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ABSTRACT

The purpose of this review is to shed light on the metabolic profile of xylitol,
xylitol production ability of yeast and significant application of xylitol in
bioprocessing industry. Quite a lot of parameters influence Xylitol production.

Keywords Optimized substrate concentration, carbon source, inoculum, aeration, temperature,
X : pH and nitrogen supply are an essential concern. Chemical and enzymatic
ylose, Xylitol, . . : .
Hemicellulose, hydrolysis performs a crucial role in the creation of precursor xylose from
Candida sp, agricultural biomass. And it is modified to xylitol predominantly by way of yeast
Factors, stress. The most customarily used practices are Hydrolysis below acidic which are
Food subjected to quite a lot of procedure parameters. A detoxing process is carried out
Applications as many fermentation approach inhibitors are produced for the duration of chemical
Article Info hydrolysis that decreases xylitol creation. Hemicellulose, which is the second most
o p!entiful polysaccharide in the atmosphere after cellulose, is deg(aded into xylitol
15 August 2016 via yeast. Hemicellulose has been successfully converted into fermentable
Available Online: ingredients by the continuous efforts by researchers in the last two decades.
10 September 2016 Hemicellulose has been efficiently changed into fermentable ingredients by way of

the continuous efforts by using researchers in the last two decades. Hemicellulose
is probably degraded into fermentable sugars and its conversion into price added
products opens up a substantial area of purposes of xylitol in meals production.

Introduction
probably spent first. The presence of these

sugars outcome within the suppression of,
the glyoxylate cycle, gluconeogenesis
inhalation and the uptake of less preferred

Yeast is one in all the easiest industrial
microorganisms, due to its principal position
in production, winemaking, baking, and

alcohol making. Saccharomyces cerevisiae
is that the most intensively considered
unicellular eukaryote and one of the main
industrial microorganisms used in the
production of biochemical (Kavsceek et al.,
2015). Yeast cells ordinarily come across a
mixture of more than a few carbohydrates in
industrial strategies. Glucose and sucrose are
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carbohydrates (Verstrepen et al.,, 2004).
There are notable differences between
baker’s yeast, brewer’s yeast, wine yeast and
distiller’s yeast, and these as S. Cerevisiae,
S. Bayanus, and S. Pastorianus, according to

existing taxonomic classifications
(Vaughan-Martini et al.,, 1998; Cletus.,
2003).
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The metabolic process of S. cerevisiae is
explicit for the consumption of glucose,
fructose and its disaccharide sucrose. Within
the emerging interval of bioeconomy,
nevertheless, microbial cell factories ought
to successfully eat more plausible,
affordable and normally accessible carbon
sources, mainly lignocellulose (Hong et al.,
2014; Liang et al., 2014). S. Cerevisiae can't
instantly consume cellulose and for this
reason, pretreatment is required to unleash
the glucose. The second most plethoric
monosaccharide in plant biomass is xylose,
however, the amount of xylose metabolism
in currently used laboratory and industrial
yeast traces are too slow to be of use in a
biotechnological method, especially for this
reason of too low xylitol dehydrogenase
(XDH) activity (Van et al., 1989; Richard et
al., 1999).

Xylitol entails the help as a sweetener for
diabetic patients. Creation study of xylitol is
warranted as xylitol is a worth-brought
product with an increasing market point of
view. Industrial scale sustainable production
of xylitol is with the aid of chemical
discount of D-xylose in the incidence of a
nickel substance at excessive temperatures.
However, this is found to be a costly affair
as the excessive temperature and strain
requirements,  huge  separation  and
purification approaches make the process
complex and sophisticated (Meinander et
al., 1994). An additional direction for xylitol
construction is microbial fermentation
(Roberto et al., 1995). The fungi equivalent
to Pachysolen caninophiles, Candida
guilliermondii, Candida paraphimosis, and
Candida tropicalis produced xylitol by
common xylose-assimilating yeasts (Dahiya
et al, 1991; Kim et al., 1998, Morimoto et
al., 1986; Yahashi et al., 1996). The
microbiological method converts xylose
present as xylan in hemicellulose feedstock
into xylitol (Nigam and Singh, 1995).
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Corncobs, cottonseed, soybean stalks,
popcorn  shells,  sugarcane  bagasse
(Horeckar, 1962) and birch wood are one of
the crucial fundamental feedstocks used for
xylitol creation (Jeffries., 1994). In yeast, D-
xylose is diminished to xylitol by means of
the enzyme xylose reductase in the presence
of NADPH or NADH co-enzymes (Parajo et
al., 1998). In  some  facultative
microorganism, Xylose reduction to xylitol
would be possible with the help of
decreasing equivalents even underneath
oxygen-free stipulations with the aid of
warding off the NAD/NADH redox method
imbalance through an NADH-elegant
reductase approach.

Its sweetness level is equal to that of
sucrose, and it can substitute sucrose on a
weight-to-weight basis. When dissolved in
water, xylitol has low viscosity and negative
heat effects, and it does not require insulin
for metabolic regulation. Owing to these
benefits, the use of xylitol in the food
industry is growing fast. Moreover,
engineered S. cerevisiae expressing the
XYL1 gene from P. stipitis was reportable to
supply xylitol (Hallborn et al., 1991). There
are two basic strategies for developing
production host for a biotechnological
process. In the first, a suitable host can be
selected from a large number of species
based on its performance regarding
parameters such as product yield,
productivity, and tolerance to the product or
other environmental stressors (e.g. pH,
temperature, saline). In many cases, targeted
optimization of such a host is not possible
because the tools for genetic analysis and
engineering in that species are not available,
leaving only evolutionary optimization or
random mutagenesis to produce optimized
strains. The second potential strategy is to
begin with a widely known species
appreciate S. cerevisiae and optimize it for
product and vital bioprocess conditions. A
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few examples of this approach exist,
however species-specific traits usually
hinder the event of hosts with high
productivity and yields on the brink of
theoretical limits. However, S. Cerevisiae is
that the host of substitute in a few instances,
when you consider that of the colossal array
of tools for genetic engineering and to the
enormous varies of expertise related to all
options of yeast biology (Kavsceek et al.,
2015).

Chemical profile of xylitol

Xylitol could be a without additives sugar
alcohol of the five carbon type, i.e. the
xylitol molecule consists of five carbon
atoms and five hydroxyl groups (Chen et al.,
2010). But, then how can this be considered
as sugar? The legitimacy for including
polyols in the sugar field results from its
biochemical relationships; polyols are
formed from sugars and can be converted to
sugars (i.e. aldoses and ketoses) (Makinen,
1989). Some chemical library outlines
sugars as crystalline, sweet carbohydrates,
so sugar alcohols too fall during this class
(Figure 1).

