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Summary
Xylan is the second most abundant polysaccharide and a major component of plant
cell wall. Cereal xylans contain large quantities of L-arabinose and are therefore, often
referred to as arabinoxylans. Xylanases are hydrolytic enzymes, which randomly cleave
the b-1,4 backbone of this complex plant cell wall polysaccharide. Different species of Aspergillus and Trichoderma produce these enzymes. Xylanases are of great value in baking as
they have been found to improve the bread volume, crumb structure and reduce stickiness. When xylanases are used at optimum levels, they play a significant role in increasing
shelf life of bread and reduce bread staling. There is an increasing trend in baking industry
towards the application of xylanases in bread production. This review discusses the application of xylanase in the bakery industry, alone and in combination with other enzymes
when it shows synergism in the action with them.
Key words: microorganisms, Aspergillus niger, Trichoderma harzianum, xylanases, bread, xylans,
baking

Introduction
Bread is the most common and traditional food
around the world. It has close links with enzymes. For
years, enzymes such as malt and fungal a-amylases have
been used in breadmaking. Due to the changes in baking industry and the ever-increasing demand for more
natural products, enzymes have gained real importance
in breadmaking, where they improve dough and bread
quality leading to improved dough flexibility, machinability, stability, loaf volume and crumb structure (1,2).
Enzymes such as proteases, xylanases, and cellulases directly or indirectly improve the strength of the gluten
network and therefore, improve the quality of bread (3).
Xylans have an important role in bread quality due to
their water absorption capability and interaction with
gluten (4).
The hydrolysis of pentosans using some enzymes like
hemicellulase or pentosanase at the optimal level improves the dough properties, leading to a greater uniformi-

ty in quality characteristics (5). Xylanases are important
enzymes for the degradation of plant cell wall material.
Based on sequence similarities, xylan-degrading enzymes
are classified into several families of glycosylhydrolases
(6).
Fungi are the most common source of hemicellulases like glucanases and xylanases. Thermophillic fungi,
because of the production of thermophillic enzymes,
have a wide commercial importance. These thermophillic fungi can thrive at a temperature of 40–60 °C. They
have higher kinetic rates and thermostability of enzymes, less chance of contamination and better storage capacity (7). Xylanases make the dough more tolerant of
different flour quality and variations in processing parameters. They also make the dough soft, i.e. reduce the
sheeting work requirements and significantly increase
the volume of the baked bread (8,9).
Xylanases have gained much importance in biotechnology owing to their application in various industries
like paper, feed, food and fermentation (10,11). The xyla-
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nolytic enzymes are also employed for clarifying juices
and wines, for extracting coffee, plant oils and starches,
for improving the nutritional properties of agricultural
silage and grain feed (12,13). Sugars like xylose, xylobiose and xylooligomers can be prepared by the enzymatic hydrolysis of xylan. Bioconversion of lignocelluloses to fermentable sugars has a great economic prospect.
The depolymerization action of endo-1,4-xylanase (EC
3.2.1.8) results in the conversion of the polymeric substance into xylooligosaccharides and xylosidases. Debranching enzymes and esterases allow the complete degradation of the xylooligosaccharides to their monomeric
constituents (12–15).

