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Abstract: To address the underutilization of blueberry pomace and the limitations of single-substrate fermentation, this
study developed a novel composite substrate composed of oats and blueberry pomace. Ganoderma lucidum was employed
in solid-state fermentation to enhance the production of bioactive compounds. A combination of single-factor experiments
and Box-Behnken response surface methodology was used to systematically optimize material loading, inoculum size, and
potassium dihydrogen phosphate supplementation for maximal triterpenoid synthesis. Untargeted metabolomics was
conducted to identify differential metabolites before and after fermentation. The optimal fermentation conditions were
determined to be a total material loading of 29 g, an inoculum size of 13% (v/w), and potassium dihydrogen phosphate
addition of 0.1% (w/w), resulting in a triterpenoid content of 0.35%—a 1.3-fold increase compared to the unfermented
substrate. The fermented product exhibited significantly enhanced antioxidant activity, with ICy, values for DPPH,
hydroxyl, and superoxide anion radicals reduced by 77.54%, 66.90%, and 56.92%, respectively (P<0.05). Furthermore, the
inhibition rates against a-amylase and a-glucosidase increased by 1.10- to 1.57-fold relative to the unfermented substrate.
Metabolomic analysis identified 106 differential metabolites across 18 categories, with 70 significantly upregulated,
including nine terpenoids. KEGG pathway analysis indicated the activation of secondary metabolic pathways, particularly
in terpenoid biosynthesis. These findings demonstrate that Ganoderma Ilucidum fermentation effectively enriches
hypoglycemic bioactive components, offering a theoretical foundation for the high-value utilization of agricultural products
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and processing by-products.
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1.2.2 [EEEFRIAHIAS R K 2RI e
J&, 121 10~12 h, Wi T/K453 & F 250 mL #ETR R,
HRIKIMA 10% 1948 80 H ki — R 14 W A5 v 1y
A, 0.2% FIBEER ST HT 60% Pk BUZEIE K IR
A5, F 121 °C FKEE 20 min, BUB FR AT E =
.

1.2.3 U2 R S0 760 KR MWHEEE iR ik
EARREFEIR PN 10% PLTEE B, K HIR A 5
A 28 C HRGFERF HHUEAT 10 d BECIEFE (DL F 135
JEEA A 10 d), BB TR R 22 k. FE
BEEPIICAE 55 °C MR D TR =584, fweiaid 80 H
THHRIfS R A B . T 28 °C FEE 10 d YRR
FRELTP RN 10% FhFU, HET . B b ih, 15315k
REEF=), TS 805 .
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iz — A4 (KH,PO,) 0.2%, 2 Fl i 10%, &4 kL &
20. 25. 30. 35. 40 g, i Pkl CREFEHE 30 g,
KH,PO, 0.2%, /i 6%. 8%. 10%. 12%. 14%,
16%, i 52 e it ; DRFFEHE 30 g, P 12%,
KH,PO, ZHHRHN 0%, 0.1%. 0.2%. 0.3%. 0.4%, ffi
& KH,PO, SNk,

1.2.5 manEAES RSP A b, DL S
Sk A, B P EHEE (g) « BER AL (%) . B IR &
BRI (Yo ) GG RS, A TR 0 TS A b T2
S, 2R JH Design-Expert 13.0 #4350 =F & =K
¥ Box-Behnken i35G 05T, 48 1 Fios.
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Table 1 Response surface experimental design and levels
K
(S-S
! 0 1
AYPEHE (g) 25 30 35
BiEA (%) 10 12 14
C KH,PO,(%) 0 0.1 0.2

1.2.6 KEE=H) =k S s aaml AR A0 R
OLUDEMI 45 (14 J5 B I RS VE M 20, FREL— 2 5 1Y
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10 mL .08, B FibkisHiELEZET, DA
5% MY BLEETA MR 200 pl, 800 pL /& 44 iR I I T4
SIEET 70 °C /K@ HIMEL 10 min, BUL 7 BPE T
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Shr s G IR 2 bR oE 2 y=4.2136x-0.0027,
R*>=0.9976.,
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SRIETF 4 °C T 10000xg #5.0> 15 min, HFR & E L
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TG, AF 540 nm P AL E W GIE, TS
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1.2.9.1 FEAHIF  HL 100 mg FEA T 1.5 mL &0
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1000 pL BB (LB 25 k=22 DR EIRZ
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> 5 min, BB IE WA T HLZSWRER 4 h, A 200 pL
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11 min, 5%~95%A. 95%~5%B, 74 14 min; %
0.35 mL/min, ¥E75 40 °C, 3L 3 ul.

