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Optimization of rice-fired Ganoderma lucidum processing by AHP-EWM
and response surface methodology and comparative study on antioxidant

activity before and after processing

LI Zhiyong, LIU Jiangting, ZHANG Guoying, YANG Xuegi, ZHANG Mengxia,
ZHAO Pan”, ZHANG Xiuyun”

(College of Pharmacy,Shandong Uniersity of Traditional Chinese Medicine, Jinan 250355, China)

Abstract : This study aimed to optimize the rice-fried processing technology of Ganoderma lucidum, determine the
optimal processing parameters, and evaluate the impact of fried Ganoderma lucidum rice on its antioxidant activity. The
processing temperature, processing time, and ratio of medicinal material to auxiliary material were used as the influencing
factors, and the contents of Ganoderma lucidum polysaccharides, triterpenoids, and extracts, as well as the appearance
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score of the processed product were used as evaluation indexes. The optimal rice-fried processing parameters were
determined using the analytic hierarchy process ( AHP)-entropy weight method combined with Box-Behnken design and
response surface method. The antioxidant activity before and after processing was compared using ABTS®, DPPH, and
hydroxyl radical scavenging assays. The optimized process conditions were as follows : processing temperature of 158.91 °C,
frying time of 10.18 minutes, and a material-to-auxiliary ratio of 1:0.20. The average comprehensive score obtained from
process validation was 91.24 with a relative standard deviation of 0.81%. In vitro antioxidant activity assay results showed
that the radical scavenging ability of Ganoderma lucidum significantly increased after processing( P<0.01). The optimized
rice-fried process is reliable, stable, and feasible. The rice-fried Ganoderma lucidum prepared using this process
exhibited enhanced antioxidant activity, providing a reference for the processing technology and clinical application of
Ganoderma lucidum.

Key words : rice-fired Ganoderma Iucidum;Box-Behnken response surface method;analytic hierarchy process;entropy
weight method ; antioxidant activity
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U-3900 22AM0] WA YEICRETH( HA H A7) 5XS105 B J7 50 2 — K (MERF TR 2R (R D) A R A
) s MK-30 K25 L (VLE AT AL BARILAR) ) 5 9875 U3 U1 R ML QRIS T AR ML FR A | ) ; FA1204B 5
Oy 2 — I3 R (LR RMU A BRA T 5 SHZ-TIAGHR K B 28 58 ( B HE TR A AR X3S )  GFL-125 Lk
B R ARAR (T SRR B U A BR A 1) s KDM R AT 42 H S (LU AR 45 S A AR )
1.2 SR

R (41t 90-44-8) FrHifE (L5 121-33-5) FAHE (L5 50-99-7) g A F 22 s RA AL RHE B A7 R
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Table 1  Appearance evaluation criteria for rice-fried Ganoderma lucidum slices
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2.6.1 WHREER

BU10 g KK, KD 250U 3 30 o/min, K Z KB, A 50 g il R 2R 1% 6 min, B8 XD HIHEE A
120,140 160,180,200 °C , % ELiR E AR X 4% W40 e 2 B s | 22 54500
2.6.2 Ky At AR

HL10 g JOK KB 2GHLEE 3 30 v/min , Kb 2K B AH, #A 50 g il R 2 H 0,160 CHbl, BB I T
4.6.8.,10 12 min, ZEEIb ] N [E] X2 o3 BT 3B 52 TH 2R G500
2.6.3 it Fedit it F R

BU— R K KB 2L 7 30 o/ min, WD E KB AN, A 50 ¢ ¥l 22 0,160 CHBH 10 min, 2544 FId
BT HA] 1:0.15,1:0.20,1:0.25 ,1:0.30 ,1:0.35 , 24 b FRL HL X4 A0 B 0B B2 £ 1540
2.7 Box-Behnken MR EEMM U KIS RZMEH TZ

