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Abstract: In order to achieve efficient utilization and development of Inonotus hispidus, this study optimized the ultrasonic-assisted
extraction of the ethanol extract of Inonotus hispidus (IHE) based on single-factor experiments using response surface methodology.
Subsequently, the water extract (IHW) and enzymatic hydrolysate (IHEH) of Inonotus hispidus were prepared in sequence, and the components
of the three extracts of Inonotus hispidus were analyzed. In addition, to evaluate the inhibitory effects of the three different extracts of Inonotus
hispidus on xanthine oxidase (XOD), the inhibitory effects on XOD activity were further investigated. The results show that the optimal process
for ultrasonic-assisted extraction of IHE is an ultrasonic temperature of 53 °C, ultrasonic time of 1.7 h, and solid-liquid ratio of 1:53 m/V. Under
these conditions, the yield of IHE is 27.14%. The results of the xanthine oxidase (XOD) activity inhibition experiment show that the three
different extracts of Inonotus hispidus all have significant inhibitory effects on XOD activity, and the inhibitory effects are dose-dependent
within a certain concentration range. The ECs, values of IHE, IHW, and IHEH are 2.19, 3.18, 2.97 mg mL™, respectively. Therefore, it can be
concluded that IHE has the best inhibitory effect. In conclusion, the different extracts of active substances from Inonotus hispidus all have

potential uric acid-lowering activity, which provides a theoretical basis for the development of uric acid-lowering functional foods from Inonotus
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hispidus.
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FEAFLE (Inonotus hispidus) Z—F2 ot A AHEZ, WIHERILHER ExlflE, RETHT
IJ(Basidiomycota), B #:4X (Agaricomycetes) , 5% #:fLE# H (Hymenochaetales ), 4% % fL 1% #} (Hymenochaetaceae) -
WANEF X HIEE S 3T TR AT, AR BA LM E 2 2 hEE. 2. B, mids, a2k s
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Exploris 120 i) Vanquish JAHBTHHY, FEER K H/REHE A A
13 SBF&*

1.3.1 HELILABERMGHE T LM

2



MK EEBHE Modern Food Science and Technology 2026, Vol.42, No.12

1311 HEFERE

PR R UEAH B FLE Toeiime, SREET 70 C LT a1 80 Hif, SR BLIFLE TSk 4.

W E— BB LA 2N, Bt R RER s, HEAFESEIGEAE (40, 50, 60, 70, 80 C)H. AN
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T4, T IHE 1585,
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%% 1 Box-Benhnken i%itEZESKFE
Table 1 Box-Benhnken design factors and levels

SRR E il
-1 0 1
AR FEREIC 50 60 70
B-# /& ifia)/h 1 15 2
C-#hR I (MV) 1:40  1:50 1:60

1.3.2 HMELILABLR M H &

PR 5 g M BLFFLE ek, $&M<1.3.1 M BLFFLE RIS & T2 TSRl T2, BT
A BT FLERERY), 1E 4000 rmin™ 264 T 550 15 min, 4> BSUTie MBI, B ISR iesakds, WiskTI,
33 IHE. YU FH TR B FLR /KR %

1.3.3 HELLILH KR4 &

0 1.3.2 M BAFLREALARIMUTELL 1:30 (M) IMAZERK, AEHIHEEC (1.5h, 70 'C, 300 W), #&
JEAE 4 000 rmin™ Z&4F B 15 min, W BB, DURARSEAK AR AR, TR EER, &9F S
W, HERIRYE B, PETEAES] IHW. JTEH TAH B LA R 4% .

1.3.4 HELFILE B 0+ &

0 1.3.3 FBLFFLEKIEYIUISE, LL1:30 (mN) IMAZERK, HAEHEE (1.5 h, 70 'C, 300 W), {15
pH {EN 6.5, FEIIA 2%E & (L7240 AR E A M=2:1:1), 50 CHEf#E 50 min, #4/5 80 ‘C KM 10 min. 7E
4000 r min™ A FEL 15 min, /MBS R, SR, AETIRES] IHW,

