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Dynamic change of elements in cultivation substrates of Agaricus blazei

under different fermentation methods

Li Xuesong"*, Sun Dafeng', Li Jianying', Liu Shaoxiong', Luo Xiaokun’, Zhang Junbo', Yue Wang-
song', Zhang Xiaohua', Wang Xiangfei’, Hua Rong'

(1. Kunming Edible Fungi Institute of All China Federation of Supply and Marketing Cooperatives, Kunming 650221, Yunnan, China;
2. Yunnan Edible Fungi Industry Development Research Institute, Kunming 650221, Yunnan, China; 3. Wenshan Dianzhen Fungi Co.,
Ltd., Wenshan 663000, Yunnan, China)

Abstract: Using fermented substrates of Agaricus blazei prepared by traditional manual fermentation and tunnel fermenta-
tion as materials, three stages - unfermented mixed substrate, first fermentation, and second fermentation - were estab-
lished. The physicochemical properties and elemental dynamic changes during the fermentation process were tracked and
determined, aiming to provide a reference for optimizing green and efficient cultivation techniques of A. Blazei and inves-
tigating the mechanism of cadmium enrichment. In accordance with agricultural industry standards, a total of 21 indica-
tors were measured, including pH, moisture content, electrical conductivity, organic carbon, total nitrogen, total phospho-
rus, total potassium, as well as Fe, Ca, Mg, Cu, Zn, Mn, La, Se, and 6 heavy metals(Ni, Pb, Cd, Cr, As, Hg). and multiple
comparisons were conducted using Tukey’s method. The results showed that the pH and C/N of the cultivation substrates
from both fermentation methods decreased with the fermentation progress, while the content of various elements generally
exhibited an upward trend. After the second fermentation, the tunnel fermentation yielded superior organic carbon content
(36.13% ), total nitrogen content (1.65% ), and C/N (21.97) compared to the traditional manual fermentation (29.17%,
1.17%, 25.00). Regarding heavy metals, after the second fermentation in the traditional manual fermentation, the Pb con-
tent reached 113.67 mg - kg, and the contents of Ni, Pb, Cd, Cr, and As were 1.63, 15.49, 2, 2.96, and 2.24 times higher
than those in the tunnel fermentation, respectively, significantly exceeding the limit values stipulated by relevant green

food standards. In conclusion, during the fermentation process of 4. Blazei cultivation substrates, the adoption of tunnel
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fermentation technology can produce substrates with better nutritional indicators and lower heavy metal content, effective-

ly reducing the risk of heavy metal enrichment in fruiting body, and thereby laying a foundation for high- yield and

high-quality cultivation of A. blazei.

Key words: Agaricus blazei; Fermentation substrate; Element dynamics; Tunnel fermentation technology; Traditional

manual fermentation
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Table 1 Dynamic changes in pH, moisture content, and electrical conductivity during the fermentation process

of the cultivation substrate

B ) 5

Stage pH Moisture content/% Electrical conductivity/(uS-cm™)
AR VR A 8L Unfermented mixture 8.14+0.01 b 73.33+1.77 a 459.67+1.53 ¢

L4 N TR % 1 IX Traditional first fermentation 7.71£0.03 e 70.50+2.69 a 662.67+£5.03 d

A48 N TR 2 UK Traditional second fermentation ~ 7.91+0.02 d 70.87+2.43 a 819.67+3.79 ¢

FiiE & % 1 X Tunnel first fermentation 8.38+0.01 a 69.43+4.01 a 1141.33£9.07 b

B% 18 X ¥ 2 I Tunnel second fermentation 8.03+0.02 ¢ 75.90+0.95 a 1 528.00+4.58 a

RS RNG FRERIRTE 0.05 K2R . R,

Note: Different lowercase letters in the same column indicate significant difference at 0.05 level. The same below.
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Table 2 Variation in the proportions of major nutrient elements during the fermentation process

of the cultivation substrate

B wCH WU wCR %D CN wCR ) wCRAERD
Stage Organic carbon content/% Total N content/% P,Os content/% KO content/%
KRR A K} 30.03+1.20 be 0.77+£0.06 d 39.25+4.35a 0.22+0.02 d 0.69+0.05 ¢
Unfermented mixture

fEGNTREE 1K 31.97+0.47 b 1.05+0.04 ¢ 30.53+£1.20 b 0.69+0.04 be 0.79+0.03 b
Traditional first fermentation

HmNTREE 2 IR 29.17+0.45 ¢ 1.17£0.10 ¢ 25.00+1.84 be 0.6120.06 ¢ 1.044£0.05 a
Traditional second fermentation

