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Megazyme was founded in 1988 by Prof. Barry McCleary 
and has its research and manufacturing facilities in Bray, 
Ireland. We currently ship to 90 countries spread across 
every continent. To provide the best customer experience 
possible, we offer worldwide express delivery with time-
stamped tracking on all of our orders.  Megazyme also 
offers unrivalled technical support for every product sold. 
All technical queries are answered within 48 hours by the 
very scientists that develop these products.

All orders are placed at www.megazyme.com and our 
website also acts as the ultimate information resource for 
Megazyme products and research areas. Customers can 
download a data booklet for every assay kit that 
outlines clear step-by-step instructions for their use. 
Data booklets for other product classes contain detailed 
physico-chemical information from pH and temperature 
stability ranges for enzymes to NMR spectra and HPLC/IC 
chromatograms of enzyme substrates or carbohydrates. 
Product specific Mega-Calc™ Excel™ based calculation 
tools, certificates of analysis (COAs), material safety data 

sheets (MSDS) and frequently asked questions (FAQs) can 
also be found at www.megazyme.com.

Over the past 30 years Megazyme has provided the tools 
and reagents required by the carbohydrate research 
community to better understand the structure and 
function of the major polysaccharides found in nature and 
the enzymes that act on them. The vast range of assay kits, 
carbohydrates, enzymes and enzyme substrates offered by 
Megazyme is constantly expanding.
 
Megazyme has now grouped those products relevant to 
the major polysaccharide families together in glycoscience 
toolkits. Described here are the first three such toolkits 
and more will follow.

https://www.megazyme.com/
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ARABINOXYLAN TOOLKIT 

Polysaccharide structure

Arabinoxylan is a significant component of cereal hemicelluloses. It has become a functional food ingredient 
of interest with numerous health benefits linked to its prebiotic effects. Understanding the enzymatic 
mechanisms for the complete degradation of this polysaccharide is also essential for the biofuels industry to 
allow the efficient conversion and utilisation of plant biomass. An article recently published by McCleary et 
al. discusses the action of the various enzymes involved in the hydrolysis of wheat arabinoxylan.1

Structurally, arabinoxylan consists of a β-1,4 linked xylan backbone with the xylose monomers bearing a 
mixture of either 3- monosubstituted or 2,3-disubstituted α-L-arabinose. Some arabinofuranosyl residues 
are further substituted with ferulic acid, which under certain circumstances can crosslink to other ferulic 
acid residues, forming di-ferulate bridges.

 

Figure 1: Arabinoxylan contains D-xylosyl monomeric units linked β-1,4 and extensively modified with  
 α-L-arabinofuranosyl residues on positions 2 and 3.

Assay Kits

Megazyme currently provides a number of kits for the assay of endo-xylanase activity and is close to launching 
a new endo-xylanase assay kit based on a defined colourimetric oligosaccharide substrate that will be 
amenable to use with auto-analyser systems. 

1McCleary, B. V., McKie, V. A., Draga, A., Rooney, E., Mangan, D. & Larkin, J. (2015). Hydrolysis of wheat flour arabinoxylan, acid-debranched wheat flour 
arabinoxylan and arabino-xylo-oligosaccharides by β-xylanase, α-L-arabinofuranosidase and β-xylosidase. Carbohydrate Research, 407, 75-96.

Product Code Product Name              
K-XYLOSE     Xylose (can be used for the measurement Wheat Flour Arabinoxylan)                                                   

K-XylX6 Xylanase (XylX6 Method)

K-XYLS Xylanase (Xylazyme AX) 

K-AZOWAX  Xylanase (Azo-Wax)                                                                                                                       
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Carbohydrates

Oligosaccharides

Specific xylo-oligosaccharides (XOS) and arabinoxylo-oligosaccharides (AXOS) have been prepared with 
high purity for use as chromatographic standards and in enzyme characterisation and binding studies.

Product Code Product Name              Chemical Structure                                               

 1,4-ββ-D-Xylo-oligosaccharides (XOS)
O-XBI Xylobiose                             

O-XTR Xylotriose

O-XTE Xylotetraose

O-XPE Xylopentaose

O-XHE Xylohexaose

 Arabinoxylo-oligosaccharides (AXOS)
O-A3X 32-α-L-Arabinofuranosyl

-xylobiose (A3X)         

O-A2XX 23-α-L-Arabinofuranosyl
-xylotriose  (A2XX)     

O-A23XX  23,33-di-α-L-Arabinofuranosyl
-xylotriose (A2+3XX)

O-XA3XX 33-α-L-Arabinofuranosyl
-xylotetraose (XA3XX ) 

O-XAXXMIX 33-α-L- plus 23-α-L-
Arabinofuranosyl-xylotetraose 
(XA3XX/XA2XX) mixture

ARABINOXYLAN TOOLKIT 
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Polysaccharides

Arabinoxylan polysaccharides obtained from rye and wheat are available from Megazyme. High, medium and 
low viscosity grades have been prepared with these viscosities indicating the molecular weight range of each 
product.  Acid and enzyme debranched arabinoxylans have also been produced providing alternative 
substrates with varying degrees of arabinose substitution. Xylan sourced from beechwood is available as a 
substrate for reducing sugar assays of endo-1,4-β-xylanase. Beechwood xylan contains approximately 10% 
4-O-methylglucuronate substitution, which is exactly the same as that found in birchwood xylan.

