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The 3,5-dinitrosalicylic acid (DNS) assay has been used for many years mainly 

to determine the enzymatic activity of xylanase. The assay is based on the 

detection of reduced sugars. Although the method is widely used, several 

recent studies have questioned the accuracy of the method. They mainly 

focused on the detection of side reactions that could lead to a false positive 

result of the assay. In this study, the basic components of the DNS assay such 

as buffer preparation, substrate source and concentration, incubation time, 

reagent preparation, and activity calculation were re-evaluated. Potential 

problems were detected and a new assay procedure was proposed. Compared 

to literature data, the new assay is shorter because it avoids the generation of a 

calibration curve and takes into account the enzyme and substrate amount when 

calculating enzyme activity, which is neglected in current assays. 
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Introduction 

 

The enzyme endo-1,4-xylanase, or generally xylanase, 

has been attracting increasing attention in recent 

decades due to its possible application in 

lignocellulosic biorefinery (Liao et al., 2022) which is 

one of the key enabling strategy of the circular 

bioeconomy (Schmitz et al., 2022). It is used in feed 

production, food industry (bakery (Bajaj and Manhas, 

2012), fruit juice (Kaushal et al., 2021) and beer 

clarification (Walia et al., 2017), leather processing, 

pulp and paper bleaching, and production of biofuels 

from lignocellulosic biomass (Uday et al., 2016; 

Kumar and Shukla, 2016). 

A large number of microorganisms such as bacteria, 

fungi and yeasts are capable of producing xylanase. 

Today, xylanase is commercially obtained mostly 

from filamentous fungi, as their cultivation is the 

easiest way to produce large quantities of xylanase 

(Bhardwaj et al., 2019). In order to meet industrial 

needs for stable and active enzymes, an intensive 
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search for new xylanase sources has been carried out 

in recent decades. Once a suitable xylanase-producing 

microorganism is found and the enzyme is isolated, 

one of the major limiting factors in xylanase 

characterization and further proper use is the lack of a 

standard method for determining its enzymatic 

activity.  

This is primarily related to the problem of aligning the 

results of xylanase-catalyzed processes derived from 

different sources. Different researchers (Moran-

Aguilar et al., 2021; Hassan et al., 2021; Jain et al., 

2020; Balderas Hernández et al., 2021; Kumar et al., 

2017; Abdella et al., 2021; Kim et al., 2021) use 

different methods to determine the activity of the 

xylanase, and therefore great effort and resources are 

invested to define a standard method. 

The most common method for determining the 

xylanase activity is the so-called DNS  

(3,5-dinitrosalicylic acid) spectrophotometric method. 

The method was first proposed by Bailey et al. (1992), 

and it was based on the measurement of the visible 

https://orcid.org/0000-0002-4808-363X
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absorbance of the product (3-amino-5-nitrosalicylic 

acid) formation. It is a rapid method that can replace 

time-consuming methods such as Liquid 

Chromatography (HPLC) coupled to Mass 

Spectrometry, Evaporative Light Scattering, 

Refraction index or Standard four-potential-pulse 

amperometric detectors (Wood et al., 2012; Li et al., 

2021).  

Over the years, it has been found that the method has 

one significant drawback, and that is the loss of some 

of the reduced sugar during analysis.  

This has already been found in several studies 

(Summer and Grahram, 1921; Summer and Noback, 

1924; Summer, 1925; Miller, 1959) and the 

composition of the reagent responsible for this 

phenomenon has been changed and the method 

modified (Miller, 1959). In addition, the concentration 

of the compounds, the boiling time, and the dilution 

ratios were additionally optimized. Even though there 

were still problems to be solved, the method has 

remained essentially the same and is also 

recommended by the International Union of Pure and 

Applied Chemistry (IUPAC) for the determination of 

reducing sugars (Saqib and Whithey, 2011).  

The main problems are related to chemical 

interferences and the fact that many factors can affect 

the formation of 3-amino-5-nitrorsalicylic acids, such 

as the presence of various sugars (Bell et al., 1951) and 

sugar degradation products, i.e. furfural (Deshavath et 

al., 2020), the presence of aldehydes, amino acids 

(Teixeira et al., 2012), etc. In addition, the presence of 

some salts in the buffer such as calcium chloride, 

manganese sulphate and cobalt can increase the 

absorption of the DNS method.  

On the other hand, some agents such as EDTA may 

have the opposite effect (Teixeira et al., 2012). In 

addition, according to Wood et al. (2012) reaction 

volume, incubation time and the measurement of 

wavelengths can also affect the DNS method. 

Nevertheless, the basic settings of the method have not 

been re-evaluated in recent studies, although it is 

known that the concentration of the substrate, the 

enzyme concentration, the working volume of the 

assay, etc. can affect the calculation of xylanase 

activity. 

The aim of this study is to modify/standardise the 

existing DNS method for the determination of 

xylanase activity by analyzing the effects of various 

DNS reagents, various substrates and their 

concentrations, incubation time and buffers on the 

assay. 

Potential problems were revealed and new solutions 

were proposed. As a result of this research, a modified 

method for determining the xylanase activity was 

proposed. 

Materials and methods 
 

Chemicals 

 

3,5-dinitrosalicylic acid and phenol were purchased 

from Fluka (China), arabinoxylan from Megazyme 

(Ireland), citric acid from VWR Chemicals 

(Belgium), D(+)-xylose from BDH Prolabo (United 

Kingdom), bovine serum Albumin (BSA) and xylan 

from beechwood from Sigma-Aldrich (Austria), 

xylan from corn kernel from TCI America (Japan), 

xylanase from Aspergillus niger (S.A. = 300 U/g 

and S.A. = 3400 U/g), xylanase from Bacillus SMB 

(S.A. = 586 U/g), xylanase from Trichoderma reesei 

(S.A. = 300 U/g) from AB Enzymes (Germany), and 

xylanase from Trichoderma longibrachiatum (S.A. 

= 1000 U/g) were purchased from Biocat (USA). 

Sodium dihydrogen phosphate dihydrate, sodium 

metabisulfite, sodium-potassium-tartrate-tetrahydrate 

and sodium sulphite (anhydrous) were obtained from 

Kemika (Croatia). Sodium hydroxide was 

purchased from Gram Mol (Croatia), and potato 

dextrose agar was purchased from Biolife (Italy). 

The chemicals were of analytical grade and were 

used without further purification. 

Sugar beet pulp pellets were obtained from the factory 

for processing sugar beet production and sugar 

processing, Sladorana Ltd. Županja, Croatia. 

Trametes versicolor TV-6 was obtained from the 

National Institute of Chemistry, Slovenia. 