1.35 ALELILE KR RIA A L0 RN T

EH IR A U8 K S AR P 2R 2R A BR 2 7R FH 8 e AR i - o i B AR A B 27 LB = P A I 24T
JEHE RS 5T o

ROALTE: FEFIFREIEEREAT 2 mL B0, A 600 pb HIEE S 2-5-L-KNER (4 mgL™h), Wil
30s; ANENER, FANIZTEES, 55 Hz W% 60s; =R 15 min; 12000 rmin™ 4 ‘CE Ly 10 min, B 3%
Wit 0.22 pm BEGEE, SIS ZASIHE, FIT LC-MS A&t

it 4 1F: Thermo Vanquish (Thermo Fisher Scientific, USA) R R0BM 245, KM ACQUITY UPLC® HSS
T3 (2.1<100 mm, 1.8 pm) (Waters, Milford, MA, USA)ailétt:, & 0.3 mL min?, #:HE 40 'C, #HFEE 2 pL; IE
BT, WA 0.1%H R AE (B2) 1 0.1%HER/K (A2), BEYMFEFA: 0~1min, 10% B2; 1~5min,
10%~98% B2; 5~6.5min, 98% B2; 6.5~6.6 min, 98%~10% B2; 6.6~8 min, 10% B2; & TR, WM NL
i (B3) M5 mM HEREK (A3), BEEEEMFEF N: 0~1 min, 10% B3; 1~5min, 10%-~98% B3; 5~6.5 min,
98% B3; 6.5~6.6 min, 98%~10% B3; 6.6~8 min, 10% B3%°,

JF i 46 1F: Thermo Orbitrap Exploris 120 /i iA5:l %% (Thermo Fisher Scientific, USA), HiMiZ% 2 15 (ESD),
AR T SRR IE B T8 %5 f A 3.50 KV, 1728 T 55 Hi I 9-2.50 KV, 3“4 AR B9 40 pL-min™,
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SREARERREY 10 pLomin™, BAIEIRE 325 C, AR 60 000 HHT 44, —HEFHRERE miz
100~1 000, F£RH HCD HHT —Zh%4#, mifERERE N 30%, —ZHHER N 15 000, REESHT 4 B AT,
[ SR S HER BT R MSIMS 5 21,
1.3.6 A RALERITH) F 0 M T
136.1 LAEMAECH]
HY 2 mmol L™ EMEMATAL (XA): SEFH 0.1 mol L™ VAL AN TRTE 7 0.304 g BEEM KA R, S
M PBS &A% 1L, BRI . BREARRS FVERAL T 4 CEOLIRTE. HMEMR AL ERER (XOD): H pH {EA
7.5 ) PBS #4 10 mg 9.8 U mg™ (K8 MEmA 4 (LB B K 10 U mL™ FORRRL  ARCSEIGATIUHCRRA PBS MR 58]
0.1 U mL™ #MEm S AVBRAW . IMEBEAW: FREUHIMERE 0.1 g 76 T84 K h e, EA % 10mL, 55
10 mg mL™* GIMEEERR, e SRR SC I T e LA AN R 5 B 1 P A o
1.36.2 WETE
PRANEEEIA ST AR BE ST PR 52 5 2R, JERINEsh. BX 0.6 mL PBS. 0.2 mL ZEMEIA VAT
0.1 mL AN[FIRESHEIRAIE, TN 0.2 mL SEMEIA S ALBRAT, 1E 25 CHUKIER 30 min, FEIIA 1 mol L™ #:/R
0.2 mL Ze1bepy, BOFEaAL (A): H PBS AR BIERS B BVATR . FEGL . TRERS B BATRIRE i, Jobed
XTHRZE (B). ZFHA (O XA (D)o DUAINEREAE 9 FH 0 EZH, e S OSHRAE 290 nm AL )WROAE, XOD
AR AU
| = OD, -0D,
OD, —0D,
AF:
|——XOD ##|%, %;
ODy— —HfSu4R 42 290 mm & 49 R K
ODg— —#f suat BB 4072 290 mm AL 49 R A
ODc— —% & 4842 290 mm XL 69 R K ;
ODp— — = &2t B4R 290 mm &L 9B A

14 HAEAHE

RIGWE 3ANTAT, GERLOPEME £ AR R . N R 51K Design-Expert 13.0 54, 081K
FH SPSS 27.0 #At:, 1EEISRH Prism #f. P<0.05 #rZH 02, P<0.0l FnZRkEE,

2 HEREDH
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Fig.1 Effect of ultrasound temperature on the yield of ethanol extract from Inonotus hispidus
Z: YRR THac kT EARERER (P<0.05).
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Fig.2 Effect of ultrasound time on the yield of ethanol extract from Inonotus hispidus

E BYOARFE a-d AT EARFHER (P<0.05).

FEE P I TR B 2T LA AR R RO SER A 2 s, AT AT AR H, SIS 18] 0.5~1.5 h i), $HR [a]
A, B LRSS Stm, IR 1.5 h i, HA53N 24.88%, IARIHAMH, 4IRS T
L5h i, WAFRMBIFE, ATREREE AT, SEEHAMRIE L, s s, W, 75
KIS TR FFRIBAEE N AREE , AR IR, I HLAR S Bt oy BO BPEAS, AT 7S 1.5 h R R4
BRTREP, RIARE RN 15 h.

