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Abstract

Non-starch polysaccharides (NSPs), key components of grain cell walls, serve as a primary source of soluble 
dietary fiber in beer. They play essential roles in brewing processes, influencing beer quality and contributing to 
health in humans. We explore changes in NSPs during brewing and their influence on beer quality. We investi-
gated the effects of wheat malt and the mashing process on the composition and molecular characteristics of NSPs 
in both wort and wheat beer. The concentration of NSPs in wort increased from 1,502 mg/L to 2,431 mg/L with 
the addition of wheat malt, and was influenced by the resting time at 43°C, ultimately decreasing to 1,354–2,056 
mg/L in the final wheat beer. Arabinoxylan (AX) was the most abundant NSP, followed by arabinogalactan (AG), 
mannose polymers (MP), and β-glucan. Molecular weight segments of 24.0–24.5 kDa, 6.8–7.2 kDa, and 76.5–86.8 
kDa accounted for 40.9–46.7%, 18.1–23.1%, and 16.1–20.8% of NSPs in wort, respectively. These distributions 
varied during the mashing process but remained largely consistent in the final wheat beer. The levels of NSPs and 
AX in wort and wheat beer are primarily determined by wheat malt and are influenced by the mashing process, 
during which NSPs are decomposed into molecules with specific molecular weights. These findings provide valu-
able insights for regulating the content and molecular structure of soluble dietary fiber in beer, enabling control 
over its impact on beer quality through adjustments to the mashing process.
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Introduction

Non-starch polysaccharides (NSPs) are key components 
of grain cell walls, including the endosperm, aleurone 
layer, and bran (Faltermaier et al., 2014). Extensive stud-
ies are conducted on the isolation, purification, and char-
acterization of the structural and functional properties 
of NSPs in cereals, with particular emphasis on arab-
inoxylan (AX) and β-glucan (Repin et  al., 2018; Wang 
et  al., 2020; Zannini et  al., 2022). Incorporation of AX 
into staple foods, such as bread, has garnered increasing 

interest from researchers (Buksa et  al., 2018; Buksa 
and Krystyjan, 2019; Huang et  al., 2020) and industries 
because of its positive effects on dough and bread qual-
ity as well as its associated health benefits. Dietary fiber, 
including AX, has been linked to numerous health bene-
fits, such as the prevention and management of chronic 
diseases, including obesity, diabetes, intestinal disor-
ders, cardiovascular diseases, and cancer (He et al., 2022; 
Hernández-Pinto et al., 2024; Xu et al., 2021). However, 
the bread-making process can alter the structure and 
properties of AX, impacting its functional and biological 
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Beijing Bart Haas Trading Co. Ltd. Monosaccharide 
standards, such as L-arabinose (Ara), D-xylose (Xyl), 
D-mannose (Man), D-galactose (Gal), and D-glucose 
(Glc), were obtained from Sigma-Aldrich (Shanghai) 
Trading Co. Ltd. The total starch HK assay kit (K-TSHK), 
β-glucan assay kit (K-BGLU), and amyl glucosidase 
(E-AMGDF) were purchased from Megazyme Ltd. (Bray, 
Ireland). All other chemicals, such as ethanol, trifluoro-
acetic acid, sodium borohydride, ammonium hydrox-
ide, acetic acid, 1-methylimidazole, acetic anhydride, 
dichloromethane, and sulfuric acid, were of analytical 
grade.

Methods

The mashing process of  wort preparation
The content and molecular weight distribution of NSPs 
in wort and wheat beer prepared by different mash-
ing processes were studied. The main parameters in the 
mashing process include the proportion of malt, resting 
temperature, and resting time. The resting temperature 
is determined by the optimal temperature of the enzymes 
responsible for hydrolyzing malt constituents, such as 
starch, proteins, and hemicellulose. The resting time 
refers to the duration at a specific temperature during 
mashing, which is dependent on the enzymatic break-
down kinetics of these constituents. The orthogonal 
experimental design for the mashing process is shown 
in Table 1. Resting temperatures were selected as 37°C, 
43°C, 50°C, and 63°C, and the proportion of wheat malt 
to barley malt, as well as resting times at 37°C, 43°C, 
50°C, and 63°C, were selected as variables. Four levels 
were designed for each variable.

Mixed malt, 70 g, was weighed according to the pro-
portion of wheat malt to barley malt, and five times the 
amount of water was added to it. The wort was prepared 
according to the mashing process parameters shown in 
Table 2. The temperature was then raised to 70°C at a rate 
of 1°C/min, and the process was completed by holding 
the temperature at 70°C for 5 min after disappearance of 
iodine reaction. The total mashing period was recorded. 
In the orthogonal experiment, wheat beers were brewed 
using a mixture of malt, with the proportion of wheat 
malt ranging from 40% to 55%. To emphasize the influ-
ence of raw materials on NSPs, pure wheat malt and pure 
barley malt were used as controls for wort preparation 
(processes at Nos. 17 and 18, respectively). Both control 
groups followed the conventional mashing process.

Key points of  fermentation process
The mash was filtered through a 300-mesh stainless steel 
filter after mashing. The filtrate was then supplemented 
with 0.2% (w/w) hops and boiled for 10 min, followed 
by cooling to 18°C. The original extract was adjusted to 

activities (Xiao et al., 2023). It is widely recognized that 
processing conditions significantly influence the struc-
ture of dietary fiber, which, in turn, affects its bioactivity.

