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Abstract: The extraction process of Morchella polyphenols was optimized via response surface methodology. In addition, single-factor
optimization of solvent type, ethanol concentration, solid-liquid ratio, ultrasonic time, ultrasonic temperature, and ultrasonic power were
optimized. A three-factor and three-level Box-Behnken design was then implemented based on the factors of greater influence. The optimal
process was verified as follows: ethanol concentration of 10%, liquid-to-material ratio of 1:67 (g/mL), ultrasonic extraction time of 90 min,
ultrasonic extraction temperature of 33 ‘C, and ultrasonic power of 300 W. The polyphenol content extracted from morels under these process
conditions was 22.39 mg/g. According to the analysis of response surface experimental data, the model was significant (P<0.000 1), the lack of
fit was not significant (P>0.05), and the fitting degree was high (96.2%). The order of the three major factors affecting extraction rate was as
follows: ultrasonic temperature > material-to-liquid ratio > ultrasonic power. The polyphenol contents in Morchella esculenta obtained through
various extraction conditions were analyzed via HPLC. Ten phenolic compounds were detected. The content curves of these ten phenolic
compounds extracted under various single-factor conditions were basically consistent with the data determined via Folin-Ciocalteu colorimetry.
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BT THZ RS T TR P KR,
WRIEAT AT, 2ERERE PR 2018 4E1) 3x10° t /24
K3 2020 4R 1.5x10° t 24, 89K T 500%4 4017,

2B —FRIRPTEMS, EEAKE
IR, o] LE Rt At DR E A
FARFHAT T RERI T HETZMmRE0EE
FURFAAZERU 20, AN S il IR B R AR
SRtk 2 HUS T 2 By FR L b, FEEAS T AN IR
R, Ivana ZEUTRIHIAFIRBURSE R 2 W, FHEZ
REARFTEL 74.7% 60 “C TH2EHL 40.3 min, $HEHHIZ
Moy & B WS R R P A B R B e
RZWY, FEAERRIEL 70% 28 BRI EE 1:30 (g/mL).
45 C FHEHL 50 min, FEIUWZ W EHRZ AR,
HUMHERR . p-& SRR HIRE T A ANV AL
BRI B B EEE T ZHHRE,
70% LA FIFEBRAE T, FI R 2 Wi & &,
HAERE TR RE o, HH I mT WAERE B 2
FARE TS, B AERPiA AE s BEEs
BRKERE AT T 3 FRARIREREL, XA RIVAFRIEREL
(1) 6 FhZ By 2 73347 704, RILFBEAHSZEL T 6 Fh %
By, KAREEEL T 5 Fh, W ZERZERAHIREL T 4 Ff, H
W AT LI R AS [R5 PR L B AE SR A
75 A AT Nt = AP i ) 2 T 2 B R B HEA T4 o
Wg, WEFRR. J5)LRIRE S 8II7E 500~1 000 pg/g
Z[8], EHE ] LSRR B R A A BN E I

AR, B AR L R 2 I R
AT TR, BT 2ER R 2 Wi T R
BRARGEAR D, T BAS R ZE BRI Bt AN
2, B4 T HIFR SN AFFCE R AL
FH RS AP R EY), FHRTAFEE
IS A T 12 B 1 2 By AT A % (High
Performance Liquid Chromatography, HPLC) %7€,
ST FISRICRAT YRR 2 5, DA
JH TR S SR R R IR 2%

1 HRSES

L1 AR5 O

SEEGATEL: ANIRFEIE, SRR IR RHA
FRAam: WETRR, I ZEERHARAR; HEhk
Mykin), LR REFERHEARA R N, RKEETR
R FRFNE IR AT ToKBRIREN, FETHECE I
PR AR O, £ Sigma AF]; TEKLEE.
HIfE, 2-34- BREFI) O 4-RER O BE
TR MRS TR, FILRR. WRERFR. L
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PR, RBER, MR, W, ST L
F AR AR A

SEIGA A WL IKA ALl basic, | M &
PN, BT AAE: SO, WG
BEARA, ZEERK: Agilent HPLC 1260, 246,

1.2 o7k

12,1 FRrE SRR T L 742

VI SRR = I TR AT VR T A0 S TN T 48
W, TSGR KEALE T T e ab e, o
50 Bt H o FREC—E ERFIFRAR, IAAFE
A, EARFERNRE, R IR DR RibTR
B, A RIS R BA 5 000 t/min 250 20 min, MBS
OV FREC BTERL HEH 045 pm JESkUE, 153
JH B 22 By R B A FH
122 ¥HZEE