Product Code Product Name              
P-RAXY Arabinoxylan (rye flour; high viscosity)                                           

P-WAXYL Arabinoxylan (wheat flour; low viscosity) 

P-WAXYM Arabinoxylan (wheat flour; medium viscosity) 

P-WAXYH Arabinoxylan (wheat flour; high viscosity) 

P-WAXYI Arabinoxylan (wheat flour; insoluble) 

P-ADWAX22 Arabinoxylan (acid debranched; 22% ara)

ARABINOXYLAN TOOLKIT 

P-EDWAX30       Arabinoxylan (enzymically debranched using an α-L-arabinofuranosidase that removes 1,3-linked α-L-arab-
inofuranose from doubly substituted D-xylose residues, 30% ara)

P-XYLNBE Highly purified xylan from beechwood. Suitable as a replacement for birchwood xylan as a substrate for 
β-xylanase in DNSA reducing sugar assays
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Product Code Product Name              

endo-1,4-ββ-Xylanases
E-XYTR1 endo-1,4-β-Xylanase M1 (Trichoderma viride) (pH optimum 4.5)

E-XYTR3 endo-1,4-β-Xylanase M3 (Trichoderma longibrachiatum) (pH optimum 6.0)

E-XYAN4 endo-1,4-β-Xylanase M4 (Aspergillus niger) (pH optimum 4.5)

E-XYRU6 endo-1,4-β-Xylanase M6 (rumen microorganism) (pH optimum 6.0)

E-XYNBS Recendo-1,4-β-Xylanase (Bacillus stearothermophilus T6) (pH optimum 6.5; thermostable)

E-XYNACJ Recendo-1,4-β-Xylanase (Cellvibrio japonicus) (pH optimum 5.0)

E-XYLNP Recendo-1,4-β-Xylanase (Neocallimastix patriciarum) (pH optimum 6.0)

E-XYLATM Recendo-1,4-β-Xylanase (Thermotoga maritima) (pH optimum 5.0; thermostable)

ββ-Xylosidases
E-BXSEBP Recβ-Xylosidase (Bacillus pumilus) (pH optimum 7.5)

E-BXSR Recβ-Xylosidase (Selenomonas ruminantium) (pH optimum 5.3)

αα-L-Arabinofuranosidases
E-AFASE α-L-Arabinofuranosidase (Aspergillus niger) (pH optimum 4.0)

E-ABFAN α-L-Arabinofuranosidase (Aspergillus nidulans) (pH optimum 4.5)

E-AFAM2 Recα-L-Arabinofuranosidase (Bifidobacterium adolescentis) (pH optimum 6.0)

E-ABFUM Recα-L-Arabinofuranosidase (Ustilago maydis) (pH optimum 5.0)

E-ABFBO17 Recα-L-Arabinofuranosidase (BACOVA 03417) (Bacteroides ovatus) (pH optimum 6.5)

E-ABFBO25 Recα-L-Arabinofuranosidase (BACOVA 03425) (Bacteroides ovatus) (pH optimum 6.5)

Esterases
E-FAEZCT RecFeruloyl Esterase (Clostridium thermocellum) (pH optimum 6.0)

E-FAERU RecFeruloyl Esterase (rumen microorganism) (pH optimum 6.5)

E-AXEAO RecAcetylxylan Esterase (Orpinomyces sp.) (pH optimum 6.7)
Rec (recombinant enzyme)                                                                                                                             

ARABINOXYLAN TOOLKIT 

Figure 2: Schematic representation of the hydrolytic action of arabinoxylan degrading enzymes.

Enzymes
endo-1,4-ββ-Xylanases (EC 3.2.1.8) have the ability to hydrolyse the interlinking β-1,4 glycosidic bonds 
present in the xylan backbone to varying degrees based on 1) the identity of the endo-xylanase in question 
and 2) the neighbouring arabinose substitution present.

exo-1,4-ββ-Xylosidases  (EC 3.2.1.37) sequentially hydrolyse xylose residues, one unit at a time, from the 
non-reducing end of xylo-oligosaccharides.

αα-L-Arabinofuranosidases (EC 3.2.1.55) can cleave the arabinofuranose residues from the xylan backbone 
with strict specificity in some cases for 3-mono-substituted or 2,3-di-substituted arabinofuranose bearing 
xylose residues.

Feruloyl esterases (EC 3.1.1.73) cleave the ferrulate crosslinks between arabinoxylan and other polymeric 
structures within hemicellulose.

Acetylxylan esterases (EC 3.1.1.72) cleave the acetyl groups found on arabinoxylan.
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Insoluble and soluble chromogenic enzyme substrates derived from arabinoxylan and xylan 
(birchwood) have been prepared for the detection and specific measurement of endo-xylanase activity. These 
substrates produce a colourimetric response upon incubation with a suitable xylanase. In the case of soluble 
substrates the colourimetric response can be related to enzyme activity through the standard curve provided 
while insoluble substrates typically find use in qualitative assays such as screening on agar plates. The insoluble 
substrate is also available in tablet form to increase accuracy and convenience for the end-user for 
quantitative assays.

Product Code Product Name              Chemical Structure                                               

endo-1,4-ββ-Xylanase substrates 
O-PNPX2 4-Nitrophenyl-β-

xylobioside 

O-PNPX3 4-Nitrophenyl-β-
xylotrioside 

O-4MUX2 4-Methylumbelliferyl-β-
xylobioside 

ββ-Xylosidase substrates

O-PNPX 4-Nitrophenyl-β-D-
xylopyranoside

αα-L-Arabinofuranosidase substrates
O-PNPAF 4-Nitrophenyl-α-

L-arabinofuranoside

ARABINOXYLAN TOOLKIT 

Enzyme Substrates
Colourimetric oligosaccharides with a chemically-defined structure are available for the measurement 
of the activity of endo-xylanases, β-xylosidases and α-L-arabinofuranosidases. These are suitable for use in 
both manual and high throughput automated analysis applications. The activity of the enzyme assayed can 
be determined directly by measuring the absorption increase at 400 nm which corresponds to the release 
of the nitrophenolate ion in solution.
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Product Code Product Name              

Tablets
T-XAX Xylazyme AX (60 mg tablet; very versatile, highly sensitive and widely used substrate for the assay of 

endo-xylanase)

T-XYZ Xylazyme (100 mg tablet; very versatile, highly sensitive and widely used substrate for the assay of 
endo-xylanase)

Soluble Substrates
S-AWAXL      Azo-Wheat Arabinoxylan (liquid)

S-AWAXP Azo-Wheat Arabinoxylan (powder) 

S-AXBL Azo-Xylan (birchwood) (liquid)

S-AXBP Azo-Xylan (birchwood) (powder)

Insoluble Substrates
I-AZWAX AZCL-Arabinoxylan (wheat) (useful for screening of endo-xylanase in gels and on agar plates)

ARABINOXYLAN TOOLKIT 

Figure 3: Schematic representation of the use of Azo-Wheat Arabinoxylan for the assay of endo-1,4-ββ-
xylanase activity.
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BETA GLUCAN TOOLKIT
 
Cereal Beta Glucan

Polysaccharide structure

Mixed linkage (1,3:1,4)-β-glucan is found in the endosperm cell walls of cereal grains such as oat and barley 
and to a lesser extent wheat and rye. The health benefits associated with β-glucan are well established 
making it a vital component of interest to the food industry. High levels of β-glucan in animal feeds lead to 
reduced feed intake and decreased feed conversion. 