Research on the role of wheat in beer brewing has signifi-
cantly increased in recent years. Wheat beer is favored by 
consumers for its rich nutritional content, delicate white 
foam, full aroma, and fresh and mellow taste (Cao et al., 
2020). The brewing process also influences the structure 
and properties of NSPs in grains (Almaguer et al., 2024; 
Marconi et  al., 2014). Mashing, a crucial step in beer 
brewing, involves heating and enzymatic action of malt or 
external enzymes. During this process, insoluble macro-
molecules, such as starch, protein, and hemicellulose, in 
the malt are broken down into smaller soluble molecules, 
including maltose, dextrin, amino acids, and peptides 
(Michiels et al., 2024b; Yu et al., 2020). The liquid extract 
produced during mashing is known as wort. Incomplete 
degradation of endosperm cell wall can reduce wort yield, 
and the concentration of AX in the wort is influenced by 
the mashing process (Lu and Li, 2006).

In the brewing of wheat beer, NSPs not only influence 
the viscosity and stability of wort and fermentation liq-
uids but also play a crucial role in the sensory character-
istics of beer, including turbidity, foam (Hu et al., 2019; 
Niu et al., 2018), and sensory profile (Krebs et al., 2019; 
Langenaeken et al., 2020). Moreover, as essential dietary 
fibers, NSPs exhibit numerous bioactive and health-
beneficial properties, such as hypoglycemic effects (Du 
et al., 2019), hypolipidemic properties (Song et al., 2022), 
antioxidant activity (Chen et  al., 2021), prevention of 
obesity (Fang et al., 2024; Tian et al., 2019), immune reg-
ulation, and modulation of intestinal flora (Paula et  al., 
2021; Rakhmanberdyeva et al., 2021).

However, changes in the content and structure of NSPs 
in grains during mashing, and their subsequent impact 
on beer quality and physiological functions, have not 
been fully explored. Here, we investigated the effects of 
wheat malt and mashing on the composition and molec-
ular structure of NSPs in wort and wheat beer. This study 
provides valuable insights for preparing beer fortified 
with dietary fiber by controlling the mashing process and 
predicting the impact of NSPs on brewing, beer quality, 
and health benefits.

Materials and Methods

Materials and reagents

Barley malt, wheat malt, and hops were provided by 
Shandong Taishan Beer Co. Ltd. and Zibo TASMAN 
Brewing Materials Co. Ltd. Dry yeast WB-06 was sourced 
from Fermentis (Brussels, Belgium) and purchased from 
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Table 1.  The orthogonal experiment of five variables and four levels for the mashing process.

Levels The proportion of wheat 
malt to barley malt (%)

Resting time at 37°C
(min)

Resting time at 43°C
(min)

Resting time at 50°C
(min)

Resting time at 63°C
(min)

1 40:60 0 0 0 0

2 45:55 10 10 10 10

3 50:50 20 20 20 20

4 55:45 30 30 30 30

Table 2.  Parameters of mashing process.

No. The proportion of  
wheat malt to  

barley malt (%)

Resting time  
at 37°C
(min)

Resting time  
at 43°C
(min)

Resting time  
at 50°C
(min)

Resting time  
at 63°C
(min)

Total mashing time
(min)

1. 40:60 0 0 0 0 123

2. 40:60 10 10 10 10 110

3. 40:60 20 20 20 20 130

4. 40:60 30 30 30 30 185

5. 45:55 0 10 20 30 115

6. 45:55 10 0 30 20 140

7. 45:55 20 30 0 10 125

8. 45:55 30 20 10 0 130

9. 50:50 0 20 30 10 132

10. 50:50 10 30 20 0 120

11. 50:50 20 0 10 30 123

12. 50:50 30 10 0 20 123

13. 55:45 0 30 10 20 121

14. 55:45 10 20 0 30 123

15. 55:45 20 10 30 0 123

16. 55:45 30 0 20 10 125

17. 100:0 0 10 10 10 91

18. 0:100 0 10 10 10 94

The orthogonal test of  five variables and four levels of  mashing process was designed as Nos. 1–16.
Pure wheat malt and pure barley malt were used for preparing wort as control, and their mashing process was shown as Nos. 17 and 18.

11.5 °P to obtain wort. The wort was transferred into a 
4-L beer barrel, filling 80% of the volume, and inoculated 
with 0.1% (w/w) yeast. Fermentation was carried out until 
the soluble solids dropped to 6 Brix at 20°C. The beer was 
then capped and fermented for an additional week before 
being cooled to 5°C and stored for 3 weeks to complete 
the brewing process and obtain beer.

Analytical method
Analysis of  physicochemical indexes of  beer
The original and real extracts of the beer were deter-
mined according to the European Brewery Convention 
(EBC) Analytical Method 9.4. The alcohol content and 
the degree of fermentation were evaluated using the 
EBC Analytical Methods 9.2.6 and 9.5, respectively.  

The viscosity of the beer was measured using a Haake 
Falling Ball viscometer (Thermo Scientific, Bremen, 
Germany), following the EBC Analytical Method 9.38.

Analysis of  dextrin content in wort and beer
The content of dextrin and β-glucan in wort and beer 
were determined using the Total Starch HK assay kit 
(Megazyme) and the β-glucan assay kit, following the 
instructions provided in the respective manuals.

Analysis of  the composition and content of  NSPs in wort  
and beer
(1) Sample preparation
Non-starch polysaccharides in wort and beer were sep-
arated following the method by Li et al. (2019). Wort or 
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degassed beer was centrifuged at 5,000×g for 10 min; 5 
mL supernatant was mixed thoroughly with four vol-
umes of ethanol and left to stand overnight at 4°C. The 
supernatant was discarded by centrifugation at 5,000×g 
for 10 min, and the precipitate was dissolved in 4.8 mL 
of 100-mM sodium acetate buffer (pH 5.0). Amyl gluco-
sidase (66 U) was added, and the mixture was incubated 
in a water bath at 50°C for 30 min, followed by boiling 
for 10 min to deactivate enzyme and solidify soluble pro-
tein. The precipitate was removed by centrifugation at 
5,000×g for 10 min, and the supernatant was precipitated 
with 80% ethanol for 60 min, and separated by centrifu-
gation at 5,000×g for 10 min. The precipitate was washed 
twice with 95% ethanol and vacuum-dried at 45°C to 
obtain NSP samples.