 

Methods 

 

DNS reagent preparation 

 

DNS reagent was prepared according to three 

methods: 

DNS reagent I was prepared according to Gusakov et 

al. (2011). 0.02 g/mL DNS solution was prepared by 

dissolving 3,5-dinitrosalicylic acid in 0.5 mol/L 

sodium hydroxide solution at 70 °C. After the  

3,5-dinitrosalicylic acid was completely dissolved,  

60 g of sodium potassium tartrate (Rochelle salt) was 

added gradually until it was completely dissolved. The 

prepared reagent was stored in a dark reagent bottle 

until use. DNS reagent II was prepared according to 

the method described by Bailey et al. (1992) by 

dissolving (mass fractions): 1% 3,5-dinitrosalicylic 

acid, 0.2% phenol, 0.05% sodium sulphite, 1% sodium 

hydroxide and 97.75% distilled water. The prepared 

reagent was stored in a dark reagent bottle until use. 

DNS reagent III was prepared according to the method 

described by Sumner and Sisler (1944). Briefly, 1 g of 

NaOH was added to 70 mL of distilled water with 
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constant stirring on a magnetic stirrer. After dissolving 

NaOH, the following chemicals were added: 30 g 

sodium potassium tartrate, 1.06 g 3,5-dinitrosalicylic 

acid, 0.83 g sodium metabisulfite and, 0.2 g phenol. 

The total volume was then adjusted to 100 mL with 

distilled water. The prepared reagent was stored in a 

dark reagent bottle until use. 

 

Substrate solutions 

 

Arabinoxylan, xylan from beechwood and xylan from 

corn kernel (1 g) were added to 80 mL of 0.05 mol/L 

Na-citrate buffer, with a pH value of 5.3 and were 

dissolved by stirring on a magnetic stirrer at 60 °C. 

After cooling down to 25 °C, the volume was adjusted 

to 100 mL and the prepared solutions were stored at 

25 °C for no more than one week. 

 

Preparation of xylanase stock solutions 

 

Stock solutions (1 mg/mL) of enzymes, xylanase from 

A. niger (S.A. = 300 U/g and S.A. = 3400 U/g), 

xylanase from Bacillus SMB (S.A. = 586 U/g), 

xylanase from T. reesei (S.A. = 300 U/g) and xylanase 

from T. longibrachiatum (S.A. = 1000 U/g), typically 

used in the bakery industry, were prepared by 

dissolving 1 mg of enzyme in 0.05 mol/L Na-citrate 

buffer, with a pH value of 5.3. The enzyme 

concentration in stock solutions was determined 

according to the linearized Bradford protein assay 

(Ernst and Zor, 2010). 

 

Determination of xylanase activity 

 

A stock solution of xylose (0.01 mol/L) was prepared 

in a 0.05 mol/L Na-citrate buffer with a pH value of 

5.3. Xylose solutions of various concentrations  

(0.5 µmol/mL, 1 µmol/mL, 2 µmol/mL,  

3.33 µmol/mL, 5 µmol/L and 10 µmol/mL) were 

prepared by diluting 0.01 mol/L xylose stock solution 

with 0.05 mol/L Na-citrate buffer with a pH value of 

5.3. The prepared solutions were used to make the 

calibration curve. After preparation of the xylose 

solutions, 0.9 mL of xylan solution and 0.1 mL of 

xylose solution were mixed and heated at 50 °C for 

300 s. 1.5 mL of DNS was added to the mixture. The 

reagent and mixture were heated at 100 °C for 5 min. 

The mixture was then cooled to 25 °C in a water bath 

and the absorbance at λ = 540 nm was measured with 

a spectrophotometer (UV-1601, Shimadzu, Japan). To 

monitor the spontaneous decomposition of the 

substrate, a substrate blank was prepared using 0.1 mL 

of 0.05 mol/L Na-citrate buffer of 5.3 pH instead of 

0.1 mL of xylose solution. The calibration curve was 

plotted as a function of the difference in absorbance of 

the xylose solution sample and a substrate blank 

sample against the known xylose concentration in the 

xylose solution sample (Bailay et al.,1992). 

Xylanase activity (U/g) was determined by the same 

procedure using 0.1 mL of enzyme solution instead of 

xylan solution, and the activity was calculated based 

on the ratio of sugar concentration (determined 

according to the calibration curve) to incubation time 

(Equation 1). 

 

 V. A. =
𝑐 (xylose)

𝑡
 (1) 

 

Volumetric enzyme activity of 1 U represents the 

amount of enzyme required to oxidize 1 μmol of 

substrate per minute. If the dilution is rather small 

and/or if the sample contains a high level of reducing 

sugars, an enzyme blank is required. Enzyme blank 

was prepared by heating 0.9 mL of xylan solution to 

50 °C for 300 s and then 1.5 mL of DNS reagent was 

added followed by 0.1 mL of enzyme solution. The 

mixture was heated to 100 °C for 5 min, cooled to  

25 °C, and absorbance was determined at λ = 540 nm. 

 

Interference of DNS reagent and xylan 

 

The interference of DNS and selected substrates was 

determined by mixing 0.9 mL of xylan solution and 

0.1 mL of 0.05 mol/L Na-citrate buffer of 5.3 pH at  

50 °C for 300 s. The reaction was stopped by adding 

1.5 mL of DNS. The resulting mixture was heated at 

100 °C for 5 min. The mixture was then cooled to  

25 °C in a water bath and the absorbance was 

measured at λ = 540 nm. The concentration of xylose 

released was calculated from the obtained absorbance, 

using a previously prepared calibration curve. Three, 

chemically different substrates, were compared: 

arabinoxylan, xylan from beechwood and xylan from 

the corn kernel. Structure, molecular mass and the 

composition of selected xylans are summarized in 

Table 1. 

 

Interference of DNS reagent and xylanase 

 

The interference of DNS and selected enzymes was 

determined by mixing 0.9 mL of 0.05 mol/L Na-citrate 

buffer of 5.3 pH and 0.1 mL of xylanase solution at  

50 °C for 300 s. The reaction was stopped by adding 

1.5 mL of DNS. The resulting mixture was heated at 

100 °C for 5 min. The mixture was then cooled to  

25 °C in a water bath and the absorbance at  

λ = 540 nm was measured. The concentration of the 

released xylose was calculated from the obtained 

absorbance, using a previously prepared calibration 
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curve. The procedure was repeated with 2- and 10-fold 

diluted xylanase samples. 
 

Determination of extinction coefficient 
 

To determine the extinction coefficient, the 

absorbance of different xylose concentrations was 

measured. The extinction coefficient was calculated 

according to Beer's Law by dividing the absorbance by 

the concentration and the light path length. 
 

Chemical hydrolysis of xylan 
 

To determine the total amount of xylose in xylans, 

chemical hydrolysis was carried out. It was performed 

by heating a 1 % (v/v) solution of xylan with 2 % (v/v) 

acetic acid at 100 °C for 3 hours. Then, the 

concentration of released xylose was determined by 

the DNS assay. 
 