β-Glucan is also an important analyte in the brewing industry where elevated levels can lead to increased 
wort viscosity and cause processing problems. It is therefore essential to understand the enzymatic 
mechanisms for the complete degradation of this polysaccharide, its structure and its functional properties.

 

Figure 4: β-Glucan is composed of D-glucosyl monomeric units linked either β-1,3 or β-1,4.

Assay Kits
Megazyme has developed a novel assay kit for the measurement of mixed linkage β-glucan in all samples 
(K-BGLU: AOAC 995.16, CODEX Type II method). endo-1,3:1,4-β-glucanase/lichenase can be measured 
using the novel K-MBG4 assay kit.  An alternative assay kit based on the dye-labelled native polysaccharide 
(K-MBGL) is also available for the measurement of endo-acting β-glucan degrading enzymes including endo-
1,3:1,4-β-glucanase/lichenase and endo-1,4-β-glucanase/endo-cellulase while endo-1,4-β-glucanase can be 
specifically measured using the novel CELLG5 assay kit (K-CELLG5). Free glucose content in a sample can 
be determined using either glucose oxidase or hexokinase procedures (K-GLUC and K-GLUHK).

Product Code Product Name              
K-BGLU β-Glucan (β-1,3:1,4 mixed linkage)                                         

K-MBGL β-Glucanase (malt and microbial) 

K-MBG4 β-Glucanase/lichenase (MBG4 method)

K-CellG5 Cellulase/endo-1,4-β-glucanase (CellG5 method - universally applicable cellulase substrate)                                                                             

K-CellG3 Cellulase Assay Kit (CellG3 Method - universally applicable cellulase substrate, useful in distinguishing differ-
ent types of endo-cellulase based on substrate subsite binding requirements)

K-GLUC D-Glucose (GOPOD format)

K-GLUHK D-Glucose (HK format)  
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Carbohydrates

Oligosaccharides

A number of mixed linkage (β-1,3:1,4) DP3 and DP4 gluco-oligosaccharides have been prepared with 
high purity for use as chromatographic standards and for use in enzyme characterisation and binding studies. 
The corresponding cello-oligosaccharides may also prove useful in this regard.

Polysaccharides

Megazyme produces and supplies high purity (1,3:1,4)-ββ-D-glucan from oat and barley. β-Glucans which 
have high, medium and low viscosity grades have been prepared with these viscosities indicating the molecular 
weight range in each product. Lichenan isolated from Icelandic moss is an alternative source of β-glucan with 
a higher proportion of β-1,3 linkages. Carboxymethyl cellulose 4 M is a medium viscosity cellulose with a 
degree of substitution with carboxymethyl groups of 0.4. This lower degree of substitution than carboxymethyl 
cellulose offered by other suppliers (typically DS 0.7) is more readily hydrolysed by the full spectrum of 
endo-cellulases, and thus universally useful for the assay of this enzyme.

Product Code Product Name              Chemical Structure                                               

Mixed linkage ββ-1,3:1,4 gluco-oligosaccharides
O-BGTRIA 32-β-D-Glucosyl-cellobiose

(1,3:1,4-β-Glucotriose (A))

O-BGTRIB 31-β-D-Cellobiosyl-glucose

(1,3:1,4-β-Glucotriose (B))

O-BGTETB 31-β-D-Cellotriosyl-glucose

(1,3:1,4-β-Glucotetraose (B))

O-BGTETC 32-β-D-Cellobiosyl-Cellobiose

(1,3:1,4-β-Glucotetraose (C))

Cello-oligosaccharides
O-CTR Cellotriose

O-CTE Cellotetraose 

O-CPE Cellopentaose

O-CHE Cellohexaose 

Product Code Product Name              
P-BGBL β-Glucan (barley; low viscosity, high purity) 

P-BGBM β-Glucan (barley; medium viscosity, high purity)                                                                                                     

P-BGBH β-Glucan (barley; high viscosity, high purity) 

P-BGOM β-Glucan (oat; medium viscosity, high purity) 

P-BGOH β-Glucan (oat; high viscosity, high purity) 

P-BGCFA β-Glucan CFA standard 

P-MWBGS β-Glucan MW standards

P-LICHN Lichenan (Icelandic moss) 

BETA GLUCAN TOOLKIT
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Enzymes
Lichenase (EC 3.2.1.73) selectively hydrolyses β-1,4 glycosidic bonds adjacent to a β-1,3 linked glucose 
residue on their reducing side. 

endo-Cellulase (endo-1,4-β-glucanase) (EC 3.2.1.4) hydrolyses the β-1,4 glycosidic bonds present in the 
polysaccharide backbone. It cleaves the 1,4-β-D-glucosidic linkage on the non-reducing side of a 1,3-β-linked 
D-glucosyl residue, but not that on the reducing side. It also produces various cello-oligosaccharides on 
hydrolysis of the long stretches of 1,4-β-D-glucosyl chains in these glucans.

ββ-Glucosidase (EC 3.2.1.21) acts sequentially, hydrolysing one glucose residue at a time, from the non-
reducing end of oligosaccharide/polysaccharide fragments. ββ-Glucosidases have varying specificity for β-1,4 
and β-1,3 glycosidic bonds.

Cellobiohydrolase (EC 3.2.1.91) acts in a similar exo- fashion but cleaves disaccharide (cellobiosyl) units 
from either the reducing or non-reducing ends.

Figure 5: Schematic representation of the hydrolytic action of beta-glucan degrading enzymes.

