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Abstract: The effects of different concentrations of carbon sources, inorganic salts, and growth
hormones on ergosterol biosynthesis in Sanguinoderma rugosum mycelia during liquid
fermentation were systematically investigated using ergosterol yield as the critical evaluation
metric. A hybrid methodology integrating single-factor experiments and response surface
optimization (RSM) were employed to identify key influencing factors. Statistical analysis
revealed the following order of factor significance: growth hormones>inorganic salts>carbon
sources, with growth hormones demonstrating a highly significant impact (P<0.01), inorganic
salts showing moderate significance (P<0.05), and carbon sources exhibiting no statistical
relevance. The optimized fermentation parameters were established as: fermentation medium
containing 200 g/L potato, 38.481 g/L composite carbon sources (glucose:sucrose, 1:1, M/M),
4.143 g/L inorganic salts (KH,PO4:CaSO,, 3:1, M/M), and 143.616 pmol/L growth hormone
(salicylic acid), with 2% inoculum and 17-day cultivation. Under these conditions, the predicted
maximum ergosterol yield reached 3.597 mg/150 mL, while experimental validation yielded a
mean value of 3.801 mg/150 mL, representing a 149.41% enhancement compared to the baseline
yield (1.524 mg/150 mL). The optimized protocol exhibited robust reproducibility, high
efficiency, and cost-effectiveness, producing Sanguinoderma rugosum mycelia enriched with
ergosterol. This advancement provides a scalable bioprocess for ergosterol production, supporting
its potential utilization in functional foods and pharmaceutical precursors.

Keywords: Sanguinoderma rugosum; ergosterol; response surface method; liquid fermentation
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Fig. 1 The effects of different carbon sources on mycelial biomass and ergosterol content (A) and yield (B) of

Sanguinoderma rugosum. Glucose:sucrose=1:1 (M/M); Sucrose:soluble starch=1:1 (M/M); Different lowercase
letters indicate significant differences (P<0.05). The same below.
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Fig. 2 The effects of carbon source addition quantity on mycelial biomass and ergosterol content (A) and
yield (B) of Sanguinoderma rugosum. Carbon source: glucose:sucrose=1:1 (M/M).
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of Sanguinoderma rugosum.
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Fig. 4 The effects of different inorganic salts on mycelial biomass and ergosterol content (A) and yield (B) of
Sanguinoderma rugosum. The mass ratio of the two inorganic salts is 3:1 (M/M).
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Fig. 5 The effects of inorganic salt addition quantity on mycelial biomass and ergosterol content (A) and yield
(B) of Sanguinoderma rugosum. Inorganic salt (%): KH,PO4:CaS0,=3:1 (M/M).
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Fig. 6 The effects of different inducers on mycelial biomass and ergosterol content (A) and yield (B) of

Sanguinoderma rugosum.
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Fig. 7 The effects of different growth hormones on mycelial biomass and ergosterol content (A) and yield (B)
of Sanguinoderma rugosum.

A i A At

Ergosterol yield (mg/150 mL)

10 50 100
KGR

Salicylic acid concentration (umol/L)

150

200

8 EKFKENEMZEALEVESZAEEIEA)NTEB)HIFN

Fig. 8 The effects of different growth hormone concentration on mycelial biomass and ergosterol content (A)

and yield (B) of
A
1.0

0.9

0.8

[CEEEZaL7/N TS

Mycelial biomass (g/150 mL)

0.7

0.6

%] 9

Sanguinoderma rugosum.

< 224 #54t Mycelial biomass

+ A BB Ergosterol content i

S

L § “i"'_%““i\

L “§

2 4 6 8 10 12 14
R i

Liquid inoculum concentration (%)

(O8]

;J
A

Ergosterol content (mg/g)

—

0

Ergosterol yield (mg/150 mL)

4 -
a a a ah
3.102 2.955 3.046 5 gsr  be
3r E 254 € ¢
2.357 2303
2|

4 6 8

R
Liquid inoculum concentration (%)

10

12 14

TERIEMEMSMZEHLZEMESETAEESEA)KZEB)HFMN

Fig. 9 The effects of different inoculum concentration on mycelial biomass and ergosterol content (A) and
yield (B) of Sanguinoderma rugosum.

