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Selenium affects the mycelial growth, agronomic traits, and
nutritional quality of Stropharia rugosoannulata

GONG Xishan, CHEN Qingjun, ZHANG Guoqing’, ZHANG Jiayan, ZHAO Yajing,
ZHANG Jiao, ZHAO Minrui

College of Plant Science and Technology, Beijing University of Agriculture, Beijing 102206, China

Abstract: [Background] Stropharia rugosoannulata is a new edible mushroom species in
China. With simple cultivation methods and high yield and benefits, it plays a key role in the
efficient transformation of agricultural wastes and the increase in farmers’ income. [Objective]
To explore the effects of selenium on the mycelial growth, agronomic traits, and nutritional
quality of S rugosoannulata and provide a basis for the production of selenium-enriched
S rugosoannulata. [Methods] The mycelial growth rate and dry weight of S. rugosoannulata
treated with different concentrations of sodium selenite (Na,SeO3) were determined by the plate
culture method. The cultivation matrix composed of sawdust, rice husk, and corncob was
supplemented with 0-10 mg/kg Na,SeOs for the cultivation test. The agronomic traits,
nutritional quality, and antioxidant activity of the first batch of fruiting bodies were evaluated.
[Results] The treatments with 0—10 mg/L. Na,SeO; had no significant effects on the mycelial
growth rate and dry weight, which were 3.74-3.76 mm/d and 40.67-41.33 mg, respectively.
However, when the concentration of Na,SeO; reached 15 mg/L or above, the mycelial growth
was significantly inhibited. The cultivation tests showed that the addition of 0-10 mg/kg
NaySeOs had no significant effects on the biological efficiency of the mushroom. The 7.5 mg/kg
NaySeOs group showed the best cap diameter, stipe diameter, and fresh weight of single
mushroom. Moreover, this group demonstrated the highest content of crude protein, crude
polysaccharides, total amino acids, essential amino acids, non-essential amino acids, delicious
amino acids, and glutamate. The crude polysaccharides from fruiting bodies in the 7.5-10.0 mg/kg
Na,SeO; groups demonstrated significantly higher DPPH and ‘OH free radical scavenging
activities than the blank control group. [Conclusion] The addition of low-dose Na,SeOs could
significantly improve the agronomic traits and nutritional quality of the fruiting bodies of
S rugosoannulata, and the optimum dose was 7.5 mg/kg. The findings provide a reliable
experimental basis for the production of selenium-enriched S. rugosoannulata.

Keywords: Sropharia rugosoannulata; selenium; mycelial growth; agronomic traits; nutritional
quality

K ER 5 4% (Sropharia rugosoannulata Farl. %, SRAWNGE . ARF . #REZS R AE
ex Murrill) X 4R IR TG 45 . WLk o, B LB E s, HAREEORE R R
A A R IREATE L ZLRATE, RIEREEFNG  m . RGEe, ERERZBCORA SRR TS
SRS EY, KBRS SR AR REEZEEM, RS ERA AL W LR
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o M . PRIEEESE . BRTE, SAFEN
EEAR . 20, Xky s, RS G HE
fb. Bk . PR . PURoT . REIMBEETEED T,

fifi (selenium, Se) &—F AR T HIAE 48
Mt ER, 5K —-R5MLRE, A
Al BURAE . PURTEFIGIE, S FE
o L A KB TR SR S — i,
F A AR TERIVE, T AR A 2
TR H AN 55200 pg™. &R H A KR
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A, BERSKE PR EE b 0y JC ML (I R 4 . I R
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FEAE U2 SN 24 e B A T 8 RE RIS 12 5
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HI DG T 5 Al T ) A 58 3 2 [ 5 T
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Frif(Lentinula edodes)! " -4 (Pleurotus spp.)!'* % |
XA 4 (Agaricus bisporus)®” | BAAH (Auricularia
auriculan)?45 o 1 3T AR SR D4 1 & T B
75, RERZEah & et AT 8, H F 202
VB R T R TR 2215 3% 5 T B9 . Song P
I RBR 55 Gh AR SE FRIN A I 22 S SRR
F T B4 L IR % i BN TS A 4 43 ) 4
13.5%#1 12.8%; R, shPilsRt], &K
BR 5 TR 22 RE A AR = /D B e IR A Ak
Yy ik AR A B AL TS 1, T RE RS R Y
PR B . OGRS PR IE T KRRk a6 4 2
G 224 ) B R L AR TE . D34, iR R
% 22 fife 5 20 %k R 3K o 4 TR 22 AR K s ), 2
1o P10 SR TG R0 BRI T AR RE 1 AR AT
DL BR 55 2 X 52, W A () ok B IV T 1 44

