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Abstract

Bachu mushrooms is a distinctive fungal resource mainly distributed in Bachu County and Makit
County of Xinjiang, China. Its polysaccharides exhibit various biological activities, including im-
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munomodulatory, antioxidant, antitumor, and hypoglycemic effects. In this study, submerged fer-
mentation was employed to cultivate the mycelia of Bachu mushrooms, followed by extraction of its
polysaccharides. To increase the polysaccharide content in the fermentation broth, polysaccharide
yield was used as the evaluation index, and the concentrations of carbon source, nitrogen source,
inorganic salt, and growth factor in the medium were optimized using single-factor experiments
combined with response surface methodology. The results showed that, under the conditions oflac-
tose 19.9 g/L, peptone 6.2 g/L, vitamin Bs (VBs) 12 mg/L, and KHzPO4 1.4 g/L, the polysaccharide
contentreached 0.412 g/L, representing a 34.2% increase compared with that before optimization.
These results indicate that the optimized medium significantly enhanced the polysaccharide con-
tent of Bachu mushrooms, providing a theoretical basis for its production by submerged fermenta-
tion and development as a functional ingredient.
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1. 5|8

A 4 (Bachu Mushrooms) AT # g8 R ST RIS EA M (Populus euphratica) VR X 7 B B[ 1]
SR RILA, T mTE BT 0 3R RSO G AR B LI, AT I SR L, T R
Berp B EEARIIGE2] [3]. HHTHARKI IS A MO SR, B AT AR SEELN TAREs, B 3 2K
T AR AR, PR T — B T R 4]

RS A FENEL & ZRES], PR, %20 DU &R H B A 200y E 2 A e,
TERLEA B-(1—3)-D-HI B JE I B-(1—6)SCHEMI S5 1, 1S5 M & RAEAWis P 1 LRl [6]- (8] AIFST
KB, A ZRERAPUE . PUMIRE R R AT SRR [9]. H 2R RS B E4E M (22 NO 22 TNF-
o IL-6 SR FRI 4, MR N2 [10] [11]; db4h, @RI RS EE 1, F87F
B 7KF[6]. DRI, R 2 HEFEDhRe & il 5 25 T R b AT RAF R AT R [12] [13]. fEHl& T, %
PEPE P2 R I L 2R 3 50 . AH AL e KR, A4 B . B2 S A8 M 55 D7 1 P i i R U R I
AR VE[14]-[16], &4 EMRIE o] B sr L D Re R PE(17]. S5 EIRARIRRR, AR E KBRS
SR E T A, RA Y. WEERAELA 18] [19]. ML IR IR I SR B AT, AT Rk A
T 22 A K 2 B B [20]-[23]

SAAKE, B2 EARESNANE, (E2EUERE, I ARAmE PR @k & R R SEH
AR, REHESNH AR ) E 2T W) [24]-[27].

2.

MR5ERE
2.1. MRS

ERE R REAPEF RS, 0. BN LR O R A RAR TTKEERE. K. KR
ToK Ol SEACBN. RIS, =R REWEA Al A IR AR, B S0, PR 8. REW
RRMLARA ;s R RETEMRUTARAF; JREK: REEXUARARIEGRAF; R
B RETHEIAARAARAR: KA. M. EAK. 44£FK Bi. 426K By, 4EEK B
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L(H-PURMER: REM AR ARAF; D-RBE: ElEREAAREARA R BlEh: mais
BEAMBARGIRAT; B AERUSEERARA R, WEUHE . TR T e tEma R
A VA EAREE G N 7 A Al

22. B{ERE

BOXUN @ R KW S : IR A IR A A BT &) s i TAES : BRI N 23RS
HRABR A7 ; UPE-I120L 47K 2K G Rt : PU)IMEE @R A R AR TDZ5-WS £ E 42 H 5
BB OHL: BN S5 B AKX B A PRA T BSA124S M R L2 WA AL 5D AR A R UV2550
AT WA T BB ARG R AT C20 BEES{U AR M T 2% AR (L) H IR
AT HH-S1 ZURAEIR KB : SIRTERITIER) s ZHWY-103B 1R 7R IR 48 LIR30 BT (28 1
EAMRAR; LRH-70 BAALR =M SSRGS A IR A A .