(2) Determination of NSP content
The NSPs isolated from wort and beer were hydro-
lyzed into monosaccharides, which were derivatized 
into their corresponding alditol acetates as described 
by Li et  al. (2020a). The alditol acetates were then sep-
arated on a DM-2330 column (30 m × 0.32 mm × 0.2 
μm; DIKMA, Beijing, China) using a gas chromatograph 
(GC-2010 Plus, Shimadzu, Kyoto, Japan) equipped with 
an autosampler, a splitter injection port (split ratio 1:14), 
and a flame ionization detector. Nitrogen was used as a 
carrier gas. The separation was carried out at 240°C, with 
injection and detection temperatures set at 250°C and 
260°C, respectively. Calibration curves were prepared 
using monosaccharide standards, including L-arabinose 
(Ara), D-xylose (Xyl), D-mannose (Man), D-galactose 
(Gal), and D-glucose (Glc), with correlation coefficients 
(R2) of at least 0.998.

Total NSP content was calculated based on monosac-
charide concentrations (mg/L) determined by the GC 
method, using the Equation (1): 

	 NSPs (mg/L) = �0.9 × (Glc + Man + Gal)  
+ 0.88 × (Xyl + Ara)	 (1)

Factors of 0.88 and 0.90 were applied to account for the 
incorporation of water during the hydrolysis of pentose 
and hexose sugars, respectively (Englyst and Cummings, 
1984). The AX content was calculated according to 
Equation (2), with adjustments made for Ara bound to 
arabinogalactan (AG): 

	 AX (mg/L) = 0.88 × (Ara – 0.7 × Gal + Xyl)	 (2)

The AG content was determined using Equation (3) 
(Loosveld et al., 1997), with the ratio of Ara to Gal set at 
0.70:1 (Fincher and Stone, 1974): 

	 AG (mg/L) = 0.9 × Gal + 0.88 × 0.7 × Gal	 (3)

The content of mannose polymer (MP) was calculated 
using Equation (4):

	 MP (mg/L) = 0.9 × Man	 (4)

Analysis of  molecular weight distribution of  NSPs in wort  
and beer
The NSPs isolated from wort and beer were dialyzed using 
a 3,500-Da dialysis bag for 72 hand lyophilized. The sam-
ples were then dissolved in a mobile phase at a concentra-
tion of 2 mg/mL and filtered through a 0.45-μm membrane 
(Li et al., 2019). The molecular weight distribution of NSP 
solutions was analyzed by high-performance size exclu-
sion chromatography (HPSEC) using a TSK protective col-
umn (4.6 mm × 35 mm) and TSKgel G3000 PWXL and 
TSKgel G4000 PWXL columns (7.8 mm × 300 mm) con-
nected in series. The column temperature was maintained 
at 30°C. A refractive index detector (RID-10A, Shimadzu 
Corporation, Japan) was used for detection at 40°C. The 
mobile phase, consisting of 100-mM NaNO3, had a flow 
rate of 0.4 mL/min, with an injection volume of 20 μL. 
Pullulan standards with molecular weights ranging from 
342 Da to 710,000 Da were used to prepare the calibration 
curve, which was given by Equation (5):

	 Y = �–2.957931 × 10–4X3 + 3.392729 × 10–2X2  
– 1.414658X + 25.60980 (R2 = 0.99964).

Statistical analysis

All data were obtained in triplicate and were expressed 
as mean values ± standard deviation of triplicates. 
Data analysis was performed using SPSS Statistics 22.0. 
Analysis of variance (ANOVA) and Tukey’s post hoc test 
was used to compare differences in mean values, with a 
significance level of P < 0.05. Additionally, data were ana-
lyzed using Pearson’s correlation (two-tailed test), with  
P < 0.05 considered significant.

Results and Discussion

Physicochemical indices of wheat beer

The physicochemical indexes of beers are shown in 
Table 3. The original extract was 11.5 ± 0.2 °P, with no 
significant difference observed. However, the real extract 
ranged from 3.70% (m/m) to 4.00% (m/m), and the alco-
hol content ranged from 4.87% (v/v) to 5.22% (v/v). These 
differences were statistically significant because of vari-
ations in fermentation degree, which depended on the 
content of fermentable sugars in the wort. This, in turn, 
was closely related to the malt used for brewing and the 
mashing process.
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Table 3.  Physicochemical indices of wheat beers brewed by 
different wheat malt proportion and mashing process.

No. Original 
extract 

(oP)

Real 
extract  

(% m/m)

Real 
degree of 

fermentation 
(%)

Alcohol  
(% v/v)

