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Introduction
Hemicellulosic resources such as agricultural residues, forestry, 

municipal wastes and other cost-effective biomasses are the 
plentiful and renewable source of sugar substrate [1]. Alternatively, 
bioconversion method has been employed in recent years owing 
to its cost effectiveness. A good choice of hemicellulosic source and 
microorganism that can utilize xylose is vital in the biological pathway 
[2,3]. A different type of lignocellosic biomass gives the different type 
of composition in cellulose, hemicellulose, and lignin [4].

Xylitol is a five-carbon sugar which are major constituents of food 
and medicine technologies. The natural essential sources of xylitol 
are vegetables and fruits such as strawberries, yellow plum, lettuce, 
raspberries and cauliflower. Xylitol is used for low caloric sweetener 
as an appropriate sugar substitute for diabetic patients [5]. In last few 
years, several commercial applications of xylitol have been achieved 
in industries like food, dental and pharmaceuticals [6]. Increasing 
interest in xylitol has led to a huge demand for the product globally. 
Bioconversion of xylose to xylitol can be carried out by microorganisms 
such as bacteria, fungi and yeast. Xylitol production is influenced 
by various factors in a culture medium. In recent times, significant 
attention has been drawn to the production of xylitol from xylose [7]. 
High substrate concentration is imperative for the production of xylitol 
in a cost-effective way for scale up process. Significant steps towards the 
strain improvement for xylitol-production have been assumed [8-10].

The current xylitol production methodology involves chemical 
procedures by the hydrogenation of D-xylose in the presence of nickel 
catalyst at selective parameters [11]. However, the major drawback 
in chemical process is the high cost of refinement methods. Recently, 
biotechnological processes were explored for xylitol production 
to remove the limitations at the different stages of the chemical 
processes. This substitute production corresponds to the bio-
conversion of D-xylose to xylitol by microorganisms. At a moderate 
costs and renewable biomass from agro-industrial waste, it can be 
used a source of D-xylose. Microorganisms can also be metabolically 
engineered in order to convert the reducing sugars in hemicellulosic 
hydrolysates to xylitol. Recently, studies on the bio conversion of 

xylose into xylitol are the current area of interest [12-15]. Successful 
production and optimization of xylitol had been achieved by various 
yeast isolates [3,16].

In last decade, the biomass based ethanol production has also 
enlarged in this area; but the bioethanol production is costly. The cost 
of the traditionally used raw materials constitutes about 40% - 70% 
of the total production cost [17]. The only alternative is to use fewer 
cheap materials, such as agricultural waste that can make the process 
cost-effective considerably [18,19]. In recent years a significant attempt 
had also been taken into account for the co-production of xylitol and 
ethanol using cheap substrates [20].

Hence, retaining in view of the tremendous value of xylitol 
and ethanol production, challenge has been made to explain xylitol 
enzymatic production (Xylose reductase) from C. tropicalis using 
different hemicellulosic waste through Box-Behnken design (BBD) 
that would contribute towards the simultaneous production of xylitol 
and ethanol in a cost-effective manner. 

Materials and Methods
Raw material of hemicellulosic waste substrates (HWs)

The different hemicellulosic waste (HW) and flours used in this 
study were Paddy straw, Sugarcane bagasses, Corn cob, Pomegranate 
peel, Sweet Lime (Mosambiae) peels, Banana peel, Rice flour, Wheat 
flour, Ragi flour, Coconut oil cake, Groundnut oil cake, Sesame Oil 
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Cake. The corncob particles were sun dried for 48 h then stored at room 
temperature in plastic bags for further use. The collected HW substrates 
were ground and sieved ranging from 0.45 mm to 0.9 mm (20-40 
mesh) and used in future experiments. The cellulose, hemicellulose 
and lignin content were determined experimentally according to the 
methodology of Adeeyo et al. [21].

Acid and alkaline pretreatment

The acid and alkaline pretreatment were carried out in 250 ml 
Erlenmeyer flask. Ten grams of HWs were soaked into 2% NaOH 
at a solid-liquid ratio of 1:3 and mixed with dilute acid (0.5% (w/w) 
H2SO4+1.5% (w/w) H3PO4) and pretreated in an autoclave at 130°C 
with a residence time of 60 min. 