2.1.3 ARt IHE £ 69%%

0 1:20 1:30 l:l40 I:;O 1 I()(.‘v
Rl (m)
[ 3 RERLLXTEE A7 ERRYS RS0
Fig.3 Effect of liquid-material ratio on the yield of ethanol extract from Inonotus hispidus

Z: AF R T H ae A FEARERER (P<0.05).

BREHOO R BLT LA R RS2 IR A& 3 fra, (BRI, BRREE Y 1:20~1:50 mV I, RRE bk, HH
BLALAB AT RS . BRRR Y 1:50 mV IR, #3381k Bl K8 27.22%. BHREL )y 1:60 mV IR, HARHEK
FAPBEAR. ARSI AR, R L A SO A7) 5 ] A o R AT AR . VAR RIS 2 R S B oL 701 I
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LT R 04 A Box-Behnken Bitski, SEMTR BT LARHRMG R =AEEy: BAEERE (A,
FEIFTE] (B) AERAEL (C), PAIHE 133 NHEHRR, BiE 1 HEERIRR T2, R m AR s+ 545 R 2.
%% 2 Box-Benhnken SLIGZER
Table 2 Results of Box-Benhnken experiments

HE5 A-RIURE  B-#RIATE CHbmik  3E/%

1 -1 -1 0 26.32
2 1 -1 0 26.44
3 -1 1 0 27.20
4 1 1 0 26.02
5 -1 0 -1 24.52
6 1 0 -1 25.64
7 -1 0 1 26.74
8 1 0 1 24.36
9 0 -1 -1 24.46
10 0 1 -1 25.50
1 0 -1 1 26.02
12 0 1 1 25.68
13 0 0 0 27.56
14 0 0 0 27.24
15 0 0 0 27.68
16 0 0 0 27.10
17 0 0 0 26.92

K H Box-Benhnken X iz 46 25 5L 3F 47 i 87 71 — X B 40 & 0 A, TR Y=-68.12+1.049A+11.87B+
2.194 5C-0.065AB-0.008 75AC-0.069BC-0.004 525A%-1.41B%0.015 325C?, 77 2434 W3 3.

M 3 AL AR AR EME (P<0.0D), HAPAEK C. AC. A% CPXHERISNIHE (P<0.01),
2 A. AB. BC. B X3RN G E (P<0.05). M4 F AR/ NATHIE AL By C HhKZ C XH3RAIMIR K,
B M/, SRR HAEH RIS AC>BC>AB, LAUIIH P=0.820 1>0.05, RINIANEZE, UiHZFFERA
FERERHT; MIRARB R?=0.972 9, X UEHHIZMAIA MU A T 9008, SEBME A TRIMME AR SRR s i AR AR S
M CV N 1.01%, #Hozscib bt 5 e FL5E; KRR IEdeE SR8 Rag =0.9381, FMiZARMY n] LAARAE 93.819%11 )
EIEM, AR . B, 2R R b R B RAE 5B B 2 MR, X T B LA
EA5 2 [ T AT 38 PR A

= 3 Box—Benhnken SCIGZER 4

Table 3 Results of Box-Benhnken experiments

KR Frf  BAWE HF F P-value B3
A 17.7 9 1.97 27.96  0.0001 ok
0.6728 1 06728 957 00175 *
B 0.1682 1 01682 239  0.1659
C 0.8978 1 0.8978 1277  0.0091 *x
AB 04225 1 04225 601 00440 *
AC 3.06 1 306 4355 00003 *x
BC 04761 1 04761 677 00353 *
A= 0.8621 1 08621 1226  0.0100 *x
B= 05232 1 05232 744 00294 *
c? 9.89 1 989 14064 <0.0001  **
KE 0.492 2 7 0.0703



MR EmBE Modern Food Science and Technology 2026, Vol.42, No.12
%k AR 0.092 2 3 0.0307 03073 0.8201

HiRE 04 4 0.1
BiRE 18.19 16
C.V. %=1.01 R?=0.9729 R%=0.9381  R%,=0.8845

Adeq Pre=14.284 0
i R TEFMEE (P<001), *ATEFEE (P<0.05).
222 REAMRGHT

BR/%

B : BYiEl/h

BE/%

A BE/C
& 4 E@BEIREFF AT EE AT ERHR IS E I

Fig.4 Effect of ultrasound temperature and time on the yield of ethanol extract from Inonotus hispidus
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C: Ki&REE/ (m/v)
|=/%
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& 5 AR EMELRE AT AEA T AR RIIS RN