ZHESCHR 10-11 ] HRAE R EA R 3R S g0 B2 4 R S PRI TIIRLEE (A) P HIRFE] (B) (20 AR LB (C)
PR B SR AT MR 20 UUBSRET R I H wym(Y1) B I H 0y 2 (V2) B
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VIR 3B wigyy (Y3) BAMIEARIE 23 (Y4) BIZRGTF-53 (OD) S W AEL, W FH Design-Expert 13.0 #Fi#47
Box-Behnken M 1 [A] SE 30 1% 11

%% 2 Box-Behnken R Z K F-F
Table 2 Box-Behnken factor level table

) W%

K e BB min € SR RUARMTRL L
1 140 8 1:0.15
2 160 10 1:0.20
3 180 12 1:0.25

28 BROME-HIEBESZAENERY
2.8.1 ERHE
K H)Z KA (analytic hierarchy process, AHP) EXPEN 43545, B0 S HEAE 25, S 1~9 5
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IR 3 3, S AENIHTIR B R A HE BRI I SEIUE I 110 10 10y SPIEEIR
PPy R IHORE A P8 HR SR PP 43 T LA fE
3 FEARI T L AR S WA R

Table 3 Prioritization matrix for comparison of indicator components

L EFEDR Wiy = Wi s Wiz LD UNI 2N
W g =i 1 3 5 7
Wz 173 1 3 5
Wiz /5 1/3 1 3
PR IE S5 177 1/5 173 1
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SRR AR S, BEIASE(3) A AR O B P, BB S (4) BT A SRR R 8 W,
Yo = Y
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Y,
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== dn S, =
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1 -F,
Wy=—"""", (4)
Z (1~ F/)
j=1

Horr v, 25 AVEIXE G2 APPSR AR BT S, ARERES ¢ AR j R bR _E A REAIE b el
Y AR R F, G258 ) A EAR IR SRR & (RS TEAL H KG m R X G B W, 2 ) A
FAPR I R A R AL
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AHP A i F AT F LS, 107 EWM P50 TRl A o B 26 & 1 OS2, IR R AHP 45 00
HERH(A) i EWM BB E WA RZEU(W,) , ERMES I TER5 518 IRAR ) HRLEAREN,) .

A]. X W]
N= (5)
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2.8.4 A4S
ZERTEIr WA (6)
. Nyg—wXwy = Nusm>wezm Nawn X Wany Ny Xf
L O = 100x (— 5 M R A P ), (6)
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2.9 REMRAKMBEREMLFENNE
2.9.1 XS H &

B RO I8 o M iad 60 B ARES 5 AR, DUBRE I 1:30(g/mL) I AAKRFRST R 55% (1)
LR, 60 C/KIA 2 h HE74 0.5 h JE R HIEAR 8 ', A LIRRAE 3 Wk K 3 IR MR & 1 5 e
FEZR RS BRI R TR IV AE RZ VR, T-20 COFEA . BURAEI ] T2 Hl 4 oKk R 2
ORI RIR B AR Ty Bl A BRI RZ VR T8

A3 SER IR SRR SO R A% e Tl 62.5 125 ,250,500.1 0001 5002 000 g/ mL FOFFIITA
2.9.2 DPPH A d1 A Tk%E

HRAE SCHR [ 17-18 ] 7%k 5 ELIC R 1% R 22 86 BE vk BE A WS 0.2 mmol/L DPPH Jo/K L BEH W 1:1 (14
) R A5, Z R TR 30 min, f HTEEAMAT WO EETHAE 517 nm D E WO, I 2 A K (7) 11
5 DPPH A HEEE R 1.

po oAt A) 0 , (7)
Ay
X Ay 2 mL To/K SN 2 mL DPPH Jo/K SRR WEOGEE LA, 28 2 mL A GO 2 mL DPPH Jo/K &
BV WO RE A, 2 mL ARSI VRN 2 mL JooK SEERYIROGRE
293 H#AwWAFRRE