2.3. A&

23.1. BEFRSRKEESEENTIZRERREER
B T A A I 22 BRI AR a1 1 s

A 4

ERNE O BEFRENN

A 4

y

pidrYdia

A

SRR T2 ZHEE

Figure 1. Operating procedure for liquid fermentation and polysaccharide extraction of Bachu mushrooms

E 1. BEERSABRESERN T ZHIERE

1) HrFRAERC

PDA 75360077 : 8% 200 g, %k 20 g, EE 20 g, /K 1000 mL, pH H%%.

FERIRE IR AL 7. SR TE 200 g, HIAIHE 20 g, KHPO40.5g, MgS040.25g , 7K 1000mL, pH HA.

WA RBER AN 5. & WE 20 g, BEREN 5 ¢, KHPOs 1 g, VB 10 mg, 7K 1000 mL, pH F4k.

2) MR

WEEE R REEVE. . UINBUS, HERE PDA B35k L, fF 20C~25 CIERE R TR % 7 R
i, PRt TR R RIG G TR, BRI 20R % .

3) WY RRETR

FHBEA 5 77 K 15 2 1) A B PR E =M 24°C, 130 r/min 25 0F FRERE 7R 7 K.

4) T A OR T

B RIG TR B APk ON 20% H il 7E-80°C UK AR T,  LA& JE A .

23.2. BHEEEMEE

KRR J5 IREA 5 CTAB. B-%ihk CBE I i SR ARG MR &5 65°Cllil B 2k 40 M I 4k A% 2
fity; ELEAG - ROREE IR LR E AR Z R, SO R BUKA; AR EEDUE DNA, ZEEd Lk
5y, BAEIRT TE PR EBUB 40K, EHT 2/ 2 & &mmreA. BRI 31 DNA #17 PCR, PCR
SNARZ N 50 uL: 20 x PCR-mix15 uL, DNA (50 ng/uL)##% 2 uL, 10 uL/L fI1E. 5194 2 uL, 1§
ddH,O #ME 50 uL. ¥ IEFEF: 94 CHiAEYE 5 min; 94 CA M 40s, 58°CiBk 30s, 72°CHEfH 40s, 354
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fig¥h; 72°CHEMH 5 min. H§ PCR JFBUA LA ARSI, SRR ITS FPoIBET % 5E, e RNV 15
R, /T SRR,

2.33. PERIERIT

WE AR R, VPRI RIECERES R AR LI ToR00 . ErE . . FURAE) . &R
(GRS IR B Bk FH 38 &0k IR « B AR R RARE) oL Bh Gl 75 3 KHLPO4 H KoHPO4 NaCl,
CaCly. MnSO4 BN M T (Al R 4E/E R Bl 4 ER Boy 4EE R B L(D-HUAMARACE) A
J, 24°C, 130 v/min ZfF FREMEE TR 7 R, 8 F R - BRRRVEN € S 08 B E S il . IR, ol
A ER P SE, BB G mIE(16 ¢/L. 18g/L. 20g/L. 22¢g/L. 24g/L. 26g/L). &I
(B gL, 5¢g/L. 7gL. 9g/L. 11 g/L). THEOI gL, 1.2 gL, 1.5gL. 1.8 gL, 2.1 gL)FEKE TS
mg/L. 10 mg/L. 12mg/L. 14 mg/L. 16 mg/L)ARINE, RS RE =/ PAT5E5%.