Metabolic features of xylitol

It is mandatory to briefly understand the
metabolism of carbohydrate in human body
for the better understanding of the oral
safely of the xylitol. Xylitol is a natural
intermediary product which quite often
occurs in the glucose metabolism of human
and other animals, and also within the
metabolism of several plants and micro-
organisms. In human, the normal blood
xylitol level ranges between 0.03 and 0.06
mg per 100 ml. As an outcome of the benefit
with that it is regenerate within the
metabolism, xylitol accommodates a low
regular-state attention in human blood
(Gupta et al., 2012; Syal and Vohra, 2013).
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The rate of excretion of xylitol in the urine
is approximately 0.3 mg per hour; there is
no major difference between healthy and
diabetic subjects in this sense (Mékinen,
1978).

A major part of liver glycogen is supplied by
xylitol or primarily D-glucose. Xylitol is
oxidized to carbon dioxide and water by the
normal, physiologic path of carbohydrate
breakdown (Weissman, 1999). In liver takes
place the 85% of the xylitol turnover in the
body and about 10% is metabolized extra
hepatically in the kidneys, and the small
amount is used up by blood cells, the
adrenal cortex, lung, testes, brain, fat tissue,
etc. The difference between endogenous
("natural™) xylitol and that which is supplied
from outside should be mentioned: once a
xylitol-containing  diet is  consumed,
endogenous xylitol is that the physical
intermediate product from D-xylulose and
L-xylulose (these area unit the keto-sugars
appreciate xylitol) (Makinen, 1978). This
reaction takes place in the mitochondria
catalyzed by enzymes which are specific for
xylitol. On the other hand, exogenous
(ingested) xylitol is slowly absorbed, and
eventually enters the portal circulation and
the liver where it is dehydrogenated in the
cytoplasm of the liver cells by the non-
specific polyol dehydrogenase enzyme
which can also act on sorbitol. This enzyme
plays a key role in xylitol metabolism and
largely determines the metabolic rate of
xylitol. Once xylitol is given for a number of
days, AN adaptation takes place: the
enzyme's levels area unit increased in order
that the metabolic capability of a topic, UN
agency is conversant in xylitol, is
considerably increased.

The factors that contribute to the success of
yeasts as probiotics are their robust size,
diversity in  morphology  (budding,
pseudomycelial),  nutritional  flexibility
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(ability in utilizing a broad range of
nitrogen, carbon, and phosphorous sources),
ability to have stress tolerance (to low
pH/oxygen/water activity, high osmotic
pressure), enzyme secreting potency (secrete
a broad range of enzymes such as lipase,
peptidase, amylase, invertase, phytase, etc.)
(Syal and Vohra, 2013), antioxidative /
antitumor/ antimicrobial activity (effective
against a wide range of pathogens), and
ability to produce several other useful
metabolites (Fredlund et al., 2002).

Factors affecting production of Xylitol

There are a few explanations which might
be in play in xylitol production in yeasts.
There are carbon source, substrate
concentration, aeration, inoculum,
temperature, pH and nitrogen source.

Xylose Concentration

One of the crucial parameters that impact
substrate concentration (D-Xylose) is the
yeast growth and the fermentation process.
The initial concentration of xylose can affect
the xylitol production. Taking this model, in
the case of microorganisms that can grow in
high osmotic pressure conditions or in the
presence of elevated glucose concentrations,
a high initial xylose concentration could
presumably lead to a higher quantity of
xylitol. As the initial concentration of xylose
increases, oxygen level increases and thus
avoiding the inhibition of the microbial
growth. Ghindea et al., (2010) showed that a
significant cellular growth takes place in C.

tropicalis at the beginning of the
fermentation process, and the xylitol
production found to be improving

considerably.

Effect of Yeast Level

Yeast extract is a key nutrient affecting the
production of xylitol. Winkelhausen and
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Kuzmanova (1996) stated that xylitol
production rate increased when the medium
contained 20 g/L yeast extract inoculated
with C. tropicalis DSM 7524, while found
xylitol production was inhibited at higher
concentrations of yeast extract (>15 g/L).
Barbosa et al., (1988) found higher xylitol
production at low yeast extract value but
declined when the medium contained 5 g/L
yeast extract.

Effect of Carbon Source

When D-glucose is used as substrate in low
concentration it leads to a growth in C.
tropicalis and the production efficiency of
xylitol. This effect can be explained by the
fact that the D-glucose is used in cell
growth, D-xylose being consumed only
afterwards. The influence of carbon source
also proved to be specific to certain species,
since results varied in other cases, such as
C. guilliermondii (Gurpilhares et al., 2008).

Effect of Aeration

Aeration is a key parameter for xylitol
producing yeasts and determines whether D-
xylose will be fermented or respired. It is
found to be an effective process to
determine the oxygen flux that will enable
balanced utilization of carbon, both for
growth and xylitol production. Prakasham et
al., (2009), reported xylitol production by
yeasts is associated with microaerobic
conditions. Several authors have reported
effect of aeration and agitation rate on yeast
growth and xylitol production (Branco et al.,
2007, Sreenivas Rao et al., 2004, Walther et
al., 2001). But, Roseiro et al., (1991)
reported a combinatorial effect of substrate
concentration and aeration rate on xylitol
production in yeasts.

Effect of Temperature

The suitable temperature for xylitol
production by C. tropicalis is 30°C. The
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xylitol production may be a temperature
freelance method, if the yeast is genteel at a
temperature between thirty and 37°C and it's
found that the yield decreases dramatically
higher than temperature (Silva et al., 1994;
Ghindea et al., 2010). Sreenivas et al.,
(2006) discovered that a variation of the 3°C
affects (27%) the assembly of xylitol Iraqi
National Congress. However, the conversion
to xylitol by Candida sp B-22 has been
discovered constant over the temperature
vary of 35-40°C whereas at 45°C and better,
the xylitol yield declined greatly (Cao et al.,
1994). This could ensue to the reduction
within the activities of NADPH and NADH
dependent sugar enzyme (Slininger et al.,
1987).

Effect of pH

The ideal pH for D. hansenii is 5.5, though
for C. parapsilosis, C. guilliemondii and C.
boidinii the ranges are 4.5-5, 6.0, and 7.0
respectively. It has been observed that
inhibition of microbial growth is due to
undissociated form of acetate (Fond et al.,
1985). However, when pH is increased, the
undissociated form of acetic acid may be
decreased. The optimum pH for xylitol
production in Candida species is 4.5-7
(Ghindea et al., 2010). According to the
observation of Cheng et al., (2009) when the
pH increases from 4.5 to 6.0 it leads to
dramatic increase in xylitol and productivity.