Product Code Product Name              

endo-(1,3:1,4)-ββ-Glucanases 
E-LICHN Lichenase (Bacillus sp.) (pH optimum 6.5)

E-LICACT RecNon-specific endo-β-Glucanase (Clostridium thermocellum) (pH optimum 6.5)                                                               

endo-1,4-ββ-Glucanases
E-CELAN endo-Cellulase (Aspergillus niger) (pH optimum 4.5)

E-CELBA Recendo-Cellulase (Bacillus amyloliquefaciens) (pH optimum 6.0; thermostable)

E-CELTE endo-Cellulase (Talaromyces emersonii) (pH optimum 4.5)

E-CELTR endo-Cellulase (Trichoderma longibrachiatum) (pH optimum 4.5; hydrolyses xyloglucan)

E-CELTM endo-Cellulase (Thermotoga maritima) (pH optimum 6.0; thermostable)

E-CELTH endo-Cellulase (Thermobifida halotolerans) (pH optimum 8.5; thermostable)

exo-1,4-ββ-Glucosidases
E-BGLUC β-Glucosidase (Aspergillus niger) (pH optimum 4.0)

E-BGOSAG Recβ-Glucosidase (Agrobacterium sp.) (pH optimum 6.5)

E-BGOSPC Recβ-Glucosidase (Phanerochaete chrysosporium) (pH optimum 5.0; thermostable)

E-BGOSTM Recβ-Glucosidase (Thermotoga maritima) (pH optimum 6.5; thermostable)

exo-1,3-ββ-Glucanases
E-EXG5AO Recexo-1,3-β-Glucanase (Aspergillus oryzae) (pH optimum 5.0)

E-EXBGOS exo-1,3-β-D-Glucanase + β-Glucosidase 

E-EXBGTV Recexo-1,3-β-Glucanase (Trichoderma virens) (pH optimum 4.5)

Cellobiohydrolases 
E-CBHI Cellobiohydrolase I (Trichoderma longibrachiatum) (pH optimum 4.5)

E-CBHIIM RecCellobiohydrolase II (microbial) (pH optimum 5.5)
Rec(recombinant enzyme)

BETA GLUCAN TOOLKIT
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Enzyme Substrates
Colourimetric oligosaccharides with a chemically-defined structure have been prepared and are suitable 
for use in both manual and high throughput automated analysis applications.  The activity of the enzyme 
assayed using water soluble nitrophenyl-linked colourimetric oligosaccharides can be determined directly by 
measuring the absorption increase at 400 nm which is directly proportional to the release of the nitrophenyl 
colourimetric group in solution. Similar procedures are used for fluorometric substrates which generally 
provide higher sensitivity.  Three lichenase substrates have recently been developed while the colourimetric 
cello-oligosaccharides and 4-nitrophenyl-β-D-glucopyranoside may also prove useful as substrates for endo-
1,4-β-glucanase and  β-glucosidase respectively.

Product Code Product Name              Chemical Structure                                               

ββ-Glucosidase substrates
O-PNPBG 4-Nitrophenyl-

β-D-glucopyranoside

BETA GLUCAN TOOLKIT
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Figure 6: Schematic representation of the use of β-Glucazyme tablets for the assay of endo-β-glucanase 
activity. These tablets contain AZCL (Azurine dyed and cross-linked) barley-β-glucan as the active 
ingredient.  AZCL-Barley-β-glucan is also available in powder form (I-AZBGL) for the detection 
of enzyme activity in plate or gel screening experiments.

Product Code Product Name              

endo-(1,3:1,4)-ββ-Glucanase substrates (and endo-1,4-ββ-Glucanase substrates)
Tablets

T-BGZ β-Glucazyme  (containing AZCL-Barley β-glucan)

Soluble Substrate 

S-ABG100 Azo-Barley Glucan

Insoluble Substrate 

I-AZBGL AZCL-Barley β-Glucan 

Specific endo-1-4-ββ-Glucanase substrates
Tablets

T-CCZ Cellazyme C (60 mg tablet; containing AZCL-HP-cellulose)

T-CTZ Cellazyme T (containing AZCL-tamarind xyloglucan)

Soluble Substrate 

S-ACMC Azo-CM-Cellulose (powder) 

S-ACMCL Azo-CM-Cellulose (liquid) 

S-AZXG Azo-Xyloglucan (Tamarind)

  Insoluble Substrate 

I-AZCEL AZCL-HE-Cellulose 

I-AZXYG AZCL-Xyloglucan (Tamarind)

I-AAVIC Azo-Avicel

BETA GLUCAN TOOLKIT

Insoluble and soluble chromogenic enzyme substrates for the detection and measurement of endo-
1,3:1,4-β-glucanase activity have been prepared from 1,3:1,4-β-glucan. These substrates produce a 
colourimetric response upon incubation with a suitable β-glucanase. In the case of soluble substrates the 
colourimetric response can be related to enzyme activity through the standard curve provided while 
insoluble substrates typically find use in qualitative assays such as screening on agar plates. The insoluble 
substrate is also available in tablet form to increase accuracy and convenience for the end-user for quantitative 
assays. It should be noted that as many endo-1,4-β-glucanases also act on (1,3:1,4)-β-glucan, these substrates 
will also be hydrolysed by some endo-1,4-β-glucanases. 
Analogous versions of these dyed polysaccharide substrates that are completely specific for endo-1,4-β-
glucanase are also available.
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BETA GLUCAN TOOLKIT

BETA GLUCAN TOOLKIT
1,3-Beta Glucan
Megazyme’s complete toolkit for the study of 1,3-ββ-glucan (pachyman/curdlan/laminarin) and 
the enzymes that act on it

One of the most common sources of 1,3-β-glucan is the cell wall of yeasts and fungi. 1,3-β-Glucans have 
been shown to exhibit immune enhancing responses in humans and their nutritional value coupled with their 
status as a dietary fiber component that makes these polysaccharides particularly valuable to the food 
industry. 

Structurally, pachyman and curdlan exhibit predominantly linear β-1,3 linked glucose chains with very limited 
β-1,6 linked glucose appendages also present. Laminarin contains a higher proportion of β-1,6 linkages, with 
~ 14% terminal β-1,6-D-glucopyranose residues present in Laminaria digitata. Eisenia bicyclis 1,3-β-glucan 
contains ~ 40% β-1,6 linkages but these are not exclusively terminal residues and a more random structure 
predominates.

 

Figure:  β-glucan from laminarin (Laminaria digitata) exhibits β-1,3 and β-1,6 linkages in the ratio of ~ 7:1.