1. 11.5±0.0a 3.92±0.00a 67.1±0.0c 4.94±0.01b

2. 11.5±0.0a 3.77±0.00b 68.5±0.1b 5.06±0.02a,b

3. 11.4±0.0a 3.74±0.01b 68.4±0.1b 4.99±0.02a,b

4. 11.6±0.2a 3.71±0.01b 69.4±0.4a 5.19±0.11a

5. 11.6±0.1a,b 3.70±0.01c 69.6±0.1a 5.21±0.04a

6. 11.8±0.1a 3.83±0.01b 68.9±0.1b 5.22±0.04a

7. 11.7±0.1a,b 3.87±0.01b 68.3±0.1c 5.15±0.04a

8. 11.5±0.0b 3.92±0.00a 67.3±0.1d 4.98±0.01b

9. 11.3±0.1a 3.81±0.00b 67.6±0.2a 4.93±0.04a

10. 11.4±0.1a 4.00±0.03a 66.3±0.6b 4.87±0.10a

11. 11.3±0.0a 3.67±0.01c 68.9±0.0a 5.01±0.02a

12. 11.5±0.0a 3.76±0.01b 68.6±0.0a 5.05±0.00a

13. 11.2±0.0b 3.70±0.01c 68.4±0.0a 4.93±0.00a

14. 11.3±0.0b 3.70±0.01c 68.5±0.0a 4.96±0.01a

15. 11.5±0.1a 3.96±0.01a 67.0±0.1c 4.95±0.04a

16. 11.5±0.0a 3.87±0.01b 67.6±0.0b 4.97±0.01a

17. 11.3±0.1a 3.87±0.02a 67.1±0.1b 4.86±0.01b

18. 11.4±0.0a 3.72±0.01b 68.8±0.1a 5.05±0.03a

The difference analysis was performed on groups with the same 
wheat malt proportion. 
Different lowercase superscripted letters in the same column of  each 
group indicate significant difference (P < 0.05). 
Differences between sample No. 17 (pure wheat malt beer) and No. 
18 (pure barley malt beer) were analyzed.

Effects of wheat malt proportion and mashing process on 
the content of NSPs and dextrin in wort and wheat beer 
and their viscosity

The content of NSPs, dextrin, and viscosity of wort and 
wheat beer prepared with different proportions of wheat 
malt and mashing processes are shown in Table 4. The 
range analysis of the mashing parameters in orthogonal 
experiment, affecting NSP content, dextrin content, and 
viscosity of wort, is presented in Figure 1. The influencing 
factors included A: proportion of wheat malt, B: resting 
time at 37°C, C: resting time at 43°C, D: resting time at 
50°C, and E: resting time at 63°C.

Effects of  wheat maltproportion and mashing process on NSP 
content in wort and wheat beer
As shown in Table 4, the content of NSPs in pure 
wheat malt wort was maximum (2,578 ± 29 mg/L), fol-
lowed by mixed wort, which ranged from 1,502 mg/L to 
2,431 mg/L, except for sample No. 4, which had a level 
of 1,084 ± 20 mg/L. The lowest NSP content was found 
in pure barley malt wort (1,467 ± 25 mg/L). In beer, 

maximum NSP content was found in pure wheat malt 
beer (2,239 ± 42 mg/L), which was significantly higher 
(P < 0.05) than in pure barley malt beer (1,318 ± 30 mg/L) 
and wheat beer prepared with mixed malt, which ranged 
from 1,354 mg/L to 2,056 mg/L, except for 1,024  ± 
24 mg/L in sample No. 4.

The NSP content in wort increased with the propor-
tion of wheat malt, rising from 40% to 55%, indicating 
that wheat malt contains higher NSPs than barley malt 
(Li et  al., 2020b). In each group with the same propor-
tion of wheat malt, significant differences (P < 0.05) were 
observed, suggesting that resting temperature and time 
had an important role in the dissolution of NSPs from 
malt. Furthermore, the NSP content in beer was lower 
than that in the corresponding wort, probably because 
of the covalent bonding of ferulic acid with AX, forming 
polymers that gradually precipitated during fermentation 
(Carvalho and Guido, 2022; Han, 2000). The main chain 
of AX is composed of D-xylose connected via β-1,4-glu-
cosidic bonds, with L-arabinose forming side chains 
through single or double substitutions on xylose resi-
dues. Ferulic acid is linked to the L-arabinose side chain 
by ester bonds (Xiao et al., 2023).

As shown in Figure 1A, the factors affecting NSP content 
in wort were placed in the following order: A > D > C > 
B > E. The proportion of wheat malt (A) was the primary 
influencing factor, followed by resting time at 50°C (D) 
and 43°C (C). Prolonging the resting time at 50°C led to 
a decrease in NSP content, while extending the resting 
time at 43°C from 0 min to 20 min increased soluble NSP 
content in wort. The highest NSP content was achieved 
when the proportion of wheat malt was 55%, with a 
mashing process that involved resting at 37°C for 10 min, 
at 43°C for 20 min, at 63°C for 30 min, and then heating 
up to 70°C to finish mashing.

During mashing, cell wall NSPs in malt were degraded 
by the endogenous enzymes of malt, including xylanase 
and β-glucanase. In addition to these enzymes, amy-
lase, protease, and other hydrolases were formed and 
activated during the germination process of barley into 
malt (Sungurtas et  al., 2004). Studies have shown that 
the optimal temperature range for endogenous xylanase 
and β-glucanase activity was between 40°C and 50°C 
(Comino et  al., 2016; Kanauchi et  al., 2011). Therefore, 
resting at 43°C for an appropriate duration facilitated the 
degradation of AX and β-glucan into wort, contributing 
to the higher NSP content in wort during mashing.

Effects of  wheat malt proportion and mashing process on 
dextrin content in wort and wheat beer
As shown in Table 4, the dextrin content in pure wheat 
malt wort (11.42 ± 0.24 g/L) was significantly higher (P < 
0.05) than that in pure barley malt wort (9.62 ± 0.24 g/L).  
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Table 4.   Comparison of non-starch polysaccharides (NSPs) and dextrin contents in wort and wheat beer, and their viscosity.