However, the highest production of xylitol is
found at pH 6.0. The finding of El-Batal and
Khalaf (2004) shows that there is low xylitol
production at pH 3.0, compared to pH 6.0
(Pfeifer et al., 1996) and Rodrigues et al.,
(1998) have observed that when pH is
reduced in the medium, the toxic effect of
acetic acid is increased because of the entry
of acid into the cell in its undissociated
form.
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Nitrogen Sources and its effects

Type and concentration of nitrogen source in
the medium play a key role in influencing
the xylitol production by microorganism.
Lachke et al., (1992) found that xylose
consumption enhanced when media were
supplemented with an organic nitrogen
source. These organic nitrogen sources are
found to be yeast extract and the urea by the
yeasts for the production of xylitol (Tesfaw
and Assefa 2014). Lu et al., (1995) reported
the effect of glycine, asparagine, urea, yeast
extract, (NH4)2504, NH4NO3, NaN03,
NH,4CI, and NH4H,PO, as nitrogen sources
for the production of xylitol by utilizing
mutant Candida sp. L-102. A maximum
(100 g/L) xylitol production was achieved
by supplementing the medium with 114
g/Lxylose and incorporating 3 g/L urea.

Xylitol production using Hemicellulose
from Agricultural Waste

A few drawbacks associated with the
chemical production of xylitol process are
alteration proficiency, environment effect
and energy input parameters; The new
research has brought out alternative raw
ingredients and production processes. Xylo-
oligosaccharides and hemicellulose are the
most common polysaccharides available in
nature  containing of  heterogeneous
polymers of hexoses (glucose, mannose and
galactose) and pentose’s like xylose and
arabinose (Saha, 2003; Kuhad, 1993). In
performance to commensurate with explain
this data they sire be hydrolyzed into artless
monomeric sugars either by chemical or
enzymatic approaches for fermentation
using microorganisms. Several studies on
hydrolysis of xylose-rich hemi cellulosic
materials have Dbeen performed for
utilization as substrates for biotechnological
xylitol production. A variety of plant
biomass materials were evaluated as source
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of raw materials such as corn cobs
(Sreenivas-Rao et al., 2006), sugar cane
bagasse (Carvalho et al., 2005), eucalyptus
(Villarreal et al., 2016), and brewery’s spent
grain (Mussatto and Roberto 2004), olive
tree pruning (Romero et al., 2007), soybean
hull (Santos et al., 1995), palm oil empty
fruit bunch fiber (Rahman et al., 2007), and
rice straw (Lu et al., 1995). The utilization
of these depends on the degradation of those
polymeric substances to simple sugars, with
hemicelluloses as predominant
polysaccharide in the overall conversion
method (Figure 2).

In turn chemical hydrolysis becomes a
simple and rapid method for hemicellulosic
material. The treatment circumstances vary
with agro-industrial material and with
respect to chemical agent type and
concentration, incubation temperature and
time (Sun et al., 2002). The agricultural
residues or hardwoods are used as raw
materials; xylose is the most plentiful sugar
in hydrolysates in addition to small fractions
of other sugars. Integral or enzymatic
hydrolysis has been proven as an in rotation
hydrolysis method. This method offers the
advantage of low chemical and energy use,
but solely depends on enzyme accessibility
to the diverse biomass structure. During the
process of enzymatic hydrolysis, the
enzymatic hydrolysis rate of lignocellusosic
biomass dependents on catalytic properties
of enzymes, their loading concentrations, the
hydrolysis period, reaction parameters
employed biomass type, pretreatment
method employed and compounds produced
during pretreatment process (Zhu et al.,
2008). Reduction of  hemicellulosic
crystallinity — improves the enzymatic
hydrolysis rate and time in addition to the
enzyme loading. Lignin is identified as a
major limiting factor among all biomass
components to enzyme attack on cellulose
indicating the significance of reducing the
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structural integrity caused by lignin before
hydrolysis. Enzymatic hydrolysis results in
high yields in bioconversion of sugars from
pretreated photosynthetic biomass.
However, the cost of enzymes is a major
aspect and needs to be counted. Another
alternative is the use of hemicellulosic
hydrolytic enzyme blend; but, identification
and optimization process of the specific
enzyme blend for each material is required.

Traditional pathway engineering tactics have
enabled figuring out xylose and arabinose
catabolism in yeast, however for the
excessive yield continued optimization of
those strains are needed along with novel
metabolic engineering tools and strategies
(Young et al.,, 2010). Specifically, novel
methodologies should target and exploit
additional cellular mechanisms influencing
metabolic pathways, such as molecular
transport, catabolite sensing and cellular
tolerances.

The production of xylitol via the chemical
procedure is pricey because of complex
separation and purification steps. On the
other hand, the fermentation process on an
industrial scale is not feasible due to reduced
productivity. As a result, it is most important
to explore alternative ways for the amazing
production of xylitol utilizing XR enzyme.
The enzymatic technique probably able to
overcome the disadvantages of the chemical
approach that is largely being used at
present and also the fermentation process
that is under investigation (Figure 3).

Current research in xylitol

Certain fruits and vegetables such as
raspberry, strawberry and yellow plum
constitute xylitol. At present, the extraction
process from such sources is not cost-
effective, due to the presence of relatively
low xylitol content, based on dry weight
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basis (Grembecka et al., 2014). Hence,
xylitol is widely produced through a
chemical process at industrial scale, which is
based upon catalytic xylose
dehydrogenation. The process is not only
costly and energy intensive, but also
environmental risky due to the use of a toxic
catalyst and high-pressure hydrogen gas
(Prakasham et al., 2009). These
disadvantages tend to seek another
production process (Park et al.,, 2014).
Xylitol production from microorganisms
have been considered a sustainable process
for numerous industrial applications
because, the process can be conducted under
mild controlled conditions. In microbes,
yeast is the proficiency xylitol hack,
utilizing xylose as sole substrates. In
particular, yeast strains such as C. boidinii,
C. guillermondii, C. parapsilosis, and C.
tropicalis have been extensively exploited
for xylitol production (Mohamad et al.,
2015).

Because of the quality demand from the
pharmaceutical and food industries, few
culture conditions such as temperature, pH,
and oxygen transfer rate have been
optimized (Feffries and Jin, 2004; Sampaio
et al., 2008; Silva et al., 2006). Despite the
tremendous information available on the
effect of these parameters on xylitol
production by Candida sp. (Horitsu et al.,
1992; Li et al., 2015; Misra et al., 2011), C.
tropicalis is particularly used for various
industrial applications (Silva et al., 1994;
Rehman et al., 2013). Although many
microorganisms are capable of natively
utilizing  xylose, the baker’s yeast
(Saccharomyces cerevisiae) is the main as a
result of the genetic tractability, wide
industrial ~ applications and  ethanol
construction ability.

