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Optimization of the Solid Fermentation Process of Hordeum vulgare
Linn. by Ganoderma lucidum Mycelium and Its Antioxidant
and Hypoglycemic Activities
MENG Yuan, GUAN Yingxian’, FANG Xiao, WU Man, GAO Xianxian, ZHANG Donghan, GANG Jie’

(Key Laboratory of Biotechnology and Bioresources Utilization, Ministry of Education, College of Life Science, Dalian
Minzu University, Dalian 116600, China)

Abstract: This study focuses on the optimization of the solid fermentation conditions of highland barley (Hordeum vulgare
Linn.) by Ganoderma lucidum mycelium to enhance its health benefits. The optimization was guided by triterpene content,
using single-factor experiments and response surface methodology. Additionally, the antioxidant and hypoglycemic
activities of the fermented product were investigated. The optimal fermentation conditions (material of 38 g/250 mL, 13%
inoculum size, and a temperature of 29 °C) resulted in a triterpene content of 14.83 mg/g, representing a 129.92% increase
compared to the unfermented product. The antioxidant activity of highland barley significantly improved post-fermentation,
as evidenced by enhanced DPPH radical, hydroxyl radical, and superoxide anion radical scavenging activities (P<0.05). The
IC,, values for DPPH, hydroxyl, and superoxide anion radicals were 1.68, 4.37, and 8.18 mg/mL, respectively, indicating
the order of radical scavenging rates within the concentration range of 1~5 mg/mL as DPPH radicals>hydroxyl radicals>

superoxide anion radicals. Furthermore, the fermented product exhibited significantly increased inhibitory effects on
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a-amylase and a-glucosidase (P<0.05), and the inhibition increased with the increase of concentration within the

concentration range of 15~35 mg/mL. The findings suggested that the Ganoderma lucidum-highland barley product holds

potential as a functional food with substantial nutritional and health benefits.

Key words: Hordeum vulgare Linn.; Ganoderma lucidum; solid fermentation; antioxidant activity; hypoglycemic activity
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FRISy, P T AR B MBS . RIEEAE  FIA]
PEMES B, HOKERYIbTAARRE T4 =, BAAFRIRAR
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R (Ganoderma lucidum){E NI EE 51
2ikF, O A7 2000 ZAFEMRL DT EE . RZRAE =S
Yy JoR R 2 T AR S, B BRI s
VAT LR U AR P M Bigs
B0 ETRL . BT IR, BT R 2 T 22 AR R S R 1
T LR R B BT A 0 = A A, AniE i AR AR A R
2 EAS R — R Y s S R T 0.013%; AR
JUY DLR 2R 22 R R B . EORB M SRR G
[ 2 3k o, A8 O O Ak 8% 37 & A4 (il = s S ik
35.72 mg/g; FREMZEE W E R IR 2 - £ KMy & T
FERR I = S R R S A B R IR 1.68

1 2.07 fir o ARk, MR BEEARTE R Z DIREE &
R PSRz, R R =) B SRR R
WP A B HLAS B I BT AR AL . R I S5 AR fa (B
T B HVECh e &l skt .

AT LA R A 35 22 B30, s 2
e 1 TS PG A0 R 25 B 22 AR A T T 2 DA v — il 757
i, IR R 2 R W E B PPt A A A MBS
P, ISR DRER AL SR 2 D RE B Sk I A 32
PEFRSAR Y
1 HRSHE
1.1 MRS

I8 2 (Ganoderma lucidum) WA 55K K&
PG 2 A Bl e B FH RO S i sy == 32
it HFE WA AT B 5T 4R |l DPPH
(L1-2RBE2- =Rk A th ) I b stk
FERHEA R AL SRAED bk, SR8 =l . =R . G
IR 2 i AEAR A BRERV R . AR . B R BER
TEED . EKTRRREE W A RHE R 2E R B
Al Tris-HCL ZEopiR M A IR A R A BRA 75
o-TE By i (10000 U/g) . o~ 48 ¥ i ( 100000 U/
mL) 4 A BT AR A A BRAN F; SFEURNR
PrfEdh U =98%. FHEEE 2l =99%, M [ Fi]
P T AR A BRAF; A 1550380 E = 4Hrali.