Chemistry of Xylans
Xylan, the second most abundant polysaccharide and
a major component in plant cell wall consists of b-1,4-linked xylopyranosyl residues (Fig. 1). The plant cell wall
is a composite material in which cellulose, hemicellulose
(mainly xylan) and lignin are closely joined together (16).
Lignin is bound to xylans by an ester linkage to 4-O-methyl-D-glucuronic acid residues. The structure of
xylans found in cell walls of plants can differ greatly depending on their origin, but they always contain a-1,4-linked D-xylose backbone. Different structures attached
to the xylan backbone can result in a large variety of
xylan structures found in plants. Although most of the
xylans are branched structures, some linear polysaccharides have been isolated (17).
The 'lignin barrier' in lignocellulose can be disrupted by using various pretreatment methods that expose
most of the polysaccharide components to enzymatic hydrolysis (18). Selective hydrolysis of xylan has been observed when purified xylanases with an enriched xylanase preparation were used (19), and when crude enzyme
was used under conditions in which cellulases were inhibited (20). In all of these cases, complete removal of
the xylosyl residues from the fibers was not achieved.
The residual xylosyl residues may be inaccessible to xylanolytic enzymes for several reasons: they may carry substituents; they may be substituents on various polysaccharides; they may have been modified during fiber
synthesis; or they may be in the form of xylans, which
are enclosed by other polysaccharides. There have been
observations which suggest that cellulose is protected
from cellulases by xylan and mannan (21). When xylan
or mannan was selectively removed from delignified fiber,
using enzymes, the residual cellulose was more accessible to hydrolysis by cellulases. However, a similar prehydrolysis of cellulose or mannan did not improve the
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accessibility of xylan to xylanases. Probably xylan is relatively more important to fiber cohesion so that its selective removal increases accessibility of the other polysaccharides by increasing fiber porosity. Fiber porosity has
been shown to be positively correlated with cellulose
hydrolysis in pretreated fibers (22,23).
In cereals, arabinoxylans form the major non-starch
polysaccharide. They constitute 4–8 % of barley kernel
and represent 25 and 70 % of the cell wall polysaccharides of endosperm and aleurone layer, respectively. The
arabinoxylans are partly water-soluble and result in a
highly viscous aqueous solution (24). Cereal xylans contain large quantities of L-arabinose and are therefore, often
referred to as arabinoxylans, whereas hardwood xylans
are often referred to as glucuronoxylans due to the large
amount of D-glucoronic acid attached to the backbone.
Arabinose is connected to the backbone of xylan via a-1,2 or a-1,3 linkage either as single residues or as short
side chains (Fig. 2). These side chains can also contain
xylose â-1,2-linked to arabinose, and galactose, which can
be either b-1,5-linked to arabinose or â-1,4-linked to xylose (17).
The main component of non-starch polysaccharides
in wheat flour are pentosans (mainly arabinoxylans, AX).
Arabinoxylans occur as minor components of wheat flour
(2–3 %, dry basis), and can be divided into soluble or
water-extractable arabinoxylans (WE-AX) and insoluble
or water-unextractable arabinoxylans (WU-AX). However,
they play an important role in dough rheology and bread
quality (25,26). Numerous studies on the functional role
of pentosans in dough development have been performed studying their effect on bread properties in the last
decades (27–29).

Xylanases
Xylanases are genetically single chain glycoproteins,
ranging from 6–80 kDa, active between pH=4.5–6.5 and
at temperature between 40 and 60 °C. Xylanases from
different sources differ in their requirements for temperature, pH, etc. for optimum functioning (Table 1, 30–44).
The complete enzymatic hydrolysis of xylan into its constituent monosaccharides requires the synergistic action
of a consortium of xylanolytic enzymes. This is due to
the fact that xylans from different sources exhibit a significant variation in composition and structure (7,45,46).
The most important enzyme is endo-1,4-xylanase (EC
3.2.1.8), which initiates the conversion of xylan into
xylooligosaccharides. Xylosidase, debranching enzymes
(L-arabinofuranosidase and glucuronidase) and esterases

Fig. 1. Structure of xylan, xylopyranosyl residues linked through b-1,4 linkages; point of xylanase action is shown
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Fig. 2. Arabinoxylans; a-L-arabinofuranose residues attached as branch-points to b-(1→4)-linked D-xylopyranose polymeric backbone
chains

Table 1. Characteristics of some xylanases produced by different microorganisms
Microorganism

Molecular mass/ kDa

Optimum pH

Optimum
temperature/°C

Reference

Acrophialophora nainiana

22

7.0

55

(30)

Aspergillus awamori

39

5.5–6.0

40–55

(31)

Aspergillus nidulans

34

6.0

56

(32)

Aspergillus nidulans KK-99

nd

8.0

55

(33)

Aspergillus oryzae

35

5.0

60

(34)

Aspergillus sojae

32.7

5.0–5.5

50–60

(35)

Aspergillus terreus

nd

7.0

50

(36)

Aspergillus terreus

nd

4.5

45

(37)

Myceliophthora sp.

53

6.0

75

(38)

Penicillium capsulatum

22

3.48

48

(39)

Streptomyces sp.