250063-9



Research paper

22 September 2025, 44(9): 250063

Mycosystema ISSN 1672-6472 CN 11-5180/Q

227 EFFEMESMEERLEYE . EHEE
BENFENFM

BEFRmIE N, S22 Yt | 2 S
T e R LIHE TREES, T 17 d
B IRIEAE , 22§ M 5~ 3.660 mg/150 mL,
W s e AL IR R A 17 d (B 10),

A - B4 ¥ Mycelial biomass

1.0 = Z i B i Ergosterol content _

L

) —~
- &
2 08} {4 &
IH & I =
8% 06} 385
H g & 5
NERY! ==
i® 2 ﬁg
E o2t i Mg
8 po
E\ [£a)

<

11 13 15 17 19
S

Culture time (d)

7 9

=1

B a
T 47 3.660
o b
W be
ﬁ&? E 2307 4
3 2t gvz
,& ~ (<] =
We |LI3OR
8 -
g
gn
o

(=]

7 9 11 13 15 17 19
L
Culture time (d)

10 FEBFHEMNEMZRLEMESKH
HESEA)RTEB)RIFNT
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0.0454A+0.064B—0.1959C—0.008 AB—0.0363AC—
0.007BC-0.2707A%*-0.456B*~0.7597C?,

DA A 8 B 1 PP Fe b, R 7 220
(G 3)IHAL MIABIRI 24 W g, SR ER
FEHIA B 2 (P<0.01), RT3 (P>0.05),
RIZ BT . IR Z Jo Il 5 A OC R BT

T R*=0.992 7, FIALAMEAINE R BRI AAL
TETRAE R0 R*=0.983 3, M iZA5 i) EL& fild ¢
98.33%Mm W (B AS AL BE JT o LAZZ ff 35 ™ i A
RERRRES, MR FO(ESHT, £ DI A
PR R IR AR O . C>B>A, Hl KR >
KH,PO,+CaSO > A M+ M, o —R I A°
B’. C* K—IRIN C ¥22 54 i #(P<0.01), B
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Z 2 Box-Behnken SCISZ5 R
Table 2 The results of Box-Behnken experiment

5 EN AR R (Y)
No.  Factor Ergosterol yield (mg/150 mL)
A B C
1 40 4 150 3.461
2 60 4 100 2.709
3 60 4 200 2.265
4 40 4 150 3.525
5 20 2 150 2.819
6 40 6 100 2.651
7 40 4 150 3.649
8 60 2 150 2.779
9 20 4 200 2.463
10 20 4 100 2.762
11 40 2 200 2.092
12 40 6 200 2.225
13 40 4 150 3.644
14 60 6 150 2.872
15 40 4 150 3.622
16 40 2 100 2.490
17 20 6 150 2.944
232 WIRZE ST

A4 e S T R e )7 T PR R A% U Sz i A2 5 Tk
V5 (R A+ R 5 TCHLER (KH,PO4+CaSO4) TSN
i DL A KR OK A7 IR ) W JBE 0T 54 1 2 22 £ 54 I
PSSR, I HLBE S 5 PR 2R (R 1 22 BLAE HT
(& 11), S5 R R IR AR 5 % 4 1 K e 1o TR FE1 1)
I DS 7 B2 B 0% UL S W5 DRI 25 R S e R ) < A 5]
W45 1o Sk 2% A L) o7 T B , 2R PR IR 3% [B) 28 B
PR 52 5 IR 45 e 2 i Ll 7 TP~ 2%, D)
R HAE AN B3 (Yang et al. 2017 ; &S}
S5 2024) e 07 IE PR3 R BT 27 HL A v 2k PR A B
T (B 11), UhBH A% 2838 BAR FIXT 2 f B ™ i
I3, 5 25T 85 R (3 3)—3K .
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%< 3 Box-Behnken SEIGZERFE ST

Table 3 Variance analysis of the Box-Benhnken experiment

P37 ST A by F{E P1H
Source Sum of squares df Mean square F value P value
R Model 432 9 04795 105.67 <0.000 1™
A 0.016 5 1 0.016 5 3.63 0.098 4