ZIRSCHR[ 18 12519771, K B L 30%H, 0, VAR 1mL T i A4 53 2 46 28 M B R A A1 mL 4 mmol/mL
FeSO, % 1 mL F14 mmol/ mL /KAHRRTC/K L EEAWE 1 mL 1RA], T 37 CHEE 30 min,4 000 r/min 50> 10 min,
WU Z 0.22 pom AL UBRE S U85, (o FH S8 A0 AT W43 6 BETHAE 510 nm P AM DN 2 OGBSI/ A7 . H
1 mLIG/K ZBEAERARE A7 Pk GRIC K LB iCHE A, FHABAIKACHE: A7, v A AS [ Jo hab e 2 R o 3R, 121
A'yo MEAER COHPHPEXT IR, 2 B B AEE BRI IR LA (8) .

A, A", +A")

I' = x 100% . 8
i ‘ (8)

2.9.4 ABTS" & wiiFrkst A

S CHR[ 19 ABTS™ B i BL 5 BRBE S 71k RS % 2 0L 7.4 mmol/L [ ABTS %% .2.6 mmol/L i fifi2
PR RBUR S, THRDCAMF TR 12 hy SRAEEAMAT WL A6 BE TN BEROGEE , in A TEK LB
% 734 nm AEWOEEE(E R 0.70+0.02, 75 5] ABTS B £, B 0.5 mL 0 C i Y 52 228 B Tk B A ot o VR
1.5 mL ABTS # B T Ep & rPIRBE A GV 5 min , i 2848 AT 0L 20 Y66 B THAE 734 nm I K AR
WG, I 2 AR (9) HEERE I,
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~ (AUO _A”1 +A"2) (9)
= A’O

A A" 0.5 mL LKA 1.5 mL ABTS # B OGRS A", 2 0.5 mL ARSI 1.5 mL ABTS Fi B Y
WOGRE A", o4 0.5 mL FESVE WO 1.5 mL M 47K YOG EE
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Impact of frying temperature on the comprehensive score of rice-fried Ganoderma lucidum
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Impact of frying time on the comprehensive score of rice-fried Ganoderma lucidum
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3.1.3  HasREAL G AR R 2R 2 A RS R
W 3 FiR, 4256 IR AR & HE o 1:0.20 B, TS R0V E ik . RN S50k 5 Fb/NiE 5 R 2
R AN FE Sy, B2 R Fe B, A 36 v s i, 2485 1:0.20 B, SRk 5 e, % 508 o
BHA—EEW, 45, B MR R (1:0.15,1:0.20,1:0.25) 3 N 7KSE3E47 00 107 T LA AR 58
100
98 |-
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& 92t
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Fig.3 Impact of material-to-auxiliary ratio on the comprehensive score of rice-fried Ganoderma lucidum
3.2 MmRzER4L =5
3.2.1 v mEmEAEE LR
AHP 4 1) F AT 02 b, EWM 32 000 3kt G0 1 300 PR 2R, 0 o 45080 A B Pr 2 5 19 & WL 3 5, 1531
FOA B ELRME T e b TR SIS 88 i AHP-EWM E & WZEA 1 E KIS R 2 LA AE R 5, W& 4,
# 4 AHP EWM AHP-EWM J:ALH R %L
Table 4 Weighting coefficients of AHP, EWM and AHP-EWM methods

: : E S E Y
TN T 7
Wy oy Wy =g Wig gy SMEAR 34
AHP 0.557 9 0.263 3 0.121 9 0.056 9
EWM 0.199 9 0.358 7 0.273 3 0.168 1
AHP-EWM 0.448 2 0.379 5 0.133 8 0.038 4

FeT FIARGE RBOTH AR R Z KR LR G PE5T it Design-Expert 13.0 #5256 45 R i A7 20
LSS = AR iy
Y=91.28-0.231 34+0.293 7B-0.100 0C-1.26AB-0.717 5AC-0.012 5BC-3.034*>-2.02B*~1.86C*,r*=0.984 6,
FHAERIAE 5,
%5 Box-Behnken SZHG T 5455