Microorganism and fermentation experiments

Candida tropicalis LY15 was screened and identified in previous 
studies. Candida tropicalis strain LY15 (KJ734199) was grown in the 
preculture medium containing 10 g l-1 yeast extract, 20 g l-1 peptone, 
and 20 g l-1 dextrose. The seed cells were inoculated in 100 ml 
preculture medium and incubated at 28°C and 140 rpm for 14 h and 
again inoculated into the freshly prepared fermentation medium at 
10% (v/v). 

Shake flask fermentation conditions using hemicellosic waste 
substrates

Fermentation was carried out in the pretreated HW substrates at 
pH 7. This was supplemented with different nutrient concentration for 
tests according to the selected factorial design. After sterilization and 
cooling at room temperature, the flasks were inoculated with 1 ml of 
culture broth. The flasks were incubated at 28°C at 140 rpm for 48 h. 
During the preliminary screening, the experiments were performed for 
90 h and it the maximum production was obtained in 60 h.

Preparation of cell-free extracts

Every 12 h fermented product were centrifuged at 6,000 rpm at 20°C 
for 10 min and washed with sterile distilled water. Cell disruption was 
performed in a homogenizer for 15 min and the slurry was centrifuged 
(12,000 rpm at 4°C for 20 min). The supernatant collected, was used for 
enzyme analysis. 

Xylose reductase activity

Xylose reductase (XR) activity was determined 
spectrophotometrically using a UV-Visible (ELICO Double Beam 
SL-210) spectrophotometer at 340 nm. The final reaction mixture 
contained (in 1 ml) 500 µl of 250 mM potassium phosphate buffer 
(pH 7.0), 100 µl of 100 mM mercaptoethanol, 50 µl of 0.5 M D-Xylose, 
200 µl of distilled water, 50 µl of 3.4 mM NADPH. The elimination of 
endogenous oxidation of NAD(P)H was done by setting the reaction 
mixture for 1 min. 200 µl of enzyme solution was added to the reaction 
mixture in order to initiate the reaction. One unit of xylose reductase 
activity was defined as the amount of enzymes that can oxidize one 
micromole NAD(P)H per minute. The enzyme activity was calculated 
for the respective isolates.

Ethanol estimation

The effect of different HWs for ethanol production using yeast cells 
was performed. After the completion of fermentation, samples were 
analyzed for alcohol content using ‘Sigma- Aldrich Ethanol Assay Kit’. 
The experiment was performed to estimate ethanol production by yeast 
cells for the presence of HW substrates.

Analytical method

Xylitol concentration were determined using the equipped with 
refractive index detector and Aminex HPX-87H column (Bio-Rad, 
Richmond, USA) with 0.01 N H2SO4 as the mobile phase running at 
0.6 mL/min at 45 ºC as previously described [5]. The retention time 
of xylitol was 11.4 min. These samples were centrifuged in order to 
separate suspended materials and filtered again through 0.2 µm pore-
sized syringe filters.

Statistical optimization of selective parameters for xylose 
reductase production

Box-Behnken design (BBD) was adopted to optimize selective 
independent parameter viz., inoculum, HWs, time period and RPM 
(agitation speed) to maximize xylose reductase production or response 
by keeping pH, temperature constant. BBD is an optimization method 
for the small number of variables that estimates best-fit parameters 
of the quadratic models. It detects not only the lack of fit into the 
model but also constructs a sequential design for response surface 
methodology. According to the present experimental design, the 
total number of treatment combinations is 2k+2k+n, where ‘k’ is the 
number of independent variables and ‘n’ is the number of repetition of 
experiments at the Central point.

The experimental design consisted of 29 runs of four variables (A, 
B, C, D) at three levels (-1, 0, +1) in order to optimize the medium 
components. The concealed values -1 and +1 indicate as low and high 
level of the variables studied based on our previous experiments. All 
variables were set at a central coded value of zero.

The experimental plan of independent variables with respect to 
their values in actual and coded form is represented in Table 1. All 
the experiments were performed in triplicates, and average enzyme 
activity obtained was taken as the response (Y). The coefficient of 
determination R2 represents the goodness of fit of the polynomial 
equation and significance level was validated by F test. The desirability 
was kept at maximum.

Software used

The independent variables of the experimental were optimized 
and interpreted using Design Expert Version 10.0 (Stat-Ease Inc., 
Minneapolis, Minnesota, USA) statistical software.