No. NSPs (mg/L) Dextrin (g/L) Viscosity (mPa·s)

Wort Beer Wort Beer Wort Beer

1. 1753±8b 1713±20b 14.99±0.04a 8.77±0.14a 1.89±0.00b 1.59±0.00a,b

2. 1822±14a 1771±13a 13.31±0.16b 7.84±0.07b 1.87±0.00c 1.59±0.01a

3. 1598±19c 1555±20c 11.84±0.18c 7.07±0.04c 1.92±0.01a 1.58±0.00b

4. 1084±20d 1024±24d 9.79±0.27d 6.51±0.03d 1.70±0.00d 1.57±0.00c

5. 1692±19c 1614±7b 10.44±0.35c 6.98±0.14c 1.86±0.00a 1.60±0.00a

6. 1502±25d 1354±18c 12.75±0.24b 6.96±0.06c 1.84±0.00b 1.61±0.00a

7. 1788±7b 1646±30b 12.11±0.29b 7.40±0.07b 1.80±0.00c 1.60±0.00a

8. 1874±21a 1778±11a 14.20±0.07a 8.93±0.06a 1.77±0.00d 1.59±0.00b

9. 2038±14b 1842±27a,b 13.45±0.23a 7.14±0.00b 1.97±0.00a 1.58±0.00b

10. 2063±22b 1819±17b 12.92±0.22a 8.54±0.13a 1.92±0.00b 1.60±0.00a

11. 1948±16c 1747±10c 11.71±0.14b 7.23±0.18b 1.81±0.00c 1.58±0.00b

12. 2150±10c,a 1885±10a 13.21±0.30a 7.31±0.01b 1.96±0.00a 1.60±0.00a

13. 1934±19c 1703±5c 10.98±0.35c 6.67±0.08b 1.83±0.00c 1.59±0.00b

14. 2431±38a 2056±18a 10.55±0.10c 6.85±0.15b 1.82±0.00d 1.61±0.00a

15. 2149±24b 1879±17b 13.86±0.07a 9.38±0.22a 1.93±0.00b 1.61±0.00a

16. 1798±26d 1679±27c 12.23±0.11b 8.63±0.25a 1.94±0.00a 1.59±0.00b

17. 2578±29a 2239±42a 11.42±0.24a 8.21±0.04a 2.04±0.00a 1.67±0.00a

18. 1467±25b 1318±30b 9.62±0.24b 7.42±0.21b 1.71±0.00b 1.52±0.00b

The wort and beer samples prepared with the same wheat malt proportion were compared as a group for difference analysis separately. 
Different lowercase superscripted letters in the same column of  each group indicated significant difference (P < 0.05). 
Differences between sample 17 (pure wheat malt beer) and 18 (pure barley malt beer) were analyzed.

In the corresponding beers, dextrin content decreased 
to 8.21 ± 0.04 g/L and 7.42 ± 0.21 g/L, respectively. For 
mixed wort, the dextrin content ranged from 9.79 g/L 
to 14.99 g/L, and in the case of corresponding wheat 
beers, it ranged from 6.51 g/L to 9.38 g/L. These findings 
were consistent with the previous research on commer-
cial beer (Li et  al., 2020a). Differences in dextrin con-
tent between barley and wheat could be attributed to 
the varying starch content and structure in the grains. 
Wheat starch accounts for 53–70% of its composition 
whereas barley starch makes up 55–65%. Wheat starch 
has a higher proportion of amylose and lower propor-
tion of amylopectin than barley starch (Faltermaier et al., 
2014). From the data, it is evident that dextrin utilization 
during fermentation was only 28–47%. This suggests that 
only small molecular dextrins are fermentable by yeast, 
while larger dextrins remain in the final beer. These mac-
romolecular dextrins contribute to the beer’s body and 
palate fullness, which is observed in other studies as well 
(Michiels et al., 2024a; Yu et al., 2020).

As shown in Figure 1B, the factors affecting dextrin con-
tent in wort were ranked in the following order based on 
the range analysis: E > C > A > D > B. The resting time 
at 63°C was identified as the most influential factor, 
followed by resting time at 43°C and the proportion of 

wheat malt. As shown in Table 4, significant differences 
were observed in dextrin content of wort for each group 
with the same malt ratio. This variability is attributed 
to how the mashing process influences the composition 
of carbohydrates in wort and the yield of extract (Lu 
and Li, 2006; Yu et  al., 2020). The optimal temperature 
for β-amylase is 63°C, which breaks down starch into 
maltose and β-boundary dextrin. Meanwhile, α-amy-
lase operates optimally at 70°C and breaks down starch 
into short-chain dextrin, maltose, and isomaltose. 
Additionally, 43°C is considered the ideal temperature 
for maltase, which further influences breakdown of dex-
trin during mashing (Song et  al., 2021). Therefore, the 
observed differences in dextrin content are influenced by 
these enzyme activities and the mashing parameters.

Effects of  wheat maltproportion and mashing process on 
viscosity of  wort and wheat beer
From the data shown in Table 4, the viscosity of pure 
wheat malt wort was 2.04 mPa·s, which was significantly 
higher (P < 0.05) than that of pure barley malt wort (1.71 
mPa·s). After fermentation, the viscosity of pure wheat 
malt beer decreased to 1.67 mPa·s, while the viscosity 
of pure barley malt beer decreased to 1.52 mPa·s. For 
mixed wort, the viscosity ranged from 1.70 to 1.97 mPa·s, 
and the corresponding wheat beer exhibited a viscosity 
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Figure 1.  Range analysis of mashing parameters of orthogonal experiment affecting (A) non-starch polysaccharides (NSPs) 
content, (B) dextrin content, and (C) viscosity of wort.
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rheological properties of wort and beer, and are crucial 
for both brewing process and final product characteris-
tics, such as mouthfeel and palate fullness. Viscosity is a 
good predictor of the palate fullness of beer. Dextrin and 
high-molecular weight AX can improve perceived palate 
fullness (Michiels et al., 2024a, 2024b).

Composition and content of  NSPs in wort and wheat beer
The composition and content of NSPs in wort and wheat 
beer, as shown in Figure 2, revealed that AX is the most 
abundant component, followed by AG, MP, and β-glucan. 
In pure wheat malt wort (No. 17), the AX content was 
significantly higher (1,725 mg/L) than that in pure barley 
malt wort (No. 18), which was 913 mg/L. In the corre-
sponding beers, the AX content remained high at 1,652 
mg/L in pure wheat malt beer, while it was 865 mg/L in 
pure barley malt beer. For mixed malt wort, the AX con-
tent ranged from 940 mg/L to 1,496 mg/L, and the corre-
sponding wheat beer contained 845 mg/L to 1,362 mg/L. 
However, sample No. 4 had notably lower AX content, 
with values of 698 mg/L in wort and 566 mg/L in beer, 
even lower than the values in pure barley malt beer (865 
mg/L). It is worth noting that AX constitutes approxi-
mately 70% of the total NSPs (Boukid, 2024), underscor-
ing its critical role in the overall NSP profile.