DHG-9240 H#E RS X TJ5FE . DNP-9082 Hi
MAEVR B IR R R A A IR A E
FW100 & e dl KA 28 e A B Al
SCIENTZ-5T ME IEHRHAY T U Z ARk
Uy A BRZS Fl; H-2050R W R ELL L KU ES
FBRATF]; PL 203 FTFREHE T AR -FE R
ZAXZSAT BRAA ] HH-S L BVEIE /KIS DL ST
AT RS A R BT L Wl UV-2800 £24M501006 R
i g e e LIRS A RS F HY G-3 2 0RE
BRedHEGRIR GRS R R ; ZHITH-
C2112B @& TAES _IBEH P A5 il 1 A R
N
1.2 XFHEE
1.2.1 RZBMEMA [FHZEREADIE—/ R
PR (B4R 5 mmx5 mm)3ZEFh T PDA Rk 534
Y, F 28 °C EIERDGETTR 7 d B KRS A5
Fi . PDA #8597 3k S 4% 200.0 /L, 7 2 b
20.0 g/L, BfE 20.0 g/L, MgSO, 1.5 g/L, KH,PO,
3.0 g/L, PDA MAKIEFFIE: 442 200.0 g/L, #i4
i 20.0 g/L, MgSO, 1.5 g/L, KH,PO, 3.0 g/L.

1.2.2 REWIREFEEF:  M2EE 100 mL PDA #&
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fRIEFRIELN 250 mL #EIRR P2 3 HEfLE IR
P22 (HAR 5 mmx5 mm), TEEIRE T 28 C.
120 r/min $%55% 6~7 d, FREEFRIEPARHE I/ NS R
ZUHIRG . PR B 23RN R N AT, A
THRGE I o

1.2.3 HREEREGFRE AT HRTZEREK
ISR —ER G T DA RS EOL T Ak
= CHERR 70%. ¥ 30%), IRSJG 532 T 250 mL 4k
TESE, Ikl 60% H7KIRS], A 6 J24bA Fsf 24t
EHET, F 121 °C K 20 min J54EI5H.

1.2.4 [EZEEMEAN SRR I RRES R IR
R R 2 PR (R R 10%) FIRA&5), F
28 °C 1% I 40 hIE I B 3R, B2 v 22 O
(10 d) o KR mER B M ELH, T 60 °C BT )58
et 60 Hifii . WRGH5), 158 LB, T 0 C 1#
PEAS PO, HAEREIZSEE IR AT 28 C fHIRFHHE 10d
JEMARZFFI, RGN BUN BT | i Kt
TR BRI T -

1.2.5 BRIZRSES il gkl . a5
BE T 2 B = W) — WG A e B S, AR A R R A
54K, DAkl & 35 g) 3R E 10%. R E 28 °C
SR B RE W2 KT, B SR EAZR, REFE KA
AR (A)¥kHE: 25, 30, 35, 40, 45 g; (B)$%Fh
2 6%. 8%. 10%. 12%. 14%. 16%. 18%; (C)iEJZ:
24,26, 28.30.,32 C,

1.2.6 WA RS AEEAE R SCEG g IEaE T, L=
ROV RRS, Pkl SR E SR A EE N
AR, SR R RS T R RS, R R IR
BH-1. 0. 1 =K, Horp i~ r R 2R Y il SRk
‘B oA 0 7K ¥, Box-Behnken SCEGSBOR B ULER 1,

%1 Box-Behnken i®5 1511 K & KK

Table 1 Factors and levels of Box-Behnken experiment design
K
EES
-1 0 1
Yokt (g) 30 35 40
et (%) 12 14 16
HEE(C) 26 28 30

1.2.7 =@ & EMME R NY/T 3676-2020€ R
2 B O S R A IIE Y AR 1.2.4 K HE
FEYIE IS S T ERY, DAISFEOR IR S (ng)
T AR bR, TG R YA AR B, 45 2 bR v il 2 0] 15 7 7
y=0.0077x+0.0040, R?>=0.9990.,

1.2.8 HLEALIEPENIE BRI 5.00 g,
JNA 50 mL Jo/K 2B, 2R)JG 60 C @/ HEH 1 h, T
8000 r/min #§.0> 15 min, ¥ FIEWFEE AT
EEIRI 2 K, I FIEFWIFELZE 100 mL, B
JRHERE SR 50 mg/mL PR, FHHIOK 2R Re
ANFEHE (1~5 mg/mL) . BE¥EUHEAY DPPH ., #23L 58
FRAET A HILER S MR e 7 ki

M
1.2.9 FFEMUBEMED E  HL 5.00 g REE™ P A
0.1 mol/L 1% g 2% #f & ( PBS, pH6.9), T 25 °C.
150 r/min FER P IRTFHREC 1 h J5, LA 8000 r/min &
> 10 min, FIFWIRGIISIIF 25 S 100 mL, I
BEFRSE PR 53 1A BE AN [A] e (15~35 mg/mL) .
1.2.9.1 o-JEMBEHDHIRIME  a-TEREEII 0]
RE S5 2 AR AP T IR TR EIE . B 500 pL #
BB A FH)E (15~35 mg/mL) FIFEHURINA 500 pL
o-TERYEFS MR (70 U/mL), 37 °C JZH 10 min, JiIA
500 pL 1% "l #EPEREHRS, 37 °C W 10 min J5HTA
1 mL DNS &5, @b BN 5 min. a7k H#E
HFERZE 25 mL, T 540 nm MEWSCREE . Fe RN
TAFIHE a-TER B H] =R
A -A,
A,—A,