Validation of the experimental design

The statistical analysis was validated for enzyme production in 
shake flask conditions using optimized parameters. The experiments 
were carried out in triplicates, and the enzyme activity was estimated 
according to the protocol described earlier.

Statistical analysis

All the experiments were carried out in triplicate and data presented 
are Mean ± SD.

Results
Composition and pretreatment of different HWs

Several findings reported the role of agricultural wastes containing 
hemicellulose as a substrate in the production of xylitol from 
microorganisms by secreting xylose reductase. Table 2 clearly shows the 
compositional analysis of different HWs. Natural biomass is the good 
source of cellulose and hemicellulose for obtaining useful products. 



Citation: Barathikannan K, Khusro A, Paul A (2016) Simultaneous Production of Xylitol and Ethanol from Different Hemicellulose Waste Substrates 
by Candida tropicalis Strain Ly15. J Bioprocess Biotech 6: 289. doi:10.4172/2155-9821.1000289

Page 3 of 8

Volume 6 • Issue 7 • 1000289
J Bioprocess Biotech, an open access journal
ISSN:2155-9821

The acid and alkali hydrolysis (2% v/v) was very effective in releasing a 
sufficient amount of hemicellulose from different HWs (Table 2).

Effect of different parameters in fermentation condition for 
the production of xylitol

The xylose concentration is very important for the biomass and 
the production of xylitol. According to our experiment, increase in 
substrate (HWs) concentration upturns the xylitol productivity. The 
growth in xylitol production may be due to the increase in xylose 
reductase (XR) activity. Initial HWs concentration was 20 g/L in order 
to estimate the effect of xylose concentration on xylitol yield.

Effect of Inoculum

The effect of inoculum level has a considerable impact on increasing 
the production of xylitol and ethanol. Maximum production of xylitol 
and ethanol was observed using Candida tropicalis strain LY15 at 1% 
inoculum level (Figure not shown).

Effect of pretreatment hemicellosic waste substrate on xylitol 
production

Pre-treatment not only liberates fermentable monomers but also 
weakens hydrogen bonding in-between glucan chains, which enhances 
the rate of polysaccharide breakdown into fermentable sugars in 
the presence of enzymes. The optimized and detoxified hydrolysate 
medium was supplemented with yeast extract 1.0, Peptone 2.0 KH2PO4 2.0, 
MgSO4·7 H2O 0.3 as a xylitol fermentation medium for the parent strain of 
Candida tropicalis strain LY15. The result revealed that 55.57 g l-1 of xylitol 
was estimated in 60 h from 20 g/L of HWs (pomegranate peel) with an 
ethanol yield of 3.37 g l-1 under optimized parameters (Table 3).

Effect of incubation period

Incubation period plays a substantial role in the product formation. 
The isolate showed maximum xylitol and ethanol yield observed after 
60 h of incubation. Lower and higher incubation period exposed 
decreased yield of xylitol and ethanol (Figure 1).

Effect of agitation

Agitation at 140 rpm resulted in higher xylitol production and 
consequential ethanol concentration. The rate and efficiency of ethanol 
production were also significant with agitation up to 140 rpm (Figure 2).

Different HWs for bioproduction of xylitol and ethanol

To examine if the solids (glucan and lignin) containing hydrolysate 
can be used directly in xylitol, and ethanol combined production, 
aerobic inhibitor degradation and xylitol fermentation were carried out 
using a HWs at a solids loading of 10%. After the xylose was consumed 
totally, a shift to anaerobic simultaneous scarification and ethanol 
fermentation was performed with cellulase addition (15 filter paper 
units (FPU)/g substrate). However, the rate of inhibitor degradation 
and xylitol production is decreased, probably due to insufficient 
mass transfer. Furfural and 5-HMF were degraded totally after 36 h 
aerobic incubation. An increased xylitol concentration of 55.57 g l-1 
was obtained with a productivity of 20 g 1-1 HWs (Pomegranate peel). 
Then, under anaerobic conditions by the addition 3.37 g l-1 ethanol was 
produced after 60 h anaerobic fermentation, corresponding to 79.6% of 
the theoretical yield (Tables 3 and 4).