Production of crude xylanase extract 
 

T. versicolor TV-6 was cultured on potato dextrose 

agar at 27 °C for 14 days. Ground sugar beet pulp  

(25 g) was mixed with 50 mL of distilled water in 

laboratory jars and inoculated with T.versicolor TV-6 

under solid-state fermentation conditions. A total of 

four jars were inoculated and incubated for eight days 

at 27 °C in an incubator (KB 115, BINDER GmbH, 

Germany). After eight days of solid-state 

fermentation, the material in jars was mixed and 

homogenized for the extraction of crude xylanase 

extract. The sample (12 g) was taken from the 

homogenized biomass and extracted in 120 mL of 

distilled water and it was then agitated on the magnetic 

stirrer (IKA, RCT basic) at 750 rpm for 60 minutes and 

centrifuged at 10000 x g for 10 minutes (Z 326 K,  

 

Hermle Labortechnik GmbH). The obtained 

supernatant was stored at +4 °C and -20 °C conditions 

and used as a crude enzyme extract for measuring 

xylanase activities. 
 

Kinetic measurements 
 

The initial rate method was used to estimate the 

parameters of the kinetic model, and the 

corresponding experiments were performed in batch 

reactors (V = 2 mL). The reaction mixture was stirred 

on a laboratory shaker (600 rpm, T = 50 °C) (Digital 

Heating Shaking Drybath, Thermo Fisher Scientific, 

USA). The influence of xylan concentration on the rate 

of the hydrolysis reaction was studied in the range of 

xylan content from 0 to 2% (w/w). The slope, i.e. the 

reaction rate, was calculated for each mass fraction of 

xylan by monitoring the course of the reaction for  

5 min and taking five samples (one sample per 

minute). Enzyme activity was calculated based on the 

ratio of sugar concentration and incubation time. 
 

Data processing 
 

Kinetic parameters were estimated by nonlinear 

regression analysis, i.e. using the simplex method and 

least squares method based on experimental data from 

kinetic measurements performed in a batch reactor. 

The software package SCIENTIST (MicroMath 

Scientist®, 3.0, MicroMath Scientific Software, Salt 

Lake City, UT, USA) was used for the estimation of 

kinetic parameters. The same software package was 

used to solve a mathematical model of the process 

consisting of kinetic and mass balances and describing 

the dynamic change of xylan and xylose 

concentrations for the reaction performed in a batch 

reactor. 

Table 1. Properties of different xylans 
 

Xylan Structure 
Molecular mass 

(g/mol) 

Composition 

(w/w) 

Type of connection 

in the main chain 

Arabinoxylan 

 

323 000 Arabinose : xylose = 38:62 β-1,4 

Xylan from corn kernel 

 

323 000 
Xylose > 75%, rest are arabinose 

and glucuronic acid 
unknown 

Xylan from beechwood 

 

323 000 
Xylose: glucuronic acid: various 

sugars = 85.6 : 8.7 : 5.7 
β-1,4 and α-1,2 
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Results and discussion 
 

Reagent selection 

 

There are several methods for preparing DNS reagents 

used in assays for xylanase activity measurements 

(Bailey et al., 1992; Gusakov et al., 2011; Sumner and 

Sisler, 1944). The DNS reagent is used in assays to 

stop the enzymatic reaction in which xylan was used 

as a substrate, and to determine the amount of reduced 

sugar (xylose), which is the basis for calculating the 

activity of the xylanase. 

To prepare the DNS reagents, other chemicals apart 

from 3,5-dinitrosalicylic acid are used. This is usually 

sodium hydroxide, which is added to ensure alkaline 

conditions necessary for acid reduction. Another 

common component in DNS reagent is sodium 

potassium tartrate, which is added to stabilize the 

resulting colour after reduction. To increase the 

amount of colour formed, phenol is added. Bisulphite 

is added to stabilize the colour obtained in the presence 

of phenol (Miller, 1959). On the other hand, some 

researchers (Wood et al., 2012; Saqib and Whitney, 

2011) reported that phenol should be avoided because 

of its toxicity and because phenol unnecessarily 

increases the colour intensity, especially in sugar-rich 

samples. In this study, three different DNS reagents 

named DNS I, DNS II, and DNS III were prepared and 

compared to find the best one for determining the 

xylanase activity. 

For the validation of the reagents, the following 

parameters were studied: the cost of reagent/assay, 

linearity (value of R2), repeatability, and selectivity 

(the interference of the reagents with substrate and 

enzyme). 

The price of the reagent was calculated based on the 

chemical prices available online (Sigma Aldrich) and 

considering the cost of all chemicals needed to prepare 

each DNS reagent. Table 2 shows the cost of 

producing 1 L of the DNS reagent. It is assumed that 

for each measurement, 4.5 mL of reagent, which 

includes a blank substrate, a blank enzyme probe, and 

a reaction, is used resulting in approximately 222 

analyses performed with 1 L of the DNS reagent. 

As can be seen the DNS I reagent, which consists of 

only three components, is the most expensive. The 

reason is the large amount of 3,5-dinitrosalicylic acid 

and sodium potassium tartrate used in its preparation. 

On the other hand, the reagent DNS II is the cheapest. 

However, it should be noted that both DNS II and DNS 

III reagents, respectively, contain phenol, which is 

considered a disadvantage due to the environmental 

and health risks of its use. 

To determine linearity for all three reagents, 

calibration standard curves were plotted where 

absorbance was the function of the concentration of 

xylose solutions for concentrations lower than  

10 µmol/mL. Coefficients of determination were 

calculated based on the obtained data.  

 

 

Table 2. Cost estimation for the preparation of 1 L of the DNS reagent 
 

DNS reagent Chemicals 
Amount in 

reagent (g) 

Price (€) 

(packaging (g)) 

Price 

(€) 

 

D
N

S
 I

 

3,5-dinitrosalicylic acid 45.42 94.40 (100) 42.87  

Sodium potassium tartrate 625 77.30 (1000) 48.31  

Sodium hydroxide 20 27.80 (500) 1.11  

                                                                                        Total (€/L)               92.29  

D
N

S
 I

I 

3,5-dinitrosalicylic acid 10 94.40 (100) 9.40  

Sodium hydroxide 10 27.80 (500) 0.60  

Sodium sulphite 0.5 27.80 (250) 0.06  

Phenol 2 27.70 (100) 0.54  

                                                                                       Total (€/L)              10.60  

D
N

S
 I

II
 

3,5-dinitrosalicylic acid 10.6 94.40 (100) 9.96  

Sodium potassium tartrate 300 77.30 (1000) 24.00  

Sodium hydroxide 10 27.80 (500) 0.60  

Phenol 2 27.70 (100) 0.54  

Sodium metabisulfite 8.3 41.60 (500) 0.69  

                                                                                       Total (€/L)               35.79  
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It was found that all three calibration curves were 

linear in the xylose concentration range from 0 to  

10 µmol/mL, which means that all three reagents can 

be used for xylose determination. 