As shown in Figure 2, AG content in pure wheat malt 
wort was 399 mg/L, significantly higher than the 191 
mg/L in pure barley malt wort. This content decreased 
in the corresponding beer, with 296 mg/L in pure wheat 
malt beer and 164 mg/L in pure barley malt beer. For 
mixed wort and the corresponding wheat beer, the AG 
content ranged from 182 mg/L to 329 mg/L in wort and 
from 159 mg/L to 289 mg/L in beer. In contrast to AX 
and AG, the MP content was higher in beer (169–186 
mg/L) than that in wort (142–158 mg/L). The β-glucan 
content was higher in pure barley malt wort and beer 
(101 mg/L and 98 mg/L, respectively) than that in pure 
wheat malt wort and beer (17 mg/L and 13 mg/L, respec-
tively). For mixed wort, the β-glucan content ranged 
from 48 mg/L to 95 mg/L, and in the corresponding beer, 
it ranged from 39 mg/L to 87 mg/L.

In conclusion, the content of AX and AG in pure wheat 
malt wort was higher than in pure barley malt wort, while 
the content of β-glucan was the opposite, with the MP 
content being similar in both control groups. In mixed 
wort, the composition levels fell between those of the 
pure wheat malt and the pure barley malt wort, showing 
that the content of NSPs was influenced not only by the 
proportion of wheat malt but also by the mashing pro-
cess. Studies have shown that water-extracted AX content 
peaks at 45°C and stabilizes at 68°C (Krahl et  al., 2009). 
The content of AX and AG in beer was lower than in wort, 
which could be due to the breakdown of some polysaccha-
rides into smaller sugars that are utilized by yeast during 

between 1.57 mPa·s and 1.61 mPa·s. This suggested that 
the type of malt used in the wort significantly affected its 
viscosity, likely because of differences in the molecular 
structure and composition of polysaccharides and dex-
trins. The viscosity reduction during fermentation could 
be attributed to the breakdown of larger molecules into 
smaller fermentable sugars, which could be metabolized 
by yeast, leading to a decrease in the viscosity of final beer.

As exhibited in Figure 1C, the factors affecting the viscos-
ity of wort were placed as follows: A = E > C > D > B, with 
the proportion of wheat malt (A) and the resting time at 
63°C (E) being the key factors. When the proportion of 
wheat malt was 50%, the viscosity of the wort was max-
imum, accompanied by high levels of NSPs and dextrin. 
Furthermore, when the resting time at 63°C exceeded 20 
min, there was a sharp decrease in the viscosity of wort. 
This decrease was probably due to the breakdown of 
starch, facilitated by the action of enzymes, such as amy-
lase, which operates most efficiently at 63°C. This enzyme 
broke down starch into smaller dextrins and fermentable 
sugars, resulting in reduced wort viscosity. The break-
down of starch at higher temperatures contributed to the 
thinning of wort, as larger molecules were converted into 
smaller and less viscous components.

Correlation analysis between contents of  NSPs and dextrin in 
wort and beer and their viscosity
The correlation analysis presented in Table 5 indicates 
that the viscosity of both wort and beer is significantly 
(P < 0.01) correlated with NSP content (R = 0.493) and 
positively (P < 0.01) correlated with the content of dex-
trin (R = 0.878). This finding aligned with the results 
from previous studies, including that of Li et al. (2020b), 
where a similar correlation between beer viscosity and 
carbohydrate content was observed. Sadosky et al. (2002) 
also found that the content of AX and β-glucan could 
influence the viscosity of wort, with larger macromolec-
ular dextrins contributing to increased viscosity. These 
polysaccharides had a significant role in modifying the 

Table 5.  Correlation analysis between the contents of non-starch 
polysaccharides (NSPs) and dextrin in wort and beer, and their 
viscosity.

NSPs  
content

Dextrin  
content 

Viscosity

NSPs content 1 0.368* 0.493**

Dextrin content 1 0.878**

Viscosity 1

Notes: Data were analyzed by Pearson’s correlation (double-tailed 
test), the number of  samples (n = 36), including wort and beer. 
*Significant correlation at level P < 0.05. 
**Significant correlation at level P < 0.01.
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pure wheat malt and pure barley malt wort. In pure wheat 
malt wort, the most abundant NSP component was seg-
ment IV, with an average molecular weight of 24.48 kDa, 
which was significantly higher (P < 0.05) than the propor-
tion in pure barley malt wort (40.91 ± 0.02%). Segment 
IV accounted for 46.73 ± 0.35% of total NSPs, compared 
to segment III, which had a molecular weight of 85.68 
kDa, accounting for 19.68 ± 0.16% of total NSPs in wheat 
malt wort. This proportion was significantly higher than 
the 16.13 ± 0.41% found in pure barley malt wort, where 
segment III had a molecular weight of 76.51 kDa.