Plant biomass such as corn (Sreenivas-Rao
et al., 2006), sugarcane bagasse (Carvalho et
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al., 2015; Sreenivas-Rao et al., 2006;
Branco et al., 2007), eucalyptus (Villarreal
et al., 2006), spent brewing grain (Mussatto
et al., 2004), palm oil empty fruit bunch
fiber (Romero et al., 2007), rice straw (Liaw
et al., 2008), banana peel (Ahmad., 2010),
mungbean hull, peanut hull, oat hull
(Mushtag et al., 2010), and coffee husks
(Arrizon et al., 2012) are used as a source of
raw materials due to its great significance
for sustainable development in contrast to
renewable nonorganic materials (Van
Wyck., 2001; Granstrom et al., 2001;
Granstrom et al., 2002; Prakasham et al.,
2009) nature and chemicals used
(Iranmahboob et al., 2002). Chemical
hydrolysis treatment method is a simple and
rapid but vary with treatment conditions
(Sun and Cheng, 2002). Different mineral
acids such as sulfuric acid, nitric acid,
hydrochloric acid (Herrera et al., 2004), and
phosphoric acid are used to high temperature
and pressure for acid hydrolysis treatment.
Pretreatment with dilute acid at high
temperature  fractionates into  xylose,
arabinose, and other sugars, which are water
soluble (Bungay, 1992). The hydrolysate
also comprises of cellulose and lignin. The
lignin can be separated with solvents such as
formic acid or ethanol. The chemical
process is laborious, and cost- and energy-
intensive. These biotechnological processes
are highly attractive alternatives that are able
to produce a high-quality and cost-effective
product. Enzymatic hydrolysis is another
alternative hydrolysis protocol with low
chemical and energy use and depends upon
catalytic properties of enzymes, loadings
concentrations, and the hydrolysis period,
type of biomass, method of pretreatment and
reaction parameters (Zhu et al, 2008).
Recombinant  Saccharomyces cerevisiae
harboring the XR gene encoding xylose
reductase from Pichia stipites was also
reported to convert xylose into xylitol using
glucose as co-substrate (Hallborn et al.,
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1991). Kogji and Ghosalkar (2016)
reporteble highest volumetrical (0.28 gL.—1
h—1) and specific (34 mgg—1 h—1) xylitol
productivities were obtained by
Saccharomyces cerevisiae strains
overexpressing xylose reductase (XR) genes
from Candida tropicalis, Pichia stipitis,
Neurospora crassa, and an endogenous gene
GRES.

Xylitol Application

The shelf life, color, and taste of food
products are enhanced by using xylitol. The
sugar-free chocolate, chewing gum, hard
candies, wafer fillings, chocolate, pastilles,
and other sweets for diabetics are produced
by utilizing xylitol along with other sugar
substitutes (Bar, 1991). Chewing gums
containing xylitol have been known to show
medical applications (Uhari et al., 1996;
Featherstone et al., 1982). Xylitol is slowly
absorbed and metabolized inside the body.
Consumption of xylitol is associated with
several beneficial health effects such as
significant reduction in tooth decay,
increased bone density, weight loss and
stabilization of blood sugar level (Vasilescu,
2011).

The addition of xylitol in bakery products
provides the characteristic flavor and color
to baked products and proved to be a good
substitute in sugar cake. Sometimes, cookies
prepared by adding xylitol have brown
spotted due to the poor solubility of xylitol
in cookie dough, which contained fat.
Winkelhausen et al., (1997) reported the
potential application of xylitol as a low-
energy sweetener in baked products.

Cookies were prepared with 100% xylitol
and showed no significant effect on texture
and flavor of cookies after long-term
storage. However, the cookies containing
xylitol showed good taste, color, flavor, and
texture (Mushtaq et al., 2010). Rusks were
prepared by adding xylitol and concluded
that texture of the rusks became hard
(Ahmad, 2010). Xylitol are added in diets
for its beneficial health effect to diabetic
patients due to non-cariogenic properties,
and non-fermentability. Cough syrups,
tonics, and vitamin preparations made by
addition of xylitol are non-fermentable and
are harmless to the teeth (Feigal et al.,
1981).

Table.1 Biotechnological Production of Xylitol from Agro-Industrial Wastes

S.No Wild Yeasts Hemicellulose / Substrate  Yield g/ L™ Reference
/h
1 Candida guilliermondii FT1 20037 Sucrose supplementation 0.57 Hernandez et al., 2015
of sugarcane straw
2 Candida tropicalis HDY-02 Corn cob 58 Ling Het al., 2011
3 Candida athensensis SB18 Horticultural waste 0.97 Zhang et al., 2012
4 Candida magnolia Corn cob 18¢ Tada et al., 2012
5 Pichia kudriavzevii HOP-1 Rice straw
6 Pichia stiptis Sugarcane bagasse 8.4 Buaban et al., 2010
7 Debaromyces hansenii Sugarcane bagasse 0.28 Prakash et al., 2015
8 Debaryomyces nepalensis NCYC 3413 Corn Cob 14.6 Paidimuddala et al., 2014
9 Pachysolen tannophilus Olive stones 0.44 Saleh et al., 2014
10 Kluyveromyces marxianus NIRE-K3 glucose and xylose 0.88 Arora etal., 2015
11 Kluyveromyces sp. 1IPE453 Sugarcane bagasse 0.61 Kumar et al., 2015
12 Cyberlindnera galapagoensis Sugarcane bagasse 24 Guaman-Burneo et al .,
2015
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Fig.1 Xylitol 3D Structure.
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Fig.3 Purification of xylitol in different method
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Xylitol shows non-toxicity to the body via
all routes of administration and Joint
FAO/WHO skilled Committee on Food
Additives (JECFA) and also the Scientific
Committee for Food (SCF) of the EU have
approved it as safe due to its low glycemic
effect (Jain and Grover, 2015). There is a
little or no outcome on blood glucose for the
reason that of incomplete absorption
(Schaefer et al., 2009). Xylitol is regarded to
be an advantage alternate sweetener for
diabetic patients, since of controlling
glucose stage of blood glucose, decreasing
lipid stage, controlling weight and other
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well-being advantages (Huttunen et al.,
1982).