Table 5 Box-Behnken experimental design and results

/ 2 A

FE BHIEE/C K HIEHEL/min iﬁ::f W/ % Wag/ % W% j;:“:i O];i”
1 140 8 1:0.20 4.48 1.05 6.67 5 84.80
2 180 8 1:0.20 4.68 1.11 6.93 5 87.06
3 140 12 1:0.20 4.14 1.20 5.81 5 87.93
4 180 12 1:0.20 4.03 1.45 6.03 5 85.13

5 140 10 1:0.15 4.75 1.15 6.01 5 86.00
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F5(4)

. SV

P WHRNREE/C Kb E]/min éj:i:;? Wy /P Wi/ P Wi/ % j;:{iji O];iin
6 180 10 1:0.15 4.07 1.38 6.99 5 86.78
7 140 10 1:0.25 4.81 1.11 6.67 5 87.45
8 180 10 1:0.25 3.94 1.41 6.70 5 85.36
9 160 8 1:0.15 4.48 1.11 5.81 8 87.31
10 160 12 1:0.15 4.34 1.40 6.37 5 87.91
11 160 8 1:0.25 4.45 1.04 6.23 8 86.92
12 160 12 1:0.25 4.51 1.08 7.24 6 87.47
13 160 10 1:0.20 4.45 1.04 6.23 8 91.79
14 160 10 1:0.20 4.76 1.16 6.31 8 91.92
15 160 10 1:0.20 4.20 1.14 7.17 8 90.95
16 160 10 1:0.20 4.64 1.13 6.58 8 91.08
17 160 10 1:0.20 4.41 1.26 6.30 8 90.66

3.22 waAERHG 55 b

WRHRR 6 43HT T 245 1 % RIS A F AR 49.77,P<0.000 1, BiHIRE BA B2 B G122 X
RAUTRG 45 75 (P =0.901 5>0.05) , Pd W2 A RLAE AN (815 DA A3 B - 00 R4, 7 2270 i < el
RS — PRI 8O0 H DR S (A) KSRl (B) (258 S5 (C) 19 P<0.05, 3 B H X KD 7 2 I ]
TR 2 S H AW 7 1T, AB \AC 1 P<0.05, VAW Z M5 AR W2, BC Z 18] P>0.5,&W B i C
P SEHX RIS RN TR E . 26 DL LS 4 T ASHON KR R 2 M T2 52 s B th K
BN ISR Kbl Bsf (] 24544 S5t A

F 6 kU TR 2500

Tabel 6  Analysis of variance for the quadratic polynomial model

I H 5 A A ¥J5 F {8 PH %2 3
AR 87.59 9 9.74 49.77 <0.000 1 e
A KPR 0.427 8 1 0.427 8 2.19 0.183 6
B Yl ik 1] 0.690 3 1 0.690 3 3.53 0.102 4
C 2 IR A1) 0.080 0 1 0.080 0 0.408 8 0.5429
AB 6.40 1 6.40 32.71 0.000 7
AC 2.06 1 2.06 10.52 0.014 2
BC 0.000 6 1 0.000 6 0.003 2 0.956 5
A 38.59 1 38.59 197.21 <0.000 1
B’ 17.22 1 17.22 88.01 <0.000 1
c? 14.49 1 14.49 74.04 <0.000 1
B 2% 1.37 7 0.195 7
PR 1.166 9 3 0.055 6 0.185 0 0.901 5 NTES
afiiR 2 1.20 4 0.300 8

B2 80.04 16
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3.2.3 YR B @S

RO ASE IR PRy A58 IO THT PO 2 5 S 6 PR 2R i) ) 9 19 5 A PG 2R 22 0 ) T 25 s o 20 AR [l ) AR
i R Rb RS ISR ] 2504 5 HRE LG IR KD 7 2 000 ] T2 25 G A5 50 2l = 4ER0n T 151 (E 4)
FH &L 4 AT, A4 DR A 52569 BBl XKD R 2 25 A5 43 (A2 M AR BE P R B0/ - Kb BE KD il st |) | 25 44
SRR, b T R s 1) i R AN 2 b S R L B 2 [ Y 28 HOC RO B Y R EE TR
T 160 CHF, ZR-G15 53 Bl 5L A s 1013 K, 15 B 5 0 i R B Ak e N2 5455 T R DT (R R 241 5 %8
BB Z BRI AZ B R A W R I T2,