o A I AR BURINAS O Ay iR
2 R B TR BORIIAS T G s A, A BETR S R L
AR AT PEVE BT INAF I s Ay S BRIRZE vh ik U G2
BORY o-TEAR BRARINAS GRS
1.2.9.2  a-FEZEPHE T TFHNHIZRNE -8 Er i
TR AN S 25 MRAZ AP [ T IR EIE . 100 pL
o-FE I WEE AW (0.5 U/mL) ZIn3] 50 L # 2
AR e B (15~35 mg/mL) BYFEBURE 7 )X ¥ 10 min,
il A 100 pL PNPG(5 mmol/L) JZ if 20 min. JIIA
1 mL Na,CO; % (1 mol/L)ZL 1RV, T 405 nm
SEWCIE o o8 2 HE T IR R TR A SN B
o b A I ASRBOR ISR ; A, SR
R, o-HEI A TS A G s A AT
12 22 1 I BSUA 2 SO DA W G s A SR IR 22 1
BURIRIBR S o- 2 A A O G BE
1.3 #IEAIE

{8 F Design Expert 13.0 A48 47 m 57 17 3 56
BETHFEE M. T Bda 2R 3 IREE S5
FSEEI (AR VEZS, FfiF IBM SPSS 27.0 R4-X %4
P EFT ANOVA b 35 P 2% 5 43 A1 ( Duncan &5 55,
P<0.05).
2 BERSH
2.1 RERLEFESEEEFRIZMUHNEERLR
Z#ER
2.1.1 Ykt L= =ik S R Pkl
Xt K= = E S B AR AN 1 TR, MYk
Sk 25 g B, PR G S i AR, BEE PR R,
W) = B BRI NS B AT, T 35 g ik
P AE . REZ TR E R T ZNFE A, Wk 255¢
i 55 R PN 925 [E] /)N, S2 MR P38 A, DA ITT 5]
FRIHLLERO, Be R/ b5 TS, (ALt ) 2k
IR A, A T 2 K e SRR DA T 55 1 B 22 A K
I, e 35 g MiE E R T R 2Bk

B4 H] (%) = (1— )x 100
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Yk (2) TR (°C)

BT W R I ) = 5 i RS
Fig.1 Effect of material quantity on the triterpene content
in fermented product

e AN SRR R PR R AR AKOE A PR 2 3] 25 53 g 3
(P<0.05), [ 2~ 3 IA],

2.1.2  FEFPELXS AW ) S R R
XF 7 ) R AR MR AN R 2 Fros, BEAS 1A Y
I, 7 I AR, Sl TR AP R IRl
TRRIL I 1 E IR BORBE T MY, R 2244
BARNS, SECEREFEIIRIE R (BRI AR
G, Sk v R R e e i N PR B AR e PR, R
THAEZE BT B & IR 5T, (i AE P AT E A T,
AHNT A AR, Rl PRs A g A ™
Wyt 2 X0 B 22 AR A TE R AR ™ AR S AR I R A FH R
PRI, SEEPEEmh i 14% SR P IRAR S5

—_
NS}
T

=& (mg/g)
o o

=)}
T

é é 1I0 ll2 1I4 1|6 1I8
HeRiE (%)
P2 e o R I 7 ) =0 5 kR 5
Fig.2 Effect of inoculum size on the triterpene content
in fermented product

2.1.3 REREEXTRE Y s SRR IR
eSS AR ) — DR R, AR =)
SRR RN 3 R, BEEIREH 24 C T
& 28 °C, =SS PN IR B R E . Rk
SRR, PR = SRR R R T 32 C BREERE
%o A& TRAEMEAN R AT BEA EAN
T P14 R Yl B2, A Wit B R vy 2 M R 22 AR I
558 2%, RRE AT i) B 2244 Ry A G, 52300
22 IR GR SR [FIRT, S e A K i h 4 H 4R
AR HER AR EE RN, o FH TR 22 A Qi e A R
AR, 255 3 R R T AR 45, 520 & I 1
W T, I, BEEE 28 °C AR EH A A BREE o

B3 R A 1) =l 5 BRI
Fig.3 Effect of temperature on the triterpene content
in fermented product

22 REELFESLEESRIZMAAINNEIRNIE
TS
2.2.1 RN EGRISEER  FERARI R IR R L DX
=il i (mg/g) LA, Pk (g) - R EE(%) A
MR (°C) Sy | AZ e, SR ) 7 1T 6 G Ak A e 25 A,
Box-Behnken 2565 51T R 45 R an 3 2 s o R
Design Expert 13.0 3 HTHAFXT 22 2 Ay 45 R T
Z e TS, 13374 =i & B (YY) X ek
(A) . A& (B) 5l (C) By Rk Z I 1] Y 455U
7‘5‘*5‘3:

Y=14.62+0.33A+0.20B+0.10C—0.78 AB+1.03AC—
1.17BC—0.91A%—-0.39B>—1.25C?