Assay Kits
Megazyme has developed two assay kits for the measurement of 1,3- and 1,3:1,6-β-glucan. The Enzymatic 
Yeast Beta-Glucan Kit (K-EBHLG) selectively measures β-glucan from a variety of sources (yeast, cereal, 
curdlan, laminarin) but cannot be used for the measurement of mushroom β-glucan, which is a major 
component in the medicinal/ food supplement industry. The Yeast and Mushroom Beta-Glucan Kit (K-YBGL) 
accurately measures all β-glucan in any sample including mushroom by a “difference” method; total glucan (α 
+ β glucan) is measured by acid mediated degradation while α-glucan is selectively measured by enzymatic 
degradation and subtracted to give β-glucan. 

Product Code Product Name              
K-EBHLG Enzymatic Yeast β-Glucan                                        

K-MBGL Yeast and Mushroom β-Glucan

Carbohydrates
Linear β-1,3-glucooligosaccharides (also called laminarioligosaccharides) have been prepared with high 
purity for use as chromatographic standards and for use in enzyme characterisation and binding studies.

Product Code Product Name              
O-LAM2 Laminaribiose

O-LAM3 Laminaritriose                                                                                                    

O-LAM4 Laminaritetraose

O-LAM5 Laminaripentaose 

O-LAM6 Laminarihexaose

As pachyman and curdlan are water insoluble polymers, carboxymethylation functionalisation has been 
employed to create water soluble analogues of the native polysaccharides, so that their enzymatic degradation 
can be investigated. Yeast β-glucan, which exhibits a more branched structure than that found in pachyman 
or curdlan, is soluble in basic aqueous media. 
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BETA GLUCAN TOOLKIT

Product Code Product Name              
P-CURDL Curdlan

P-CMCUR CM-Curdlan

P-PACHY Pachyman

P-CMPAC CM-Pachyman

P-BGYST β-Glucan (Yeast)

Enzymes
endo-1,3-β-Glucanase (E.C. 3.2.1.39) hydrolyses the glycosidic β-1,3 bonds of the polysaccharide backbone. 
Some of these enzymes require the presence of β-1,6 branch points to be active while others act solely on 
the linear β-1,3 chains. 
exo-1,3-β-Glucanase (E.C 3.2.1.58) sequentially hydrolyses single glucose residues from the non-reducing 
end of β-1,3-gluco-oligosaccharide/polysaccharide fragments. There are also certain exo-1,3-β-glucanases 
that act from the non-reducing terminus but require β-1,6 branch points to be present for activity. 

Product Code Product Name              

endo-1,3-ββ-Glucanase 
E-LAMSE endo-1,3-β-Glucanase (Trichoderma sp.)

E-LAMHV RecNon-specific endo-β-Glucanase (Barley, Hordeum vulgare) (pH optimum 5.0)                                                             

exo-1,3-ββ-Glucanase
E-EXG5AO exo-1,3-β-Glucanase (Aspergillus oryzae) (pH optimum 5.0)

E-EXBGOS exo-1,3-β-Glucanase (Trichoderma sp.) (pH optimum 5.0) plus
 β-glucosidase (Aspergillus niger) (pH optimum 4.0)

E-CELTE endo-Cellulase (Talaromyces emersonii) (pH optimum 4.5)

E-EXBGTV exo-1,3-β-Glucanase (Trichoderma virens) (pH optimum 4.5)
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BETA GLUCAN TOOLKIT

Enzyme Substrates
Insoluble chromogenic enzyme substrates for the detection and measurement of endo-1,3-β-glucanase 
activity have been derived from curdlan and pachyman. These substrates produce a colourimetric response 
upon incubation with a suitable endo-1,3-β-glucanase and so can be used for activity screening on agar plates 
or gels. Insoluble chromogenic substrates are also available in tablet form for performing quantitative assays 
in a convenient and accurate format. Specific enzyme activity can be calculated through the standard curve 
provided. 

Figure: Schematic representation of the use of 1,3 Beta-Glucazyme HS Tablets tablets for the assay of endo-
1,3-β-glucanase activity. These tablets contain AZCL (Azurine dyed and cross-linked) curdlan as the active 
ingredient. AZCL-Curdlan is also available in powder form (I-AZCUR) for the detection of enzyme activity 
in plate or gel screening experiments.

Product Code Product Name              
Tablets

T-CUR-200T 1,3 β-Glucazyme HS (containing AZCL-Curdlan)

Insoluble Substrate

I-AZCUR AZCL-Curdlan

I-AZPAC AZCL-Pachyman
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STARCH TOOLKIT
Polysaccharide structure

Starch is the main source of carbohydrates in the human diet. It occurs in plants as a storage polysaccharide 
and is found in high abundance in seeds and tubers. Starch is clearly of huge importance to the food industry 
but is also important to the paper, textiles, bioplastics and oil industries. 
Starch consists of two component subgroups: 

1) Amylose – made up of long linear chains of α-1,4-D-glucose residues (DP~300-3,000) and 
2) Amylopectin – that contains linear chains of 1,4-α-linked D-glucosyl residues joined through 

1,6-α-branch points which represent between 3 and 4.2% of total linkages. 

The equivalent storage polysaccharide in animal tissue, namely glycogen, contains a higher degree of 
branching, with 1,6-branch points representing approximately 10% of total linkages.

 

Figure 7: Amylopectin is composed of linear α-1,4-D-glucopyranosyl chains with α-1,6 branch points 
every 24-30 residues.

Resistant Starch is the term given to any starch that is resistant to hydrolysis by the enzymes present in the 
human small intestine. Four different types of resistant starch have been defined by Englyst et al.2

RS1:   Physically inaccessible starch, such as that found in seeds or legumes and unprocessed whole grains.

RS2:   Resistant starch that occurs in its natural granular form, such as uncooked potato, green banana flour 
and high amylose corn.

RS3:   Resistant starch that is formed when starch-containing foods are cooked and cooled such as in legumes, 
bread, cornflakes and cooked-and-chilled potatoes, pasta salad or sushi rice. This treatment leads to 
retrogradation – the recrystallisation of amylose and amylopectin on cooling – which makes starch 
resistant to enzymatic hydrolysis.