FREX (0.100+0.005) g FEFE# A, LUERELE 1:60
(g/mL). FEFEIEE 45 °C. FEFHE 30 min, FHEAI)
300 W AFERZE, 730 EHEFIRA (R4
N 60% I LIFET - A HON 60% I BV 14
TR ECN 60%TRBRER . 7K LA 5 0%,
10%-+ 20%- 30%-. 40%-. 50%-. 60%-. 70%-. 80%-
90%- 100%)+ EHALL (1:40. 1:50. 1:60. 1:70. 1:80)
(g/mL). FAFEIREE 25, 35. 45, 55. 65 C. N
(8] 30, 60+ 90. 120. 150. 180 min. I 240,
300, 360, 420, 480 W XF F L Z My & &0, L
S = AT AT
123 "mEL@E KR

FF R R SLINEE R, FIH Box-Behnken BE115E
5%, CAZ W& moAma NAE , X SRIe gl AT AL,
BT AP WK 1.

%< 1 Box—Behnken SELGFE FK %1t
Table 1 Box-Behnken experiment factor-level design
A&
BAME A BRE  CRE

(mL/g) BE/T HE/W
1 50 25 240
0 60 35 300
1 70 45 360

124 Z&nE

LI E AR B TRRIEAMIEIZ, R ET
FRVE R FEK, 0.5+ 0.25. 0.125. 0.06+ 0.03 mg/mL.
SR 200 pL AS[FIVR BE R IR R 2 B O
A, RO RN 200 uL ARARENHAT, $E5), HE
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10 min, FIIA 1 mL 75 g/L (1] Na,COs, FHAIA 1.6 mL
K, BN 2h, F 765 nm ABEWEE, FAT=
RBCFIE . DL BT RRIREEANEALER, WOBE A
AREER, Zeilbr el L, REIEITRE: y=3.90x+0.1,
R*=0.994 . LA[FIRERI 500 5 2 HE BRE S ) 22 T 25
_ CxV xN 1)
M x 1000
Kt
A——FHHALHEE, mg/g
C——FH B ey R E KA, mg/mL;
V——RBCRAARAR, mL;
N——HHtE 45
M——FHEABRRAE, g.
1.2.5 HPLC RZ ¥ L H $#.8
DL 2-(34- R R Ol 4-FHOR e FETE
BETI. KABER, T MRERRRR., S22
H. BETIR. JLAER. WHER. MR, SRR,
JRILZRER 2EREH . HPAEE. BB obndEsn,
PRSI AR B K 5+ 25+ 504 125, 250 pg/mL IAR7E
TR, ARYRUETI RN HIARAE I ZE, 10 259 26
PR R R (R*>0.99). FlIFH HPLC it A 2 LL K
JRETH S SRR B 2 b TR . I, THERE R
BRI
HPLC 73#46At%: iy YMC-Pack ODS-AQ
(250 mmx4.6 mm, 3 um). s A N 0.1%F R,
B NG BEEEWEAE: 0~25 min, 2% B; 25~45 min,
12% B; 45~55min, 25% B; 55~60 min, 35% B; 60~
65 min, 40% B; 65~70 min, 2%B. JiE 1 mL/min;
HEFEE 10 pL; FHIR 20 °C; Rnilllyg & 220, 280, 320.
360 nm.
1.2.6 ittt
FEA SIS TAT =K, K Origin 2021 X BLIH 25K
e Rt T4 ;s KA Design-Expert.8 45 % K %
BT EARLE, R, et g e, YRG5
I RARTE AL

2 ZR51M8

21 BHEELBRERSN

211 REFERAFIRR % BA20%h

M HAKVENSEBGA IR, EILE 2SR &
1, HAIRBAFAEON 60% ) LB BT ECHN
60% 1 TR AR ECA 60% A BRVER, X AT HE
TR 2R ERCR, 5K iR .
KT DARECE Z i £ W, x5 g™

PEH I REH s X TS 20 55 HAb & B B R AR e T
FAbAHMSE T —8. (HAKA—E 520 2 B ik
PSR, TR LA K A R R LIS
FUFRFIRE, TR 3) 5 BT 2 B 2 By Bl P B
W, VO AR MU IR B0 21 1 2 A5 1
S . XA 60% CBERITFERAEARFR T ECN 60%[1 F
BT AT R 60% 1) B R RS ECH 60%
BRI e, H OEEAE ISR EE . AR 5 0
LATEE, HIMTEG SRS P R AR L BER E
BHRRBCEALE Z W (B 1a Fis).