1.2.9.3 UPLC-MS/MS ¥(¥aab¥E  JrfS R ia %cdE
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Scientific), A T4R BA B 8] . J0Tfar LU 4520004 137 R0t
BE, FRJE XA R AR YRR B B e 22 0.2 min AT
HWZE 5 ppm FEF TR T, {87568 2 B LR, B S AR 3R
WE MR REIRZE 5 ppm. 5§ 5RERZE 30%. {5 1%
b 3. B/ IME SRS 100000, AIFNES 2505 51T
WEEHRI, [RIA X i AR 7 1, PG S+, 2R
JE B I A3 B RN A B A T S AR T
Y mzCloud. MZvault, Chemspider £ ¥ JZE #£ 17 b
X}, B e ARSI BHR S Fel g e R .
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{8 Graph Pad Prism 9.0 X rfS g1 74/ K
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DB T T4 AL, (2RI /K 5328 K TR E
B, e pE 22 2B T RHR R R BB K S0
WiJe, (H 233 imER B4, S i sz B ik
PEPE 30 g FH T Ja 22588 .

WK 1B FioR, 7E3EFD 6%~16% Ayt A, =ik
TR R SER S R R AT, R 12% B, =
i S TR B WEAE, FEAS W TR, e i i 255 e
EFEEAR, B RWOR /D, W25 [E 2R v i 3=
o TCIE TS AL, 368 I 22 SR I () e s M B TR
BB, TR 22 AR S B [A] P PR R SIS ) v 3R
o, P A, (BUR B S Shosias, [RIRT, P20 =
VAR PR 22 R 00 A HA AN FRZ 0, sk
FE 12% WP 5 TS 225550 .

PRES AR £ S TR 22 R i B EAEG, T
FIBERRER & IR, S5 2T 2 B 22RO A 2k
KB, PNTTS e)  e vh =k i i . aniEl 1C r
7R, BZE KH,PO, W A3 N, =ik & e 23 Jerghn
JE BRI %, 24 KH,PO, FINIIAFRLE 0.1% B, =
i S R B, HAEN 0.31%, kseiEhn &, &
HOWT TR, ARl A AR T 3 X R A O A
IRPAIITEE AR SCEE RIS M HRIVE T, BHAS T PR 22 K 15
R SR B
2.2 MEEEERE
2.2.1 My RIS A DA Z S o St
fith, LA & 52 () M SLge RN bR, Wrklm (A) | 22
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S T N TG A3 o m o T e e T S 45 R an
2% 2 F7R, FA Design-Expert13.0 45 0 B 1 1k
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(A) 0.28 =
0.27 =
0.26 =

0.25 =

AR (%)

0.24 —

0.23 T T T T T 1
15 20 25 30 35 40 45
WEHE (2)

(B) 0.31 =
0.30 -
0.29 =

0.28 =

0.27 o

4 6 8 10 12 14 16 18
Heflrit (%)

(©) 0.32
0.30 —

0.28

0.26

T T T T 1
0.1 0.2 0.3 0.4 0.5
KH,PO, (%)
1 Pk (A) R (B) . KH,PO, HIEE(C)%
KB = R
Fig.1 Effect of material (A), inoculum (B), KH,PO, (C)
amount on triterpene content in fermentation products

T AN F/INE FREFR R AR 8] 22 57 1 2 (P<0.05) .

O -

IS AR A TR LA, FrAS i Z2 R R4S TRy
.

Y=0.3564—0.0038A-+0.0070B—0.0085C—0.0132AB+
0.0090AC—0.0070BC—0.0299A2—0.0196B>—0.0329C?