2.3.4. Mo R EEAER IS

Rt — I C A A K 2 B G i . BUR . EHLE AR TR inE, UZHSEE
RPEAFER, K BRIRAIN R (2/L)(A4)s BRI (g/L)Y(B)~ ToHLER AN (g/L)(C)Hf 5 AL R 56 Y e i
Az, RH Box-Behnken Wit = PR3 =K VM B A0 EL A8 G i AS R I 200 Wi S T ke e v DR 3R Bk
R

Table 1. Factors and levels of response surface design

= 1. WMNEREEEZESKE

Hl 3=
¥ ——— ——— —
A BRIRA I &= /(g/L) B IR N/ (g/L) C AL & /(g/L)
1 18 5 0.9
2 20 7 1.2
3 22 9 15

2.3.5. ZERALSENE

REEAHRG, F RS KRB 5000 r/min B0 10 min, EFRE LA LAREIESR, WE BE. %
BB T 80°C/AKIB s & FAARRIN 173, AHEIMA 4 5468 95% K LB, FRE], T 4CHE 12
h BATEEST. 25T 5000 r/min B0 10 min, F¢ Ei&, WEEDTE. VOEHERATKERE, T 80C/KHE
B 1h, AHEECEERE, IR 4 (565 95% Z BT —RIEDT, DAREH 2RI . ISyl
ToK G 2 IR, SOCTREMHE, MRS R L. 208X Rm - REEE27].

2.4. BIBAbIE

HMH] GraphPad Prism 10.1 T H3EA7 s BB B AL R, 32 H] SPSS 27.0 T RSEHT7 Z 704, 15 8h
Design-Expert 13.0 F2)7 5¢ BN B 171 (1) 534 TAE o

3. ERESH
3.1. FEERE. R, THEMEKEFEEEASEEBTZRNTD

N A G RS S e 7 2 B AR SRR R SRR 1, AW LUK 2 RS S BN VF I 8, R H T
B R TEMLER AN A A PR R HL R i e x) 22 BB AR B KR
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3.1.1. FEERFEFMBRMNES BRES RS LB~ SRR
BRI B A TR P A A RO RE ORI, th A2 22 W 5 J I T 280 i ZROR TR, TSmO . —JRIRTE3A . W
RLE BRI A A R A 20 73 Wk

(a) BB o= T ®Al omm gk oww GEmE (b)
0.6 0.4

0.0k RNER)
0

’ 16 18 20 22 24
H P 1A)/(d) FLPERIEZ( g/
[ — 48 hr A AN S FEER R 2 7 W35 (P < 0.05).

c

Figure 2. The influence of different carbon sources screening and lactose addition amount on the polysaccharide production
of Bachu Mushrooms in liquid fermentation

2. TNEGIRTHE K IR N B X B RS L B S PRI/

B 2(a) AT 01, ASERRIR R B A = 2 08, 2R DERICE T s ras, HhFmEas 7 K2
SRR, 0322 gL, TR R M. BRI . xR U A E A A
RS R ZRERIRR . WRIES) 12 MBI i, FUREJE T AR G2 BB, HL /K A R A 2K T
) A OB, R R B RSV Y DR, JRAE S IR S SR AR, A A T L RR R 7 T AR A
BRI A HE RN N AN 2 MERR 2R, 4 W 5 A TR A RO R S (L 5 DI S N R A R 2 2 o T A
AT FOKTER BIVAMVE ST R TR, 75 & MG /K AR5 A R B, TR IHOH 2 5 7= W T b
BRUCEC MRS o X Oudemansiella radicata BT R IR AS I e 7= LA 22 08 , el S 25 520 R oh 2 W 7 &,
It HAUBEA R T 345 50w A S A 4 22 W7 B[ 28] [29]

HI 1 2(b) T 1, 22 Bl B PR FE G N 25E T Ja T RR &3 . LRIy 20 g/L i, 28
TRBE, 40330+0.006g/L. FURHMRELLACN, AR TRRIERGEPRE, IRYDHELS A 2 IR ) A 2
RAR LKA Z R AR S G FURR I &y, R R BEUS R B E R T S R ERRN R 0 A A
AR, AT AL M RN, Fom LA 4 20 77 & . Sinha SEHFFUIR Y, JRMIIK AL R0 L1
RIEERRANE M 22825, BEM AN EY R SR, X 5 AR b m AP A P i E N [
R H—2[30].

