F)

yeast suspension and temperature, (G) yeast suspension and time, (H) pH and temperature, (I) pH and time, and (J) temperature and

time.

therefore, the external yeast addition of 10° cells/mL was
sufficient. On the other hand, the interactions between
temperature and the other parameters highly influenced the
ethanol yield. The yield decreased due to temperatures higher
than 32 °C (Figures 2C, 2F, 2H, and 2J). Similarly, a further
increase of time (>90 h) did not increase the yield (Figures

2G, 21, and 2J).

3.2.3 Response analysis of the fermentation
efficiency

Fermentation efficiency is a kinetic parameter that
represents the potential of the yeast isolated from the nipa sap
as fermenting medium. The major effect on the fermentation
efficiency comes from the interaction of yeast suspension and
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Figure 3.

Fermentation efficiency in nipa sap fermentation as a function of: (A) total sugar concentration and pH, (B) total sugar concentration

and yeast suspension, (C) total sugar concentration and temperature, (D) total sugar concentration and time, (E) yeast suspension and
pH, (F) yeast suspension and temperature, (G) yeast suspension and time, (H) pH and temperature, (I) pH and time, and (J)

temperature and time.

temperature only (Table 3). This implied that temperature
extremely affected the yeast function. According to the results
from P-values, none of the operating variables were
significant. The changes in the values of the variables in the
ranges of this study have less effect on the efficiency
considering that the fermentations proceeded in the optimal
ranges of 4.5-6.5 pH at 28—40 °C for the growth and function
of yeasts (Le & Le, 2014).

The effects of total sugar concentration, pH, yeast
suspension, temperature, and time on the fermentation
efficiency are shown in Figures 3A-3J. It was found that the
efficiency decreased while increasing the concentration of
total sugars at higher than 212.6 g/L (20% [w/w]) (Figures
3A-3D). This may be because a substrate with a high sugar
concentration inhibits the yeast growth and fermentation to
ethanol. Inhibition may be due partly to osmotic pressure.
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When the concentration of sugar is higher than 14% w/w,
plasma cells can occur and inhibit the enzyme activity in the
glycolysis (Cazetta et al., 2007). The pH and temperature
were environmental factors importantly affecting the yeast.
The initial pH value is essential for batch fermentation
without pH control. Organic acid production and carbon
dioxide diluted in broth (by-product from the fermentation)
cause a lower pH value and the production of ethanol may
decrease with uncontrolled pH (Ergun & Mutlu, 2000). How-
ever, the ethanol production can potentially be carried out if
the pH does not go lower than 4.0. A suitable initial pH
depends on the type of substrate. An initial pH between 4.23
and 4.56 was appropriate for ethanol from oil palm frond juice
(Srimachai et al., 2015). Initial pH values of 5.1 and 5.7 were
suitable for nipa leaf (Le & Le, 2014) and corncob hydro-
lysate (Chang et al., 2012), respectively. In this work, the
suitable pH was in the range of 4.7-5.4 (Figures 3A, 3E, 3H,
and 3I) while the temperature should not be higher than 34 °C
(Figures 3C, 3F, 3H, and 3J). These suitable ranges of pH and
temperature were in the ranges for the growth of the yeast
(Charoenchai et al., 1998; Le & Le, 2014). In addition, a
sufficient process for the ethanol production was observed
within the first 80 h. Later the efficiency decreased (Figures
3G, 31, and 3J).

3.3 Optimization of the fermentation

The five factors could be predicted by the regression
models to achieve optimal conditions. The 173.4 g/L of the
predicted maximum ethanol concentration would be obtained
using a pH of 4.5, a total sugar concentration of 318.9 g/L, a
yeast suspension of 10 cells/mL, a temperature of 31 °C and a
fermentation period of 94 h. Meanwhile, the 53.4% optimal
yield would be achieved with pH 4.8 using a total sugar
concentration of 212.6 gL and 10° cells/mL of yeast
suspension at 32 °C for 77 h, and the 100% fermentation
efficiency would be reached at a pH of 5.4 using a total sugar
concentration of 212.6 gL and 10° cells/mL of yeast
suspension at 34 °C for 77 h. The optimal yield and efficiency
were acquired under slightly different conditions, whereas the
optimal concentration was very different. Only a yeast
suspension of 10° cells/mL was optimal for the fermentation
by all three responses. Evidently, the initial total sugar
concentration had a great effect on the ethanol concentration
but only a small effect on the yield and the efficiency. A high
ethanol concentration is desirable in order to reduce energy
consumption in ethanol distillation. At the same time, mini-
mizing total ethanol production costs is as important as
maximizing the ethanol yield and fermentation efficiency. In
terms of usage, ethanol yield is the priority for the comer-
cialization compared with fermentation efficiency. Under the
optimal yield condition, the experimental ethanol yield was
53.2%, which provided an experimental ethanol concentration
of 113.1 g/L with 1.5 g/L.h ethanol productivity and 98.6%
fermentation efficiency.