24.5, 37.5, 38

6.0–8.0

55–60

(40)

Thermomyces lanuginosus

24.7

6.0–6.5

70

(41)

Trichoderma harzianum

20

5.0

50

(42)

Trichoderma longibrachiatum

37.7

5.0–6.0

45

(43)

Trichoderma viride

22

5.0

53

(44)

nd=not determined

(acetyl xylan esterase, feruloyl esterase) allow the complete degradation of the xylooligosaccharides to their
monomeric constituents (12,15,47).

(>30 kDa) and acidic pI. However, many xylanases, in
particular fungal xylanases, cannot be classified by this
system.

The heterogeneity and complexity of xylan has resulted in an abundance of diverse xylanases with varying
specificities, primary sequences and folds, and hence has
led to limitations with the classification of these enzymes
by substrate specificity alone. Wong et al. (48) classified
xylanases into two groups on the basis of their physicochemical properties: (i) having low molecular mass (<30
kDa) and basic pI, and (ii) having high molecular mass

A more complete classification system has been introduced which allows the classification of not only xylanases, but also glycosidases in general (EC 3.2.1.x). This
system has now become the standard means for the
classification of these enzymes. It is based on primary
structure comparisons of the catalytic domains only and
groups the enzymes in families of related sequences (49).
As new glycosidase sequences are being identified after
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each day, the number of families has reached 111 (50).
About one-third of these families are polyspecific, i.e.
contain enzymes with diverse substrate specificities. As
the structure and molecular mechanism of an enzyme
are related to its primary structure, this classification
system reflects both structural and mechanistic features.
Enzymes within a particular family have a similar
three-dimensional structure and similar molecular mechanism (51). It has also been suggested that they may
have a similar specificity of action on small, soluble,
synthetic substrates (52). Furthermore, divergent evolution has resulted in some of the families having related
three-dimensional structures and thus the grouping of
families into higher hierarchical levels, known as clans,
has been introduced. Untill now, 14 different clans have
been proposed (GH-A to GH-N), with most clans encompassing two to three families, except clan GH-A, which
currently encompasses 17 families (53).
Within this classification system, xylanases are normally reported as being confined to families 10 and 11
(54,55). A closer look at the available literature, however,
shows that only those sequences classified in families 5,
7, 8, 10, 11 and 43 contain truly distinct catalytic domains
with a demonstrated endo-1,4-b-xylanase (EC 3.2.1.8) activity. Those sequences reported for families 16, 52 and
62 appear, in fact, to be bifunctional enzymes containing
two catalytic domains: family 10 or 11 of xylanase domain, as well as a glycosidase domain. In addition, those
enzymes classified in family 26 do not appear to be endo-1,4-b-xylanases, but endo-1,3-b-xylanases. Thus, the
enzymes with xylanase activity are included in families
10 and 11 as well as 5, 7, 8 and 43 (56).
Different enzymes may be more effective in the hydrolysis of xylobiose, substituted xylooligosaccharides,
xylosyl substituents, or oligosaccharides containing
xylosyl and other residues. The different forms may also
have varying abilities to interact with xylanases in xylan
hydrolysis (57).
Three apparent xylosidases have been classified as
'exoxylanases' because they have detectable activity on
xylan. Two of these enzymes apparently lack transferase
activity and one enzyme causes configuration inversion
(to initially yield a-D-xylose during hydrolysis), which is
the characteristic used to distinguish between b-glucosidases and exoglucanases (57,58). Furthermore, an exoglucanase from Trichoderma viride has been shown to attack xylan in an endwise fashion to initially yield xylobiose. Exoxylanases increase the rate of xylan hydrolysis
by attacking large xylooligosaccharides, which are released by endoxylanases and are ineffectively hydrolyzed
by b-xylosidases. This form of cooperation would not be
expected to increase the extent of hydrolysis unless
other factors are involved (e.g. accessibility of xylosidic
linkages in short and/or branched xylooligosaccharides,
reduction of product inhibitions, or amounts of extracellular b-xylosidases) (59).
Xylans are usually cleaved at unsubstituted regions
to yield mixtures of unsubstituted xylooligomers, as
well as short and long chain substituted xylooligomers
(Fig. 1). Removal of the substituent groups by ancillary
enzymes creates new substrates for endoxylanase (EC
3.2.1.8) action (60–63).
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Application in Baking
The application of xylanolytic enzymes has increased for the last few decades owing to their potential effectiveness in breadmaking. Starch and non-starch carbohydrate-hydrolyzing enzymes are commonly used in
the breadmaking industry as bread improvers (64,65).
Enzymatic hydrolysis of non-starch polysaccharides leads
to the improvement of rheological properties of dough,
bread specific volume, and crumb firmness (66).
Xylanase transforms water-insoluble hemicellulose
into soluble form, which binds water in the dough,
therefore decreasing dough firmness, increasing volume
and creating finer and more uniform crumbs. It significantly improves manufacturing conditions: dough is
made more 'machine-friendly' as it does not stick to the
machinery parts (67).
During gluten-starch separation process, gluten is