Fig.5 Effect of ultrasound temperature and liquid-material ratio on the yield of ethanol extract from Inonotus hispidus
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C: Bt/ (myv) 45 . B : EHiE/h
12 14 16 18 2 1
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Fig.6 Effect of ultrasound time and liquid-material ratio on the yield of ethanol extract from Inonotus hispidus

He4 Box-Benhnken SzE6:45 5, iz ] Design-Expert 13.0 4w 5 i AN S5 s £ PR HE T84 . WS 3D

e EHREA SR BRI 3R OO B A RS AR =4S IR, RERS ELOUME tHA NS HC RIS EARE R, SEe st LI
4~6,

MEHESARERE, $FEHUREE SN A SREBGREZ SENREE . SR AR EC A2 BAE P A i 0T 2 B

Iy ANFIRIBENSAR L . SRR S RRE EE . SR EU 18] 5 RHA H S BAE P TR e, X3 B2 BAEHIXS
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B LRR SRV RN R . M2, SRR S RIS A A fh A P22, HAZ AR X iR
R AN A A S, X538 3 a5

23 B ARIE

87 F e SE T 4314 Design-Expert 13.0 43477, H RSM TN ME, DLtk A0 BT FLE B SR IR -
FREUREE (A) 52,71 °C, $2EURE (B) 1.70 h, BRELL (C) 1:52.72 m/V, I TR ) BESRAA5 200 NAE Ny 27.48%.
SEAGI R SEBR R, R AESRICGR A T A B OV ERIGRE (A 53 °C, FEEUNTE (B) 1.7 h, RHELL (C
1:53 mV. $ZIREEEARAE, HEESLR 3 k. HEILTRIEAL, “F¥) IHE 15354 27.14%, FHXHRZE/DNT 1%, £
BZAR AR AL () IHE (32 T S50tk 5, B Seba A .

24 MBLFILE A BRI F AR A AT

* 4 HEAFLE=FEILFER
Table 4 Analysis of the chemical composition of the three extracts of the Inonotus hispidus

. BiE o SF 1%
A RA AT ppm MR BTEA
KF IHE IHW IHEH
S8 i BR
279.2363 11374 2 CisH320, [M-H]- 871 001 -
Conjugated Linoleic Acid
o-F HHR
L 295.2287 1951 2 CisH3203 [M-H]- 595 258 228
alpha-Artemisic acid
O-FULF ZHhsk
293.2128 1.282 2 CigH3003 [M-H]- 294 014 004
9-Ox0ODE
FARER
. o 166.0865  1.492 1 CgHgO, [M+NH]+ 1.79 - -
Cinnamic acid
R
. 132.1024 0.182 2 CsH13NO; [M+H]+ 131 - 0.37
Norleucine
9-% 3 -10E,12Z-+ N\ — M BR
A 9-hydroxy-10E,12Z-octadecadienoic 295.2286  1.612 2 C1gH3,05 [M-H]- 122 040 -
%
acid
16-2 SRR BR
o 271.2288 2492 2 Ci6H3203 [M-H]- 109 018 026
16-Hydroxypalmitic acid
9,10- 3R A% fi5 BR.
o 297.2428 3.109 2 CigH3405 [M-H]- 103 036 0.10
9,10-Epoxystearic acid
9,12-+ N\ B Bg
L 277.2163 0274 2 CisH250; [M+H]+  0.78 - -
9,12-Octadecadiynoic acid
(2)-5,8,11- =& -JUbBR
(2)-5,8,11-trinydroxyoctadec-9-enoic ~ 329.2337  0.073 2 C1sH3405 [M-H]- 0.77 043 033
acid
FRER
. 133.0133  6.943 3 CsHeOs [M-H]- - - 3.19
Malate acid
GEEX
) 118.0867  0.203 2 CsHiNO, [M+H]+ 074 130 091
‘ Betaine
& 4k, ‘
T BER A
» 232.1548  0.327 2 CuHxnNO, [M+H]+ 074 045 034
Butyrylcarnitine
B PGB
Bk . 177.0554 1777 2 Ci10H1003 [M-H]- 139 063 071
Coniferaldehyde
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3-#2 k-3, 4- = F SRR AR