RS4:   Starches that have been synthetically modified to resist digestion. This type of resistant starch can 
exhibit a broad range of structural diversity. 

The analysis of how starch in food is degraded by the enzymes in the human digestive system is very 
important for the measurement of dietary fiber (undigested component) and available carbohydrates 
(digested component) in food. Megazyme is the industry leader in this area and extensive information on the 
topic can be found in our dietary fiber portal.3

2Englyst, H.N. Kingman, S.M. & Cummings, J.H. (1992) European J. Clin. Nutr., 46 (Suppl.2), S33-S50.
3www.megazyme.com/technical-support/dietary-fiber
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Assay Kits
Starch and starch components
Megazyme has developed a number of novel assay kits for the study of starch. It is possible using enzymatic 
methods to determine the total starch (K-TSHK, K-TSTA; AOAC 996.11) and resistant starch (K-RSTAR; 
AOAC 2002.02) content in any sample. The amylose and amylopectin content in a sample can also be 
determined using Megazyme’s Amylose/Amylopectin (K-AMYL) assay kit which is based on a Concanavalin 
A mediated precipitation step. The level of so-called ‘starch damage’ is another starch property that can be 
analysed enzymatically using the Starch Damage (K-SDAM) assay kit. In this kit, highly purified fungal 
α-amylase can act to break down damaged starch granules but displays almost no hydrolytic activity on 
undamaged granules. 
Dietary fiber (K-TDFR; AOAC 985.29, AOAC 991.43; K-INTDF; AOAC 2009.01, AOAC 2011.25 and 
K-RINTDF) and available carbohydrates (K-ACHDF) can be measured using enzymatic-gravimetric 
procedures. Free glucose content in a sample can be determined using either glucose oxidase or hexokinase 
procedures (K-GLUC and K-GLUHK). 

Starch degrading enzymes
Defined colourimetric oligosaccharides have been formulated into assay kits to measure the major enzymes 
involved in starch degradation including α-amylase, β-amylase, amyloglucosidase and pullulanase/limit-
dextrinase. In some cases, the reagent components from these kits are also available individually.

Product Code Product Name              
K-TSTA Total Starch (AMG/α-amylase - GOPOD method)   

K-TSHK Total Starch (AMG/α-amylase - hexokinase method) 

K-TSCK Total Starch Control Flours

K-RSTAR  Resistant Starch 

K-RSTCL  Resistant Starch Control Samples                         

K-AMYL  Amylose/Amylopectin 

K-SDAM  Starch Damage 

K-TDFR  Total Dietary Fiber 

K-INTDF  Integrated Total Dietary Fiber

K-RINTDF  Rapid Integrated Total Dietary Fiber

K-TDFC Total Dietary Fiber Control Flours

K-ACHDF Available Carbohydrates 

K-GLUC  Glucose (GOPOD method)

K-GLUHK  Glucose (hexokinase method)  

Product Code Product Name Enzyme Assayed
K-CERA Ceralpha Assay (α-amylase)     α-Amylase

R-AMHR4 Amylase HR Reagent (α-amylase)

R-CAAR4 Ceralpha Reagent (α-amylase)

K-AMYLSD Amylase SD (α-amylase)

K-MALTA Malt Amylase (α- plus β-amylase)  

K-BETA3 β-Amylase Assay (Betamyl-3) β-Amylase

R-BAMR3  Betamyl-3 Reagent (β-amylase)

R-AMGR3  Amyloglucosidase Reagent Amyloglucosidase

K-PULLG6  Pullulanse/Limit Dextrinase Pullulanase/Limit Dextrinase

STARCH TOOLKIT
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Carbohydrates

Oligosaccharides

A number of malto-oligosaccharides, isomalto-oligosaccharides and mixed linkage amylo-oligosaccharides 
are available from Megazyme for use as chromatographic standards and for use in enzyme characterisation 
and binding studies.

Product Code Product Name              Chemical Structure                                               

Malto-oligosaccharides
O-MAL3 Maltotriose

O-MAL4 Maltotetraose

Isomalto-oligosaccharides
O-IMO2 Isomaltose

O-IMO3 Isomaltotriose

O-IMO4 Isomaltotetraose

O-IMO5 Isomaltopentaose

Mixed linkage amylosaccharides
O-PAN Panose

O-IPAN Isopanose

O-GMT  63-α-D-glucosyl-maltotriose

O-GMH  63-α-D-glucosyl-
maltotriosyl-maltotriose

O-MTMT  63-α-D-maltotriosyl-
maltotriose                                  

STARCH TOOLKIT
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Polysaccharides

β-Limit dextrin is available as a substrate for the measurement of α-amylase activity according to the Farrand, 
AACC (SKB Units) or ASBC (Dextrinising Units, DU) iodine based methods; while pullulan and borohydride 
reduced pullulan are available as substrates for the measurement of limit-dextrinase/pullulanase.

Enzymes
αα-Amylase (EC 3.2.1.1) is an endo-acting enzyme that hydrolyses α-1,4 glucose linkages in starch. It is 
available from bacterial, fungal and porcine sources in general analytical and ultra-pure form.

ββ-Amylase (EC 3.2.1.2) is an exo-acting enzyme that cleaves maltose units from the non-reducing end of 
maltooligosaccharides and polysaccharide starch fragments.

αα-Glucosidase (EC 3.2.1.20) is an exo-acting enzyme that cleaves glucose units from the non-reducing end 
of maltooligosaccharides and polysaccharide starch fragments.

Amyloglucosidase (EC 3.2.1.3) is another exo-acting enzyme that operates on the non-reducing end of 
starch oligomers and polymers, however it hydrolyses α-1,6 linkages as well as the α-1,4 linkages. This is a 
key enzyme employed in the assay of dietary fiber in the food industry. Contaminants are often present in 
commercial preparations of this enzyme that can strongly affect the assay results. Megazyme’s formulation 
(E-AMGDF) has the highest purity commercially available.

Limit-dextrinase (EC 3.2.1.142) is an endo-acting enzyme that occurs in low abundance in nature but is of 
crucial importance to certain industries, notably the malting/brewing industry. Limit-dextrinase hydrolyses 
the α-1,6 linkages in starch, pullulan or glycogen but displays strict substrate binding requirements. For 
example, limit dextrinase exhibits no activity on 63-α-D-glucosyl-maltotriose (O-GMT) but readily 
hydrolyses 63-α-D-maltotriosyl-maltotriose (O-MTMT). 