The following correlation of determination was 

calculated: R2 (DNS I) = 0.9924, R2 (DNS II) = 0.9947 

and R2 (DNS III) = 0.9199, respectively. All 

correlations of determination were found to be 

statistically significant, considering the 95% 

confidence interval. Shortly, the application of the 

reagents DNS I and DNS II exhibited an acceptable 

deviation from linearity, while the calibration 

direction for the reagent DNS III was not satisfactory. 

The repeatability of the method using DNS I, DNS II 

and DNS III reagents was determined by measuring 

the enzyme activity for xylanase solutions prepared in 

various concentrations (0.0256, 0.0133 and,  

0.00256 g/L). Xylanase from T. longibrachiatum with 

the activity of 1000 U/g declared by the manufacturer 

was selected as the reference enzyme. Xylanase 

activity was determined using assay and was 

compared with the enzyme activity reported by the 

manufacturer. The obtained data are shown in Table 3. 

From the obtained results, it can be seen that the assay 

performed with reagents DNS III has a low 

repeatability. On the other hand, acceptable 

repeatability was obtained with the assays where 

reagents DNS I and DNS II were used if the 

concentrations of enzyme in solution were 

0.0133±0.0012 g/mL and 0.00256±0.0029 g/mL, 

respectively. The deviation that occurred when the 

enzyme was not diluted is probably due to its high 

concentration, i.e. high measured absorbance, which 

also affects the measurement error. In addition, due to 

the phenol present in the reagent (Miller, 1959), the 

enzyme activity is slightly higher than the declared 

one when DNS II was used. 

Finally, all measurements resulted in the xylanase 

activity that was significantly different from that 

reported by the manufacturer. The reason for this, as 

mentioned earlier, is the lack of a standard method for 

measuring xylanase activity, which is evident from 

performed assays, where different methods resulted in 

significantly different values of the measured 

activities. 

To determine whether selected reagents interfere with 

other components (analytical selectivity (IUPAC, 

2001)), the interactions of DNS reagents with different 

substrates and components present in the xylanase 

obtained from different origins were examined. In the 

measurement of xylanase activity, the decomposition 

of xylan occurs under the influence of high 

temperatures and the action of the reagent itself 

(alkaline hydrolysis). The following substrates were 

tested in this study: arabinoxylan, xylan from corn 

kernel, and xylan from beechwood. By this time, all 

reagents had been used for more than a week and it 

was found that negative values for xylanase 

concentrations were obtained when the reagent DNS 

II was used (Table 4). The reason is probably the 

instability of this reagent, which decomposes with 

time. In addition, according to Miller (1959), the 

colour obtained in the test is unstable when the 

Rochelle salt is absent from the reagent. Since all the 

reagents were prepared at the same time, it can be 

observed that the DNS II reagent is the most unstable. 

When the DNS I and DNS III reagents are compared, 

it can be seen that the obtained sugar concentrations 

are low and can be considered negligible (the range of 

xylose concentration in the calibration curve was 

between 150 and 1500 µg/mL). The same effect was 

noted by McCleary and McGeough (2015), who 

compared the influence of the substrate on the colour 

formation.  

 
Table 3. Xylanase activity for xylanase solutions of different concentrations obtained in assay performed with three DNS 

reagents 
 

  Activity (U/g) 

Enzyme xylanase from 

T. longibrachiatum 

γprotein (g/mL) DNS I DNS II DNS III 

0.0256±0.0029 1399.64±24.24 1301.57±32.25 299.81±1.23 

0.0133±0.0012 2370.71±70.71 2521.43±31.31 591.25±8.31 

0.0026±0.0008 2021.43±36.37 2646.43±10.10 2720.63±10.61 

 

Table 4. Xylose concentration in the sample after reaction with xylans originated from different sources 
 

Xylan origin 
γxylose (μg/mL) 

DNS I DNS II DNS III 

Arabinoxylan 77.98±10.13 - 31.47±0.01 

Xylan from corn kernel - - - 

Xylan from beechwood 91.07±12.37 - 36.76±0.02 
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They prepared standard curves for xylan in the 

presence of beechwood glucuronoxylan, birchwood 

glucuronoxylan and wheat flour arabinoxylan, and all 

curves were similar. In addition, it was noticed that 

xylan from corn kernel is not acceptable as a substrate 

while absorbances greater than 2 were achieved during 

the determination of xylose concentrations. This 

phenomenon was explored in the following part of the 

research. 

Since the DNS reagent can also react with different 

components in the enzyme stabilization mixture, the 

effect of the selected DNS reagents on the xylanase 

obtained from different origins (A. niger, Bacillus 

SMB, T. reesei and T. longibrachiatum) was 

investigated. This analysis showed that all reagents 

that were used had the same colour intensity in the 

reaction, which means that there were no side 

reactions. Considering all the observations, it was 

concluded that among the three reagents compared, 

the DNS I reagent is the most suitable for the DNS 

assay because it requires a minimum number of 

chemicals, the correlation of determination of the 

calibration curve is statistically significant, the 

repeatability of the method using the DNS I reagent is 

satisfactory, the use of phenol is avoided, the reagent 

is stable and substrates-enzyme interactions are 

negligible. 

 

Substrate selection 

 

Selection of a suitable substrate for the xylanase assay 

is one of the crucial steps. The substrate has to be 

sufficiently pure and well-defined (McCleary and 

McGeough, 2015). Until recently, the most commonly 

used substrate was xylan (4-O-methyl glucuronoxylan) 

from birchwood. Unfortunately, xylan from 

birchwood is now no longer commercially available, 

so new substrates have been investigated. In the 

present study, three substrates, arabinoxylan, xylan 

from corn kernel, and xylan from beechwood, were 

selected and compared. The properties of each 

selected xylan are listed in Table 1. As can be seen, 

arabinoxylan is highly branched and consists of xylose 

and arabinose (62:38). Xylan from beechwood 

contains 85.6% xylose while the rest are glucuronic 

acid and sugars. According to the manufacturer, xylan 

from corn kernel consists of  >75% xylose and the rest 

are arabinose and glucuronic acid. When the enzyme 

assay was performed with xylan from corn as a 

substrate, absorbance greater than 2 was measured and 

absorbance values were outside of the calibration 

range. The first assumption was that too high 

concentration of the enzyme was used in the 

measurement, resulting in intense colouring of the 

solution. Therefore, further experiments were 

performed where the enzyme stock solution was 

diluted 10, 100, 1000 and 10000 fold. In these 

experiments, the substrate concentration was constant 

(1%), and the incubation time (5 minutes according to 

the method) was shortened to 1 minute. Despite the 

lower enzyme concentration and shorter incubation 

time, the absorbance of samples after incubation was 

still outside the calibration range. The method was 

further developed by changing the pH of the buffer and 

the incubation temperature. The pH of the Na-acetate 

buffer was changed to 5, while the incubation 

temperature was decreased from 50 to 25 °C to slow 

down the reaction. Still, the absorbance of the 

resulting samples was higher than 2, and no difference 

was observed between the absorbance of the sample 

after incubation and the absorbance of the blank 

sample. Since the absorbance of the blank sample was 

also extremely high, it was assumed that the selected 

substrate was not pure enough for usage in reducing 

sugar-based assay. The selected substrate probably 

contains a high amount of sugar that made even blank 

samples after incubation too dark. Contrary, when 

arabinoxylan and xylan from beechwood were used, 

the absorbance achieved was within the range defined 

by the calibration. Therefore, it was concluded that 

these two substrates can be used in further research. 