2.12 RF) LEARARSHAT FILE B 4S2 89
E 0]

LTEARRR O 2E R B 2 B SRR, 2
FEARTR M EAE 10%~100%50 N, FREFE 285 5 &
biE CREAR G R PE, X PR T ORI
[Tk, AR S 2R B 2 By A 22 A K,
i) 7 BRSO FE AV R, TR AL 2
P35 N 4 ZBHATR A EON 10%, ERER IS
Ripm. Bk, %R BT 10% RN
BARFREE (B 1 Fir).

213 RERRRILATERLE %84S0 SR

WEIHEE N 1:40~1:60 (g/mL) B, EREZ 26
BRE LA g b, R IR TR RRE L s,
TR 55 70 1 fl TR AR K, DT 8 4 T A A
AN, TR T ARECECR, 1) 1:60 (g/mL) B, £
i k2P KRRl L, & =g
R, X ARG T AR A A0 T 2y
R, ke R A 1:60 (g/mL) (B 1c Fin).
2.1.4 REA B FILE S B0

E 180 min N, FEERITAIMIAEK, FAtEZ @M
IR %, X PTRER T AR A, M
LMy H IR SR ETHN, 7 90 min 5, ¥ HHIREE
FIFCTHT 90 min A, K, AURAIREUSASFIFE i
PERUHCR, i e B I 1] 90 min (& 1d Fi).
215 AREREREAFIE S BHATHH

1E 25~35 ‘CHF, 2ERETR 2 W i & s bl B i s
Mg hn, HFEEATREE 35 CHA 5B 4
gE, Hm e AR NE L 3R, g 2w
JR v BT, 7E 3565 CIEFEIN, EHLE 2SR
R (T D BT AR, X AT RS T 2 B AN i
SR S WS i B, SEZmE
TR, MR T 2 W08, Rk, ke il
BUEE N 35°C (B 1e Fim).

2.1.6 FRAEHENFIREA ML EHTM

1 240~300 W JGlHE N, FHEZEHmEEMED)
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Fig.1 Effect of various factors on the content of polyphenols
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T MR DIR =ANHEER, 317 AR5 A7 B
0T, BRI 2.

SGIBN M€ e R e Ve |50 Gl )= s WISV
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< 2 Box—Behnken SCI& % 1T R SLIGLER

Table 2 Box-Behnken experiment design and result

%% Amphb/(mlg) BRERESC RBEHER/W % B4 /(ng/g)

1 0 0
2 1 0
3 0 -1
4 0 1
5 0 0
6 -1 0
7 0 0
8 -1 1
9 0 1
10 -1 0
11 0 0
12 0 0
13 1 -1
14 1 1
15 1 0
16 -1 -1
17 0 -1

0 22.6+0.01
1 18.6+0.07
-1 18.09+0.11
1 16.98+0.22
0 22.37+0.01
1 19.11£0.17
0 22.03+0.01
0 16.88+0.20
-1 17.23+£0.20
-1 19.26+0.38
0 22.04+0.05
0 22.12+0.07
0 16.88+0.05
0 14.95+0.12
-1 18.71+0.08
0 16.56+0.02
1 19.22+0.05

* 3 BARNEEFEAENER

Table 3 Analysis of variance of the constructed regreesion model by ultrasonic-assisted extraction

7 2RI F 7 Fa AR )R #7r F1& P& BEM
AR 87.30 9 9.7 45.96 <0.000 1 ok
A-FHRL 1.67 1 1.67 7.90 0.03 *
B-#2 % 8% 1.72 1 1.72 8.15 0.03 *
C-HEE 0.049 1 0.049 023 0.65
AB 2.64 1 2.64 1253 0.01 o
AC 0.00 1 0.00 0.00 0.96
BC 0.48 1 0.48 2.28 0.17
A? 22,51 1 22.51 106.67 <0.000 1 ok
B’ 4727 1 4727 223.94 <0.000 1 o
C? 421 1 421 19.95 0.00 ok
KRE 1.48 7 0.21
K IR 1.23 3 0.41 6.57 0.05
HIRE 0.25 4 0.06
BB E 88.78 16

R*=0.9834 R%4=0.9620 C.V./%=2.41

E: AR TEE, P<0.05; A EE, P<0.01.
222 v RLE ST

PRI A0 2 i B 22 oy 2 1) A8 ELA'E FH 52 F
N 2 fros, JERRE L. AR AT
R A H IR AP ENRINERA, i 5. i i 2 8 1
W NE T, 2 A R R RAE . AR ST