Segment V, with a molecular weight of 6.69 kDa, 
accounted for 19.27 ± 0.32% of NSPs in wheat malt 
wort, slightly lower than the 20.70 ± 0.25% in pure bar-
ley malt wort, which had a molecular weight of 7.09 kDa. 
Segment II, with a molecular weight of 355.15 kDa in 
wheat malt wort, was higher than the 326.19 kDa of pure 
barley malt wort but accounted for a smaller propor-
tion (9.70 ± 0.07%), compared to 13.65 ± 0.04% in bar-
ley malt wort, where the molecular weight of segment II 
was also higher. Segment I, with molecular weight >805 

fermentation. Additionally, macromolecular pentosans 
and β-glucan may aggregate and form gelatinous precip-
itates over time (Böhm and Kulicke, 1999). Schwarz and 
Han (1995) reported that the AX content in commercial 
beer ranged from 514 mg/L to 4211 mg/L, accounting for 
about 10% of the total carbohydrates in beer. However, a 
recent study conducted by Michiels et  al. (2024b) found 
that malt selection resulted in a range of AX content from 
1.0 g/L to 2.0 g/L in beer. Our previous study also showed 
that malt difference in brewing can result in significant 
differences in AX content, ranging from 0.79 g/L to 1.95 
g/L in beer, with wheat beer having an AX content of over 
10 times higher than β-glucan (Li et al., 2020b).

Molecular weight distribution of NSPs in wort and  
wheat beer

Effects of  wheat malt proportion and mashing process on 
molecular weight distribution of  NSPs in wort
The molecular weight distribution of NSPs in wort, as 
shown in Table 6, revealed distinct differences between 
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Figure 2.  Main composition of non-starch polysaccharides (NSPs) in wort and wheat beer, including AX, AG, MP, and β-glucan 
and their content.
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than in barley malt beer (19.52 ± 0.42%). Similarly, the 
molecular weight of segment II in pure wheat malt beer 
was 355.18 kDa, slightly higher than in pure barley malt 
beer (325.60 kDa). However, the proportion of segment 
II in wheat malt beer (12.16 ± 0.14%) was significantly 
lower than in barley malt beer (17.80 ± 0.07%). These 
findings suggested that the molecular weight distribution 
of NSPs in beer was influenced by the type of malt used, 
with wheat malt beer containing higher proportions of 
medium-sized NSPs (segments IV and III) but lower pro-
portions of larger molecular weight segments (segment 
II), compared to barley malt beer.

The molecular weight distribution of NSPs in wheat beer 
showed minimal changes, compared to wort, but some 
notable differences were observed in the proportions of 
high and low-molecular weight segments. Specifically, the 
proportion of segments I and II, which represented high 
molecular weight components, increased from 10.8% to 
20.2% in wort and from 16.3% to 26.1% in final beer. In 
contrast, the proportions of segments IV and V, which 
were lower-molecular weight components, decreased 
in beer. These results aligned with the findings of Krebs 
et  al. (2019), who suggested that low-molecular weight 
segments might aggregate into higher molecular weight 
components, which could then settle out slowly during 
fermentation. This process would contribute to a decrease 
in the content of these low-molecular weight components 
in the final beer. Despite changes in the proportions of 
different segments, segments III, IV, and V continued to 
be predominant components of NSPs in beer, accounting 
for 69.5–81.3% of total NSPs, which was lower than their 
proportion in wort (77.7–87.0%). This shift suggested 
that both mashing and fermentation processes affect the 
distribution of NSPs in beer, with some aggregation and 
removal of smaller molecules during fermentation.

Correlation analysis between viscosity of  wort and beer and 
molecular weight of  NSPs
Analysis of the correlation between the molecular 
weight of NSP segments and the viscosity of wort and 
beer revealed interesting findings. As shown in Table 8, 
a significant positive correlation (P < 0.05) was found 
between the viscosity of beer and the molecular weights 
of segments II (Mw = 350 kDa) and III (Mw = 85 kDa), 
with correlation coefficient R = 0.576 and 0.540, respec-
tively. This suggested that the viscosity of both wort and 
beer was primarily influenced by NSP components with 
molecular weights of around 350 kDa and 85 kDa, rather 
than by the most abundant segment with a molecular 
weight of approximately 25 kDa. Despite segments II and 
III accounting for only about 30% of total NSPs, their 
larger molecular sizes appear to have a more significant 
impact on the overall viscosity, possibly because larger 
molecules contribute to the network structure of the 
solution and influence flow properties of the liquid.

kDa, accounted for 1.75 ± 0.09% of NSPs in wheat malt 
wort, significantly lower than the 6.38 ± 0.33% in pure 
barley malt wort. In conclusion, barley malt wort had a 
higher proportion of high molecular weight segments I 
and II, while wheat malt wort had a higher proportion 
of medium molecular weight segments III and IV. The 
proportions of low-molecular weight segments V and VI 
were similar between the two malt types. These differ-
ences indicated that the molecular weight distribution of 
NSPs in barley malt and wheat malt varied significantly.

In the mixed wort, segment IV, with a molecular weight 
ranging from 24.03 kDa to 24.46 kDa, was the most abun-
dant NSP component, accounting for 41.97% to 46.39% 
of the total NSPs. This was followed by segment V, with 
a molecular weight of 6.78–7.23 kDa, accounting for 
18.12–23.06%, and segment III, with a molecular weight 
of 82.88–86.78 kDa, accounting for 16.66–20.80%. These 
proportions varied depending on the proportion of wheat 
malt used in the mashing process. Notably, in sample No. 
14, which had the highest NSP content, the proportion of 
segment I was relatively low, while the proportions of seg-
ments II, III, and IV were higher. This suggested that the 
mashing process facilitated the moderate degradation of 
NSPs into molecules with appropriate molecular weights, 
enhancing the overall NSP content in wort. These results 
aligned with the findings of previous studies (Michiels 
et  al., 2024b), which indicated that mashing conditions 
significantly influenced the decomposition of NSPs. The 
composition and molecular weight of NSPs play a crucial 
role in the filtration performance of wort, which has sig-
nificant implications for the beer brewing industry (Lu 
and Li, 2006). The proper control of these factors can 
improve wort quality and beer clarity, influencing the 
brewing process and the final product characteristics.