Variables Code
Range and levels

-1 0 +1
Inoculum (%) A 0.5 1.0 1.5

HWs (Carbon Source %) B 1.0 2.0 3.0
Time Period (Hours) C 48 60 72

RPM D 120 140 160

Table 1: Experimental range, level and code of independent variables for BBD 
design.

Hemicellulose waste 
substrates (HWs) Hemicellulose (%) Cellulose (%) Lignin (%)

Agricultural Waste 
substrates
Paddy straw 28.5 ± 0.45 48.6 ± 0.51 12.1 ± 0.65

Sugarcane bagasse 27.1± 0.46 35.7 ± 0.47 9.4± 0.50
Corn cob 31.5± 0.62 45.4 ± 0.47 16.1 ± 0.45
Flours
Rice 25.5 ± 0.48 36.1 ± 0.47 18.6 ± 0.81

Wheat 28.4 ± 0.57 28.4 ± 0.65 21.1 ± 0.48
Finger millet 27 ± 0.54 39 ± 0.51 16 ± 0.50
Fruit Peels

Pomegranate Peel 32.8 ± 0.64 27.6 ± 0.68 28.2 ± 0.65
Sweet Lime Peel 26.2 ± 0.39 18.3 ± 0.48 8.9 ± 0.47

Banana Peel 33.7 ± 0.57 30.3 ± 0.87 15.2 ± 0.47
Oil cakes
Groundnut 18.5 ± 0.29 22.4 ± 0.37 7.1 ± 0.41
Sesame 15.4 ± 0.37 21.8 ± 0.31 7.9 ± 0.27
Coconut 17.8 ± 0.47 18.2 ± 0.40 5.5 ± 0.40

Each value represents the mean ± SD of triplicate experiments.
Table 2: Chemical Composition of different Hemicellulose waste substrates 2.
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Figure 2: Effect of agitation on Xylose reductase.



Citation: Barathikannan K, Khusro A, Paul A (2016) Simultaneous Production of Xylitol and Ethanol from Different Hemicellulose Waste Substrates 
by Candida tropicalis Strain Ly15. J Bioprocess Biotech 6: 289. doi:10.4172/2155-9821.1000289

Page 4 of 8

Volume 6 • Issue 7 • 1000289
J Bioprocess Biotech, an open access journal
ISSN:2155-9821

Statistical optimization of xylose reductase

The independent variables such as inoculum (A), HWs 
concentrations (B), time period (C) and RPM (D) were identified as 
significant parameters based on the preliminary investigation (Table 
1). These variables were further optimized by RSM using Box-Behnken 
design. Box-Behnken design, consisting of 29 experiments with 3 levels 
of 4 variables in coded, experimental and predicted asset value of xylose 
reductase activity is shown in Table 5.

The production of enzyme was predicted by the following model:

Y (U/mL)=170.05+2.02 × A+23.11 × B+10.45 × C+1.29 × D+5.70 
× AB-4.99 × AC-3.61 × AD-6.98 × BC+2.11 × BD+0.073 × CD-18.25 × 
A2-41.88 × B2-26.92 × C2-14.23 × D2

The quadric model represents inoculum (A), HWs (B), time period 
(C) and RPM (D).

The statistical importance of the second-order model equation 
was determined by F test. Analysis of variance (ANOVA) for response 
surface quadric model is given in Table 6. The p value is used for checking 
the significance of each of the coefficient. Model terms having p value 
<0.05 were considered significant. The model F value of 120.28 implies 
the model is significant. There is only 0.01% chance that a large “Model 
F value” could occur due to noise. Values of “Prob>F”<0.05 indicate 
model terms are relevant. In this case A, C, A2, B2, C2 is significant 
model terms (Table 1). The multiple correlation coefficients (R2) closer 
to 1 signify positive correlation between experimental and predicted 
values and indicate that model is precise with improved response. The 
reliability of the experiment is usually inversely proportional to the 
value of coefficient of variation (CV). In the present study, a low CV 
(3.05%) denotes that the experiments performed are highly reliable and 
precise. The “Predicted R2” of 0.9074 is in agreement with the “Adj R2” 
of 0.9853. “Adeq Precision” ratio of 29.785 indicates an adequate signal 

due to the value greater than 4. This model can be used to navigate the 
design space.

