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Abstract: The fat-soluble components of highland barley brewer’s spent grains were extracted via supercritical CO, extraction, and the
optimal extraction conditions were determined using single factor and response surface experiments. The composition and content of fatty acids
and sterols in the fat-soluble components of brewer’s spent grains were analyzed using gas chromatography-mass spectrometry (GC-MS). The
optimal extraction conditions for the fat-soluble components of highland barley brewer’s spent grains were as follows: loading coefficient, 0.6;
extraction pressure, 25 MPa; extraction temperature, 40 °C; and extraction time, 120 min, which led to an extraction rate of 5.50%. According to
spectral analysis and peak area normalization method, 18 types of fatty acids were isolated and identified from the fat-soluble components of
brewer’s spent grains, mainly linoleic acid, palmitic acid, and oleic acid. The content of unsaturated fatty acids (USFA) was 67.09%, that of
monounsaturated fatty acid (MUFA) was 19.66%, and that of polyunsaturated fatty acid (PUFA) was 47.43%. Nine sterols were isolated and
identified as fat-soluble components. -sitosterol accounted for the highest relative content (52.78%), followed by camphorol (12.80%) and
stigmasterol (5.10%). This study may provide a theoretical basis for the in-depth development and high-value utilization of highland barley
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Table 1 Response surface analysis factor level design
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Table 2 Response surface test design and results

K% A (FEZUEH) IMPa

B (¥BUS/E) /C C (FmatiE) /min

D R

1 1 1 0 5.12
2 -1 1 0 5.07
3 -1 0 -1 4.68
4 1 -1 0 4.98
5 0 0 0 5.47
6 0 0 0 5.48
7 0 -1 1 4.78
8 0 1 -1 4.93
9 0 0 0 5.45
10 0 0 0 5.52
11 0 -1 -1 4.67
12 -1 -1 0 4.33
13 0 0 0 5.42
14 1 0 1 5.23
15 -1 0 1 4.82
16 0 1 1 5.22
17 1 0 -1 5.22
7 3 MR A EHER HE D
Table 3 Analysis of variance of response surface regression model
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BC 8.100x10°® 1 8.100x10° 2.25 0.1770
A? 0.27 1 0.27 74.85 <0.000 1**
B2 0.49 1 0.49 135.65 <0.000 1**
Cc? 0.22 1 0.22 60.78 0.000 1**
AT 1.88 9 0.21 58.04 <0.000 1**
KE 0.025 7 3.594x10°
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Table 4 Fatty acid content of fat-soluble components in

Relative Abundance

distillers' lees

5 JIg For BRAEL A, G utiE/min - AxHA2/%
1 Iso C14:0 15.83 0.180.02
2 C18:2n-10,13 17.97 6.460.37
3 C18:1n-11 18.15 2.2040.05
4 C16:1n-9 18.77 0.0740.01
5 Iso C18:0 18.94 0.060.02
6 C16:0 19.25 22.4430.76
7 C22:1n-13 21.59 0.050.00
8 C18:2n-9,12 2243 40.7041.02
9 C18:1n-9 22.59 16.9640.53
10 C18:0 22.89 1.1040.00
1 cis-C19:1n-10 24.45 0.0740.01
12 C20:4n-5,8,11,14 25.02 0.1020.02
13 C18:3n-9,12,15 25.27 0.0840.00
14 C18:3n-6,9,12 25.88 0.090.03
15 cis-C20:1n-11 26.18 0.3140.02
16 C20:0 26.65 0.1146.00
17 C22:0 30.40 0.0640.01
18 C24:0 33.99 0.050.00
19 toFa gy BR 24.00
20 MBS R 67.09
21 E AR R 19.66
22 B RAbAeflg g 47.43
23 ARKEIRMER 0.68
24 AN ER 0.24
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Table 5 Sterol content of fat-soluble components in distillers’ grains

GES PR i 18] /min 2%
A2 (Campesterol ) 30.76 12.8040.34
fie & J%-3-8% ( Cholestan-3-ol ) 30.91 0.4140.03
B--% 8% ( &Sitosterol ) 32.16 52.7845.11
2 §40E (Stigmastanol ) 32.32 0.4940.01
2 &8 (Stigmasterol ) 32.43 5.10=0.02
% 4 $-5,22-—##-3-B2 ( Ergosta-5,22-dien-3-ol ) 33.18 0.7140.05
45 8% (Desmosterol ) 33.47 0.9640.02
9,19-3R ¥ £ #x-3-B2 (9,19-Cyclolanostan-3-ol ) 34.29 2.1840.07
fle$ #z-26-0 B2 ( Cholestan-26-oic acid ) 36.64 0.4146.00
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