(Na,SeOs) ¥ B 22 K i se ), Jfit— A Hf e H
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1.1 ##
1.1.1 E#k

KB 5 4 T Pk ph A A 2 e 12 24 TR % U
FI IS 56 28 WO AR 5 DR, Bk 2 524 SR-21-01,
1.1.2 ExE

R R G A 5 (R CR F PDA [ A8 772 2511

AJEFEFE B SR HE(WR) (g/L): KJEH 10.0,
FE5eky 10.0, BiAg 20.0, JBEEE 1 2.0, KH,PO,
1.0, MgS040.5, pH A%A.

AR () AARE 75%,
FE 15%, 2%k 9%, IR ES 1%, & /K 12 60%—65%.

AR )T (B 050 : KB 33%, Fse
33%, F K 33%, A1 K 1%, &K EZE 60%—65%.
1.1.3  FZERFALEE

Na,SeO;, Sigma-Aldrich 2Aw)., F4rzZ—
K, T FHRF R AU ABR A A 5 iR
TR IEFRAR , T U R AR LI A PR |
HL I XTI AR, il —E R AR A R A A
KR A 3 Hr L, HITACHI 24+,
1.2 A ELAE KRR

T WR 55 5B A [R]57] 5 Na,SeOs
EUSESFHIN 5. 10, 15, 20, 25 F1 30 mg/L,
3 HIiE A Se5. Sel0, Sel5 . Se20., Se25 Fl Se30,
PIARERNN NaySeOs b F 4 23 (1% B 4H (CK),
AAEPE 3 AEE . SAPERE SR, fRR
WEMICEB IS, BAREkE PDA FARTG{L
K, UTCHATILAR(EAR 5 mm)dTHL, R H
— AR PHERN TP e, E T 25 °CHE
TG TR PR R R 9 d, RN AEKE
Pl B2 R BER A3 XY, wze
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JNAEA & Na,SeO; M, ZEFFRIGRE)H
Na,SeOs &k 43714 2.5, 5.0, 7.5 Fl 10 mg/kg,
53 liE Sl Se2.5. Se5.0. Se7.5 Fl Sel0, DI
Il NaySeO; AbFE K75 (X} FEAL(CK), AEA-AbH
3 ANEL IRSIPIEFRNE TR B It
b, FHERIPRNEE 25 ke, S/KE 62%, HEfh
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14 FRIEARZMHERK
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1.5 FEAHREFRR

KRR TR, FEARY S 50 °CHt
T2 EE, WM TR B, AR
o TR IR RN RS, 3 100 B,
FFHER . Herde, M2, HIED i iLm
MsE . MEFMESIR (GB/T 6432—2018 ) ),
LT 4E0 & 2 1 ( GB/T 5009.10—2003 ) 261,
B 2 (GB/T 14772—2008 ) P71, H £k
FHPOKRIEE . FEABFIH 6 mol/L HCI
(% 5 mg/mL M) 110 °CE =54 24 h, 7=
22 EPEUE AR Uk 5 A & R A 34 B A o
Mra e mal s, AP 3 A EE .