The 3D plot (Figure 3) established a visual interpretation of the 
regular relations between two liberated variables. Response surface 
were plotted to find the optimum level of each variable. The response 
surface plots were constructed by plotting the enzyme activity against 
any two independent factors. The enzyme production alters on 
changing the level of independent variable. The maximum enzyme 
production was observed with respect to the central values of these 
independent variables. Maximum enzyme production was obtained 
when the variables were at their middle to high level.

Validation of model was done by conducting experiments in 
triplicate using predicted optimized parameters by RSM. Highest 
xylose reductase activity was observed with experiment number 
3 using inoculum (1%), HWs (2%), time period (60 h) and RPM 
(140). The maximum xylose reductase production by isolates was 
170.05 U/mL which was found positively correlated with predicted 
value, i.e., 171.5 U/mL.

Discussion
Hemicellulose ration of agricultural residues like eucalyptus [22], 

paddy straw [23,24], corn stover [25], spent grain [26], sugarcane bagasse 
[27,28], and corncob have been employed for the effectual production 
of xylitol [29,30]. The present study revealed the first attempt towards 
the dual extraction of xylose reductase and bio-ethanol production 
from C. tropicalis strain LY 15 via pomegranate peel as a hemicellulose 
substrate. The agricultural residues, such as corn fiber, corn stover, rice 
straw, wheat straw, and sugarcane bagasses, contain of about 20-40% 
hemicellulose. However, most of microorganisms were inhibited by the 
toxic compounds expelled during the pretreatment of hemicellulose. 
Hence, an efficient elimination of the inhibitors is a critical step in the 
bioconversion process using hemicellulosic material as the HWs. In 
the preceding studies, various procedures had been performed for the 
optimization of operation bioprocess parameters. The major concerns 
were the treatment of HWs, time, and acid concentration to improve 
the yield of sugar and reduce the concentration of toxins by different 
kinds of detoxification. Many detoxification methods have been made 

Hemicellulose Waste 
substrates (HWs)

Xylose reductase (U/mL ) Ethanol (mg/ml)
48 h 60 h 72 h 48 h 60 h 72 h

Agricultural Waste 
substrates
Paddy straw 78.5 ± 0.78 83.56 ± 1.25 80.24 ± 1.01 0.80 ± 0.07 1.31 ± 0.08 0.034 ± 0.07

Sugarcane bagasse 82.56 ± 0.54 90.42 ± 1.97 89.56 ± 1.04 1.32 ± 0.01 2.45 ± 0.09 1.42± 0.10
Corn cob 112.5 ± 0.67 120.56 ± 0.65 119.58 ± 0.15 1.28 ± 0.09 2.32 ± 0.01 1.32 ± 0.09

Flour
Rice 133.2 ± 0.71 145.41 ± 0.54 141.6 ± 0.09 0.99 ± 0.07 1.27 ± 0.09 1.28 ± 0.04

Wheat 148.74 ± 0.91 158.24 ± 1.15 155.01 ± 0.14 1.20 ± 0.08 2.27 ± 0.08 2.24 ± 0.09
Finger millet 134.56 ± 0.99 146.32 ± 0.34 143.5 ± 0.72 1.18 ± 0.11 1.22 ± 0.09 1.21 ± 0.08
Fruit Peels

Pomegranate Peel 147.2 ± 1.09 171.4 ± 1.05 164.25± 0.94 1.24 ± 0.09 3.37 ± 0.08 2.99± 0.04
Sweet Lime Peel 92.5 ± 0.65 109.34 ± 0.75 103.5 ± 0.63 0.18 ± 0.04 1.21± 0.03 0.20 ± 0.04

Banana Peel 146.4 ± 0.87 169.01 ± 1.01 165.19 ± 1.0 0.24 ± 0.09 2.34 ± 0.07 0.34± 0.05
Oil cakes
Groundnut 111.07 ± 0.95 122.7 ± 1.5 119.5 ± 0.69 0.89 ± 0.01 1.92 ± 0.01 1.12 ± 0.001
Sesame 120.9 ± 1.21 129.4 ± 1.35 122.56± 0.65 0.94 ± 0.02 1.27 ± 0.02 1.07 ± 0.002
Coconut 93.56 ± 1.25 108.54 ± 0.73 103.5 ± 0.65 1.07 ± 0.04 1.71 ± 0.01 1.12 ± 0.02

Each value represents the mean ± SD of triplicate experiments.
Table 3: The effect of fermentative parameters after 60 h fermentation of different fruit peels by Candida tropicalis strain LY15.