formed first as a result of breakdown of the gliadin-glutelin structures during mixing, followed by their re-agglomeration. To study their effect, pentosans, enzymes, etc. can be added after the mixing step by simple
modification of Glutomatic System. It has been observed
that re-aggregation of gluten protein starts immediately
after the first mixing step during the dough dilution
phase. Addition of pentosans or xylanase during this
phase can strongly affect gluten formation. The addition
of xylanase prior to dough mixing can lead to overdose
effects. This is not observed when xylanase is added later
during the agglomeration phase. Pentosans and xylanase
act mainly during the re-agglomeration of gluten, following the breakdown of gluten structures during mixing, which ultimately affects both gluten yield and gluten rheological properties. Effects of pentosans and
xylanase on gluten are paralleled by effects on dough,
especially on dough extensibility (68).
Xylan endohydrolases with differences in functionality have different abilities in the conversion of WU–AX
into solubilized AX and in degradation of WE–AX. For
instance, Bacillus subtilis (family GT11) endoxylanase
and Aspergillus niger (family GT10) endoxylanase behave
differently in baking applications. B. subtilis xylanases preferentially cleave the backbone in unsubstituted regions
of AX, whereas A. niger xylanases can also act on branched regions, producing smaller units than B. subtilis xylanase (12). A. niger xylanase, which degrades WE–AX,
decreases dough viscosity and the molecular mass of the
WE–AX and solubilized AX, resulting in improved gluten agglomeration behaviour and the formation of larger
gluten aggregates, whereas B. subtilis xylanase, which
solubilizes WU–AX in particular, increases the viscosity
of dough and has a negative effect on gluten agglomeration. The ability of this xylanase to solubilize WU–AX
and its low activity on WE-AX and solubilized AX results in good performance during breadmaking (14,69).
Xylanases (hemicellulases) and enzymes that hydrolyze complex cell wall are used to improve dough handling properties, to enhance bread quality, extend shelf life
by reducing the staling rate, and they appear to be particularly effective in straight dough process (68,70,71). The
improved handling properties and stability of the dough
are obtained by xylanase action on both soluble and insoluble pentosans in flour, whereby improving the elas-
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ticity of the gluten network, crumb structure and bread
volume. These can be used for all types of bread as an
alternative to, or in combination with, emulsifiers (72,
73). These enzymes may also contribute to eliminating
the use of chemical additives such as bromate (74,75).
The most important change associated with staling
of bread is the gradual increase in crumb firmness (3,76).
Xylanases have an antistaling action during bread storage and most of the added xylanases have been found
to have a significant effect on softening of doughs. Because most of the xylanases used in breadmaking are
specific for insoluble AX, the ones specific for soluble
AX are reported to have a negative impact on bread quality. Softening has an indirect effect on the breakdown of
arabinoxylans due to water release. In spite of the softening, dough tolerance, oven spring, as well as bread
volume, shape and texture are all improved (25,26).
The addition of xylanase B (XynB) from Thermotoga
maritima has been found to improve the specific volume.
The highest specific volume increased up to 60.3 % when
120 ppm of XynB was present. The enzyme also improved
cell structure of the crumb. The coarse and non-homogeneous crumb cell structure of the control sample became progressively finer and more homogeneous at the
levels of 10–120 ppm. The xylanase acted on the dough
mainly at the first stage (60 °C); however, it maintained
activity even at the second stage (90 °C) due to its thermostability. The presence of XynB also modified the
texture of the fresh breadcrumb. Positive effects of XynB
were found on the crumb firmness of fresh bread. The
enzyme reduced the firmness of the fresh bread (42.1–
68.4 % as compared to the control) and made the crumb
softer. The crumb firmness of the control was decreased
to 57.9 % with the addition of 100 ppm of XynB (77).
Baking trials were performed with six types of wheat
dough, prepared with xylanase, peroxidase, or glucose
oxidase (GOX), and their combinations. Judging dough
properties, baking performance, bread volume and crumb
structure, the dough containing xylanase and peroxidase
performed the best (78). Chemical analysis and high
performance size-exclusion chromatography analysis of
apparent molecular mass distribution indicated that xylanase acts on both cold-water-extractable arabinoxylans
and those that can be solubilized from cell wall fragments
by hot water extraction (79).
Xylanase along with protease, lipase and a-amylase
are significantly effective for obtaining bread with higher specific volume in microwave oven, as compared to
the bread with no enzyme added. The texture profile analysis was greatly modified by xylanases and the firmness of breadcrumb was reduced (80–82).
Laurikainen et al. (83) supplemented bread dough
with partially purified xylanase (12 U/g of flour) from
Aspergillus foetidus during mixing and observed remarkable difference in water absorption. As compared to control, less water was needed for xylanase-supplemented
dough that had similar consistency without stickiness.
Water absorption was reduced from 72 to 64 % as a result of xylanase addition. The added enzyme decreased
dough stability and increased softening. Addition of enzyme caused significant differences in the stickiness of
the wheat dough both with (p<0.003) and without

