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Extraction of f-Glucan from Highland Barley Distillers' Grains
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Abstract: Highland barley distillers' grains (HBDG), a major by-product of highland barley wine production, contain j-
glucan as one of its principal bioactive components. To promote resource efficiency and fully exploit the potential value of
HBDG, this study utilized HBDG as raw material to optimize the extraction process of f-glucan using ultrasound-assisted
solvent extraction and systematically evaluated its effects as a functional additive on yogurt quality. Initially, the effects of
ultrasonic power, ultrasonic time, extraction temperature, pH, and liquid-to-solid ratio on f-glucan extraction yield were
systematically investigated to determine the optimal extraction parameters, with extraction yield serving as the indicator.
Subsequently, the extracted S-glucan was incorporated into fermented milk at concentrations ranging from 0 to 1.0% (w/v).
Its effects on yogurt acidity, pH, water-holding capacity (WHC), textural properties, viscosity, rheological characteristics,
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microstructure, and sensory attributes were determined. The results indicated that the optimal extraction conditions for -

glucan from HBDG were: Ultrasonic power 256 W, ultrasonic time 10 min, extraction temperature 75 °C, pH9.1, and

liquid-to-solid ratio 10:1 mL/g. Under these conditions, the extraction yield reached 50.76%+0.63%. Regarding yogurt

quality, increasing the pS-glucan addition level significantly increased the pH, WHC, and viscosity (P<0.05), while

significantly decreasing the acidity (P<0.05). Notably, yogurt supplemented with 0.5% (w/v) S-glucan exhibited superior

textural properties and higher storage modulus (G') and loss modulus (G"), indicating improved viscoelasticity. This

formulation also achieved the highest sensory score. Scanning electron microscopy (SEM) revealed that f-glucan addition

promoted aggregation between casein micelles. In conclusion, ultrasound-assisted solvent extraction is an efficient method

for isolating f-glucan from HBDG. Incorporating this S-glucan into yogurt at a concentration of 0.5% effectively enhances

product texture, rheological properties, and microstructure while improving sensory quality. These findings provide a

theoretical foundation and technical pathway for the high-value utilization of HBDG resources and the development of

functional dairy products.
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Table 2 Sensory evaluation criteria of yogurt
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Fig.1 Effect of ultrasonic power on -glucan extraction yield
from highland barley distillers' grains
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Fig.3 Effect of extraction temperature on f-glucan extraction
yield from highland barley distillers' grains
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Fig.4 Effect of pH on f-glucan extraction yield from highland
barley distillers' grains
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yield from highland barley distillers' grains
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Table 3 Design and results of response surface methodology

experimental
S A E(-fuijli B ﬁﬁ‘EJ‘l‘ﬂ > D kLRI
W) (min) (mL/g) (%)
1 200 8 9.0 10:1 36.81+0.26
2 300 8 9.0 10:1 44.82+0.31
3 200 12 9.0 10:1 42.91+0.18
4 300 12 9.0 10:1 45.04+0.22
5 250 10 8.5 9:1 41.63£0.33
6 250 10 9.5 9:1 43.52+0.41
7 250 10 8.5 11:1 43.71+0.28
8 250 10 9.5 11:1 45.49+0.15
9 200 10 9.0 9:1 42.01+0.34
10 300 10 9.0 9:1 41.52+0.22
11 200 10 9.0 11:1 43.48+0.18
12 300 10 9.0 11:1 44.81+0.25
13 250 8 8.5 10:1 41.19+0.34
14 250 12 8.5 10:1 42.11+0.21
15 250 8 9.5 10:1 41.52+0.22
16 250 12 9.5 10:1 44.31+0.37
17 200 10 8.5 10:1 41.52+0.29
18 300 10 8.5 10:1 42.68+0.33
19 200 10 9.5 10:1 43.37+0.12
20 300 10 9.5 10:1 44.81+0.27
21 250 8 9.0 9:1 40.82+0.36
22 250 12 9.0 9:1 43.01+0.25
23 250 8 9.0 11:1 42.61+0.17
24 250 12 9.0 11:1 43.22+0.34
25 250 10 9.0 10:1 51.3140.12
26 250 10 9.0 10:1 51.9140.24
27 250 10 9.0 10:1 52.1240.37
28 250 10 9.0 10:1 51.1140.19
29 250 10 9.0 10:1 50.41+0.22
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2 B Z X EPRRE S-4 SBEHRICR A2 i K MU
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L iR, T LA BRIk p-H SRR B T 22 4%
A4 ST RN e o TR AL A A T