22 3 N RIERESE Th =i s 0 BT AR A T
J7 25550, BT WL [ S A A e 5 e S 25
(P<0.01), RUIFA I 2 (P>0.05), I H P2 %L
R* >h7 0.994, 3 UERHTN S 14 74 v =i 0 o1 5 B P 45
5 FHABAT B L G200, FRH T ST AR
B G- b 5z Wi 25 i) N7 (EL Y A AL, HORS IE B R AR
RZ 4 M 0.986, NI, IHCASE Y AT i g — il 47 Joi Sz Ik
{HI22 553K 98.62%, LRI L —Julal TR ] ),
O H T = mE 2 AT S I . A, e —
WKIN B, C, 32 5.1l AB. AC. BC Mz X3 A%, B2,
C* ¥k i 25 (P<0.01), @t FAETT LAE B9k
(A). #ZFPE(B) . KH,PO, BN (C) =R E A
SN K/ : C>B>A

2 WNL AR BT KA

Table 2 Response surface test design and results

WIS AWkE  BEFE  CBEREAERSINE =SS E(%)
1 -1 -1 0 0.29:0.02
2 1 -1 0 0.31+0.02
3 -1 1 0 0.33+0.01
4 1 1 0 0.30+0.03
5 -1 0 -1 0.32+0.02
6 1 0 -1 0.29+0.02
7 -1 0 1 0.28+0.02
8 1 0 1 0.29:0.02
9 0 -1 -1 0.30+0.03
10 0 1 -1 0.33+0.01
11 0 -1 1 0.30+0.02
12 0 1 1 0.33+0.02
13 0 0 0 0.35+0.01
14 0 0 0 0.36+0.02
15 0 0 0 0.34+0.01
16 0 0 0 0.35+0.13
17 0 0 0 0.36+0.20

23 AT 208
Table 3 ANOVA of regression model

FEKWE FHFEM AlE B F{H P BEME
il 0.013 9 0.0015  128.37 <0.0001  **
A 0.0001 1 0.0001 9.81  0.0165 *
B 0.0004 1 0.0004  33.73  0.0007 o
C 0.0006 1 0.0006  49.65  0.0002 ok
AB 0.0007 1 0.0007  59.94  0.0001 ok
AC 0.0003 1 0.0003 2823  0.0011 ok
BC 0.0002 1 0.0002  16.74  0.0046 ok
A? 0.0038 1 0.0038  325.81 <0.0001  **
B’ 0.0016 1 0.0016 14027 <0.0001  **
C? 0.0046 1 0.0046 39572 <0.0001  **
W2z 0.0001 7 0.0001
KA 6.528E-06 3 2.176E-06 0.1172  0.945

gl 0.0012 4 0.0001
S 0.0134 16

s ** R 25 B 3 (P<0.01); * R 2% 5 3% (P<0.05) .

2.2.2 SEMANZRIZEAEH MG UESILE R APk
Jo b =i e A [l VS A IR g g S i T P an ] 2 B
7N, I 2A AT, PPEHE AR 58 BAF A 3%,
57 2265 R P I ARG, —ih 5 55
A%, BEAE DB AR R AN, =5 S hE ) Sety
hn, WS SO EREAR . E 2B BT, Pk TR
AR Z A S B AR, SRR AR,
MR — S AN AN IRy, JIR b =i 5 R L
W LIRS SUPEE T B A E, "I RE TR
W SR BT I, Se IR B 22 IR0, (21 2 R 224K
KIESZEH. HE 2C RN SRR SRR S
(O] S H A IR 35, 2SI — S AL TH K-
s, BEAE AP R ARG, S W, 2R A
BBV, =il RSE TR, 25 L, BEE S
PRI ZR S BB A 1™ ) v il 2 b S e N e e
R, 24 = N ZRAL TR AE/KF-I, 2 [l AR
AKRAE
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Fig.2 Response surface experiment interaction surface diagram

F A Design Expert 13.0 F{4-XT 45 X455 15
HRAER T 2508 BB 29.266 g, 3ERPHE
12.517%, KH,PO, 0.082%. fEHZE N, KlEr=
Hr = S R A TIINAE A 0.358%, HY TR SEFRELE 25
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