(p<0.001) rye bran. The specific volume of the wheat
bread was increased by almost 20 % by the addition of
enzyme, both with and without rye bran. However, the
lower volume than in other reported results (77) can be
due to lower level used or the addition of rye bran that
ultimately affected the rheological properties of the
dough. The deleterious effects of strong over-dosage of
endoxylanases on loaf volume are not representative of
the effects obtained when endoxylanases are used at
optimum concentrations (84).
The most important measure of bread quality is the
final loaf volume. This is especially true of whole wheat
bread, in which loaf volume tends to be lower than in
bread made from white flour. The bran, when added to
white flour, binds large volume of water and thus gluten is not properly hydrated. Poorly hydrated gluten results in lower loaf volume (85,86). Starch and non-starch
hydrolyzing enzymes result in release of free water and
change the soluble fraction of dough. These effects are
apparent immediately after mixing and continue during
resting, which changes viscoelastic properties of dough
(30,87).
Xylanases of Aspergillus niger var. awamori and Thermotoga maritima have been found to improve specific volume of wheat bread (60). Moisture content of fresh bread
is directly related to the softness of the baked product.
Ideal moisture level for bread is between 35 and 40 %
(88). Bread whose moisture content is reduced to less than
30 % cannot be refreshed even after heating (89). In wheat
bread supplemented with xylanase from Thermomyces
lanuginosus CAU44, the final moisture content of fresh
bread has been observed to increase from 29.4 (control)
to 34.5 % (90).
Xylanases (endoxylanases, EC 3.2.1.8) cleave the xylan
backbones of water unextractable arabinoxylans (WU-AX),
release water extractable arabinoxylans (WE-AX) and reduce their molecular mass. Extensive hydrolysis of AX
causes water redistribution from AX to the gluten and
starch phases, making the dough slacker, softer and more
viscous. Solubilization of WU-AX increases the viscosity
of the dough aqueous phase, whereas degradation of
enzyme-solubilized AX and WE-AX results in a decrease
in molecular mass of AX fragments, reducing their viscosity-forming properties. In addition to the redistribution of water from WU-AX to gluten, increased viscosity
due to WU-AX solubilization is reported to correlate positively with bread quality (25). The increase in gluten
volume gives more extensibility, which eventually results
in better oven spring. Positive influence on dough as well
as bread attributes has been observed by the addition of
partially purified xylanase from A. foetidus MTCC 4898.
The sensory evaluation of various bread attributes reflected the positive impact of the enzyme on the quality of
whole wheat bread (91).
In another case, nine commercial enzyme preparations and two laboratory designed mixes containing
amylase and/or pentosanase/xylanase activity were used
to prepare bread samples and their effect on bread quality
and keeping properties were determined. Enzyme addition significantly shortened fermentation time without affecting pH or machinability of the dough. Bread of improved volume, greater intensity of aroma and softer tex-
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ture was obtained. All enzymes delayed bread firming,
but rates varied with each preparation (66).

synergistic action on the formula ingredients, as reported in this case.