In conclusion, xylitol to be economically
viable and  eco-friendly, alternative
strategies of research was initiated. A focus
should be maintained on a common platform
of understanding of the hydrolysate material,
hydrolysis procedure, microbial
performance, bioconversion environment.
Downstream processing is one of the
essential aspects of development of an
integrated  technological  solution  for
production of second-generation biorefinery
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products like xylitol via biotechnological
process at an economic industrial scale.
Prospective of agricultural wastes for the
production of xylitol; its utilization in
various foods and pharmaceutical and health
effects and safety issues have been
reviewed. In food and pharmaceutical
sectors xylitol is noted worldwide for it’s a
low calorific value and various potential
applications. Xylitol is produced by raw
material of xylose as the substrate by
chemical hydrogenation or bioconversion
with certain microbial species. The chemical
process is cost intensive and energy
consuming manner. Hemicellulosic xylan
can be converted to xylose either by
chemical or enzymatic hydrolysis which
depends on parameters related to biomass,
hydrolysis, and enzyme.  Chemical
hydrolysis of agricultural biomass produces
microbial growth inhibitors which need to
be detoxified. Detoxification of hydrolysate
can be carried out by physical, chemical,
and biological methods. However, the
combination of all these strategies is most
suitable and cost effective approach. Much
research has been carried out to find xylose-
consuming species and has concluded that
Candida species are the best xylitol
producer. Microbial production of xylitol is
influenced by various process parameters
like pH and temperature. Several studies
have investigated the optimization of xylitol
production using free or immobilized cells
in batch or in continuous fermentation
conditions using different  reactor
configurations. Considering the limitation of
microbial conversion of xylose to xylitol,
especially with the use of the necessary high
dilution rates and residence time, it is
important to focus on the increase of xylose
reductase-dependent enzymatic
bioconversion of xylose from hemicellulosic
hydrolysate.  Xylitol is a promising
sweetener that can be successfully utilized in
the food industry for example confectionery,
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dairy, bakery products and even for in cough
syrups, for diabetics and health aware
people.

Acknowledgement

We would like to thank Department of

Biotechnology, India (Indo-Spain
Collaborative  project, Ref. No. -
BT/IN/Spain/19/PA/2013)  for  financial
assistance.

References

Ahmad, F. 2010. Preparation and evaluation of
xylitol from dried banana peels and its
utilization in rusks. M.Sc Thesis. National
Institute of Food Science and
Technology, University of Agriculture
Faisalabad, Pakistan.

AnHernandezl, A.F., Costa, |.A.L., Almeida,
M.D.G. 2015. Integration of first-
generation ethanol with biotechnological
production of xylitol: A preliminary study
on the impact of sucrose supplementation
of sugarcane straw hemicellulosic
hydrolysate; Conference April 27 - 30,
San Diego, CA.

Arora, R., Behera, S., Sharma, N.K., Kumar, S.
2015. A new search for thermotolerant

yeasts, its characterization and
optimization using response surface
methodology for ethanol production.
Front Microbiol.,
http://dx.doi.org/10.3389/fmicb.2015.008
89.

Arrizon, J., Mateos, J.C., Sandoval, G., Aguilar,
B., Solis, J., Aguilar, M.G. 2012.

Bioethanol and xylitol production from
different lignocellulosic hydrol-ysates by
sequential fermentation. J. Food Process
Eng., 35: 437-54.

Bar, A. 1991. Xylitol. In: Alternative Sweetener.
Nabors LO, Gelardi RC, Eds. Hong-
Kong: Marcel Dekker Inc., 349-79.

Barbosa, M.F.S., De Medeiros, M.B., De
Manchilha, 1.M., Schneider, H., Lee, H.
1988. Screening of yeasts forproduction
of xylitol from D-xylose and some factors



Int.J.Curr.Microbiol.App.Sci (2016) 5(9): 324-339

which affect xylitol yield in Candida
guilliermondii. Ind. Microbiol., 3: 241-51.

Branco, R.F., Santos, J.C., Murakami, L.Y.,
Mussatto, S.I., Dragone, G., Silva, S.S.
2007. Xylitol production in a bubble
column bioreactor: Influence of the
aeration rate and immobilized system
concentration. Process Biochem., 42:
258-62.

Buaban, B., Inoue, H., Yano, S., et al. 2010.
Bioethanol production from ball milled
bagasse using an on-site produced fungal
enzyme cocktail and xylose-fermenting
Pichia stipitis. J. Biosci. Bioeng., 110(1):

18-25.
Bungay, H. 1992. Product opportunities for
biomass refining. Enzyme Microbial

Technol., 14: 501-7.

Cao, NJ., Tang, R., Gong, C. S., et al. 1994.
The effect of cell density onthe
production of xylitol from D-Xylose by
yeast. Appl. Environ. Microbiol., 45(46):
515-19.

Carvalho, W., Santos, J.C., Canilha, L., et al.
2005. A study on xylitol production from
sugarcane bagasse hemicellulosic
hydrolysate by Ca alginate entrapped
cells in a stirred tank reactor. Process
Biochem., 39: 2135-41.

Cheng, K.K., Zhang, J.A., Ling HZ., et al. 2009.
Optimization of pH and acetic acid
concentration  for  bioconversion  of
hemicellulose from corncobs to xylitol by
Candida tropicalis. Biochem. Eng. J., 43:

203-07.
Cletus, P. Kurtzman. 2003. Phylogenetic
circumscription  of  Saccharomyces,

Kluyveromyces and other members of the
Saccharomycetaceae, and the proposal of
the new genera Lachancea,
Nakaseomyces, Naumovia,
Vanderwaltozyma and Zygotorulaspora.
FEMS Yeast Res., 4. 233-45.

Da Silva, S.S., Afschar, A.S. 1994. Microbial
production of xylitol from D-xylose using
Candida tropicalis. Bioprocess Eng., 11:
129-34.

Da Silva, S.S., Afschar, AS. 1994. Microbial
production of xylitol from D-xylose using
Candida tropicalis. Bioprocess Eng., 11:
129-34.

335

Dahiya, J.S. 1991. Xylitol production by
Petromyces albertensis grown on medium
containing d-xylose. Can. J. Microbiol.,
37:14-18.

El-Batal, A., Khalaf, S. 2004. Xylitol Production
from corn cobs hemicellulosic
hydrolysate by Candida tropicalis
immobilized cells in hydrogel copolymer
carrier. Int. J. Agric. Biol., 6: 1066-73.

Eric Young, Sun-Mi Lee, Hal Alper. Optimizing
pentose utilization in yeast: the need for
novel tools and approaches. Biotechnol.
Biofuel., 3(24): 1-12.

Featherstone, J.D.B., Cutress, T.W., Rodgers,
B.E., Dennison, P.J. 1982.
Remineralization of artificial caries-like
lesions in vivo by a self-administered
mouthrinse or paste. Caries Res., 16:
235-42.

Feffries, T.W., Jin, Y.S. 2004. Metabolic
engineering for improved fermentation of
pentoses by yeasts. Appl. Microbiol.
Biotechnol., 63: 495-509.