R I 1 1K 35.60+1.61 a 1.4240.12 b 25.2842.55 be 0.75£0.03 b 0.88+0.02 b
Tunnel first fermentation

R R I 2 1K 36.13x0.50 a 1.65£0.06 a 21.97+0.52 ¢ 1.02+0.02 a 1.02+0.00 a

Tunnel second fermentation
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Table 3 Dynamic changes of Fe, Ca, and Mg content during the fermentatlon process of the cultivation substrate

B Stage w(Fe)/(mg-kg™") w(Ca)/(g-kg™ wMg)/(g-kg™
KRR A FL Unfermented mixture 611.00£75.97 d 3.60+0.12d 0.56=0.02 e
A48 N TR 1% 1 IX Traditional first fermentation 13 999.33+796.16 a 25.47+0.12 ¢ 6.63+0.02 a
fH5c N TR 2 IR Traditional second fermentation 5 877.00+£396.04 b 26.17+0.31 ¢ 1.98+0.02 ¢
R 18 &% 1 ¢X Tunnel first fermentation 1316.33+125.96 cd 28.67+0.25 b 1.75+0.01 d
Fi% 18 2% 2 X Tunnel second fermentation 1754.67+74.14 ¢ 34.00+0.70 a 2.29+0.03 b

Ja o, 0 2 T RS R VA K BRI OR K BERD La. T FEM Se S EIICT 0.01 mg kg™, & EHK

AR IR R B T EAE S 2 IR G ) Fe fik. BRILZ M, CusZn.Mn.La fE14% 55 N TR %
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PR I TR AR SE K 2 ORI R 1) Ca S B HE BEJR AR N TR IREE (0 R I BT T B8 I v

mye6fibll. Mg S BAEAGNTKEE L K BIKEER, Cu & &5 1.88 mg- kg™
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Table 4 Dynamic changes of trace nutrient elements content during the fermentation

process of the cultivation substrate (mg-kg™"
B Stage w(Cu) w(Zn) w(Mn) w(Se) w(La)
KRB AR 3.18+0.40 ¢ 18.13+0.55 ¢ 97.4746.57 d <0.01 1.4140.02 ¢
Unfermented mixture
G NTREE 1 IR 7.25£0.36 a 603.33+28.68 a 1223.67+61.78 a <0.01 11.90£0.36 a
Traditional first fermentation
TG N TR 2 I 7.08+0.35 a 74.53+2.37b 379.00+14.73 b <0.01 8.39+0.04 b
Traditional second fermentation
FETE I 1 I 3.66+0.53 ¢ 23.03+3.26 ¢ 151.33+14.98 d <0.01 2.80+0.04 d
Tunnel first fermentation
Fig i R I 2 X 5.20+0.12 b 31.37£0.75 ¢ 250.00+1.00 ¢ <0.01 3.68+0.06 ¢
Tunnel second fermentation
23 EERARREDIT FE BRI E] 6 FhE 42 )8 (NiPb.Cd.Cr.As Hg) , }£

TEWI A BRI AR b, R R R B o 3 b, JRH LA P Al Cr o W R . 78 R KR & R
WA BRI ESE TR FERIE. NE ST oL B Cr & B8 (46.27 mg-kg D AN, HiAh 5 FhE
PLE H ARG N TR A ABEIE K BHE AR &R SEWRT 3mg-kg'. 5N T RBEEA R

x5 RENABORTHNESREARIEDITEN

Table 5 Dynamic changes of heavy metal elements content during the fermentation process

of the cultivation substrate (mg-kg™")
Fr B Stage w(Ni) w(Pb) w(Cd) w(Cr) w(As) w(Hg)
KRR EERA R 2.21+0.03 ¢ 1.24+0.02¢c  0.07+0.00 d 46.27+5.81 ¢ 0.26:0.01d  0.01x0.00 d
Unfermented mixture
TGN T R 1 9.47+0.18 a 145.3344.93 a 1.81+0.05 a 100.07£0.90 b 13.30+0.20a  0.05£0.00 a
Traditional first fermentation
G N TR 2 I 6.18+0.03 b 113.67+1.53b  0.30£0.00 b 108.67+1.53 a 2.49+0.02b  0.03+0.00 b
Traditional second fermentation
R TE T 1 I 3.41+0.03 d 6.84+0.39 ¢ 0.13+0.01 ¢ 48.00+1.73 ¢ 0.87+0.02 ¢ 0.010.00 ¢
Tunnel first fermentation
R A I 2 IR 3.78+0.05 ¢ 7.34+022¢  0.15+0.00 ¢ 36.73+0.95 d 1.1120.02¢  0.02+0.00 ¢

Tunnel second fermentation
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