3.1.2. FRIFREMERMNEXN BRERERSKEE TS REOK M

RIELL R R AR A IR B ORI AR A TR AR AR A IR a2 1 B A 7 B

P 3(a) Rl A, AR A B A 2l 220, SR R M RT R B, SR AT mIT), o R LS
7T REWESERS, 2090211 gL, WHEAKREAFR T ORGP ZHRERER. EAKE S D01k,
e B R IR AN A KA A 7, Rl M B e, TR R IR AR, I et B 2 0f R A i A1 22 5 Al
FHRBEAR[29]. TR 5 2 IRME 7> W Ja M, AT RE SIS B pH 38l RIS LRI . —, &
PR AR, B S RAE A B R & AE A IR SR R B2k W, TR EA R
RIREA L
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(@) @ n e g SRR e () a

S FEER AT/ (d)
[ — 48 hr A AN S FEER R Z 7 W35 (P < 0.05).

Figure 3. The influence of different nitrogen sources selection and peptone addition amount on the polysaccharide production
of Bachu Mushrooms in liquid fermentation

B 3. FAEIRRFEREBRRNEN BES RS KB S TERNFME

H ] 3(bynl%n, BEAMRNINEN 7 o/L N ZHE& 255, N 0.280 +0.004 g/L. EABALH, ZIE
P a1 AR EL 8 2 A B 2B O R AL S MK s R AR R 580 O/N B R R, D28 26 e A At i B %2
B A E TR A N ARE CFALER, TIEI S5 6k F A 2 B 2 0E, RO “ma Ak, M=
W MR . CAPFRIRY, EEMAZHEA R O/N R AR R A 2 B R E L T
EH CN AR T = A .

3.1.3. AETHEMITHERMNEN BEEASKE =S EHER
TorlEh EEE R AR GaraE Sy BUEEE . RERACH MBS MR B A S R R .

(@) KH,PO, = K,HPO, NaCl @@ CaCl, mm MnSO, (b) 04—

3
KN [A]/(d)

[ — 48 hr A AN S FEER R Z 7 W35 (P < 0.05).

Figure 4. The influence of different inorganic salt screening and KH2PO4 addition amount on the polysaccharide production
of Bachu Mushrooms in liquid fermentation

4. TEIZHETFER KHPOs N ER BRI RS KB~ SRR

H ] 4(a) T 50, AFRITEHLER B, KHLPOL 45 7 R 2 W8S f e s, 498 0.335 g/L, R LT KoHPO4
NaCl. CaCl 1 MnSOs, i8] KHoPOs HI&E & 1E A A 1k VS K = Z M LR 4 73, W RS KH2PO4
IR I LA s g A B RS AR - BRI - RER LR - TR RT R B L 5. K2 54RziE
JER . A 4R 2 A BRI N s H,PO, 5 ATP A/ BERRIL SN MR & B LA S HAZ R R Al A
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TERL[30] [31]. KHoPO4 R REIHIT AERE COMEING  BIR OB . 7 T R0 VA Il 5 R T2 O B 1, (it
JEA 7] fie T AR AN (S 2 4 22 BB TR 5 0T e fl, Ak 22 W8 & Uit 7o A2 e B L LA E AR R 44, (Rt
& KHoPO, AJ 32 R RSN 2 05 -G it & . MnSO4 1 CaCly BATIH 1T 4 8 B8 T Iua e R ek
P MM A At — ERR LR, (E R B B A AR A0 S 2 AR 4% 598 T KHoPO4e

& 4(b)rT %0, 4 KHPOS IRy 1.2 g/L I, ZHESER S, 40338 +£0.003 g/L. KHoPO4 A2
I, U R R0 ATP A8 AR B IR AR G i WIS B, A RE - FomEMmeztae )i T e, Alaet
Pt pH B IRIBIE -, FEUZPERCERE TR B, 1.2 g/L KHoPO N B w6 A K9 7 2 B
AR TCHL RS N &

3.1.4. FREKEFMEKEFRMEN BREERASEE ™ SEOTD
AR T BENINEEAL, HAE R B 2 2 SR A I TS S i e A

(a) VB =@ VB, VBg EE VC (b) 937
0.6

3
R e Z BRI R (mg/L)

A —fabn A NG F RN Z 7 B (P < 0.05).