1.6 R aEMLIEME

KBRS 45 1 SO Z B0 o 100 H
PLZE 1 /K e il 20 mg/mL KL 22 BRI, TRl 1,
2. 5110 mg/mL T {E#, AT+ DPPH FI-OH
FIFR 3 PR P e PO A 3 AN
1.7 HitESH

K Excel 2016 #4784 5341, #IH SPSS
18.0 FLK R AT B E 122 5 70 i, R GraphPad
Prism 8.2.0 & o I EHE LA F- P (HEbRvE 2
TR, P<0.05 AURBURAFTER 2R

2 EREGHN

21 WEMEZ4EKIFIN

RER & 7E A B3R SR 9 d I,
Na,SeOs ¥f KIK 7 4 8 22 £ KWz an &l 1
7N o BRI 4 8 22 TEUN i 0-30 mg/L A Na,SeOs
M ERREA A, A AL PR ER T 4 T 22 K
K/NHA CK=Se5~Sel0>Sel5>Se20>Se25>Se30,
T HE K/NA CKxSe5~Se10>Sel5>Se20~Se25~
Se30., AU Na,SeO; ) CK 4H 1 22 A K &
5T #3518 3.63 mm/d Fil 40.33 mg; Na,SeO;
e JE N 5 me/L F1 10 mg/L B, Se5 Fl Sel0 ZH i
24 1 K EE 25 3.74 mm/d Fl 3.76 mm/d, T
91K 40.67 mg F1 41.33 mg, 5 CK 4K
BEES . Y NaSeO; WEH—LTHER}, HZ
A RGHEE 5T B R [ . NapSeOs k0 15 mg/L I,
Sel5 ZH R 22 A=K MR E 435114 3.58 mm/d Fil
34.67 mg, THRBEMT CK 41, FFIL 14.03%.
Na,SeO, HeJEH 20-30 mg/L B, LK
THEELTE, 2304 3.10-333 mm/d
21.00-28.33 mg, /3 llHE%T REZH TR 8.26%—14.60%
129.75%47.93%. Z55F M, LK Na,SeO;
Xof R 3K o 4 P 22 AR TC S RS, T e v R
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Effects of selenium on mycelial growth of Sropharia rugosoannulata. A: Colony morphology. B:

Mycelial growth rate and dry weight. Different lowercase letters indicate significant differences.

2.2 HlXTKEREEEE X Z KB 200

HRAE Na,SeOs X FEK 75 4 7 224 K i ity 25
B, EENHEZERKEMARER 0-10 mgkg
Na,SeO; VR JETEFY 5 TSIk B2 SE1 7 AR R R R
e, RS I E AN RV BE NapSeOs b
RERTEHAR SR, S5 a3 1 Fn. &4
PP SARE 25 HAA N 39.16-43.27 mm, FH w58
25.77-28.44 mm, PEANEAEH 24.80-28.42 mm,
WA EE R 50.93-63.85 mm, Bfif A 39.51-52.98 g,
— W 4 AR )RR N 52.51%-57.23%. Se7.5 Ab
LRI AR T 75 EAR . TR B4R R B A ff
H, Sel0 &b 3 B HS fpc IR Y T i A2 0 B ff

T, A AP TR 55 R RN AR W) AR T TH TG
xS, SRERY, AR EEEN, Wik
JE 38 0 KK 6 4 - S AR W e R T e 2
PERZIR, AN R 7.5 mg/kg Bh 3 B H A X
BT SR
2.3 X KIKETEEFMREIF N
ANFEVE Na,SeOs Xt KBR 75 4 7 L4 57
R AN 2 BT o 25 AR B 5 K Ry
92.66%-93.36%, AT 7N 32.55%-36.60%,
HAT4E il 10.14%10.69% . HLZHE & &N
6.35%—7.14%, MEF4E T 6.38%7.18%. 7%
AR ()5 KR HLER 2R RO I & i

F1 WX KEREZE R ZMHREI R0

Table 1 Effects of selenium on agronomic characters of Stropharia rugosoannulata

Ah 7R i L] By b LR/ e e

Treatment Pileus Stipe Fresh weight of Biological
iz JEL 7 iz Kz single mushroom (g) efficiency (%)
Diameter (mm) Thickness (mm) Diameter (mm) Length (mm)

