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Abstract: With the aim of developing new beer products, the addition of black fungus polysaccharides to facilitate beer
brewing was assessed on the basis of traditional brewing technology, the findings of which could contribute to extending the
deep processing industrial chain of edible fungus polysaccharides. Response surface optimization analysis was performed
for the black fungus polysaccharide fermentation process, and the optimized black fungus polysaccharide beer was assessed
based on the determination of different physicochemical indices and volatile components. The results revealed that the
addition of 0.20 kg/L of malt, 17 g/L of hops, and 20 g/L of polysaccharide resulted in a sensory score of 92.65 and diacetyl
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content of 0.048 mg/L in the resulting beer, enhancing its overall flavor and taste. Measurements of the physical and chemical

properties of the beer indicated a chromaticity value of 15.5 EBC, an alcoholic strength of 4.3%vol, a foam retention of 319 s, a

raw wort concentration of 11.23 °P, a true fermentation degree of 48.6%, and a total acid content of 2.34%, which are all in

accordance with national standards. Furthermore, a comparison of flavor components with those of commercially available

beers and hierarchical clustering heat map analysis indicated the detection of 73 aroma components in seven different beer

samples, with polysaccharide beers displaying a higher number of characteristic aroma components. On the basis of a range

of different evaluation criteria, our findings indicated that black fungus polysaccharide beer outperformed other beers in terms

of taste, safety, and number of aroma components. These findings could provide a theoretical basis for the application of

functional constituents in brewing.
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Table 3 Response surface experimental design plan and results
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3 0.15 15 25 89.2 0.071
4 0.25 15 25 88.5 0.057
5 0.20 20 15 89.9 0.06
6 0.25 15 15 86.7 0.072
7 0.20 15 20 90.9 0.058
8 0.25 10 20 87.5 0.068
9 0.20 15 20 92.2 0.053
10 0.15 20 20 90.8 0.069
11 0.15 15 15 89.5 0.065
12 0.20 15 20 91.9 0.052
13 0.25 20 20 89.3 0.05
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15 0.20 10 15 87.8 0.069
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17 0.20 15 20 91.8 0.055
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AB  0.000 16 1 0.000 156 32.46 0.0007  **
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Table 6 Physicochemical properties of black fungus polysaccharide beer