Figure 5. The influence of different growth factors screening and vitamin B6 addition amount on the polysaccharide produc-
tion of Bachu Mushrooms in liquid fermentation

5. NEEKEFIHERYEE R Be R MEXN BEERS LB~ 2 PRI

HFE S a, AFEAKRE A, VBAHSE 7 K& ERE, N 0.232g/L, HIKA VB, VC
1 VBy, Ui VBe X A E 2 0E G A A R E R ER . VBe RIVETE A EZ N BRI B, =2 MR
R BORS NINEE R, 7S 5EER. PRS2 R RE32]. 45 AAHHE T 4T,
TR VBe W] BB R AR R R, IREmA AR, KRS ERNRGAKCr, RERAEED. 4
H A O 2 05 G O S22 1T, WA R TR E R s A i Z R 8. VB, 5 E R
fiff FAD F1 FMN JE&, S5%AMIE R R B Ee AR UAESC, FdAEE —E ™ EH: VC FERETHA
AR ER: VB 32 2 5 R IIBR N, 6] 5 122 AR 2R AR 21 FH AR 55

P S()ATEL, 24 VBe ISR 12 mg/L KI#AH 2 W& S, N 0.241 £ 0.001 g/L. VB A EHT,
PLP FHEGHE4Z IR, M. WOREF S BB S N 2 B m, 58U B AR 20 R 35 R B,
b 25 SR 1) 22 A A DGR 1 1T S A B AT AR B R R s I B, P AN A, IR rTEE
S AP AT WAL . R, 12 mg/L VB AL KB TR & .

3.2. MR EIAEEER

FERRUE . RIR . TEHLERAN A PR 7 fe il ik P2 P R SR B Bk 1, I BU AR = BRI E,  E BRR
NFUBE . RN E AR JENL 9 KHoPO,, B FU LS IR 7 2 B &5 B R, 83 Design-Expert 13.0
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BUFREAT N LA SR, IR CURCE PR WA B, S5 R I 2.

Table 2. Design and results of response surface experiment for optimization of fermentation conditions

2. REEEHMAmNERERITRER

R A FLHAR N (g/L) B &AM I (g/L) C KH2PO4 8 iN & (g/L) Z RS E(gL)
1 0 0 0 0.38
2 -1 1 0 0.33
3 0 0 0 0.38
4 0 -1 1 0.39
5 -1 -1 0 0.33
6 1 1 0 0.26
7 0 0 0 0.40
8 0 0 0 0.39
9 0 -1 -1 0.25
10 1 -1 0 0.34
11 1 0 1 0.33
12 0 1 -1 0.25
13 -1 0 1 0.35
14 -1 0 -1 0.26
15 1 0 -1 0.25
16 0 1 1 0.32
17 0 0 0 0.40

321. BREFERBEIE SN

FIH Design-Expert 13.0 3 fF, BIAMERME. EOHRBINE. KHLPO MNEIERN 3 MEEE, I
PAZWEE BN RSAE, X &EREENEE, 510 FFIEETE:

Y =0.39-0.0114 — 0.019B + 0.048C — 0.024B — 0.00254C — 0.018BC — 0.044% — 0.035B% — 0.053 2

IR Ty Z2 00 M LA 3, ARG OB AR AR SR 7 Al 5 R LA 4

Table 3. Analysis of variance for response surface experiments

3. WEEREHFENS

SKUE BT H Syl F A P1{H wEN
Y 0.051 9 5.653E-003 54.58 <0.0001 o
A BRI 1.012E-003 1 1.012E-003 9.78 0.0167 *
B H BRI E 2.812E-003 1 2.812E-003 27.16 0.0012 *x
C KH2PO4 i3I & 0.018 1 0.018 174.28 <0.0001 %
AB 1.600E—003 1 1.600E—003 15.45 0.0057 o
AC 2.500E—-005 1 2.500E—005 0.24 0.6382
BC 1.225E-003 1 1.225E-003 11.83 0.0109 *
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>

