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Abstract: [Objective] This study aims to establish an efficient selenium biofortification strategy based on the

liquid culture of Tremella aurantialba (T. aurantialba) mycelia to enhance its selenium enrichment capacity.
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[Method] The changes of growth phenotype, metabolic behavior, and selenium enrichment characteristics of
T. aurantialba mycelia were analyzed during the Na,SeO;-induced selenium biofortification process in liquid
culture. [Result] Addition of 5 mg/kg and 10 mg/kg Na,SeO; promoted mycelium growth, whereas Na,SeO; with
the mass fraction exceeding 10 mg/kg significantly inhibited the growth of T. aurantialba mycelia, with the
inhibitory effect intensifying as Na,SeO; mass fraction increased. Therefore, 5 mg/kg and 10 mg/kg of Na,SeO;
were selected. With the selenium-enrichment level and the bioconcentration factor (BCF) of the T. aurantialba
mycelia as the primary indicators, single factor and orthogonal experiments were conducted to optimize the
selenium biofortification parameters. The results demonstrated that in the case of the Na,SeO; mass fraction being
5 mg/kg, the optimal culture conditions for 7. aurantialba mycelia were Na,SeO; addition on the 4th day,
inoculum volume fraction of 2.25%, pH 6, and rotational speed of 150 r/min. In the case of the Na,SeO; mass
fraction being 10 mg/kg, the optimal culture conditions were Na,SeO; addition on the 3rd day, inoculum volume
fraction of 2.25%, pH 7, and rotational speed of 125 r/min. Under these optimized conditions and the Na,SeO;
mass fractions being 5 mg/kg and 10 mg/kg, T. aurantialba mycelia achieved selenium-enrichment levels of
148.24 mg/kg and 239.47 mg/kg, respectively, representing increases by 26.45% and 38.71% compared with
those before optimization. Furthermore, the BCF reached 68.42% and 51.05%, which indicated improvements by
53.89% and 55.31%. Additionally, the analysis of the nutrient composition of selenium-enriched 7. aurantialba
mycelia revealed that proteins were the primary binding agents for selenium (>60%). The addition of selenium
not only preserved the nutritional value of 7. aurantialba mycelial protein but also enhanced the levels of umami
amino acids (aspartate and glutamate). Moreover, SeMet was found to be the predominant selenium form in
T. aurantialba mycelia. [Conclusion] This study provides a reference for future endeavors in enriching selenium in
T. aurantialba for both edible and medicinal purposes and developing natural dietary supplements containing selenium.

Keywords: Tremella aurantialba; selenium; biofortification; process optimization; selenium amino acid
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B o DRI, B 3 4 P AR AR 23 $0h 3.00% 6
233 pH

pH & KB — AN LA MR dR bR, X 2
LB A% bR IR 5B BORT PR AR A S R
AEIEE, BT, &R LR EY
B pH T = e G n 5 9> . M pH N S B TE
Na,SeO; Jii & 4> U N 510 mg/kg (1) 4 B 5 22 4k 4
Wk B i KAE , 3 9 N 10.22 g/L A1 11.08 g/L, B
o T AL pH TR AEY) & 24 pH A 6 1), Na,SeO,
Ji B 5y BN 5 mg/kg (1) 4 B 22 4k & il & A BCF
Wy ik B B KAE L 4 5 9 132.22 mg/kg F1 52.53% ;24
pH N 7B, Na,SeO, i & 7> N 10 mg/kg 1) 4 H 5
22 4 & Tl & A BCF 314 2 & KAH , 7 51 4 200.64
mg/kg 1 49.55% , % B 4 H 15 22 4 75 55 BR 1 J
PES& A N B & Al BE ) 5 s 2 pH>T B, & B 4



Vol. 44 No. 9
11
mm 5 mg/kg
3 10 mg/kg
10 |
a aAB £
a a a a AB
3 ol @BC 4§ B
2 C B
I
5]
#H 8
7k

6
BOK F1IR F2R HI3K PR FESK Fok
Na,SeO, 7R A (]
(a) Na,SeO #4513 2= 478y 5

400 N 170
== i (5 mg/kg)
== Wl (10 mg/kg)

—— BCF (5 mg/kg)
e BCF (10 mg/kg) |

300

200

& i/ (mg/kg)