Molecular weight distribution of  NSPs in wheat beer
The molecular weight distribution of NSPs in beer is 
summarized in Table 7. In pure wheat malt beer, the 
molecular weight of segment IV was 24.88 kDa, which 
was comparable to that of pure barley malt beer (24.57 
kDa). However, the proportion of segment IV in pure 
wheat malt beer (44.16 ± 0.45%) was significantly higher 
than in pure barley malt beer (38.13 ± 1.08%). This sug-
gested that wheat malt contributed a higher proportion 
of this segment in the final beer. The molecular weight 
of segment III in pure wheat malt beer was 87.17 kDa, 
which was also higher than that in pure barley malt beer 
(77.68 kDa), and the proportion in wheat malt beer was 
19.92 ± 0.24%, compared to 16.25 ± 0.13% in barley malt 
beer. This indicated that NSPs in wheat malt beer con-
tain more of these medium-sized molecules than in bar-
ley malt beer. For segment V, the molecular weight was 
6.88 kDa in pure wheat malt beer, slightly lower than in 
pure barley malt beer (6.95 kDa), but the proportion of 
segment V in wheat malt beer (17.24 ± 0.37%) was lower 
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both sensory qualities (such as mouthfeel) and nutri-
tional and physiological benefits of the beer. This high-
lights the importance of understanding and controlling 
the fine details of NSP composition and structure in the 
production of beer, making it a key factor in improving 
both its quality and health benefits.

Conclusion

The findings presented provide valuable insights into the 
effects of wheat malt proportion and mashing conditions 
on the composition, molecular weights distribution, and 
functional properties of NSPs in beer. The increase in 
NSP content with wheat malt proportion (from 40% to 
55%) underscores the significant role of wheat in enhanc-
ing the nutritional value of beer, particularly in terms of 
dietary fiber content. The higher content of AX in wheat 
malt, followed by AG, MP, and β-glucan, indicates that 
wheat contributes to the richness of these polysaccha-
rides, which are crucial for the sensory and functional 
qualities of beer. The mashing process, especially rest-
ing at 43–45°C for 10–20 min, was shown to promote 
the degradation of cell wall NSPs by endogenous malt 
hydrolases, thereby reducing their molecular weight and 
increasing their solubility and content in wort. This leads 
to a higher dietary fiber content in the resulting beer, 
which is beneficial for both beer’s nutritional profile and 
its mouthfeel. The molecular weight distribution of NSPs 
in wort, with segment IV (24.0–24.5 kDa) being the 
most abundant NSP component, followed by segments 
V (6.8–7.2 kDa) and III (76.5–86.8 kDa), indicates that 
these components are primarily responsible for the vis-
cosity of wort and beer. A positive correlation between 
high-molecular weight NSPs and viscosity highlights the 
impact of these polysaccharides on the body and mouth-
feel of beer, which are important factors for consumer 
satisfaction. Although fermentation leads to a significant 
decrease in NSP content, the molecular weight distribu-
tion of NSPs remains relatively unchanged, an import-
ant factor for maintaining the desired characteristics of 
beer. These findings emphasize the importance of con-
trolling the mashing process to fortify soluble dietary 
fiber in beer, ultimately leading to the production of 
beer with specific sensory characteristics and functional 
properties.
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In our previous study, the isolation and purification 
of NSPs in wheat beer led to the identification of two 
components, PNSP-1 and PNSP-2, with distinct poly-
saccharide composition and molecular weights. These 
components were added to beer at different concentra-
tions, and their effects on beer quality and physiologi-
cal functions were evaluated. PNSP-1, which contained 
88.53% AX and had a molecular weight of 83.47 kDa, 
was found to enhance viscosity significantly and exhib-
ited strong hypoglycemic and hypolipidemic activities. 
This suggested that high AX content and specific molec-
ular weight of PNSP-1 contributed to its ability to impact 
the physical properties of beer as well as its physiolog-
ical effects. In contrast, PNSP-2, with a more diverse 
composition (46.03% AX, 41.47% AG, and 10.26% MP) 
and a molecular weight of 71.78 kDa, demonstrated bet-
ter improvements in beer turbidity and foam stability. 
Additionally, PNSP-2 exhibited stronger antioxidant and 
prebiotic activities, highlighting its potential to improve 
the health benefits of beer beyond just its physical char-
acteristics. These findings suggested that different NSP 
components with varying compositions and molecular 
weights could have distinct functional impacts on both 
quality of beer (Song et al., 2022) and its potential health 
benefits (Boukid, 2024; Hernández-Pinto et al., 2024).

The role of AX as a mouthfeel contributor in beer, as 
highlighted by Michiels et  al. (2024a) and Langenaeken 
et  al. (2020), adds another layer of significance to its 
presence in the brewing process. The molecular weight 
and fine structure of polysaccharides, including AX, are 
crucial in determining their physiological functions, as 
shown by the studies conducted by Akshatha et al. (2024). 
These factors influence not only the texture and sensory 
experience of the beer but also its potential health bene-
fits. Given that the composition and molecular weight of 
NSPs directly impact both quality and functional prop-
erties of beer, controlling the mashing process to manip-
ulate these factors becomes essential. By optimizing the 
mashing process, brewers can tailor the content and 
molecular weight distribution of NSPs, thus enhancing 

Table 8.  Correlation analysis between the molecular weight 
of non-starch polysaccharides (NSPs) and the viscosity of wort 
and beer.

Viscosity of wort Viscosity of beer

Mw of  segment II 0.404 0.576*

Mw of  segment III 0.476* 0.540*

Mw of  segment IV 0.223 0.270

Mw of  segment V –0.408 –0.10

Mw: weight-average molecular weight.
Data were analyzed by Pearson’s correlation (double-tailed test); the 
number of  samples, n = 18. 
*Significant correlation at level P < 0.05.
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