 

Buffer selection 

 

To ensure acidic conditions, citric acid buffer is used 

in the DNS assay. In the original Bailey’s method 

(Bailey et al., 1992), 0.05 mol/L Na-citrate buffer of 

5.3 pH was used, with sodium hydrogen phosphate as 

the sodium source for preparing the solution. 

When this buffer was used to prepare the xylose 

calibration curve, it was observed that a precipitate 

was formed after the solution was cooled down, 

resulting in a blurred sample and absorbance 

measurement which was too difficult to perform. 

Therefore, the origin of sodium was changed in the 

continuation of the research. Instead of sodium 

hydrogen phosphate, sodium citrate was used in the 

preparation of the citrate buffer (0.05 mol/L, pH 5.3) 

and consequently, no precipitation occurred for 

experiments performed with sodium citrate-based 

buffer. 

 

Activity assay 

 

Once the DNS reagent, substrate, and buffer were 

selected, the activity assay was performed. First, it was 

necessary to create a calibration curve under new 

conditions (Figure 1). Correlation of determination of 

R2 = 0.9934 was calculated for a 95% confidence 

interval. 



Croat. J. Food Sci. Technol. (2023) 15 (2) 151-162 

 

158 

 
Figure 1. Calibration curve for the determination of xylose concentration with DNS I reagent 

 
Table 5. Comparison of the activities indicated by the manufacturer and activities measured by the developed assay 

 

Enzyme 

S.A. (U/g) 

Specified by the 

manufacturer 
Measured 

Xylanase from A. niger 
300 363 ± 28 

3400 3265 ± 169 

Xylanase from Bacillus SMB 586 547 ± 40 

Xylanase from T. longibrachiatum 1000 1030 ± 89 

Xylanase from T. reesei 300 294 ± 21 

 

 
 

Figure 2. Dynamic change of xylan consumption and xylose formation for a) 1% arabinoxylan, b) 1% xylan from beechwood 

and c) 0.01% xylan from beechwood as substrates (● experimental data, ▬ mathematical model of xylane consumption, ▬▬ 

mathematical model of xylose formation) 

 
To test the method and the chosen conditions, the 

activity of the xylanase from different sources was 

determined using 1% arabinoxylan as substrate. This 

substrate was chosen because, according to the 

manufacturer, the activities indicated on the enzyme 

packaging were determined with the same substrate. 

According to McCleary and McGeough (2015), to 

compare enzyme activities same substrate, equal 

concentrations and the same assay procedure should 

be used. A total of 5 xylanases were tested, two from 

A. niger, and one from Bacillus SMB, T. 

longibrachiatum, and T. reesei, respectively. Specific 

xylanase activities were calculated as the ratio of sugar 

concentration (determined according to the calibration 

curve) to incubation time and protein concentration. 

The obtained results are shown in Table 5. As can be 

seen, the values obtained were in accordance with the 

values specified by the manufacturer, which shows 

that the assay was accurate. As mentioned, enzyme 
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activity is a function of incubation time, sugar 

concentration, and protein concentration. In the 

original Bailey method (Bailey et al., 1992), the 

incubation time was fixed at 5 min. Miller (1959) 

increased this time to 15 min, suggesting that 5 min is 

not sufficient for complete colour development. 

However, both methods assume that the xylose 

concentration change is linear during incubation. To 

verify this assumption, a new set of experiments was 

performed. 

 

Influence of reaction time on the determination of 

enzyme activity 

 

The dynamic change in xylose concentration was 

monitored to verify if 5 min of reaction time was 

sufficient for the hydrolysis of the substrate. Both 

selected substrates (arabinoxylan, and xylan from 

beech wood) were tested. The reactions were 

performed for 5, 10, 20, 60, 120 and 360 s, increasing 

the concentration of xylose, as shown in Figure 2. 

When the reaction was carried out using 1% 

arabinoxylan as a substrate, the concentration of the 

produced xylose did not increase after 120 s of the 

reaction. Consequently, the reaction time of the assay 

should be shortened from 300 s to 120 s in order to 

obtain more accurate results. When xylan from 

beechwood is used, the obtained results show that the 

xylose concentration remains practically constant after 

100 s, which is an additional indication that the 

reaction time of the assay should be shortened from 

300 s to about 100 s when xylan from beechwood is 

used. 

Clearly, incubation time should be shortened from  

5 min to 1.5 min to obtain accurate results in the assay. 

 

Estimation of kinetic parameters 

 

To evaluate the kinetic parameters in the degradation 

of arabinoxylan and xylan from beechwood, the 

following solutions of both substrates were prepared 

(w/w): 0.01%, 0.05%, 0.1%, 0.5% and 1%. The 

dependence of the initial reaction rate on the xylan 

concentration was determined using the initial rate 

method, and inhibition was considered negligible. For 

both substrates, the reaction kinetics was described by  
 

the Michaelis-Menten kinetic model. The estimated 

parameters of the Michaelis-Menten kinetic model are 

listed in Table 6. The maximum activity of the 

xylanase for the reaction where xylan from beechwood 

was used as a substrate is approximately twice as high 

as that for arabinoxylan. The reason for this is 

probably the different structure and composition of 

xylan from different sources. Arabinoxylan is highly 

branched and consists of xylose and arabinose (62:38). 

Xylan from beechwood contains 85.6% xylose and the 

rest are glucuronic acid and sugars. Based on this, it 

can be concluded that purified xylane from beechwood 

is a suitable substrate for xylanase assay. The same 

results were confirmed by McCleary and McGeough 

(2015). In addition to estimating the kinetic 

parameters, a mathematical model of the process was 

established to describe the change in concentration of 

xylan and xylose for the reaction performed in a batch 

reactor (Equations 2 and 3): 

 

 
𝑑𝑐𝑥𝑦𝑙𝑎𝑛

𝑑𝑡
= −𝑟 (2) 

 

 
𝑑𝑐𝑥𝑦𝑙𝑜𝑠𝑒

𝑑𝑡
= 𝑟 (3) 

 
where r is the rate of the enzymatic reaction. 