Feigal, R.J., Jensen, ME., Mensing. C.A. 1981.

Dental caries potential of liquid

medications. Pediatrics, 68: 416-19.

O., Jansen, N.B., Tsao, G.T. 1985. A

model of acetic acid and 2,3-butanediol

inhibition of the growth and metabolism

of Klebsiella oxytoca. Biotechnol. Lett., 7:

Fond.

727-32.

Fredlund, E., Druvefors, U., Boysen, E.M.,
Lingsten, K., Schnurer, J. 2002.
Physiological characteristics of the

biocontrol yeast Pichia anomala J121.
FEMS Yeast Res., 2: 395-402.

Ghindea, R., Csutak, O., Stoica, ., Ana-
mariaTanase, Vassu, T. 2010. Production
of xylitol by yeasts. Rom Biotech Let., 15:
3.

Granstrom, T., Ojamo, H., Leisola, M. 2001.
Chemostat study of xylitol production by
Candida guilliermondii. Appl. Microbiol.
Biotechnol., 55: 36-42.

Granstrom, T., Wu, X., Airaksinen, U., Leisola,
M. 2002. Candida guilliermondii grows
on rare pentoses - implications on
production of pure xylitol. Biotech Lett.,
24: 507-10.

Grembecka, M., Lebiedzinska, A., Szefer, P.
2014. Simultaneous separation and



Int.J.Curr.Microbiol.App.Sci (2016) 5(9): 324-339

determination  of erythritol, xylitol,
sorbitol, mannitol, maltitol, fructose,
glucose, sucrose and maltose in food
products by high performance liquid
chromatography coupled to charged
aerosol detector. Microchem. J., 117: 77—
82.

Guaman-Burneo, M.C., Dussan, K.J., Cadete,
R.M, et al. 2015. Xylitol production by
yeasts isolated from rotting wood in the
Galdpagos  Islands, Ecuador, and
description of Cyberlindnera
galapagoensisf.a., sp. nov. A Van Leeuw
J. Microb., 108 (4): 919-31.

Gupta, C., Prakash, D., Gupta, S.S., Goya, S.
2012. Role of low calorie sweeteners in
maintaining dental health. Middle East J.
Sci. Res., 11(3): 342-46.

Gurpilhares, D.B., Hasmann, F.A., Pessoa, A.J.,

Roberto, 1.C. 2008. The behavior of key

enzymes of xylose metabolism on the

xylitol production by Candida
guilliermondii grown in hemicellulosic
hydrolysate. J. Ind. Microbiol.

Biotechnol., 36(1): 87-93.

Prakash, A.J., Varma Asmita Prabhune.,

Yogesh Shouche., Mala Rao. 2010.

Microbial production of xylitol from d-

Gyan

xylose and sugarcane bagasse
hemicellulose using newly isolated
thermotolerant  yeast = Debaryomyces
hansenii. Bioresour. Technol., 102(3):
3304-8.

Hallborn, J., Walfridsson, M., Airaksinen, U, et
al. 1991. Xylitol production by

recombinant Saccharomyces cerevisiae.
Biotechnol., 9: 1090-95.

Herrera, A., Tellez-Luis, S.J., Gonzalez-
Cabriales, J.J., Ramirez, J.A., Vazquez,
M. 2004. Effect of the hydrochloric acid
concentration and time on the hydrolysis
of sorghum straw at atmospheric pressure.
J. Food Eng., 63: 103-9.

Hong, J., Yang, H., Zhang, K., Liu, C., Zou, S.,
Zhang M. 2014. Development of a
cellulolytic Saccharomyces cerevisiae
strain with enhanced cellobiohydrolase
activity. World J. Microbiol. Biotechnol.,
30: 2985-93.

Horeckar, B.L. 1962. Pentose metabolism in
bacteria. New York: Whiley pp.19.

336

Horitsu, H., Yahashi, Y., Takamizawa, K., et al.
1992. Production of xylitol from D-xylose
by Candida tropicalis: Optimization of
production rate. Biotechnol Bioeng., 40:
1085-91.

Huttunen, J.K., Aro, A., Pelkonen, R., Puomio,
M., Siltanen, 1., Akerblom, H.K. 1982.
Dietary therapy in Diabetes Mellitus. Acta
Medica Scandinavica., 211 (6): 469-75.

Iranmahboob, J., Nadim, F., Monemi, S. 2002.
Optimizing acid hydrolysis: A critical
step for production of ethanol from mixed
wood chips. Biomass Bioenerg., 22: 401—
04.

Jain, T., Grover, K. 2015. Sweeteners in Human
Nutrition. Int. J. Health Sci. Res., 5(5):
439-51.

Jeffries, T.W., Kurtzman, C.P. 1994. Taxonomy
of xylose-fermenting yeasts. Enz. Microb.
Technol., 6: 922-32.

Kavsceek, M., Strazar, M., Curk, T., Natter,
KK., Petrovic, U. 2015. Yeast as a cell
factory: current state and perspectives.
Microb. Cell Fact., 14 (94): 1-10.

Kim, S.Y., Kim, J.H., Oh, D.K. 1998. Effect of

redox potential on xylitol production by

Candida tropicalis. Food Sci. Biotechnol.,

7. 282-85.

A., Ghosalka, 2016. A. Xylitol
production by Saccharomyces cerevisiae
overexpressing different xylose
reductases using non-detoxified
hemicellulosic hydrolysate of corncob. 3
Biotech., 6: 127.

Kuhad, R.C., Singh, A. 1993. Lignocellulose

Kogje,

biotechnology:  current and  future
prospects. Crit. Rev. Biotechnol., 13:
151-72.

Kumar, S., Dheeran, P., Singh, S.P., Mishra,
I.M., Adhikari, D.K. 2015. Bioprocessing
of bagasse hydrolysate for ethanol and
xylitol production using thermotolerant
yeast. Bioprocess Biosyst Eng., 38(1): 39-
47.

Li, Z., Guo, X., Feng, X., Li, C. 2015. An
environment  friendly and efficient
process for xylitol bioconversion from

enzymatic corncob  hydrolysate by
adapted Candida tropicalis. Chem. Eng.
J., 263: 249-56.



Int.J.Curr.Microbiol.App.Sci (2016) 5(9): 324-339

Liang, Y., Si, T., Ang, EL., Zhao, H. 2014. An
engineered penta-functional
minicellulosome for simultaneous
saccharification and ethanol fermentation
in  Saccharomyces cerevisiae. Appl.
Environ. Microbiol., 80: 6677-84.