Pullulanase (EC. 3.2.1.41) is the microbial source equivalent enzyme of limit-dextrinase. 

Isoamylase (EC 3.2.1.68) is another starch debranching enzyme that hydrolyses the α-1,6 linkages in starch 
and glycogen but exhibits almost activity on pullulan. 

Isopullulanase (EC 3.2.1.57) is another related enzyme that readily hydrolyses pullulan to isopanose but 
has no action on starch.

Product Code Product Name              
P-BLDX β-Limit Dextrin

P-PULLN  Pullulan

STARCH TOOLKIT
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Product Code Product Name              
E-MAST Malt amylase standard (mixture of α- and β-amylases)

αα-Amylase
E-BLAAM α-Amylase (Bacillus licheniformis) (high purity; pH optimum 6.5; thermostable)

E-ANAAM α-Amylase (Aspergillus orzyae) (high purity; pH optimum 5.0)

E-BAASS α-Amylase (Bacillus amyloliquefaciens) (high purity; pH optimum 6.5)

E-PANAA α-Amylase (Porcine pancreatic) (partially purified; pH optimum 6.9)

ββ-Amylase 
E-BAMBC Recβ-Amylase (Bacillus cereus) (recombinant; ultra high purity; pH optimum 6.5)

E-BARBL β-Amylase (Barley; liquid) (ultra high purity; pH optimum 6.0)

E-BARBP β-Amylase (Barley; powder) (ultra high purity; pH optimum 6.0)

αα-Glucosidase
E-TSAGL α-Glucosidase (Bacillus stearothermophilus) (ultra high purity; pH optimum 6.5) 

E-TSAGS Recα-Glucosidase (Bacillus stearothermophilus) (ultra high purity; pH optimum 6.5)

E-TRNGL α-Glucosidase (transglucosidase) (Aspergillus niger; pH optimum 4.5) 

E-MALTS α-Glucosidase (maltase, Yeast) (ultra high purity; pH optimum 6.8) 

Amyloglucosidase
E-AMGDF Amyloglucosidase (Aspergillus niger) (analytical grade; pH optimum 4.5)

E-AMGDFPD Amyloglucosidase (powder) (Aspergillus niger) (analytical grade; pH optimum 4.5)

E-AMGFR Amyloglucosidase (Aspergillus niger) (analytical grade; pH optimum 4.5)

E-AMGPU Amyloglucosidase (Rhizopus sp.) (ultra high purity; pH optimum 4.5)

E-GAMP RecGlucoamylase P  (Hormoconos resinae) (ultra high purity; pH optimum 4.5)

Pullulanase 
E-PULKP Pullulanase (Klebsiella planticola) (ultra high purity; pH optimum 5.0)

E-PULBL Pullulanase (Bacillus licheniformis) (ultra high purity; pH optimum 5.0)

Isoamylase
E-ISAMY Isoamylase (Pseudomonas sp.) (ultra high purity; pH optimum 4.0)

Rec (recombinant enzyme)                                                                                                                             

STARCH TOOLKIT

Figure 8: Schematic representation of the hydrolytic action of starch degrading enzymes.
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Enzyme Substrates
Colourimetric oligosaccharides are available in assay kit form for the measurement of α-amylase 
(K-CERA and K-AMYLSD), β-amylase (K-BETA3), amyloglucosidase (R-AMGR3) and pullulanase/limit-
dextrinase (K-PULLG6). The active reagents (substrate plus ancillary enzyme) or the colourimetric 
oligosaccharide (substrate only) are available as standalone products in certain cases.

Insoluble and soluble chromogenic enzyme substrates for the detection and measurement of α-amylase have 
been prepared from AZCL-amylose and dyed starch respectively. The analogous substrates for limit-
dextrinase/pullulanase have been derived from AZCL-pullulan and dyed pullulan.

Soluble chromogenic substrates upon incubation with the requisite endo-acting enzyme produce a 
colourimetric response that can be related to enzyme activity through the standard curve provided.

Product Code Product Name              Chemical Structure                                               

αα-Amylase substrates
O-BPNPC7 4,6-O-Benzylidene-

4-nitrophenyl-
α-D-maltoheptaoside 
(requires α-glucosidase)

αα-Glucosidase substrates
O-PNPAG 4-Nitrophenyl-

α-D-glucopyranoside

Figure 9: Schematic representation of the use of Red starch, a soluble dyed starch, for the assay of 
α-amylase activity.

STARCH TOOLKIT
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Product Code Product Name              

αα-Amylase Substrates 
Tablets
T-AMZ Amylazyme                                                 

T-AMZHY Amylazyme (for assay of trace levels of β-amylase in honey) 

Soluble Substrate 
S-RSTAR Red Starch

Insoluble Substrate 
I-AZAMY AZCL-Amylose

Limit-dextrinase/Pullulanase Substrates
Tablets
T-LDZ Limit-dextrizyme

Soluble Substrate 
S-RPUL Red Pullulan

Insoluble Substrates
I-AZPUL AZCL-Pullulan

Insoluble chromogenic substrates are recommended for qualitative screening experiments on agar/gels but 
these substrates are also available in tablet form where they can be employed in quantitative assays (again 
by relating measured absorbance back to a standard curve provided) with improved convenience and 
therefore higher throughput for the analyst.

STARCH TOOLKIT
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MANNAN TOOLKIT 
Megazyme’s complete toolkit for the study of mannan including galactomannan and 
glucomannan and the enzymes that act on them

Mannan is an important structural component in the cell walls of most higher plants and some forms of 
algae. Mannan-degrading enzymes have found applications in the pharmaceutical, food, feed, pulp, paper and 
biofuels industries. In most cases, a β-1,4 linked mannan backbone predominates with varying degrees of 
galactose or glucose substitution present. 

In galactomannan for example, locust bean gum, tara gum and guar gum display mannose:galactose ratios of 
4:1, 3:1 and 2:1 respectively. In each case, the galactose residues are linked α-1,6 to the linear mannan chain. 
Galactomannans have also been isolated from various lichen species with a highly branched structure based 
on an α-1,6 linked mannan chain. 