 

The validation of the model was performed using a 1% 

arabinoxylan solution, and 0.01% and 1% xylan 

solution from beechwood. To solve the mathematical 

model of the process, initial concentration of xylose in 

xylan had to be determined. For this purpose, chemical 

hydrolysis of the two substrates was performed. After 

hydrolysis, it was determined that a 1% arabinoxylan 

solution contained 1.31±0.01 µmol/mL of xylose, a 

1% xylan from beechwood solution contained  

4.39 µmol/mL of xylose, while a 0.01% xylan from 

beechwood solution contained 0.044±0.001 µmol/mL 

of xylose. Simulation results are presented in Figure 2. 

A good agreement between experimental results and 

the model simulation results was obtained, 

demonstrating the applicability of the proposed model 

for further development and optimization of the assay. 

 

Table 6. Kinetic parameters of the Michaelis-Menten kinetic model for enzymatic degradation of arabinoxylan and xylan from 

beechwood 
 

Parameter Arabinoxylan Xylan from beechwood 

Vmax (U/mL) 13.46±0.25 28.57±2.42 

Km (nmol/mL) 0.70±0.04 12.06±1.85 
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Calculation of the xylanase activity 

 
Xylanase activity is usually calculated according to the 

equation that considers the concentration of xylose 

formed and the duration of the xylan 

biotransformation reaction in which xylose is formed 

(Equation 1). On the other hand, the amount of 

substrate and enzyme in the sample and the substrate 

origin play an important role in determining the 

enzymatic activity (McCleary and McGeough, 2015). 

To include this in calculation of xylanase activity, an 

extension of that initial equation (Equation 1) is 

proposed in Equations 4 and 5. 

 

 V. A. =  
𝑐 ∙ 𝑉T

𝑡 ∙ 𝑉E

 (4) 

 

 V. A. =  
∆𝐴

𝑡
∙

𝑉T ∙ 𝐷𝐹

𝑑 ∙ 𝑉E ∙ 𝜀
 (5) 

 
where c is the enzyme concentration, VT is the total 

volume of reaction mixture, t is the incubation time, 

VE is the volume of added enzyme solution, ΔA is the 

absorbance calculated as the difference between 

absorbances of the main probe and substrate blank or 

enzyme blank, d is the diameter of the cuvette (cm), ε 

is the molar absorption (extinction) coefficient, and 

DF is the dilution factor. By measuring the change in 

absorbance of samples of different concentrations of 

xylose, the extinction coefficient was determined 

experimentally to be ε = 0.0624±0.0009 L/(mmol · cm). 

By calculating the volume activity of the xylanase 

using Equations 4 and 5, volume activities obtained 

were on average 1.2 (Equation 4) and 1.1 (Equation 5) 

fold higher, respectively, than the volume activity 

calculated by the original equation used in this study 

to calculate all previous volume activities.  

Because Equation 5 takes into account most of the 

factors that are critical for determining activity, it was 

concluded that its use should be most consistent with 

the used assay to measure the xylanase activity. 

To validate the proposed method, the xylanase activity 

was measured with the crude xylanase extract, 

obtained after solid-state fermentation, and its activity 

was determined using proposed equations (Equation 1, 

Equation 4, Equation 4 and Equation 6) and the 

developed assay. 

The following xylanase activities were estimated: 

Equation 1, V.A. = 14.70±1.41 U/mL, Equation 4, 

V.A. = 17.79±1.20 U/mL, Equation 5, V.A. = 

16.83±1.13 U/mL and Equation 6,  

V.A. = 16.23±2.29 U/mL. 

 

The protocol of the newly developed assay for 

xylanase activity measurement 
 

Based on all obtained results the following assay for 

measurement of xylanase activity was proposed: 

DNS reagent I preparation (according to Gusakov et 

al., 2011). Prepare 0.02 g/L 3,5-dinitrosalicylic acid in 

0.5 mol/L sodium hydroxide solution at 70 °C. After 

the 3,5-dinitrosalicylic acid is completely dissolved, 

add 60 g of sodium potassium tartrate (Rochelle salt) 

gradually until it is completely dissolved. The 

prepared reagent should be stored in a dark reagent 

bottle until use. 

Buffer (0.05 mol/L Na-citrate buffer pH 5.3) 

preparation. Dissolve 963 mg of sodium citrate 

dihydrate and 332 mg of citric acid in 80 mL of 

distilled water. Mix the content on a magnetic stirrer 

until the components are completely dissolved. Adjust 

pH to 5.3 by the addition of 1 mol/L NaOH solution or 

1 mol/L HCl solution. Adjust volume to 100 mL with 

a distilled water solution.  
 

Substrate preparation 
 

Add 1 g of xylan from beechwood to 80 mL of  

0.05 mol/L Na-citrate buffer of the 5.3 pH value and 

dissolve it by stirring at 60 °C. After cooling to 25 °C, 

add Na-citrate buffer to 100 mL and store prepared 

solutions at 25 °C for no more than one week.  

 

Enzyme preparation 
 

Dissolve 1 mg of enzyme in 1 mL 0.05 mol/L  

Na-citrate buffer of the pH value of 5.3. Depending on 

enzyme activity, enzyme should be diluted if the 

reaction is too fast to monitor (high activity), or more 

enzyme should be dissolved if the reaction is to slow 

(low activity). Assay procedure (modified Bailey 

method (Bailey et al., 1992). 0.9 mL of substrate 

solution and 0.1 mL of enzyme solution should be 

mixed and heated at 50 °C for 100 s. Add 1.5 mL of 

the DNS reagent to the mixture. Heat the new mixture 

at 100 °C for 5 min. Cool the mixture to 25 °C with a 

water bath and measure the absorbance at λ = 540 nm. 

To monitor the spontaneous decomposition of the 

substrate, a substrate blank should be prepared by 

using 0.1 mL of 0.05 mol/L Na-citrate buffer pH 5.3 

instead of 0.1 mL of enzyme according to the same 

procedure. If the dilution is rather small and/or if the 

sample contains a high level of reducing sugars, an 

enzyme blank is required (i.e. in samples after 

fermentation or lignocellulose degradation) instead of 

a substrate blank. Prepare enzyme blank by heating  

0.9 mL of substrate solution to 50 °C for 100 s and 

then add 1.5 mL of the DNS reagent followed by 
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0.1 mL of enzyme solution. Heat the mixture to  

100 °C for 5 min, cool to 25 °C, and measure 

absorbance at λ = 540 nm. 
 