B 0.032 8 1 0.0328 7.22 0.0312"
C 0.306 9 1 0.306 9 67.64 <0.000 1™
AB 0.000 3 1 0.000 3 0.056 4 0.819 1
AC 0.005 3 1 0.005 3 1.16 03175
BC 0.000 2 1 0.000 2 0.043 2 0.8413
A? 0.308 6 1 0.308 6 68.01 <0.000 1"
B? 0.875 4 1 0.875 4 192.92 <0.000 1"
c? 243 1 243 535.56 <0.000 1™
5%2% Residual 0.0318 7 0.004 5

AP35 Lack of fit 0.004 0 3 0.001 3 0.189 7 0.898 3
#riR2% Pure error 0.027 8 4 0.007 0

BB Cor total 4.35 16

R* e %0 R-squared 0.992 7
R A TFEesE BEL Adj R-squared 0.983 3
TREFH CVY% 234

0 *FOREI R F(P<0.05), **F/RMIH LE(P<0.01)

Note: * indicates significant (P<0.05), ** indicates extremely significant (P<0.01).

233 mEABSHIIE

ZERERL 3BT 5 FI0 , B RE 2 AR A T
EREENRETZR: 58585200 gL, 24
IR 38.481 g/L (RIZWH:REME, 1.1, JikElh).
JeHLE: 4.143 g/L (KH,PO4:CaS0,, 3:1, T th).
AR 143.616 umol/L, FEFPEH 2%, B3Rt
R 17 do FEBLACH T 3 OPATIRER, 22
S EESE = 5o 3.801 mg/150 mL, 5
3.597 mg/150 mL o #2255, ik T i RNA
Rt MR R AT AT, HoSRgh AR M. Sk
HIAHEL, M SR g m T 149.41%, HAHE
SIS
3 ik

1122 22 ff S BE Y 7 i A2 T 22 AR AR i
HNFR A S B e A Rl e o PR, PR
£ 0 B T A T RN 22 AR A Y e Ak
HE MBS, ARk, WA R BB ARNE N —
FloET X HEA T RN AT S ik R 2k
AYREHERE Y R El S h g B IR EZ R
B2 FH BRI FT T S R (B AR 2022) . TR 24

RIS TR R, AR, R AS I 4 i 5]
i (Feng et al. 2021) 83 15 WA 723 1057
AT PR TR 22 AR N 2 A HS B AR A2 L, R
I R4 B A 7 R M5 W] 5 % (Zheng et al.
2022) iR BB IR T 5 i 2 b A A S Y
FEbE HA BRI (K 1B) o X — 25 it —HE 5L
T RRIEC AR AE AR 2 H AR )RR 8 5 T Y
B, RS L 1 RIS, TREME B
XU AEBERL , F2 o P A 2B 1 K 5 A S s 7 )
AR Hodr , A BGEAERE , SR 2281
TEEB OU) DR HE 2 B A v, S R A 3 i )
(He et al. 2021), AN, EAWIEME G TCHLER
(4 0 FH REAE S5O 1 1 25 7 B 3R 75 R i R A
25 F(Peng et al. 2016), 7KAZ R i B 2 ol ] 42
()7 S T 22 A S BB BGA A T i G S
SR ERIL, I B 5 G A AE G 0 A B
YERE, SE30 T 6 22 M 1 B L R B R (T 55
ZA 2021), Xt LK R (<100 pmol/L)AF5E (5
75 24 2021), AHESE &R =K AG IR 0 4f H £
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250063-11



Research paper

22 September 2025, 44(9): 250063

Mycosystema ISSN 1672-6472 CN 11-5180/Q

6 r -
! =
‘u\ =
A
54 —
- =R
£} i E
= & 5
=g E S
Re 4 & =
g5 ®g
=) w
2 <)
- —V %D
) . -
20 30 40 50 60
A BRIE
Carbon source (g/L)
200
&)
g
g 180 » g
] )
g S E
it < 160 B <
¥ o= W
g A
s B 140 g
o= 8
= w
E :
=]
& 120 =
G,
100
20 30 40 50 60
A: BRIR
Carbon source (g/L)
200
g 180
=]
B
R =160
el
HE
o2 140
=
z
<
S 120
100
2 3 4 5 6
B: JoHLE:
Inorganic salt (g/L)

11 FEERMNEZAEE~EXMNFSEEMMMEE . War e, 11, JOHEL:

KH,PO,:CaS0,, 3:1; HEKE. Kz
Fig. 11 Contour plots and response surface plots of the effects of different factors on ergosterol yield. Carbon
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