P4 4% DR A8 AR X K T2 2 5 A TS S M 1 1 i
Fig4 Response surface plots of the interactive impacts of various factors on the comprehensive score of rice-fried Ganoderma lucidum

3.2.4 JEIEEMGTN

2618 Design-FExpert. 13.0 F A% SE I KR IEA T/ M Ab B, 500 1) S5 A il T 252 A0 B 158.91 C,
KHHIEHE] A 10.18 min, 2544 BRARLR B HE A 1:0.20, BN ZE 445900 91.30, MR SEPRARAE S Fnid 25 B
TEORS A X ek ) T 2 b A et B KR R 160 °C K0l E] A 10 min , 2544 BUARHT R EE R 1:0.20,
325 REIILRIEEE

WRARARACHE PR 2 A T8 2 J i 3 KD 2K E AT S UE 5250, SEUR 2 SR W3R 7., mIA,
3 HEEGIERE S ILE S0 1R 90.24 192.02 91.45  SF-X{E }991.24  AERHFR#EM 22 4 0.81% , i A 91.30, B
LEGVEST S IAE 5 TR0 AFL (0% Ot 25 45 I 7E £ 3% LAY, B B 3@ 3 Box-Behnken Wi 337 T VA D0 AL A5 2 1 K AP R 240
il T2 4 B T AT, ELAR I H i 25 0 T i RRUE

RT T LRAESLRLE R

Table 7 Process validation experiment results

T = & N L
Wy g/ % W=/ % Wi/ % IMILARPESY T2/ %
1 1.17 3.38 6.20 8 90.24 -0.01
2 1.20 3.63 6.70 7 92.02 91.30 0.01 0.81
3 1.29 3.39 6.20 7 91.45 0.002

3.3 REBRRXMDEIEREMLFEEXTL

H S A, R RIS R 2R SEBU X DPPH ABTS™ 32 [ Hh 3 11 775 5 3 44 5 PR ol 285 om0 e A
PE, 8 LIS ORI HilIE , RZAR A SR I X #2 F el 56 ABTS V8 BR AE 1 1 2P 40 il e B 1C,, (i A8
/I, 33K R WA B [ BRI KD R 20k R B B i Wk B2 T/ | B AT AR th R 22RO 2l K I M i 5 i 4
fETE PR
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5 ¥ ‘ M 5
& gol # % 8o & got
i o 5
ﬁ 60t @ 60f 5 6of
m H m I
o 40r g 401 é 40
& p
5 20 . 20t 2 20f

o 0 PR T 0 T T S S R R

& 625 1250 2500 5000 10000 15000 625 1250 2500 5000 10000 15000 625 1250 2500 5000 100001 5000
R i R B S8/ (g L) R i R K S8/ (gL ™) P 5 R BV B /(g L)
K5 RZE KK RZRBWPUATEHXT L
Fig.5 Comparison of antioxidant activity of Ganoderma lucidum and rice-fried Ganoderma lucidum extracts
#8 RZ KIWRZIRIY) IC, (H (xts,n=3)
Table 8 1Cj, values of Ganoderma lucidum and rice-fried Ganoderma lucidum extracts(x+s,n=3)
EF—L{TL H pug/ml,
HHAAIEE 1C,,
20 531
DPPH H HiJk P H AR ABTS' [ i3
RERPY 329.83+2.44 568.73+14.54 251.26+0.54
Kbh RZ e By 264.49+0.84" 496.07+5.70 " * 231.49+2.89" "
WS4 MmAEE, ** P<0.01, " " * P<0.001,
4 HHig
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