Activity calculation (Equation 6): 
 

 V. A. =
𝛥𝐴

𝑡
∙

𝑉R ∙ 𝐷𝐹

𝑑 ∙ 𝑉E ∙ ɛ
 (6) 

 

where ΔA is the absorbance calculated as the 

difference between absorbances of the main probe and 

substrate blank or enzyme blank, t is the incubation 

time (2 min), d is the diameter of the cuvette (cm), ε is 

the molar absorption (extinction) coefficient (ε = 

0.0624 L/(mmol · cm)), VR is the volume of reaction 

mixture (2.5 mL), VE is the volume of added enzyme 

solution (0.1 mL) and DF is the dilution factor. 

 

Conclusions 

 

The drawbacks of the 3,5-dinitrosalicylic acid (DNS) 

assay have been critically analysed to improve the 

accuracy of the method. Basic DNS assay factors like 

buffer preparation, substrate origin and concentration, 

incubation time and reagent preparation were re-

evaluated and improved.  

As a result, a new assay for the measurement of 

xylanase activity was proposed. Compared to the 

assays proposed in the literature, the current assay is 

shorter, does not require the preparation of a 

calibration curve for xylose, takes into account the 

concentration of substrate and enzyme in the sample, 

and provides the equation that accounts for most of the 

factors that are critical for determining enzyme 

activity. 

 

Author Contributions: Marko Božinović: 

conceptualization, data curation, formal analysis, 

investigation, writing—review and editing, Tea 

Sokač: conceptualization, data curation, formal 

analysis, investigation, methodology, writing—

review and editing, Anita Šalić: conceptualization, 

data curation, methodology, software, visualization, 

writing—original draft preparation, writing—review 

and editing, Ana-Marija Dukarić: data curation, 

investigation, Marina Tišma: supervision, writing—

review and editing, Mirela Planinić: funding 

acquisition, project administration, resources, 

writing—review and editing, Bruno Zelić: 

supervision, writing—review and editing 

Funding: This work was supported by the European 

Regional development Fund (ERDF) (grant 

KK.01.1.1.04.0107). 

Conflicts of Interest: The authors declare no conflict 

of interest 

References 

 
Abdella, A., Ramadan, S., Hamouda, R.A., Saddiq., A.A., 

Alhazmi N.M., Al-Saman, M.A. (2021): Paecilomyces 

variotii xylanase production, purification and 

characterization with antioxidant xylo-

oligosaccharides production. Sci Rep.13, 11(1), 

16468. https://doi.org/10.1038/s41598-021-95965-w  

Bailey, M.J., Biely, P., Poutanen, K. (1992): Interlaboratory 

testing of methods for assay of xylanase activity. J. 

Biotechnol. 23, 257–270. 

https://doi.org/10.1016/0168-1656(92)90074-J  

Bajaj, B.K., Manhas, K. (2012): Production and 

characterization of xylanase from Bacillus 

licheniformis P11(C) with potential for fruit juice and 

bakery industry. Biocatal. Agric. Biotechnol. 1, 330–

337. https://doi.org/10.1016/j.bcab.2012.07.003  

Balderas Hernández, V.E., Salas-Montantes, C.J., Barba-De 

la Rosa, A.P., De Leon-Rodriguez, A. (2021): 

Autodisplay of an endo-1,4-β-xylanase from 

Clostridium cellulovorans in Escherichia coli for 

xylans degradation. Enzyme. Microb. Technol. 149, 

109834. 

https://doi.org/10.1016/j.enzmictec.2021.109834  

Bell, A., Manners, D.J., Palmer, A. (1951): Observations on 

the reduction of alkaline 3,5- dinitro- salicylate by 

certain carbohydrates. Journal of the Chemical Society 

(Resumed) 0, 3760–3763. 

https://doi.org/10.1039/JR9520003760  

Bhardwaj, N., Kumar, B., Verma, P. (2019): A detailed 

overview of xylanases: an emerging biomolecule for 

current and future prospective. Bioresour. Bioprocess. 

6, 1–36. https://doi.org/10.1186/s40643-019-0276-2  

Deshavath, N.N., Mukherjee, G., Goud, V.V., Dasu, V.V., 

Sastri, C.V. (2020): Pitfalls in the 3,5-dinitrosalicylic 

acid DNS assay for the reducing sugars: Interference 

of furfural and 5-hydroxymethylfurfural. Int. J. Biol. 

Macromol. 156, 180–185. 

https://doi.org/10.1016/j.ijbiomac.2020.04.045  

Ernst, O., Zor, T. (2010): Linearization of the Bradford 

protein assay. J. Vis. Exp. 38, 1918. 

https://doi.org/10.3791/1918  

Gusakov, A.V., Kondratyeva, E.G., Sinitsyn, A.P. (2011): 

Comparison of two methods for assaying reducing 

sugars in the determination of carbohydrase activities. 

Int. J. Anal. Chem. 2021, 1–4. 

https://doi.org/10.1155/2011/283658  

Hassan, S.S., Duffy, B., Williams, G.A., Jaiswal, A.K. 

(2021): Biofabrication of magnetic nanoparticles and 

their use as carriers for pectinase and xylanase. 

OpenNano, in press, 100034. 

https://doi.org/10.1016/j.onano.2021.100034  

IUPAC (2001): Selectivity in analytical chemistry. Pure 

Appl. Chem. 73, 1381–1386. 

Jain, A., Jain, R., Jain, S. (2020): Quantitative Analysis of 

Reducing Sugars by 3,5-Dinitrosalicylic Acid (DNSA 

Method), Humana, New York, NY, pp. 181–183. 

Kaushal, J., Khatri, M., Singh, G., Kumar Arya, S. (2021): 

A multifaceted enzyme conspicuous in fruit juice 

clarification: An elaborate review on xylanase. Int. J. 

https://doi.org/10.1038/s41598-021-95965-w
https://doi.org/10.1016/0168-1656(92)90074-J
https://doi.org/10.1016/j.bcab.2012.07.003
https://doi.org/10.1016/j.enzmictec.2021.109834
https://doi.org/10.1039/JR9520003760
https://doi.org/10.1186/s40643-019-0276-2
https://doi.org/10.1016/j.ijbiomac.2020.04.045
https://doi.org/10.3791/1918
https://doi.org/10.1155/2011/283658
https://doi.org/10.1016/j.onano.2021.100034


Croat. J. Food Sci. Technol. (2023) 15 (2) 151-162 

 

162 

Biol. Macromol. 193, 1350–1361. 

https://doi.org/10.1016/j.ijbiomac.2021.10.194  

Kim, D.Y., Kim, J., Lee, Y.M., Lee, J.S., Shin, D.H., Ku, 

B.H., Son, K.H., Park, H.Y. (2021): Identification and 

Characterization of a Novel, Cold-Adapted d-

Xylobiose- and d-Xylose-Releasing Endo-β-1,4-

xylanase from an Antarctic Soil Bacterium, Duganella 

sp. PAMC 27433. Biomolecules 30, 11(5). 680. 