W.C., Chen, C.S., Chang, W.S., Chen,

K.P. 2008. Xylitol production from rice

straw hemicellulose hydrolyzate by poly

acrylichydro gel thin  films  with
immobilized  Candida  subtropicalis

WF79. J. Biosci. Bioeng., 105: 97-105.

H., Cheng, K., Ge, J., Ping, W. 2011.

Statistical ~ optimization of  xylitol

production from corncob hemicellulose

hydrolysate by Candida tropicalis HDY -

02. New Biotechnol., 28(6): 673-78.

Lu, J., Larry, B., Gong, C.S., Tsao, G.T. 1995.
Effect of nitrogen sources on xylitol
production from D-xylose by Candida
Sp.L-102. Biotech. Lett., 17: 167-70.

Lu, J., Tsai, L.B., Gong, C.S., Tsao, G.T. 1995.
Effect of nitrogen sourceson xylitol
production from D-xylose by Candida sp.
L-102. Biotechnol. Lett., 17:67—-170.

Makinen, K.K. 1978. Xylitol in dietetics and
medicine. Chapter. Biochemical
principles of the use of Xylitol in
medicine and nutrition with special
consideration ~ of  dental  aspects.
Experientia Suppl., 30: 63-98.

Makinen, K.K. 1989. Latest dental studies on
xylitol and mechanism of action of xylitol

Liaw,

Ling,

in caries limitation. In "Progress in
Sweeteners" Grenby TH ed. Elsevier,
London.

Meinander, N., Hahn-Hagerdal, B., Linko, M.,
Linko, P., Ojamo, H. 1994. Fed-batch
xylitol  production with recombinant
XY L-I-expressing Saccharomyces
cerevisiae using ethanol as a co-substrate.
Appl. Microbiol. Biotechnol., 42: 334-39.

Misra, S., Gupta, P., Raghuwanshi, S., Dutt, K.,
Saxena, R.K. 2011. Comparative study on
different strategies involved for xylitol
purification from culture media fermented

by Candida tropicalis. Sep. Purif.
Technol., 78: 266—73.
Mohamad, N.L., Mustapa Kamal, S.M.,

Mokhtar, M.N. 2015. Xylitol biological

337

production: A review of recent studies.
Food Rev. Intl., 31: 74-89.

Morimoto, S., Matsuo, M., Azuma. K., Sinskey,
A.J. 1986. Purification and properties of
d-xylose reductase from Pachysolen
tannophilus. J. Ferment Technol., 64:
219-25.

Mushtag, Z., Rehman, S., Zahoor, T., Jamil, A.

Impact of xylitol replacement on
phsiochemical, sensory and
microbiological quality of cookies.

Pakistan J. Nutr., 9:605-10.

Mussatto, S.I., Roberto, 1.C. 2004. Alternatives
for detoxification of diluted acid
lignocellulosic hydrolysates for use in
fermentative  processes: a  review.
Bioresour. Technol., 93: 1-10.

Nigam, P., Singh, D. 1995. Process for
fermentative production of xylitol- a
sugar substitute. Process Biochem., 30:

117-24.

Paidimuddala, B., Gummadi, S.N. 2014.
Bioconversion of non-detoxified
hemicellulose hydrolysates to xylitol by

halotolerant yeast Debaryomyces
nepalensis NCYC 3413. J. Microb.
Biochem. Technol., 6(6): 327-33.

Palnitkar, S., Lachke, A. 1992. Effect of
nitrogen sources on oxidoreductive
enzymes and ethanol production during
D-xylose fermentation using Candida
shehatae, Can. J. Microbiol., 38(3): 358-
60.

Parajo, J.C., Dominguez, H., Dominguez, J.M.
1998. Biotechnological production of
xylitol. Partl: Interest of xylitol and
fundamentals  of its  biosynthesis.
Bioresour Technol., 65(3): 191-201.

Park, Y.C., Kim, S.K., Seo, J.H. 2014. Recent
advances for microbial production of
xylitol. In bioprocessing of renewable
resources to commodity bioproducts;
Bisaria, V.S., Kondo, A., Eds. John Wiley
& Sons, Inc. Chichester, UK, 497-18.

Pfeifer, M.J., Silva, S.S., Felipe, M.G.A,,
Roberto, I.C., Mancilha, .M. 1996. Effect
of culture conditions on xylitol
production by Candida guilliermondii
FTI 20037. Appl. Biochem. Biotechnol.,
58: 423-30.



Int.J.Curr.Microbiol.App.Sci (2016) 5(9): 324-339

Prakasham, R.S., Rao, R.S., Hobbs, P.J. 2009.
Current  trends in  biotechnology
production of xylitol and future prospects.
Curr. Trends Biotechnol. Pharm., 3: 8-
36.

Rahman, S.H.A., Choudhury, J.P., Ahmad, A.L.,
Kamaruddin, A.H. 2007. Optimization
studies on acid hydrolysis of oil palm
empty fruit bunch fiber for production of
xylose. Bioresour. Technol., 98: 554-59.

Rehman, S., Nadeem, M., Ahmad, F., Mushtaqg,
Z. 2013. Biotechnological production of
xylitol from banana peel and its impact on
physicochemical properties of rusks. J.
Agric. Sci. Technol., 15: 747-56.

Richard, P., Toivari, MH., Penttila, M. 1999.
Evidence that the gene YLRO70c of
Saccharomyces cerevisiae encodes a
xylitol dehydrogenase. FEBS Lett., 457:

135-38.

Roberto, I.C., Sato, S., De Mancilha, .M.,
Taqueda, M.E.S. 1995. Influence of
media composition on xylitol

fermentation by Candida guilliermondii
using response surface methodology.
Biotechnol. Lett., 17: 1223-28.

Rodrigues, D.C.G.A., Silva, S.S., Prata, M.R.,
Felipe, M.G.A. 1998. Biotechnological
production of xylitol from agricultural
residues evaluation bioprocess. Appl
Biochem. Biotechnol., 72: 869-75.

Romero, I., S"anchez, S., Moya, M., Castro, E,,
Ruiz, E,, Bravo, V. 2007. Fermentation of
olive tree pruning acid hydrolysates by
Pachysolen tannophilus. Biochem. Eng.
J., 36: 108-15.

Roseiro, J.C., Peito, M.A., Girio, F.M., Amaral-
Collaco, M.T. 1991. The effects of
oxygen transfer coefficient and substrate
concentration on the xylose fermentation
by Debaryomyces hansenii.  Arch.
Microbiol., 156: 484-90.

Saha BC. 2003. Hemicellulose bioconversion. J.
Ind. Microbiol. Biotechnol., 30: 279-91.

Saleh, M., Cuevas, M., Juan, F., Sanchez, G.S.
2014. Valorization of olive stones for
xylitol and ethanol production from dilute
acid  pretreatment via  enzymatic
hydrolysis and  fermentation by
Pachysolen tannophilus. Biochem. Eng.
J., 15: 286-93.