100

0
HOK BIK 2K BIK B4R BSK B6R
Na,SeO, i []
(b) Na,SeO, 73 (1% & il FIBCF 5

ARG 7 REACER 2 Na,SeO, it & 7 H 5 mg/kg I, [F 048 A5 4E A
[ 2% A F 10 22 7 B 3 (P<0.05) s AN A K5 7 REAR 2 24 Na,SeO, it & 43
#0910 mg/kg B [ Ff £ 4 76 AN 6] 2 A1 N 1) 22 57 (235 (P<0.05)
'S Na,SeO,/AAnbf o] 3t & F @ L4k £ 43 % #MF A BCF

#) % v
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mycelia
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and BCF of T. aurantialba mycelia
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Fig. 8 Effects of rotational speed on biomass, selenium-

enrichment level, and BCF of 7. aurantialba mycelia
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Fz1 EXRBERZMAKTE #3 ZNa,SeO, /10 mg/kg R A IEAZ AW W IT R &8 R
Table 1 Factors and levels of the orthogonal experiment Table 3 Design and results of orthogonal experiment with 10
K 2 mg/kg Na,SeO,
A AR SR WInE pH D)/ . K =i
/% (B o (r/min) - A B C D (mg/kg)
1 2.25 2R 5 125 1 1 1 1 1 135.50
2 3.00 IR 6 150 2 1 2 2 2 177.69
3 3.75 XN 7 175 3 1 3 3 3 232.52
4 2 1 2 3 148.89
#2 % Na,SeO, k5 mg/kg FRIIFRZIXIE &I R ER 5 ) ) 3 | 229.39
Table 2 Design and results of orthogonal experiment with 6 5 3 1 2 113.55
Smg/kg Na,SeO, 7 3 1 3 2 192.31
5 K AL 8 3 2 1 3 114.29
4 B c D (mg/kg) 9 3 3 2 1 134.90
1 1 1 1 1 85.93 k, 181.903  158.900  121.113 166.597
2 1 2 2 2 111.72 k, 163.943 173790  153.827  161.183
3 1 3 3 3 114.36 ks 147.167 160323 218.073 165233
4 2 1 2 3 103.37 R 34.736 14.890 96.960 5.414
5 2 2 3 ! 66.46 ek AR AB RAEACT | FRRBR Bk, RS AR 1
6 2 3 1 2 98.15 K2R AR bR R s ey AR R A IR AR KT 3 R I 46 A
7 3 1 3 2 96.02 SRl
8 3 2 1 3 67.70
9 3 3 2 1 92.74 5 AR 2 RS IR & R 56% il
k104003 95107  83.927  81.710 11%5, 4 ELAR AR =9 43 A 1) 43 BT 45 S W3R 5~6.
k89327 81960 102610 101963 G FL 224K P T R T LU R TR R AT AE L
ks 85.487  101.750 92.280 95.143 Na,SeO. Jfi & 48 504 5,10 mg/kg I, 45 4 76 i 55 [
R 18.516 19.790 18.683 20.253

T ke AR BN RAE KT 1R 3% 18 bR SRk R B A R R AE
KT 2 N B R AR B ATk RS A BIR AT 3 NI % 5 b7
KA

P i R 20k B E ETR OK BR 55 25U T
M EMERE TAM PN ST 2K, H
BCF¥ M B T A AP WS HE2 k. 41,
& B W E 4R RE B, AT DA ISR B A TR £ 1
ToAURR , 72 A8 A= P s Ak 1) B A A ) 38 A, A Ak
AT gk — 4 T H T R R A B 6 P L S bR
I FH A HE B0 A D¢ G187 BiF 78 B B L
24 EMEERLANEFRIMNESER
241 ML EFBE G

245 FH H AT DU TG LA AE B 22 4 4 il N B
S EZ SR IRTIEA Ik Iy RN S I TIE IR
W5 o A AR 7 W ) 43 A DR B B AR 2 AN [ T
fEEZE 7, e W 5 & O M 2 545G 0
5 EE A A 60% A1 15%, FH b 5 &R A A £
W 25 A B 5 B 43 50 R 40.09% F1127.83%5, R 2

2, o A BB 2 R R Y 69.94%
A 64.21%, il & E Wl 5T 2 5> 2 i O 243.18
mg/kg A1 371.01 mg/kg, H A& il 5T & 55 5kl
Na,SeO, Jii & 7 £ 1 38 in & 25 42 %= (P<0.05) . 45
HAIEML N 20 b R R AN S B 22 R s R
0.25% A1 0.42%