CK 40.70+6.43ab  27.48+4.31a 25.73+5.23ab 61.92+8.80a 41.99+13.72b 57.23+£15.46a

Se2.5 41.66+9.10ab  28.32+7.01a 24.80+5.19b 62.61+13.88a 40.42+15.18b 55.33+9.14a

Se5.0 40.92+6.92ab  25.77+4.17a 28.334+5.72a 50.93£15.99b 40.56+12.38b 53.69+18.70a

Se7.5 43.27+7.99a  28.44+5.35a 28.4249.37a 57.21£17.89ab  52.98+22.45a 52.87+11.23a

Sel0 39.16£9.89b  26.75+6.25a 25.30+4.89b 63.85+13.45a 39.51£17.21b 52.51£11.65a

TP R A IE AR EZE (n=50). RIS 5 AN TR /ING B 3R A B2 ] 22 570K 31 3 25 K- (P<0.05). T A

Figures in the table represent averagetstandard deviation (n=50). Different lowercase letters after the same column of data

indicated that the difference between treatment groups reached a significant level (P<0.05). The same below.
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Figure 2 Effect of selenium on nutrient characters of Sropharia rugosoannulata. A: Moisture content. B:
Crude protein. C: Crude fiber. D: Crude polysaccharides. E: Crude fat.

Z5., HEAMMZHE SRR ETEET
R, Se7.5 418 H e s L EE A KL 2
BierE, 5N 36.60%F1 7.14%, =Xt
M4, R Na,SeO; W 7.5 mg/kg B BEAS D
2 1 RIR 5 1 AR SR
2.4 HEXF SRR AR 2H R B9 2

Y 2 SR 5 R R K vk, Tovkl
MR (Trp) . A M (Gln) FI R A Z ik (Asn),
KW 17 FhEER G RWE 2 Pos. B
2.5-10 mg/kg Na,SeO; RS I & $2 i F IR &L
A HLMR & & (total amino acids, TAA), FFHRIH
JeTHE R RGOS, Se5.0, Se7.5 41 TAA &
TR, 0N 28.79.29.18 g/100 g-dw., Se2.5 .
Se5.0 Fil Se7.5 4l H &M (Gly) . N (Ala). &
IR (Val), 28R (Lew), Fie@MR(le). HE
fiZ(Pro), ANZMR(Phe). 752 M (Thr), Ehta
M2 (Cys). M&Z MR (Tyr). #fi2d B2 (Lys). K2 MR
(Arg) . HZAMR(His), ¥ AR (Glu) K& AR
(Asp)S5 15 FhaSLIR o &35 10 3 = T X HR A .

Sel0 & HEMR & 7 52 T %, Ala, Val Fll Leu
LIRS EEE ST CKYl, 1M Gly, Ser fll
Cys FHEBEM G Y CKALREZES . Glu i~
R EEE R TR, 2 A P 2 R A 1Y
PR 4, Se5.0 Al Se7.5 41 Glu it CK
e T 33.11%F 35.09%, FWIG N
5.0-7.5 mg/kg Na,SeO; N HEWEHE =5 K BR 55 4
TR, R R T AT 2R A B .

GRS R A - SR SR
FTEEZE AR . SIS R BE Na,SeOs Ab A 1Y
TR B IR . T A LR (essential amino
acids, EAA). dE0AT5 % LR (non-essential amino
acids, NEAA), HEBR % FEHR (delicious amino acids,
DAA) % i )2 EAA/TAA (essential amino acids/total
amino acids, E/T)41&l 3 /R . Se2.5. Se5.0 Al
Se7.5 41 TAA. EAA. NEAA il DAA ¥ 555
T CK 4, FTIM 2.5-7.5 mg/kg Na,SeO; HEM
AR KBRS R A i,
A H L EAA R DAA, BAT U E 37 04 i
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Table 2 Effects of selenium on amino acid contents in the fruiting bodies of Sropharia rugosoannulata

AR & Content (g/100 g-dw)