HWs Concentration of HWs Xylitol Yield gL-1 (60 h)
Pomegranate Peel 2 % 55.57
Sweet Lime Peel 2 % 14.1

Banana Peel 2 % 27.2

Table 4: Xylose reductase activity by wild yeast isolates.
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Run 
Order

A: 
Inoculum B: HWs C: Time 

Period D: RPM Actual 
Value

Predicted 
Value

1 0 0 0 0 168.01 170.05
2 -1 0 0 1 140.3 140.4
3 0 0 0 0 171.4 170.05
4 0 -1 1 0 91.7 95.57
5 0 1 1 0 108.3 127.83
6 -1 0 1 0 143.24 138.30
7 1 1 0 0 145.3 140.75
8 -1 -1 0 0 88.7 90.50
9 0 0 0 0 171.45 170.05
10 0 0 1 1 148.3 140.71
11 0 0 1 -1 147.01 137.98
12 1 0 -1 0 123.3 121.44
13 0 0 0 0 170.15 170.05
14 0 0 -1 -1 112.4 117.24
15 1 0 0 1 134.87 137.27
16 0 -1 -1 0 70.7 60.73
17 0 1 0 1 148.4 140.45
18 0 1 0 -1 147.16 133.64
19 -1 0 -1 0 112.4 107.43
20 0 0 0 0 169.1 170.05
21 1 0 1 0 134.2 132.36
22 0 -1 0 -1 90.5 91.65
23 -1 0 0 -1 123.5 130.65
24 -1 1 0 0 124.5 125.51
25 0 0 -1 1 113.4 119.67
26 0 1 -1 0 115.2 120.89
27 0 -1 0 1 83.3 90.02
28 1 -1 0 0 86.7 83.14
29 1 0 0 -1 132.5 141.91

Table 5: Box-Behenken design along with experimental and predicted values of 
dependent variable.

Source Sum of 
Squares df Mean 

Square F Value p-value 
Prob>F

Model 22488.40 14 1606.31 17.70 <0.0001 Significant
A-Inoculum 48.92 1 48.92 0.54 0.4749

B-HWs 6406.09 1 6406.09 70.60 <0.0001
C-Time 
Period 1309.39 1 1309.39 14.43 0.0020

D-RPM 20.02 1 20.02 0.22 0.6458
AB 129.96 1 129.96 1.43 0.2513
AC 99.40 1 99.40 1.10 0.3130
AD 52.06 1 52.06 0.57 0.4614
BC 194.60 1 194.60 2.14 0.1652
BD 17.81 1 17.81 0.20 0.6645
CD 0.021 1 0.021 2.317E-004 0.9881
A2 2160.39 1 2160.39 23.81 0.0002
B2 11377.51 1 11377.51 125.38 < 0.0001
C2 4700.64 1 4700.64 51.80 < 0.0001
D2 1314.14 1 1314.14 14.48 0.0019

Residual 1270.38 14 90.74
Lack of Fit 1261.06 10 126.11 54.16 0.0008 Significant
Pure Error 9.31 4 2.33
Cor Total
23758.78

28
23758.78 28

R2: 0.9465; Adj R2: 0.8931; Predicted R2: 0.6937; CV: 7.43%; Adeq precision: 
15.958; df=degree of freedom; Highly significant, p ≤ 0.0001; Significant, p ≤ 0.05; 
Non- significant, p>0.05
Table 6: Analysis of variance (ANOVA) for Xylose reductase activity as a function 
of independent variables.

functional to alleviate the inhibition of hydrolysate for improving 
microbial growth. For the xylan hydrolysate part, methods such as over 
liming, the use of ion-exchange resins or activated charcoal adsorption 
was found to eradicate most of the toxins [31].

Oxygen is a critical parameter in the accumulation of xylitol. 
Microorganisms require sufficient oxygen to increase biomass. The 
effects of agitation on both biomass and xylitol production were 
investigated at different rpm (120 to 160). Lower shaking speed favored 
the xylitol accumulation, while higher shaking speed augmented the 
biomass production. In brief, more oxygen supply resulted in the 
maximum yield of biomass and lower yield of xylitol [32,33].