UEAh w4 B AR N 2 R S
JR R R B S A A Tt m, s
B A E A E P E (P<0.05) . HENAR T & AT
Re o U A e RIFAT AR RIS S TS
& R B 5 2R B A KCERE I, X
Wy F e EAEEAR ERE R —8.
242 RABR A

G HB AR A B R PS4, M e 25 R IR 7.
2 Na,SeO, it &7 $~ 5.10 mg/kg I, 4 B 22 1k
(1) & 2 R A & (TAAD 43 7 9 (32.28+0.26) g/100g
H(32.65+0.37) g/100g, ¥ A& & il 1) 4 H B 22 4k
CHF IR A 2 SR T 22.55% A1 23.96% , % B fiff fE
e 4 B 2 AR h & R & K, X 5 A
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Table 4 Selenium enrichment capacity of typical edible and medicinal fungi

7 gr CHHAEMA BN S Y & T N T/ (mg/kg) BCF/% 2% Uk
W Sk 74 40 mg/kg Na,SeO, 111.80 25.00 [15]
G 20 mg/kg Na,SeO, 112.30 32.75 [14]
2 ifl 745 40 mg/kg Na,SeO, 17.81 47.00 [30]
[E 2% 5% 95 CT 52 44O
40 mg/kg Na,SeO, 128.10 15.89
i 40 mg/kg Na,SeO, 130.90 13.90 [16]
10 mg/kg SeMet 28.90 20.40
RZ 200 mg/L Na,SeO; 2290.06 23.01 [22]
R 1 mg/L Na,SeO, 41.10 27.40 [21]
/AR 30 mg/L Na,SeO, 336.40 11.65 [18]
EARH 60 mg/L Na,SeO, 158.40 0.88 [31]
WA B 77 R 2244 BTN 5 mg/L Na,SecO, 60.00 9.28 [32]
LI 1 3 mg/L Na,SeO, 280.30 21.62 [33]
KB 55 45 150 mg/L Na,SeO;, 4727.68 24.68 [34]
5 mg/kg Na,SeO, 148.24 68.42
& H EN TP
10 mg/kg Na,SeO, 239.47 51.05

®5 cHELFMWER DM

Table 5 Analysis of selenprotein in 7. aurantialba mycelia

Na,SeO, i & 7> ¥/ SR (U &2 By Al R e o o B
(mg/kg) (mg/g) (mg/kg)
0 347.53+1.84°
5 426.37+1.13° 243.18+18.13°
10 414.42+6.34% 371.01+£16.21°

R SAS [ 7 B AR B 22 7 B 35 (P<0.05).

*o ©HELEFHNMSESR

Table 6 Analysis of selenium polysaccharides in 7. aurantialba

mycelia
Na,SeO, i #7348/ WA LR Ky 020 b s & 5 B
(mg/kg) (mg/g) (mg/kg)
0 19.72+0.18"
5 20.03+0.19° 18.71+1.61°
10 20.15+0.02° 49.77+2.64°
1 [ H A [R5 BEAR 2 304 22 53 B % (P<0.05).
B M RZPIH A E AR TR RS R

g B—%. A, CAEMREY il E SRR
DA e A8 B TR 1) 2 J R 4 B A EE 48], G0 Na,Se O, HE i
AR R H 7 SE AR 06 7 R R R (EAAD 3FJA
T FL R (NEAA) Il TAA KSFENY & il K3k 2%

B 22 K (1) TAA A EAA /K °F 5 % f8 4 41 EE 2 n'Jj:ﬂS
w7 13.5% F1 12.8%2 . AW 45 R, 55 R

86

HAH L, 1 Na,SeO, i & 70 £ 5 mg/kg I, & H
22 1K ¥ EAA I NEAA KP4l $E @ 1 5.51% F
32.19%; *4 Na,SeO, Jii & 4> # 7 10 mg/kg B , & H-
B 22 4K 1) EAA R NEAA 7K °F 43 53l $2 &1 18.11% FlI
27.16%. AN, X IE4L \Na,SeO, i & 0 ¥~ 5 mg/kg
A1 10 mg/kg 11 4 H 22 7K 1) EAA/TAA 5 5 A
(0.36+0.01).(0.31+0.01)H1(0.34+0.01),EAA/NEAA
73 5 H (0.56+0.01) « (0.45+0.01) A1 (0.52+0.01)
FAO/WHO #2 i (1) B 48 & [ i b5 #E ', EAA/TAA
8 0.40, EAA/NEAA =T 0.60, Ui B ‘&= il 4 H- 14 22
A B B A BN AL