2% 2  Box-Behnken iR#6 51 M 45 R
Table 2 Design and results of Box-Behnken experiments

WS APBEE BEME CEE WS i(mge)
1 -1 -1 0 12.03+0.39
2 1 -1 0 14.1340.23
3 -1 1 0 14.05+0.18
4 1 1 0 13.05+0.43
5 -1 0 -1 13.12+0.49
6 1 0 -1 11.810.32
7 -1 0 1 11.04+0.47
8 1 0 1 13.86+0.22
9 0 -1 -1 11.43+0.33
10 0 1 -1 14.09+0.13
11 0 -1 1 14.21+0.67
12 0 1 1 12.18+0.21
13 0 0 0 14.56+0.32
14 0 0 0 14.67+0.63
15 0 0 0 14.76+0.36
16 0 0 0 14.58+0.34
17 0 0 0 14.52+0.48

2.2.2 WA ARSI Ty 225387 R ) =ik
oA AR Y 7 22 53 Fr AN 3 s, =l S ey
[E] AR R HL AT B (b 2 (P<0.01), T R 4BUIH AN Ik 35
(P>0.05), P42 22 E0 R?=0.9932, Uiy~ 4 — il & &t
A SIS P E = (] AHEL5 BEASCAS, IR P Y 55
AT AAR Ly b, sz el o A (4 A8 AE P S ASE TE DR ZR %K
R?,4=0.9845, UL iz R Al LU BE R 24 98.45% 1Y
PR =0 S R WA A A . F e RT Wi oA
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R AT LUK 73 B P 22 A WA & vh =il 2 RE A
SPRTEOL. RIS, PS4 = S R a2
BA R ZETE(P<0.01), IR =l & A2 A i
#(P>0.05), Yt | Hefhia Sl 2 [ 52 2 A H]
Kb =il S R AR HAA AR B (P<0.01), 25 P ER T
TUURIURT bR A SR A P2 (P<0.01) o A5
BT = S A 0 S e AR HET O e
(A)>FAPIE(B)>HE (C) .

3 BRI Ty 230
Table 3 ANOVA of regression model

TR FIM AmE B FHE P BEN

T 25.12 279 113.90  <0.0001 o
APPEHR 0.8515 0.8515  34.74  0.0006 o
BHEAME  0.3081 0.3081  12.57  0.0094 **

CIREE  0.0882 0.0882  3.60  0.0996

=}

1
1
1
AB 2.40 1 240  98.03  <0.0001 o
AC 426 1 426 17399  <0.0001 o
BC 5.50 1 550 22438 <0.0001 o
A’ 3.50 1 3.50 14274 <0.0001 o
B? 0.6454 1 0.6454 2633 0.0014 o
c 6.57 1 6.57  268.01 <0.0001 o
B2z 0.1716 7 0.0245
KT 0.1343 3 0.0448 480  0.0818
40R%E  0.0373 4 0.0093

B 25.29 16

e P FIRZE TR, P<0.01; * TR ZEF B3, P<0.05,

2.2.3 SEWHEFENIE EAERSHT s S AL
W ffy = A )37 T AN R 4 R, 244 LN [RITE I
P AR S R] Y38 B AR R AR A 52 O 350, 2955
E R RHIEDE sl SRR A A s EAEHEA
FErem, HIE 4 nE L, kla . MR S IRE ]
P4 5C LA A G 5 e AR i R b S, 53R 3
o3 YRR AN AR TR E RO, =) =G
T IR, O B R SE R 45 R — 2
RE Y/ = = R E e e iR B | | RSl 7 Bt s s N B 7
=, AH Y P HE BN — 2 B s = S R T A PG
B o 4 AN AR TP R IR, 7= =i o ey
i o TR R W 5 e 14 S ) DSl A e ) e T S
MR BIkat . IR KT, B R R,
T RS YGEI IS SR IR AR R E ks
TERE KAV, =i & B I B 1 T e S S e g n
JE R RRAR AT tkAh, BEE PR SR P e,
FER) SR, W R B AR S s
TG T RE, BN R A3

224 AETZE &M e AW uEilse @t
Design Expert 13.0 44Xt B8 7 R R g5 2 19
AL T 25140 kit 37.982 g, 3R 13.273%,
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on the triterpene content
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