4. Conclusions

The results showed that nipa sap can be a potential
feedstock for ethanol production using isolated yeast without
nutrient supplementation in a batch fermentation process.
RSM was used to build mathematical models of the nipa sap
fermentation to optimize the process conditions. This data
could be useful for further development. The use of the sap
offers advantages over the use of sugarcane in cultivation,
harvest, environmental effects, and economic efficiency. It is
an alternative form of energy production along with
maintaining good ecology. However, consideration must be
given on how best to preserve nipa palm forests. Further
research is required to ensure the possibility of sustainable
commercial production.

Acknowledgements

This research was supported by the government
budget of Prince of Songkla University, contract no. ENG-
5805898 and the Graduate School of Prince of Songkla
University. The authors would like to thank Assoc. Prof. Dr.
Wilawan Charernjiratrakul, Department of Microbiology,
Faculty of Science, Prince of Songkla University for
providing the yeast isolate, and we also thank Miss Jutarat
Tongpiam and the RDO (Research and Development Office,
Prince of Songkla University) for assistance with proofing the
English.

References

Abdullah, S. S. S., Shirai, Y., & Bahrin, E. K. (2015). Fresh
oil palm frond juice as a renewable, non-food, non-
cellulosic and complete medium for direct bio-
ethanol production. Industrial Crops and Products,
63,357-361.

Baghkheirati, E. K., & Bagherieh-Najjar, M. B. (2016).
Modelling and optimization of a nanoparticle bio-
synthesis mediated by walnut green husk extract
using response surface methodology. Materials
Letters, 171, 166-170.

Bansal, A., lllukpitiya, P., Tegegne, F., & Singh, S. P. (2016).
Energy efficiency of ethanol production from
cellulosic feedstock. Renewable and Sustainable
Energy Reviews, 58, 141-146.

Cazetta, M. L., Celligoi, M. A. P. C., Buzato, J. B., & Scarino,
I. S. (2007). Fermentation of molasses by Zymo-
monas mobilis: Effect of temperature and sugar
concentration on ethanol production. Bioresource
Technology, 98, 2824-2828.

Chang, Y., Chang, K., Huang, C., Hsu, C., & Jang, H. (2012).
Comparison of batch and fed-batch fermentations
using corncob hydrolysate for bioethanol pro-
duction. Fuel, 97, 166-173.



S. Chongkhong & S. Puangpee / Songklanakarin J. Sci. Technol. 40 (3), 648-658, 2018

Charoenchai, C., Fleet, G., & Henschke, P. A. (1998). Effects
of temperature, pH, sugar concentration on the
growth rates and cell biomass of wine yeasts.
Amarican Journal of Enology and Viticulture, 49,
283-288.

Costa, J. A., Marques., J. E. Jr., Goncalves, L. R. B., & Rocha,
M. V. P. (2015). Enhanced enzymatic hydrolysis and
ethanol production from cashew apple bagasse pre-
treated with alkaline hydrogen peroxide. Bio-
resource Technology, 179, 249-259.

Costa, R.C., & Sodre, J.R. (2010). Hydrous ethanol vs.
gasoline-ethanol blend: engine performance and
emission. Fuel, 89, 287-293.

Dennett, J. (1972). Final observations on the nipah palm as a
source of alcohol. Malaysian Agricultural Journal,
15(12), 729-743.

Dodic’, S., Popov, S., Dodic’, J., Rankovic', J., Zavargo, Z., &
Mucibabic’, R. J. (2009). Bioethanol production
from thick juice as intermediate of sugar beet
processing. Biomass and Bioenergy, 33(5), 822-827.

Dubois, M., Gilles, K. A., Atmelton, G. K., Rabers, P. A., &
Smith, F. (1956). Calorimetric method for deter-
mination of sugars and related substances. Ana-
Iytical Chemistry, 28, 50-56.

Ergun, M., & Mutlu, S. F. (2000). Application of a statistical
technique to the production of ethanol from sugar
beet molasses by Saccharomyces cerevisiae. Bio-
resource Technology, 73, 251-255.

Fernandes, G., Braga, T. G., Fischer, J., Parrella, R. A. C., Re-
sende, M. M. D. & Cardoso, V. L. (2014). Eva-
luation of potential ethanol production and nutrients
for four varieties of sweet sorghum during matura-
tion. Renewable Energy, 71, 518-524.

Germec, M., Turhan, 1., Karhan, M., & Demirci, A. (2015).
Ethanol production via repeated-batch fermentation
from carob pod extract by using Saccharomyces
cerevisiae in biofilm reactor. Fuel, 161, 304-311.

Gibbs, H. D. (1911). The alcohol industry of the Philippine
islands, A study of some palms of commercial im-
portance with special reference to the saps and their
uses. Philippine Journal of Science, 6, 99-206.

Gnansounou, E., & Dauriat, A. (2010). Techno-economic ana-
lysis of lignocellulosic ethanol. Bioresource Tech-
nology, 101(13), 4980-4991.