Amino acid CK Se2.5 Se5.0 Se7.5 Sel0

Gly* 1.10+0.04c¢ 1.17+0.01b 1.2940.05a 1.31+0.02a 1.10+0.03¢
Ala® 1.29+0.03¢ 1.414+0.01b 1.57+0.05a 1.59+0.03a 1.39+0.03b
ValB 2.62+0.10¢ 2.83+0.03b 3.17+0.11a 3.23+0.05a 2.77+0.06b
Leu® 1.58+0.04¢c 1.71+0.02b 1.89+0.07a 1.94+0.03a 1.67+0.04b
IleB® 0.96+0.04¢ 1.06+0.01b 1.17+0.04a 1.19+0.02a 1.02+0.02b
Pro 0.78+0.08¢ 0.93+0.07b 1.06+0.03a 1.09+0.02a 0.90+0.08b
Phe?P 1.03+0.03d 1.11+0.01¢ 1.22+0.04b 1.26+0.02a 1.09+0.03¢
Met®? 0.90+0.14ab 0.80+0.05b 0.87+0.05ab 0.92+0.09ab 0.95+0.07a
Ser 1.50+0.03b 1.53+0.03b 1.72+0.05a 1.75+0.04a 1.53+0.03b
Thr® 1.13+0.01d 1.17+0.02¢ 1.34+0.04b 1.37+0.02a 1.20+0.02¢
Cys 0.12+0.00¢ 0.13+0.00b 0.14+0.00ab 0.14+0.00a 0.12+0.00¢
Tyr® 0.86+0.03¢ 0.91+0.01b 0.99+0.03a 1.02+0.02a 0.93+0.02b
Lys® 1.3240.02¢ 1.40+0.01b 1.56+0.05a 1.60+0.02a 1.38+0.04b
Arg 1.2440.03d 1.35+0.02¢ 1.64+0.06a 1.50+0.02b 1.16+0.02¢
His® 0.58+ 0.02¢ 0.6240.01b 0.68+0.02a 0.70+0.01a 0.60+0.02bc
Glu® 4.56+0.10c 4.83+0.05b 6.07+0.18a 6.16+0.09a 4.59+0.11¢
Asp? 2.02+0.02¢ 2.1440.03b 2.41+0.08a 2.40+0.03a 2.08+0.04bc
Total 23.59+0.39¢ 25.10+0.27b 28.79+0.89a 29.18+0.45a 24.47+0.58b

A: @i%ﬁﬁ@;, B: M‘%;/ELE@E

A: Delicious amino acids; B: Essential amino acids.

- | S8 1 P O, B NasSeO, W, bk
2w m) oty S AU ET SBUERHITR RO, X
£20l w 22 R TUI NaxSeO #2781 Glu it fiilk
£ PS8 TR NEAA HAEBAN.
=3 M2F 25 WHFRGES AR LEN
£10 H 10 é KER T 2GR Z M DPPH [ th2EF1-OH H
: | B SIS BRI 4 iR, BEEWIETHE, K

TAA FEAA NEAA DAA ET BR 6 45 6L 22 B8 PR R R 1 3 B R 0 1 T

T kB s 5 5% 2 L B B 1o Se7.5 1 Sel0 4LHL MR A 1-10 mg/mL
Bl 3 MM AKEHEFEASEREBNZN - e

> » P TR S & z 5

TAA: FEILE: EAA: DTSR NEAA: T Xfﬂﬁﬁém%éﬁiﬁ%ﬁﬂﬁzm% CK 4 ;

Figure 3  Effects of selenium on amino acids 391 78.98%F1 79.49% , X -OH H i HE i %

composition in the fruiting bodies of Stropharia A58 94.66%F1 97.52% o 254 T 3L S F Ik

rugosoannulata. TAA: Total i ids; EAA: o ; - 2

ndosaannd oua amino acies: FOZESR, BEFRPRINE LR NaySeOs A {LAE

Essential amino acids; NEAA: Non-essential amino
acids; DAA: Delicious amino acids; E/T: EAA/TAA. e 4 M KRBk e TR 2 &, IR IR
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Figure 4 Effects of selenium on antioxidative activities of crude polysaccharides from the fruiting bodies of
Stropharia rugosoannulata. A: Scavenging ability toward DPPH. B: Scavenging ability toward -OH.
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