_ 316.1181 0705 2 CyHuOs  [M+NHJ]+ 083 021 011
3-Hydroxy-3',4'-dimethoxyflavone
g e
R ) 181.0728 3.181 2 CeH140¢ [M-H]- 133 131 081
D-Sorbitol
HHBRAL O-FTAR IR
. ) 268.1048  3.640 2 CiHisNsO,  [M+H]+ 221 153 1.05
Y 9-Arabinofuranosyladenine
ViE=S SNty s
-2 2742735 3558 2 CygHuNO, [M+H]+ 107 404 257

Lauryldiethanolamine

E: -RTARBAE,

%0 100
L

3
2
8
8

0 1 2 B 6 7 [

4
L)
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Fig.7 Total ion flow diagram of ethanol extract of the Inonotus hispidus
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Fig.8 Total ion flow diagram of water extract of the Inonotus hispidus
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Fig.9 Total ion flow diagram of enzymatic hydrolysate of the Inonotus hispidus
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B\ FIRERE — CRERSERR . Hor, JRHEM IR I SE BT — @ R IRIRRCR B AEWS W2 PR RS
PRI, MRS S B s PRI AR K SR BRI B /A0 FAPS), JEHETTMER A AE T IHE 1, TiI7E IHW, IHEH
TEMASRPHGH, BHAAEY) o ER. 9-FE IR T =FIREW . HAh, =RRE T A R
BT O SRR, AR R SO AT A R T AR S Y B LT LR R
AT PRI o

25 HMELFILE A XOD vy 374 1E A
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TR KSRAZE DL e HC A T T SR U 2L I 375 v () B S A B P R R ZE 2 I PG 0.4 122 U L X o P
Fi TAHEL LRSI RIS XOD BIFMHIRER, W ias R SR s M B AL I S M he B UL B A FH B 4F
FLIE T B R B XOD HIEEHMHIRE (ICs 1) 40314 94.63. 106.32 pg-mL™, 4%+ XOD £ &3 (i ff:
o DSERES IHE. IHW. IHEH SREPESS FRZE 5 PERE ST XOD FIMH R aiE 10 fror. MEHAIE H =FEEw
Xt XOD 1A — @ RmHIfEM, HAE 0.5~5.0 mg mL™ (RIS, HAmih 2 s R B s i L7k, 23
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Fig.10 Inhibitory ability of XOD of the different extracts from Inonotus hispidus
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Table 5 The regression equations and ECs, values of the inhibitory effects of different extracts on xanthine oxidase and their virulence

pan EH@)aiAz R?  ECsy/(mgmL?)

AP y=21442x+2.2159 0.87 0.09
IHE  y=3.1413x-1.0716 0.87 219
IHW  y=2.9126x-1.4616 0.98 3.18
IHEH y=3.016 1x-1.4244 0.97 2.97

AR, ECo &/ ML S, HAEHZMHERE 2 RE S, ok BisdEyr-tEree
BN IR EIR B TP, SR, ECs {EM/N, 25 R FEIINHIE AlEE. R SPSS 27.0 14 it
5, SRAS R BRSNS AL B II R 58 S8 I A T RE A ECoo (e WIZR 5 o, PHAENS RRZH BN mE DL A B 4T
FLEE = FhAS FHREI%T XOD 1 ECso 43714 AP (0.09 mg mL™). IHE (2.19 mg mL™). IHW (3.18 mg mL™). IHEH
(2.97 mgmL™) . FEEWIXT XOD HIRE S 53 ECso OIS, HEMEFRMRIZRLIHEA, ZHHX
XOD IR B R K SR T Ko . I sk 2% RO A 1, Ui PALR R[]V 5 R0 A AR
BRI, BAEAE RS . DRIt AT R B AT AL — P2 ECoso {E R/ NMIF A IHE<IHEH<<IHW, HX} XOD [¥)
L FI R/ NA IHE>IHEH > IHW.
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DURHBLF LR k), R FH A IR 3R i 2 i B A AR P A B IHE, 1 SRR T 2564 9
HEFEIEE 53 °C, HANE 1.7 h, BHELE 1:53mV, 4T IHE BI75305 27.14%. LC-MS 455K, —Fi
VI IE YY) E B A NIRR A . Zks XOD iEPEMERIIIR, MHEBEFFLEEEIRY. K. BEfF4) ECso
FRIMAES>508 2.19+ 3.8+ 2.97 mgmL™, ANFIHREAT R IL 104 FRISCR AR MR, (B =51 RS
FEl N340 XOD i PERBFIHIER, B IR IR SR, A RMAEE— 2R, HEL
FLER AR R R IRV ) B Aoy 7 Z AL M RS2 ) B, X — )@ Al s sc i it — DAt e, DA ATHIRA
M A B AT FL B E M RIS LA Dh R 5 5 T R R
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