Gumienna, M., Szwengiel, A., Szczepanska-Alvarez, A.,
Szambelan, K., Lasik-Kurdys, M., Czarnecki, Z., &
Sitarski, A. (2016). The impact of sugar beet varie-
ties and cultivation conditions on ethanol pro-
ductivity. Biomass and Bioenergy, 85, 228-234.

Gupta, P., & Nayak, K. K. (2016). Optimization of keratin/
alginate scaffold using RSM and its characterization
for tissue engineering. International Journal of
Biological Macromolecules, 85. 141-149.

Gupta, P., & Parkhey, P. (2014). A two-step process for
efficient enzymatic saccharification on rice straw.
Bioresource Technology, 173, 207-215.

Hamilton, L., & Murphy, D. (1988). Use and management of
nipa palm (Nypa fruticans, Arecaceae). Economic
Botany Journal, 42(2), 206-213.

657

Jabatan, P. (2009). Prosiding seminar pengurusan dan pemu-
liharaan hutan nipah. Semenanjung Malaysia.
Penang, Malaysia: Kuala Lumpur Jabatan Perhu-
tanan Semenanjung Malaysia.

Lang, X., Macdonald, D. G., & Hill, G. A. (2001). Recycle
bioreactor for bioethanol production from wheat
starch II Fermentation and economics. Energy
Source Part B, 23, 427-436.

Le,H.D.T., & Le, V. V.M. (2014). Effects of initial pH value
of the medium on the alcoholic fermentation per-
formance of Saccharomyces cerevisiae cells immo-
bilized on nipa leaf sheath pieces. Songklanakarin
Journal of Science and Technology, 36(6), 663-667.

Lipnizki, E., Carter, M., & Tragardh, G. (2006). Application
of membrane processes in the beet and cane sugar
production. Zuck-erindustrie, 131(1), 29-38.

Liu, R., & Shen, F. (2008). Impacts of main factors on
bioethanol fermentation from stalk juice of sweet
sorghum by immobilized Saccharomyces cerevisiae
(CICC 1308). Bioresource Technology, 99(4), 847-
854.

Luo, L., Voet, E. V. D., & Huppes, G. (2009). Life cycle
assessment and life cycle costing of bioethanol from
sugarcane in Brazil. Renewable & Sustainable
Energy Reviews, 13, 1613-1619.

Luo, Z., Wang, L., & Shahbazi, A. (2014). Optimization of
ethanol production from sweet sorghum (Sorghum
bicolor) juice using response surface methodology.
Biomass and Bioenergy, 67, 53-59.

Miller, G.L. 1959. Use of dinitrosalicylic acid reagent for
determination of reducing sugar. Analytical Chemis-
try. 31, 420-428.

Puangpee, S., & Chongkhong, S. (2016). Optimization of nipa
sap preparation for ethanol production. p.31-33.
Proceeding of 2016 International Conference on
Advanced Materials Science and Environmental
Engineering (AMSEE 2016) 2016, 31-33.

Punlumpak, N. (2016). Yeast isolation and selection from nipa
saps for ethanol production, Project report in
academic year 2015. Songkhla, Thailand: Prince of
Songkla University.

Santos, D. M., Bukzem, A. L., & Campana-Filho, S. P.
(2016). Response surface methodology applied to
the study of microwave-assisted synthesis of
quaternized chitosan. Carbohydrate Polymer, 138,

317-326.
Sasaki, K., Tsuge, Y., Sasaki, D., Teramura, H., Wakai, S.,
Kawaduchi, H., . . . Kondo, A. (2014). Increased

ethanol production from sweet sorghum juice
concentrated by membrane separation process.
Bioresource Technology, 169, 821-825.

Srimachai, T., Nuithitikul, K., O-thong, S., Kongjan, P., &
Panpong, K. (2015). Optimization and kinetic
modeling of ethanol production from oil palm frond
juice in batch fermentation. Energy Procedia, 79,
111-118.

Tumanaidu, P., Matsui, N., Okimuri, Y., & Saka, S. (2013).
Nipa (Nypa fruticans) sap as a potential feedstock
for ethanol production. Biomass and Bioenergy, 52,
96-102.



658 S. Chongkhong & S. Puangpee / Songklanakarin J. Sci. Technol. 40 (3), 648-658, 2018

Underkofler, L. A., Barton, R. R., & Rennert, S. S. (1958). Wang, Q., Ma, H., Xu, W., Gong, L., Zhang, W., & Zou, D.

Production of microbial enzymes and their (2008). Ethanol production from kitchen garbage
applications. Microbiological Process Report, 6, using response surface methodology. Biochemical
212-221. Engineering Journal, 39, 604-610.

Wang, L. J., Luo, Z. L., Xiu, S. N., & Shahbazi, A. (2011). Zhang, M., Wang, F., Su, R, Qi, W., & He, Z. (2010).
Pretreatment and fractionation of wheat straw with Ethanol production from high dry matter corncob
acetic acid to enhance enzymatic hydrolysis and using fed-batch simultaneous saccharification and
ethanol fermentation. Energy Source, 33(13), 1230- fermentation after combined pretreatment. Bio-

1238. resource Technology, 101, 4959-4964.



	_Hlk506714652