A2 6.737E—003 1 6.737E-003 65.05 <0.0001 o
B? 5.158E—003 1 5.158E-003 49.80 0.0002 o
? 0.012 1 0.012 112.05 <0.0001 o
B 7.250E—004 7 1.036E—-004

AT 3.250E—004 3 1.083E-004 1.08 0.4515

afiiR 7 4.000E—004 4 1.000E—-004

pswil 0.052 16

Table 4. Results of correlation analysis for experimental model

4. TRERBEXDINER

gE| HfE iH HfE
PRitEzE 0.010 BIRUAR K R BURY) 0.9859
HfH 0.33 RIEPE R RS, 0.9679

5 R Yo 3.08 T e 2E( R, 0.8871
T 0 2215 A0 5.825E-003 HEX HER B 19.057

e TRORE (P < 0.05); RN R E WP <0.01).

BHE 3 A 4l 50, 2458 F RN 54.58, i BIHBA P < 0.0001 (1 23), HRMITP = 0.4515 >
0.05 (M), ULHIRBAIEFEEE RAF, AT LUK R A7 FEAH N B R T 0, (RIS [m] ) &R 4 R? =
0.9859, HFIEREL RS, =0.9679, KWLM 5 RIG A HWRIRAIM G L, WA T AR A6 A R ks
FREEFL T Je 2 BE IR T Z AL B 5 4 T A

IR CEAE T LLE H, — IR B, C X 2 M B A AR ELI(P<0.01), 4 XS RIY
i) ¥2 2 (P < 0.05), —IRIAZHAEH AB X 2 FE & & B A W EZ WP <0.01), BCXZHEEAR EE
JEZI(P < 0.05), AC X 2P SELMAZEP > 0.05). 46 FIES PHEMSESHE, &R EmE
RRKRN: C>B>4, I KH,POSIRINE > EAMRRINE > RS,

3.2.2. EEARMIZEER

B 6 aln, R TR, FLBERINEA) & A RRINEB)A KHPOs R INE(C)X B4 45 2
WEF= I R E AR EH . T EPTER, AB A HAERMEZEP <0.01), BC X HAEHRE
(P <0.05), ACHAEHAANEZE®P > 0.05), i C/N AR AMS KHPO, AR EHHE & 2 520 22 BE A Rl
MEELZHHEE.

AB ZZHAF ARG, Ui AU S R A G S /N R R A s 2 A . TS B O/N Hn]
IR FLRE R PRI . RSB E OA 8, (BRI UDP-S & 0% . UDP-}- FL A S50 A0 hE A
A B RS 2 22 R R A AR KR DTG R R, 1T 2 1 PR a2 D mT e A et A 1) 2 1 R AN AR PR &
B, MK PR BC R HAEMRE, RWEAWRS KHPOL rI7ERIRFML . A& 4R A1 2 B0 4
AL JE Y B R A o B RO 2 086 RO DG Il 2 ) i I 2 S B AN KRR, KHLPO, TULe it 2 3
ATP £l HI G HERER A MPEIZ BB AT AR B 1, 2 BEFEE (R 3R (L RE B A AL MR b4, T4 = i oh 2
WA RGEE; AC K EAEAAREE, IS KHPO, EARLG T [ Py 32 SR B ARG BT RN . FLbE
T B WER A FIREAZ R AT A & IR SRR B 42, KH.PO, U 25 ATP Al HEBER 1L SN A S Fha
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ASYERE; A BAERERRRR AT RAF ARSI, (EORTE R 2 T RIAE T -

§, 2 5 OSSR
i b 5 eSS eNiestie N
r JeSseNiantine
& & \m ot
& ® ®
LA TRIL) SRR
5 g
= ]
a 4
N g .
Q
- {o3]
18 19 20 21 22 o dis 5 H - 8 5
ARBEIR/EL) AR B E EMFINR L)

Figure 6. Contour maps and response surface diagrams showing the influence of the interaction effects of various factors on the content
of polysaccharides
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Table 5. Comparison of polysaccharide production capacity before and after optimization of fermentation medium
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