F 4 WEFRFESN

Table 4 Analysis of variance (ANOVA) for the
regression model

JrZERIR PR AdE 07 FlE PH BEME

T 368.01 14 2629 2090 <0.0001 *
ABATIR 1537 1 1537 1222 0.0036 o
B-HAME 13,72 1 1372 1091  0.0052 o

C-pH 8.64 1 8.64 687  0.0202 *

D-WH 9.74 1 9.74 774 0.0147 *
AB 8.64 1 864 687  0.0201 *
AC 0.0196 1 0.0196 0.0156  0.9024
AD 0.8281 1 0.8281 0.6585  0.4307
BC 0.8742 1 0.8742 0.6952 0.4184
BD 0.6241 1 0.6241 0.4963  0.4927
CD 0.0030 1 0.0030 0.0024 0.9616
A’ 117.26 1 11726 93.24  <0.0001 **
B’ 157.53 1 157.53  125.26 <0.0001 o
c 103.36 1 103.36  82.19  <0.0001 H
D’ 103.55 1 103.55 8234  <0.0001 H
B 2% 17.61 14 1.26

PR 15.76 10 1.58 341 0.1240
4R 1.85 4 0.4617

B 385.61 28
R*=0.9543 R, 4=0.9087
T *FORZE R B (P<0.05), **FR 2= FH i3 (P<0.01) .

R, =0.7571

2.2.2 W A AL 53 HT 38 i Design-Expert
13.0 FA4 X S5 B0Hs FEA T 53T, I 22 il mig 1oz 1 €]
WK 6 BTN, 3T R 1 5 B 38 H AR 4B 2 B, R
AB KA, HAYIKNZE (AC. AD, BC. BD., CD)3¢H.
VE AT HEBCR AR AN . 35 (P>0.05) . AB 38 HAE
FH a7 52 0 A R LR AMARRAE (P<0.05 ), FHC it g
SREGR, BET LR S MLRINGRDIE, AR L2 T, HAth s H 40
G N [ -2%, FRIAERE BN RS . £ BT
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Fig.6 Response surface plot of the interaction effect of each factor on f-glucan extraction yield from highland barley distillers' grains
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Table 5 Effects of varying supplementation levels of highland barley distillers' grain derived f-glucan
on the textural properties of yogurt

(%) ZhiBHE(mD) T (gf) PR TE P (mm) e (g) RHAEPE (m))

0 —32.01+0.28* 57.08+0.23¢ 0.41+0.02° 3.21+0.03¢ 23.40+0.29° 0.7440.02¢

0.1 —32.87+0.27° 57.29+0.19¢ 0.42+0.01° 3.27+0.04% 24.06+0.37¢ 0.77+0.01¢

0.2 —33.66+0.16° 57.41£0.26™ 0.45+0.02° 3.36+0.06™ 25.83+0.25¢ 0.85+0.02°

0.5 —34.85+0.35¢ 58.02+0.21° 0.49+0.01° 3.41+0.06" 28.43+0.31* 0.95+0.03°

1.0 —34.12+0.14° 57.77+0.17* 0.48+0.01* 3.29+0.05" 27.73+0.28° 0.89+0.01°

L RPN RING TR 22 5 .25 (P<0.05) , =6l .

N —

L,

[) T

G444

C G

< 70 c 270 V7

S 70F ¢ Z i N
S 7 Z

< ) T oo oo Voo

N T4 V04 V4 V0

N oo oo oo T

N o0 o o o o 4

N oo o0 N oo

Z4 74 7 0 o2

2 o o 4 7 o2

~ 70000 ) oo o2 7

) oo oo o0 oo

1 7 ) Vo o o2 G4

G 0 oo o0 ] Vo7

N Q8 H N oo Voo oo Voo

o o) o777 o Vo

Z/B7 /M #7777/ R

70 Vo) oo Vo0 o0

Z4 0 oo oo oo

) Voo oo Voo o2 4

4 o o o 4

) oo o2 N o002

0 Vo Voo 7N oo 02

) Vo0 Vo Voo o0

7 /7 7 o2

4 7N oo oo oo 00

007 70 oo o0 0

o 0000 7000000 ////// 00 0000

77 7/ 7 7 77 7/ 7 7

66 70 ) vz vz vz

TR p- 0 SRS I (%)
K8 AR RRIPHY - SR I i X R W45 7K 1 ) 520
Fig.8 Effects of varying supplementation levels of highland
barley distillers' grain derived S-glucan on the water-holding
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Table 6 Results of sensory evaluation

== S itk
R R w o Wk SURE
0 8.10£0.27°  7.10+£0.21°  7.80+0.21°  8.30+0.13°
0.1 8.00£0.12*  7.10£0.19°  7.90+0.18"  8.40+0.20™
0.2 8.10£0.19*  7.20+0.25®  7.80+£0.16°  8.40+0.24®
0.5 8.20+0.22*  7.60£0.24*  7.70£0.14*  8.70+0.15"
1.0 8.10£0.26"  7.40+0.16® 7.80+0.22° 8.50+0.11%
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