The effects of sourdough and enzyme mixture (a-amylase, xylanase and lipase) on the specific volume, staling
and microstructure of white pan bread supplemented
with wheat bran have been studied. The combination of
bran, sourdough and enzyme mixture significantly improved the volume, texture and shelf-life of wheat bread
supplemented with wheat bran (20 g bran/100 g of flour).
The anti-staling effect of combined use of bran, sourdough
and enzyme mixture was attributed to reduced starch
retrogradation rate, slowed increase in rigidity of polymer structure and due to degradation of cell wall components leading to altered water distribution between
starch-protein matrixes (92).

The endoxylanase from Aspergillus niger IBT-90 with
the specific activity of 21.3 U/mg protein was used for
improvement of wheat-rye and whole meal bread. The
addition of this xylanase in the range of 500–1000 U/kg
flour resulted in improvement of kneading and increase
of loaf volume in the case of all kinds of bread. This
dough supplementation caused better crumb porosity
and higher moisture in bread and finally the shelf life
was extended without increase in total acidity (69).
Baking trials using the crude filtrate of xylanase and
purified enzyme have shown that addition of both preparations improves bread volume. Purified endoxylanase
(EC 3.2.1.8) caused a 30 % increase in volume over the
crude extract (Table 2). The too high doses of xylanases
might give sticky dough and too low doses will not give
the optimal functionality (70,97). The results of the application depend on the level of the enzyme used, its
purification level and presence of other enzymes, etc. A
more purified enzyme will definitely show better results
as compared to the crude or partially purified enzymes,
but it will add to the ultimate cost of production.

Gámbaro et al. (93) studied the effect of enzyme addition on brown pan bread texture. The addition of amylase or mixture of amylase and xylanase resulted in an
improvement of the sensory characteristics of bread texture (smoothness, cohesiveness, soft center area and visual dryness), and an increase of overall acceptability. A
synergistic effect was observed between amylase and
xylanase, as the addition of the mixture resulted in a
greater decrease of the staling rate, increased quality
and consumer acceptability than the one achieved with
each enzyme alone. Although xylanase has been generally described to have anti-staling effect, some of the authors (93,94) evaluated the effect of amylolytic-, non-amylolytic- and gluten-cross-linking enzymes on the
viscoelastic properties of fresh and stored pan bread
samples by using dynamic mechanical analysis and
thermal mechanical analysis techniques. They also reported increased staling rate in bread, due to xylanase
addition (93,94). Such contradictions in results might be
due to the use of higher doses (~750 U/kg) of flour.
However, more research is required in this regard because the mechanisms by which enzymes that degrade
nonstarch polysaccharides affect bread staling are unclear, possibly because of the variety of xylanases (77).

Xylanases, cellulase, and glucanase improve the
properties of wheat bread and reduce staling during storage. The presence of the carbohydrases results in high
specific volume (Table 2), reduces bread firmness and
greatly improves texture profile (98).

Primo-Martín et al. (95) observed synergism between
xylanase and glucose oxidase. Glucose oxidase was found
not only to catalyse the formation of protein disulphide
bonds, but also of AX-AX crosslinks. As the latter negatively affects bread quality, xylanase corrected this latter
effect by cleaving arabinoxylan complexes and generating small ferulic acid-containing arabinoxylan fragments
interfering with the cross linking of high molecular mass
arabinoxylans. Therefore, the use of combination of different enzymes results in better performance due to their

Bread-making with a composite flour (CF) consisting of 60 % wheat flour (WF) and 40 % hull-less barley
flour increased the total and soluble (1,3)-, (1,4)-â-D-glucan
and total arabinoxylan (AX) contents of dough and bread
samples, but decreased the specific bread loaf volume.
Xylanase addition not only markedly improved loaf volume of CF bread, but also increased the soluble AX content of the wheat flour (WF) and composite flour (CF)
dough and bread samples because of the conversion of
water-unextractable AX into soluble AX. The combined

Addition of XYL22 (a xylanase having molecular mass
of 22 kDa), from Aspergillus sp. FP 470, to bread dough
increased loaf volume and improved crumb structure of
the baked product. However, in cases with more than
150 or 50 ppm for crude culture filtrate and purified enzyme respectively, dough became sticky. As discussed
earlier, the best results of the enzyme application are obtained when their optimum levels are used. The excessive doses result in deleterious effects on the quality of
final product as evident from results reported for T. viridae and Aspergillus niger xylanases (75,78,96).