AR AN [R] P Wi S8 AR M, 3 R T 3 O B R
FETR EH R LR L R R R A R R R . H
Hh i I 2 S R T £ BRI R ) TR K B R A
EMRETERRLXEAMRMEAR™ . 1KMW, 5
X I ZH AH L, Na,SeOs it & 43 204 510 mg/kg (1) 4
HOB 22 4K 1) R & 2 R T & 7 B0 4R TE T 6.91%
HI17.45% , 43 2 B2 Joi & 53 30y 7l $ v 1 91.52%
53.13%, Z 45 B 5w A& kAR, R
Na,SeO, AJ 3 55 & B 1 5 ok R v, s Al H B A AE
R SR B I INF T
2.4.3 AR A B 4R

J# 1 HPLC-ICP-MS 43 # 4 H- B 22 44 1 il £
RERMAK, WEHIOMES, ZMALEDS
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Table 7 Amino acid composition of I. aurantialba mycelia

- y LR R 4> BU/(g/100 @
NaESeOJﬁiﬁj\ﬁ[/(Ing/kg) =1 7oy N ) = oy 3 3 || )2 2y ¥ = oy )2
REAR AN 22 5 TR H R HEm® TR i 2 TR k=N
0 2.75+0.04°  4.95+0.12° 1.17+0.02° 0.69+0.03°  1.39+£0.01°  1.24+0.02°  1.86+0.03" 1.83+0.04"
5 2.94£0.04"  9.48+0.01° 1.25+0.01°  0.89£0.02°  1.47+0.01°  1.28+0.01° 2.37+0.01° 1.85+0.01°
10 3.23£0.03°  7.58+0.08" 1.32+0.02° 0.9840.01°  1.69+£0.01°  1.38+0.02"  2.39+£0.02° 2.09+0.03"
SR I 7 #/(g/100 g
Na,SeO, Jii & 7> £/(mg/kg) — — — . . P .
% % R 2 bt 2 B2 4 TR R EQTSEA Ny SRR R AR
0 0.61+£0.02°  0.05+0.01* 1.57+0.01° 0.31+0.02°  1.26+0.02°  1.29+0.01°  2.08+0.01°  1.69+0.06°
5 0.65+0.01°  0.05+0.01° 1.59+0.01° 0.41+0.01°  1.25+0.01°  1.25+0.01°  2.03+0.01° 2.15+0.04°
10 0.77+0.01*  0.03+0.01° 1.79+0.02° 0.4840.01°  1.39£0.02°  1.46+0.01*°  2.30+£0.02° 2.36+0.03"
AR & 5U(2/100 @ L AE
Na,SeO, Jii & 73 #/(mg/kg)
it &2 % TAA EAA NEAA EAA/TAA EAA/NEAA
0 1.61£0.04"  26.34+0.35°  9.44+0.11°  16.90+0.23°  0.36+£0.01°  0.56+0.01"
5 1.39+0.27"  32.28+0.26"°  9.96£0.05° 22.34£0.21°  0.31£0.01°  0.45+0.01°
10 1.41£0.07*  32.65+0.37°  11.15+0.11*  21.49+0.26" 0.34+£0.01°  0.52+0.01°

FE 8 R 04 7 2

SeCys,~MeSeCys fll SeMet A5 #E iy £ B B 8] A [7] (1
34N, 2 Na,SeO, i 5 47 FU N 5 mg/kg B, & H- 1
22K #] SeCys, MeSeCys fll SeMet Ji
H(4.66+0.18)(0.13+£0.06) F1(26.46+1.98) mg/kg,

70 000
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10 000

0

FHRT 38 5

25000
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5000

A BiRE
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AR 8

B 791 5 B33 2 57 5 35 (P<0.05).