Fa4x &JZ (EBC) EHE/(%vol) BiFMgMl/s RETRESP AREBE/% XB/%  NTBU(mg/l) BEIFN/5
é?’; 1550 £0.31  4.30+0.11 319£0.90 11.23+0.15 48.6+0.65 2.34+0.13 0.048%0.004 92.65 = 1.06
i — =41 =180 — — 2.6 <0.1 —
R 7 ZHEBRESHEBREREY REEXTEE (ng/L)
Table 7 Comparison of flavor substances between polysaccharide beer and commercial beer
g 045> ﬁ]‘ f‘zﬂi 24l HWS A LWS™E LD A LB™E  XMB™iE QD ™if
1 N E SN 46.63 19.20£0.13 54.40 +5.82 50.12+1.46 30.91 +1.39 40.83 +1.75 54.29 +1.12 24.95 +2.86
2 TEK L Eg 50.29 — — — — — — 0.76 +0.09
30 2-FATE -2-RTE 5079 — — — — — 18.61+1.33 —
4 LB R B 14.09 0.32+0.04 — — 2.59+026 3.69+0.50 16.15+1.22 2.45+0.22
5 LBR LB 573 6.11£0.17 — 349+028 1.19%0.10 2.12%0.52 0.31£0.05 1.05%0.17
6 T BR 57 B 21.96 — — — — — 31.13+1.51 —
7 TR —LH 43.10 — — — — — 29.17 £ 1.30 —
8 AFARER TEE 54.64 5.67+0.12 — 0.25%0.09 0.100.01 — — —
9 A MERATABRES  57.36 — — — — 1.14+0.48 — —
10 A 53.63 — 472+128 534+1.04 — 4.59+0.63 2.32+0.31 —
11 TR L Bg 19.63 — — — 3.70£0.49 2.63£0.62 5.69+031 0.82*0.47
12 T BRR B 47.34 — — 0.31+0.11 — — — —
13 BB LB 41.70 1.86+0.30 — 7.33£0.65 541%0.97 0.56+0.10 0.40+0.06 3.69=0.42
14 F R CBg 32.81 1.30+0.18 — 11.66 £2.27 6.53+0.55 6.72+0.93 6.19+0.19 4.28+0.53
15 LB s 44.57 — — — — — 0.57+0.09 —
16 ¥ R LB 4243 124+0.16 — — — 0.16 = 0.09 — 0.21%0.01
17 o- RIK -y- T M B 51.57  0.93+0.02 — — 126 +0.21 — 0.93 +0.62 —
18 R R AR LB 53.13 — 0.19+0.06 0.50+0.19 0.16+0.04 0.05%0.03 0.12+0.04 0.13+0.02
19 A AEBR LB 47.60 0.79+0.13 — 0.68+0.04 0.77 +0.07 — 0.83+0.03 0.41+0.09
20 FI A BR St /% B 48.01 — — — — — 0.73 +0.02 —
21 I3 BR LB 59.57  0.62+0.05 — — — — — —
22 FITHRBES 56.25 — — 0.62%0.07 0.21=0.02 — 473 +0.43 —
23 F T B TS 50.28 — — 3.76 +0.91 — 039 £0.42 3.40+0.14 —
24 KU TBg 45.82  0.34+0.11 — 1.11 £0.45 — — — 0.15 +0.02
25 R-y- 1 Bg 53.36 — — — — — 1.71 £0.69 —
26 + o9 B s 51.78  0.36+0.06 — — — — — —
27 9- AW BL L Bg 55.52 — 0.20 = 0.05 — 026+0.02 020+0.13 0.11%+0.01 0.23+0.02
28 9- T NBRMER LB 54.96 0.45+0.08 0.22+0.07 — — — — —
29 AR IR R LB 57.10 0.27%0.10 0.12%0.04 — — — — —
30 R L Ag 5738 0.29+0.17 — — — — — —
5 gzgﬁégﬁiﬁg 2 5830 0.24+0.06 — 0.99 +0.11 — — — —
3 EATZRBCE 5332 — 0.41£0.11 047030 0.17+0.01 0.18+0.07 —  0.07+001
33 ¥ L AR L 48.56  0.17£0.08 — — — — — —
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/j;_ i E‘ f‘fni ZAEvH  HWS™E LWS™E  LD™iE LB"H XMB™EH QDWIA
34 3- KA LHEg 48.57 — — — 0.18+0.03 0.57+0.19 0.55+0.11 0.34*0.06
35 AEF B RES 42.34 — — — — — 1.84+0.27 —
36 FRAIRAER LB 52.16 — — — — — 1.19+0.12 —
37 2- FARAEA IR T B 5123 — — 0.19 £0.05 — — — —
38 X T 5237 43.31+0.75 62.84+4.27 60.34+3.13 2591 +2.02 36.42+1.59 49.12+0.89 33.32+1.57
39 5 R BE 21.15 23594139 21.05+1.49 17.84+2.10 0.95+0.14 12.28+1.92 2335+1.16 9.11+1.57
40 ¥A B 5323 0.13+0.03 — — — — — —
41 0] B3 53.76 — 0.19+0.07 — — — — —
42 o- Aaet B3 54.35 — 0.30+0.03 0.18+0.11 0.13+0.03 — — —
43 SAEEE 38.62 — — — — — 1.72 £0.37 —
44 (S)-1,2- A= 7.66 — — — — — — 0.20 +0.01
45 o- ki BE 43.72 — 0.22 +0.06 — 0.10 +0.02 — 4.98 +0.49 —
46 E=+ B 45.49 — — 0.10 +0.02 — — — —
47 o- HREHe B 54.11 — — — 0.15+0.01 — — —
48 4- THAA)|RE 51.45 — — — — — 4.13+0.22 —
49 2,5- ZAT A B 55.17 225+0.15 8.10+0.72 839+0.97 6.54+127 6.18+1.05 1.90+0.33 —
50 24,6- ZRTARE 4870 — — — — — 1.82+0.24 —
51 — 745 62.39+2.07 71.84+3.08 35.60+1.95 39.23+2.11 31.86+4.08 1.71+0.37 4547 +2.60
52 FTE# 48.45 0.80+0.14 — — — — — —
53 Fig 51.86 3.54+022 17.40+0.58 24.90+2.48 21.75+ 137 10.75+ 1.61 14.69+0.66 10.32 +0.79
54 JERBR 54.80 1.13+0.09 12.27+0.92 20.14+2.76 13.60+1.44 7.72+0.88 13.39 +0.82 —
55 ETE 47.57 — — — 1.15£0.29 0.77 £0.05 — —
56 2- FATHE 51.67 0.87 +0.05 — — — — — —
57 FAREL 57.34 — — 1.31+0.21 — — — —
58 9- R b 55.52 — — — 0.68+0.14 0.20+0.06 — —
59 h B 55.54 — — — — — 0.18 +0.06 —
60 3- FATE 4934 0.18 +0.06 — 0.93+0.15 0.28+0.04 — — —
61 2-#HK-5- FWHEKTE 5394 — 477+0.75 1.92+0.30 — 228 +0.34 — —
62 IR CER 24.06 4+0 4+0 4+0 4+0 4+0 4+0 4+0
63 X 2 53.91 — — — — — 0.14+0.04 0.26*0.01
64 2- B+ NI ER 40.23 — — 0.18 +0.05 — 0.18 +0.04 — 0.08 +0.03
65 E 37.40  0.38 +0.09 — — — — — —
66 3- HRES 34.93 — 3.82+1.14 — 254+0.08 2.12+043 224+0.18 2.67+0.37
67 AP 51.55  0.15+0.02 — — — — — —
68 p- M 15.52 — — — — — 0.22+0.04 —
69 X THs 53.02 1.37+0.05 — — — — — —
70 3 ;}%4' s 53.94 330+0.16 — 5.82+1.08 — — — —
N
71 L4 3520 0.85+0.14 — — — — — —
72 1,4,8- = F shofok 56.25 — — 0.39+0.10 — — — 0.17 +0.01
73 2- Tk -5- FAEeEy 57.13 — — 0.36 +0.22 — — — —
E: B 7 RTHIE LA RS
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Fig.7 Hierarchical clustering diagram of different beer aroma components
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