Table 2. Increase in final loaf volume by the addition of xylanases from different sources
Microorganism/Source

Increase/%

Dosage

Reference

Aspergillus foetidus

53

12000 U/kg flour

(91)

Aspergillus niger IBT-90

13

500 U/kg flour

(69)

Aspergillus sp. FP-470

30

25 ppm

(95)

Commercial preparation

29

14600 U/kg kernel (used during tempering)

(96)

Thermomyces lanuginosus

41.1

40 ppm

(84)

Thermotoga maritima

60.3

120 ppm

(77)
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use of CF and xylanase resulted in bread with much
higher total and soluble AX, (1,3)- and (1,4)-â-D-glucan
contents, which implies a positive contribution to daily
recommended dietary fibre levels (99). AX and (1,3)and (1,4)-â-D-glucan act as cholesterol and blood glucose
lowering agents. The former action reduces the risk of
coronary heart diseases, while the latter is beneficial for
diabetics. Increasing the levels of these dietary fiber constituents in food would be beneficial for human health
(100,101).
The increasing levels of eight commercial enzymes
representing four types of fungal hydrolytic enzymes
(amylases, proteases, xylanases, and cellulases) on Canadian short process (CSP) bread quality and processing
characteristics showed that addition of all enzymes at
optimum levels can result in increased loaf volume, bread
score and produce softer crumb. All four types of enzymes appeared to be equally effective in improving bread
properties compared to the controls (102).
Rheological behaviour of dough made with different
commercial enzyme preparations consisting of amylases,
xylanases, lipases, and glucose oxidase, singly and in mixed
combinations has been investigated. It was found that enzyme supplementation results in softening and weakening of the dough immediately after mixing and further
during resting. Xylanases caused the main changes, when
compared to the dough without the supplement (66).
Studies with the enzymes such as a-amylase, protease and xylanase, using primarily straight dough processes, have demonstrated their ability to increase loaf
volume (26,63,71,103–108). Effects of endogenous flour
enzymes supplemented with enzymes of microbial origin, e.g. a-amylase, xylanase and proteases, have been
examined. Xylanase, through the modification of wheat
flour arabinoxylans, gave up to a 10 % increase in loaf
volume (62). The enzyme preparations containing bacterial a-amylase, laccases, lipase, xylanase, mixture of two
enzymes (xylanase and laccase 2) or a mixture of three
enzymes (a-amylase, lipase and xylanase) added to the
dough have been found to increase the specific volume
of bread baked from pre-fermented frozen dough. The
mixtures of enzymes were most effective in improving
the loaf volume and retaining the softness of bread (109).
Xylanases are also being investigated in flat bread.
Prabhasankar et al. (110) studied the role of enzymes in
baking process of unleavened Indian flat bread, namely
South Indian parotta. Comparisons were made on the
effects of fungal amylase (FA), glucose oxidase (GO), proteinase and xylanase on rheological characteristics and
microstructure of parotta dough. The addition of proteinase and xylanase resulted in increased quality score of
92 and 82, respectively, as compared to 74 of the control.
Blends of fungal amylase, fungal xylanase/pentosanase and ascorbic acid are now being used to replace
bromate in bread, buns, rolls or other yeast raised bakery
products. Such preparations decrease the rate of crumb
firming in bread during storage (111).

Conclusion
Xylanases have great potential for use in baking industry. There is strong evidence in literature that the ap-

plication of xylanases in breadmaking results in increased
volume, reduced stickiness and staling, and increased
shelf life. The enzyme can substitute the addition of different emulsifiers and other chemical additives used in
bread production. However, for the best results, several
enzymes should be used at optimum levels, as the overdosing has adverse effects on the final product. Moreover, it is a good strategy to use xylanase in combination with other enzymes because the synergistic effects
of xylanase with other enzymes provide better results as
compared to its sole use.
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