B M

X 3 AR A A
21.08%: 4 Na,SeO, Jii & 77 % v 10 mg/kg I, 4 H-
22 {K 1 ) SeCys,+MeSeCys Fl SeMet Jii & 7 #(
55 A A (27.81£1.08) 1 (0.89+0.19) F1 (75.24+2.77)

MR R b R R

SeVI
SelV
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1 | ) I
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LR i [ /s
(a) A REUHEER bR AE S T HPLC-ICP-MS & i
SeMet
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PRBA I )/
(b) NaZSeOzﬁﬁiﬁj\iﬁﬁS ma/ke i 1114 B 22 4k o i £ U R (1 HPLC-ICP-MS [l it
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Fig. 9 HPLC-ICP-MS chromatograms of selenium amino acids in different samples
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Table 8 Mass fractions of selenium amino acids in

T. aurantialba mycelia

Na,SeO, Jit & 7 #/ G 4K, 2 B R o % 43 #0/(mg/kg)

(mg/kg) SeCys, MeSeCys SeMet
5 4.66+0.18 0.13+0.06 26.46+1.98
10 27.81£1.08 0.89+0.19 75.24+2.77

mg/kg, 5 B 43.40% , % B B 22 4K i AR
AERFTESWS WA NEZEMX. ARE
HEME SMMmARREERBERAR. K
i A L B T stk e 3 A AR
1% /& SeMet; 4 £ % 7 52 & b (1 2 A AR S AL 1R 2
SeMet. SeCys fll MeSeCys""*'; B i % T 52 74 1) &=
A 4Q & 3 R & SeMet Al MeSeCys' '™ ; A Hf 78
& OB 22 AR b ) 32 AN A S R R 2 SeMet. A B
Ji R B, SeMet bt 2 # H A LG A & ) Cln
SeCys,) , B 5 @ Y v e MY, MeSeCys 1E
N SeCys [ H E:AL =1, &2 — M A S 5 & A i #¥
AMARERBRTAEY. FAHBEREEDF,
MeSeCys ) 24 ) & B RE 71 5 Al i 52 M 5 0F Al
KL Al KBk, H A B MeSeCys %, BL2E fi#
e 7K ST A AR 0 A R ) AT R o L AE 4 HE B 22 4R
1, MeSeCy £ & fili & o 5 tb A 3 1%, & B
Na,SeO, ii & 7> A 5.10 mg/kg i A & P X 4 H
W AR PR A AR . 48 B, B & HoA DUAE N
— i ) R SR D A

% 8 WHO #E 7% 19 B A il 35\ & (60 pg/d) it
B8 KN 400 mg Y 5 mg/kg Na,SeO, Ak # (1) 4>
H., 8250 mg ) 10 mg/kg Na,SeO, 4t ¥ ] & H-, E[I
AL 2 RN BE H R SR & R AT A R
Sy H 5% N AR 9 282.24 mg A1 177.65 mg. %% b,
YN =R RN R DN R T
3R 5 TR E AT R N T Ji 4 RN G G £ b 7 ) B R R
DLZE fift N A S NS 2 AR
3 g5

A5 I8 I R R 9 e T 2 AR AT AR
s, 07 %6 HY B & Na,SeO, Jii B 73 N 5 mg/kg M
10 mg/kg, L K e i@ R BERT ] A 7 do B IR
WIS IE 22 W5, PR T Na,SeO, i i i [] | 322 Fh
P RS 20 pH RS S8 4 B TR 42 AR AR L E
&M BCF 52 . 25 R KW, 2 Na,SeO, it & 77 %4
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N5 mg/kg B, & B 22 00 B EE RS R AR
Na,SeO; ¥ I i [8] A 55 4 K, 4 Fh 4k B4 S0k
2.25%,pH N 6,5 3 150 N r/min; 24 Na,SeO; i &
53 B 10 mg/kg I, <6 FE B 22 4 1) o £ B 9% R
4+ Na,SeO, Uk I 8] 9 28 3 K, 82 FliR #1 7r H h
2.25%,pH N 7,%3# A 125 r/min. 7E Na,SeO, i it
PN 510 meg/kg B AERE TR KA T, & H W 4
A& & By ) N 148.24.239.47 mg/kg , B AR AL B
Sy R T 26.45%.38.71% ; BCF 43 %l N 68.42% .
51.05%, B AL A 1T 43 0l 52 & 1 53.89% . 55.31%
B 4 B L2 AR IR TR R A o B A R AR il
ES5EARSG S, 52BN 68D KT
IS IASAL AT DL 4 FF 4 B 2 4R B R BB R
B e m 7 HER A R K & FE2khr
FEMAA R 2 SeMet. 2 b, & H & — AL R
RS A= ) i A AR, F TG LA B A% A 2 v B R
B FEREFRNAE & T IF KMl RE & b7 .
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