Pomegranate peel attributes high xylitol production with an 
increased biomass yield. The presence of other HWs attributes towards 
lower activities of enzymes and biomass yield. The above analysis reveals 
that the addition of pomegranate peel improves the xylitol efficiency 
using C. tropicalis strain LY 15. Fermentation was carried out in 250 
mL erlenmeyer flasks containing 50 mL of the production medium 
with pomegranate peel. The inoculum size was kept 1% and flasks were 
kept for different time periods. At 60 h, xylitol concentration achieved 
the maximum yield by producing maximum enzyme.

The high solids culture model was applied for inhibitors degradation 
by C. tropicalis strain LY 15 on the pretreated pomegranate peel directly 
in the liquid hydrolysate. No cellulose degradation were observed in 
the C. tropicalis strain LY 15 culture on hydrolysates containing highly 
cellulose-rich solids, and thus the cellulose loss could be avoided in 
the aerobic stage. In this context, this step-line process is considerable; 

there were no additional operation units, no sugar loss and combine 
inhibitor degradation, xylitol fermentation, and ethanol production.

Conversion of xylose to xylitol is by reduction and oxidation 
process [34]. The NADH or NADPH dependent xylose reductase 
(XR) plays a pivot role in the reduction of xylose into xylitol during 
the first step. Then, NAD+relying on xylitol dehydrogenase (XDH) 
oxidized xylitol to xylulose. XR, XDH and the cofactors (NADPH 
and NAD+) (NADPH and NAD+) [31] were the key modulators 
affecting the xylitol accumulation. In Candida sp., XR and XDH are 
more NADPH dependent and NAD+ dependent respectively [35,36]. 
NADP+ is reduced to NADPH in the preliminary step of the pentose 
phosphate pathway. NADH generated in the second step is oxidized in 
the respiratory chain [37]. There are several reports on the production 
of bioethanol by utilizing yeast [38,39]. Sasikumar and Viruthagiri 
[40] stated Kluyveromyces fragilis-NCIM 0557 preferable capacity 
to convert hexose to ethanol by central composite design. Response 
surface methodology (RSM) is another statistical process to improve 
enzyme yield by using designing minimum number of experiments for 
giant number of motives [41]. The enzymatic production of glucose 
is dependent upon the concentration of pomegranate peel which 
resulted in an increased concentration of ethanol for a longer (60 h) 
fermentation period.

In this study, the isolate degrades pomegranate peel to xylitol by 
secreting xylose reductase under aerobic conditions and ethanol under 
anaerobic conditions. A comparative study was reviewed to understand 
the yield of xylitol from yeast isolates using various substrates (Table 
7). The higher yield of xylitol and ethanol production by C. tropicalis 
strain LY15 was carried out by metabolic shift from aerobic conditions 
to anaerobic. This process lowered the possibility of contamination 
by other microbial organisms since only a single inoculation was 
needed. This process makes more preferable this process was more 
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Figure 3: Response surface plot showing interaction between four variables for enzyme activity. (a) HWs and Inoculum (b) Time period and Inoculum (c) RPM and 
Inoculum (d) Time period and HWs (e) RPM and HWs (f) RPM and Time period.
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preferable, no sugar loss, inhibitor detoxification, higher the degree of 
xylitol fermentation and higher the capacity of ethanol production in 
the same bio reactor. A simple approach to remove ethanol from the 
fermentation broth carried out by evaporation and further purification 
of concentrated xylitol by crystallization due to variation in the boiling 
points of ethanol and xylitol production using xylitol reductase.

Conclusion
The potential isolates Candida tropicalis strain LY15 completely 

consumes pomegranate peel and obtained valuable yield of xylose 
reductase. It effectively integrates hemicellulosic hydrolysate and 
converts to xylitol for bioconversion. This study evidences that strain 
Candida tropicalis strain LY15 could be possibly subjugated for the 
industrial xylose reductase production from pomegranate peel under 
statistically optimal conditions. Xylose reductase yields nearer to the 
maximum predicted value have been reached from pomegranate peel 
hemicellulose by our isolate. The co-production of ethanol makes 
the process more gainful and also vanishing of ethanol over xylitol 
makes the reclamation process cost-effective. Further investigation 
is in progress to produce xylitol using pomegranate peel as substrate 
and to clone xylitol producing gene of C. tropicalis strain LY15 into 
Saccharomyces sp.
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