338

Sampaio, F.C., Chaves-Alves, V.M., Converti,
A., LopesPassos, F.M., Cavalcante
Cohelo, J.L. 2008. Influences of
cultivation conditions on xylose-to-xylitol

bioconversion by a new isolate of
Debaryomyces hanseii. Bioresour.
Technol., 99: 502-08.

Santos, J.C., Converti, A., Carvalho, W.,

Mussatto, S.1., Silva, S.S. 1995. Influence
of aeration rate and carrier concentration
on xylitol production from sugarcane
bagasse hydrolyzate in immobilized-cell
fluidized bed reactor. Process Biochem.,
40: 113-18.

Schaefer, E.J., Gleason, J.A., Dansinger, M.L.
2009. Dietary fructose and glucose
differentially affect lipid and glucose
homeostasis. J. Nutr., 139(6): 1257S-
62S.

Silva, C.J.S.M., Mussatto, S.I., Roberto, I.C.
2006. Study of xylitol production by
Candida guilliermondii on a bench
reactor. J. Food Eng., 75: 115-19.

Slininger, P.J., Bolen, P.L., Kurtzman, C.P.
1987. Pachysolen tannophilus: properties
and process consideration for ethanol
production from D-xylose. Enzyme
Microb. Technol., 1987; 9: 5 — 15.

Sreenivas Rao, R., Prakasham, R.S., Krishna
Prasad, K., Rajesham. S., Sharma, P.N.,
Venkateswar Rao, L. 2004. Xylitol
production by Candida sp.: parameter
optimization using Taguchi approach.
Process Biochem., 39: 951-56.

Sreenivas-Rao, R., Pavana-Jyothi, N.,
Prakasham, R., Sarma, P., Venkateswar-
Rao, L. 2006. Xylitol production from

corn fiber and sugarcane bagasse
hydrolysates by Candida tropicalis.
Biores. Technol., 97:1974-78.

Sun, Y. Cheng, J. 2002. Hydrolysis of
lignocellulosic materials for ethanol
production: a review. Bioresour.

Technol., 83: 1-11.
Syal, P., Vohra, A. 2013. Probiotic potential of
yeast isolated from traditional Indian
fermented foods. Int. J. Microbiol. Res.,
5(2): 390-98.
K., Kanno, T., Horiuchi, J. 2012.
Enhanced production of bioxylitol from

Tada,



Int.J.Curr.Microbiol.App.Sci (2016) 5(9): 324-339

corn cobs by Candida magnoliae. Ind.
Eng, Chem. Res., 51(30): 10008-14.

Tesfaw, A., Assefa, F. 2014. Current trends in

bioethanol production by Saccharomyces

cerevisiae; substrate, inhibitor reduction,
growth variables, co culture, and

immobilization. Int. Sci. Res. Notices. 1-

11.

M., Kontiokari, T., Koskela, M.,
Niemela, M. 1996. Xylitol chewinggum
in prevention of acute otitis media:
Double blind randomized trial. Br. Med.
J., 313: 1180-84.

Van Wyk, J.P.H. 2001. Biotechnology and the
utilization of biowastes a resource for
bioproduct development. Trends
Biotechnol., 19:172-77.

Van Zyl, C., Prior, A.B., Kilian, G.S., Kock,
L.FJ. 1989. D-Xylose Utilization by
Saccharomyces cerevisiae. J. Gen.
Microbiol., 135(11): 2791-98.

Vasilescu, R. 2011. Metabolic syndrome in
clinical ~practice: considerations on
diagnostic  criteria and  prevalence.
Therap. Pharmacol. Clinic Toxicol., 2:
93-97.

Vaughan-Martini, A., Martini, A. 1998.
Saccharomyces meyen ex Reess. In the
yeasts: A taxonomic Study, 4th edn,
Kurztman CP, Fell JW (eds). Elsevier:
Amsterdam; 358—71.

Verstrepen, K.J., Iserentant, D., Malcorps, P.,
2004. Glucose and sucrose: hazardous
fast-food for industrial yeast? Trends
Biotechnol., 22(10): 531-37.

Villarreal, M.L.M., Prata, A.M.R., Felipe,
M.G.A., Almeida, E., Silva, J.B. 2006.
Detoxification procedures of eucalyptus
hemicellulose hydrolysate for xylitol

Uhari,

production by Candida guilliermondii.
Enz. Microb. Technol., 40: 17-24.

Walther, T., Hensirisak, P., Agblevor, F.A.
2001. The influence of aeration and
hemicellulosic ~ sugars on  xylitol
production by Candida tropicalis.
Bioresour. Technol., 76: 213-20.

Weissman, C. 1998. Nutrition in the intensive
care unit. Crit Care, 3(5): R67-R75.

Winkelhausen, E., Pittman, P., Kuzmanova, S.,
Jeffrie, T.W. 1996. Xylitol formation by
Candida boidinii in oxygen limited
chemostat culture. Biotechnol. Lett., 18:
753-58.

Xi, Chen, Zi-Hua, Jiang., Sanfeng, Chen., ,
Wensheng, Qin. 2010. Microbial and
bioconversion production of D-xylitol and
its detection and application. Int. J. Biol.
Sci., 6: 834-44.

Yahashi, Y., Horitsu, H., Kawai, K., Suzuki, T.,
Takamizawa, K. 1996. Production of
xylitol from D-xylose by Candida
tropicalis: the effect of D-glucose
feeding. J. Ferment Bioeng., 81:148-52.

Zhang, J., Geng, A., Yao, C,, Lu, Y., Li, Q.
2012. Xylitol production from D-xylose
and horticultural waste hemicellulosic
hydrolysate by a new isolate of Candida
athensensis SB18. Bioresour. Technol.,
105: 134-41.

Zhu, L., O’Dwyer, J.P., Chang, V.S., Granda,
C.B., Holtzapple, M.T. 2008. Structural
features affecting biomass enzymatic
digestibility. Biores. Technol., 99: 3817-
28.

Zhu, L., O’Dwyer, J.P., Chang, V.S., Granda,
C.B., Holtzapple, M.T. 2008. Structural
features affecting biomass enzymatic
digestibility. Bioresour Technol., 99:
3817-28.

How to cite this article:

Kaliyan Barathikannan and Paul Agastian. 2016. Xylitol: Production, Optimization and
Industrial Application. Int.J.Curr.Microbiol.App.Sci. 5(9): 324-339.
doi: http://dx.doi.org/10.20546/ijcmas.2016.509.036

339



http://dx.doi.org/10.20546/ijcmas.2016.509.036