Figure: The linear backbone in galactomannan is composed of repeating β-1,4-D-mannopyranose residues 
with varying degrees of α-1,6-D-glucopyranosyl substitution.

Glucomannans with mannose:glucose ratios of between 4:1 for Salep (Orchis morio) and 3:2 for Konjac 
(Amorphophallus konjac) have been well documented. The most common structures involve a β-1,4 linked 
backbone comprising mannose and glucose residues.  These compounds are also generally extensively 
acetylated.

Assay kits
Megazyme has developed novel assay kits for the measurement of glucomannan (K-GLUM) and galactomannan 
(K-GALM). Assay kits have also been developed for the measurement of free galactose (K-LACGAR & 
K-RAFGA),  glucose (K-GLUC & K-GLUHK) and mannose (K-MANGL) in all samples. K-MANGL can also 
be used to determine fructose and glucose content.

Product Code Product Name              
K-GLUM Glucomannan

K-GALM Galactomannan

K-MANGL D-Mannose/D-Fructose/D-Glucose

K-LACGAR Lactose/D-Galactose (Rapid) 

K-RAFGA Raffinose/D-Galactose                        

K-GLUC D-Glucose (GOPOD format)

K-GLUHK D-Glucose (Hexokinase format)
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Carbohydrates
Linear β-1,4 manno-oligosaccharides with DP2-6 along with a number of glucomanno- and galactomanno-
oligosaccharides have been prepared by Megazyme with high purity for the purpose of elucidating binding 
requirements and relative activities in enzyme characterisation studies. 

Product Code Product Name              Chemical Structure                                               

 1,4-ββ-D-Manno-oligosaccharides
O-MBI Mannobiose                             

O-MTR Mannotriose

O-MTE Mannotetraose

O-MPE Mannopentaose

O-MHE Mannohexaose

 Galactomanno-oligosaccharides
O-GM3 61-α-D-Galactosyl-mannotriose        

O-GMM3 61-α-D-Galactosyl-mannobiose 
plus mannotriose

O-GMM5 63,64-α-D-Galactosyl-
mannopentaose

MANNAN TOOLKIT
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A wide range of mannans are available from Megazyme including linear 1,4-β-mannan from ivory nut or carob, 
and a range of glucomannans and galactomannans. High, medium and low viscosity grades have been prepared 
with these viscosities being indicative of the average molecular weight range in each product. 

Product Code Product Name              
P-MANIV Mannan (ivory nut)

P-MANCB Mannan (carob)

P-GALML Galactomannan (carob; low viscosity)

P-GALMH Galactomannan (carob; high viscosity)

P-GGMMV Galactomannan (guar; high viscosity)

P-GGMHV Galactomannan (guar; medium viscosity)

P-GGM21 Galactomannan (guar; galactose depleted; 21% galactose)

P-GLCML Glucomannan (konjac; low viscosity)

P-GLCMH Glucomannan (konjac; high viscosity)

Enzymes
endo-1,4-ββ-Mannanase (EC 3.2.1.78) hydrolyse the interlinking β-1,4 bonds of the mannan polysaccharide 
backbone.

ββ-Mannosidase (EC 3.2.1.25) sequentially hydrolyses single mannose residues from the non-reducing end 
of oligosaccharide/polysaccharide fragments. 

ββ-Glucosidase (EC 3.2.1.21) sequentially hydrolyses glucose residues from the non-reducing end of 
glucomanno-oligosaccharide/polysaccharide fragments (see beta-glucan toolkit).

αα-Galactosidase (EC 3.2.1.22) cleaves the galactose substitution from the linear mannan backbone in 
galactomannan or the glucomanno backbone in galactoglucomannan.

Note also that certain endo-1,4-β-glucanases (EC 3.2.1.4) (e.g. E-CELTR) can hydrolyse internal β-1,4 bonds 
in Konjac glucomannan (see beta-glucan toolkit).

Product Code Product Name              

endo-1,4-ββ-Mannanases
E-BMANN endo-1,4-β-Mannanase (Aspergillus niger) (pH optimum 4.0)

E-BMABS endo-1,4-β-Mannanase (Bacillus sp.) (pH optimum 8.8)

E-BMACJ endo-1,4-β-Mannanase (Cellvibrio japonicus) (pH optimum 7.0)

E-BMABC endo-1,4-β-Mannanase (Bacillus circulans) (pH optimum 7.5)

exo-1,4-ββ-Mannosidase
E-BMOSCF β-Mannosidase (Cellulomonas fimi) (pH optimum 6.5)

E-BARBP β-Amylase (Barley; powder) (ultra high purity; pH optimum 6.0)

ββ-Galactosidase
E-AGLAN β-Galactosidase (Aspergillus niger) (pH optimum 4.5)

E-AGLANP β-Galactosidase (Aspergillus niger) (pH optimum 4.5; powder formulation)

E-AGLGU β-Galactosidase (Guar) (pH optimum 4.5)

MANNAN TOOLKIT
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Enzyme Substrates
Insoluble and soluble chromogenic enzyme substrates for the detection and measurement of endo-
mannanase activity have been derived from galactomannan and glucomannan polymers.   The soluble substrates 
produce a colorimetric response upon incubation with a suitable endo-mannanase that can be related to 
enzyme activity through the standard curve provided.  The insoluble substrates are used for qualitative 
screening on agar plates or gels and are also available in tablet form with the accompanying standard curve 
to increase accuracy and convenience for the analyst when performing quantitative activity assays. 

Figure: Schematic representation of the use of Mannazyme tablets for the assay of endo-β-mannanase activity. 
These tablets contain AZCL (Azurine dyed and cross-linked) carob galactomannan as the active ingredient. 
AZCL-Galactomannan is also available in powder form (I-AZGMA) for the detection of enzyme activity in 
plate or gel screening experiments.

Product Code Product Name              
Tablets

T-MNZ Mannazyme (containing AZCL-galactomannan)

Soluble Substrate

S-ACGLM Azo-Carob Galactomannan

Insoluble Substrate

I-AZGMA AZCL-Galactomannan (Carob) 

MANNAN TOOLKIT
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