https://doi.org/10.3390/biom11050680  

Kumar, V., Shukla, P. (2016): Functional Aspects of 

Xylanases Toward Industrial Applications. In: 

Frontier Discoveries and Innovations in 

Interdisciplinary Microbiology, Shukla, P. (e.d.), New 

Delhi, India: Springer, pp.157–165. 

https://doi.org/10.1007/978-81-322-2610-9_9  

Kumar, V., Chhabra, D., Shukla, P. (2017): Xylanase 

production from Thermomyces lanuginosus VAPS-24 

using low cost agro-industrial residues via hybrid 

optimization tools and its potential use for 

saccharification. Bioresour. Technol. 243, 1009–1019. 

https://doi.org/10.1016/j.biortech.2017.07.094   

Li, Q., Jiang, Y., Tong, X., Zhao, L., Pei, J. (2021): Co-

production of Xylooligosaccharides and Xylose From 

Poplar Sawdust by Recombinant Endo-1,4-β-

Xylanase and β-Xylosidase Mixture Hydrolysis, 

Front. Bioeng. Biotechnol. 8, 637397. 

https://doi.org/10.3389/fbioe.2020.637397  

Liao, H., Ying, W., Li, X., Zhu, J., Xu, Y., Zhang, J. (2022): 

Optimized production of xylooligosaccharides from 

poplar: A biorefinery strategy with sequential acetic 

acid/sodium acetate hydrolysis followed by xylanase 

hydrolysis. Bioresour. Technol. 347, 126683. 

https://doi.org/10.1016/j.biortech.2022.126683  

McCleary, B.V., McGeough, P.A. (2015): Comparison of 

polysaccharide substrates and reducing sugar methods 

for the measurement of endo-1,4-β-xylanase. Appl. 

Biochem. Biotechnol. 177, 1152–1163. 

https://doi.org/10.1007/s12010-015-1803-z 

 Miller, G. (1959): Use of dinitrosalicylic acid reagent for 

determination of reducing sugar. Anal. Chem. 31, 426–

428. https://doi.org/10.1021/ac60147a030  

Moran-Aguilar, M.G., Costa-Trigo, I., Calderón-Santoyo, 

M., Domínguez, J.M., Aguilar-Uscanga, M.G. (2021): 

Production of cellulases and xylanases in solid-state 

fermentation by different strains of Aspergillus niger 

using sugarcane bagasse and brewery spent grain. 

Biochem. Eng. J. 172, 108060. 

https://doi.org/10.1016/j.bej.2021.108060  

Saqib, A.A.N., Whitney, P.J. (2011): Differential behavior 

of the dinitrosalicylic acid (DNS) reagent towards 

mono- and di-saccharide sugars. Biomass. Bioenerg. 

35, 4748–4750. 

https://doi.org/10.1016/j.biombioe.2011.09.013  

Schmitz, E., Leontakianakou, S., Norlander, S., Nordberg 

Karlsson, E., Adlercreutz, A. (2022): Lignocellulose 

degradation for the bioeconomy: The potential of 

enzyme synergies between xylanases, ferulic acid 

esterase and laccase for the production of arabinoxylo-

oligosaccharides. Bioresour. Technol. 343, 126114. 

https://doi.org/10.1016/j.biortech.2021.126114  

Summer, J. (1925): A more specific reagent for the 

determination of sugar in urine. J. Biol. Chem., 65, 

393-395. https://doi.org/10.1016/S0021-

9258(18)84848-7  

Summer, J., Graham, V. (1921): Dinitrosalicylic acid: A 

reagent for estimation of sugar in normal and diabetic 

urine. J. Biol. Chem. 47, 5–9. 

https://doi.org/10.1016/S0021-9258(18)86093-8  

Summer, J., Noback, C. (1924): The estimation of sugar in 

diabetic urine using dinitrosalicylic acid. J. Biol. 

Chem. 62, 287–290. https://doi.org/10.1016/S0021-

9258(18)85062-1  

Sumner, J.B., Sisler, E.B. (1944): A simple method for 

blood sugar, Arch. Biochem. 4, 333-336. 

Teixeira, R.S.S., da Silva, A.S., Ferreira-Leitão, V.S., da S. 

Bon, E.P. (2012): Amino acids interference on the 

quantification of reducing sugars by the 3,5-

dinitrosalicylic acid assay mislead carbohydrase 

activity measurements. Carbohydr. Res. 363, 33–37. 

https://doi.org/10.1016/j.carres.2012.09.024  

Uday, U.S.P., Choudhury, P., Bandyopadhyay, T.K., 

Bhunia, B. (2016): Classification, mode of action and 

production strategy of xylanase and its application for 

biofuel production from water hyacinth. Int. J. Biol. 

Macromol. 82, 1041–1054. 

https://doi.org/10.1016/j.ijbiomac.2015.10.086  

Walia, A., Guleria, S., Mehta, P., Chauhan, A., Parkash, J. 

(2017): Microbial xylanases and their industrial 

application in pulp and paper biobleaching: a review. 

Biotech. 7, 1–12. https://doi.org/10.1007/s13205-016-

0584-6  

Wood, I.P., Elliston, A., Ryden, P., Bancroft, I., Roberts, 

I.N., Waldron, K.W. (2012): Rapid quantification of 

reducing sugars in biomass hydrolysates: Improving 

the speed and precision of the dinitrosalicylic acid 

assay. Biomass. Bioenerg. 44, 117–121. 

https://doi.org/10.1016/j.biombioe.2012.05.003  

 
 

 

 

https://doi.org/10.1016/j.ijbiomac.2021.10.194
https://doi.org/10.3390/biom11050680
https://doi.org/10.1007/978-81-322-2610-9_9
https://doi.org/10.1016/j.biortech.2017.07.094
https://doi.org/10.3389/fbioe.2020.637397
https://doi.org/10.1016/j.biortech.2022.126683
https://doi.org/10.1007/s12010-015-1803-z
https://doi.org/10.1021/ac60147a030
https://doi.org/10.1016/j.bej.2021.108060
https://doi.org/10.1016/j.biombioe.2011.09.013
https://doi.org/10.1016/j.biortech.2021.126114
https://doi.org/10.1016/S0021-9258(18)84848-7
https://doi.org/10.1016/S0021-9258(18)84848-7
https://doi.org/10.1016/S0021-9258(18)86093-8
https://doi.org/10.1016/S0021-9258(18)85062-1
https://doi.org/10.1016/S0021-9258(18)85062-1
https://doi.org/10.1016/j.carres.2012.09.024
https://doi.org/10.1016/j.ijbiomac.2015.10.086
https://doi.org/10.1007/s13205-016-0584-6
https://doi.org/10.1007/s13205-016-0584-6
https://doi.org/10.1016/j.biombioe.2012.05.003