3D BIEREHLL RS 1A AR LI E 2 B &
IR R

g PEJFE G 2 el W, RS LR ETr
ZEIIMT AR 2 WO LU HE P R P A TR A B 2
HIAZ EAEH
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Fig.2 Contour diagram and response surface of the interaction
of liquid ratio, ultrasonic temperature and ultrasonic power on
polyphenol content
223 RERRIEHTBIERT
JE1E Design-Expert.8 4R AR RN TTHE, 15 H 5
AR BRI T2 08 BRELE 1:66.9 (g/mL). HifE
WP 33.43 C. A T)H 304.15 W HHT-5L50 % SEBR
BAERRIRYE, B IR T 208 SRR E 10%.
BHELE 1:67 (g/mL). #AERE] 90 min. 875 iR B
33 C. EAETIE 300 Wo (EMEA R FATIE =X,
BIESEIG S RN Z My & 808 22.39 mg/g, ST{EE:
I, WZERCN, IESEHER AT AL 2 MR T
ST S LEAT AR FE ORI P B 2 e 42
PR (14478 mg/g) VAKX ZIRINE (435 mg GAE/g) 1]
RBUNERGHRIEIN T 0.54~4.15 15

23 FHE T EBN

2500
2000 [

1500 -

O

1000 -

500 -

ok
-10

LR B[] / min
[ 3 16 FERLYI BT mRAYEIE B IEE

Fig.3 Base peak chromatograms of 16 phenolic standards
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JRER, 10 NZEELE, 11 NPT, 12 N& 28k, 13
BN, 14 NRBEZR, 15 R, 16 N
IR .

23.1 RF TERRE T B AR

S 2L B AN R L EER EEHR AN 10 Fh 2 2R
HAT TR, R 4 PRI R SRR, B
HCRERERIT R, BRI B & BB, X5
FEARI L B2l e 25 SR A — B, XTTRERHT 4
REWR B R, SRy R anZi et S22ty
SRR 25 SR 2, Al K SR IX 10 Ry
IRhE %, HUUE 20%. 30% ZBEAF 7 B,
SREUT 8 FEEHIT: 10%. 40% L EEARFR M B AR,
PEHCT 7 PRI . BERG. WETIR XREEIRH
FRTE 10% R ER 1 % s, 2 EE. EEeT
B2y JRLAIR. ILACR. iR, S pbirfraikez
BN A5 30055, AR R RTE 20% SBEHAF S HHRI
(NEEES 3=
232 IEFRRIL T B E YR AT

X2 B R A RN EL PRI 10 2 B 24 o idk
AT TR, R S TRy R S EE , s
BRELCII3E N, B 2R & gk, Bl mg/g
HHEAR AR 1:50 (g/mL) IR 5 5 e
HIRA 1:60 (g/mL), X 0] g T HADAR R 8
VIR AT, S804 R SRR kA e
ZE 5o Ao I E RO RRA LU SR, AR T 2
B, ViR RN A R T IX 10 ARy
i .

233 RERERE TBEMRIHT

XoF 2 B AN IR A IR BRI 10 Fh 2 2R
HAT TR, R 6 PRI RS EE T, 18
25~45 CIty, BEEHFEENIGIN, B2 &R
BTN TE 45~65 CHY, BB AR, W
KRS IR HAE 45 CHE, A2
FPFREE L, XS IR, BT mE
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W%, SEEmEERD. 200, BT 35 CHf
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Table 4 Analysis of phenolic substances in different ethanol concentrations (ng/mL)

uﬁ% RG34k 4RR RE RER lj% FSES 4 EE nEE v ’EZ‘ 4B
5% FR)TH THe TE RTE KRB RATHR EF FEE

0 16.64 27.55 1342 257 427 0.89 1.33 0.67 1.78 0.70  69.81
10 6.45 29.70 22.27 1.66 1.92 0.93 0.80 nd nd nd  63.74
20 2.08 23.05 17.94 1.17 0.70 1.74 nd nd 202 093 49.64
30 12.83 19.22 221 0.26 0.51 1.16 1.39 nd nd 0.17 3774
40 2.19 8.62 nd nd 0.47 1.02 2.53 0.32 nd 026 1541
50 5.70 8.05 nd nd 0.47 nd 0.64 0.36 nd 101 1621
60 3.89 7.76 nd nd 0.45 nd 1.26 nd nd 046 13.82
70 3.04 7.49 nd nd 0.46 nd 0.84 nd nd 0.18 12.01
80 2.35 5.43 nd nd nd nd 0.92 0.46 nd 039 955
90 nd nd nd nd nd nd nd 0.71 nd nd 0.71
100 nd nd nd nd nd nd nd nd nd nd 0.00

E: o*nd, AAWME FER.
5 NERLGELREE R 54
Table 5 Analysis of phenolic substances extracted with different solid-liquid ratios (ng/mL)

Bk 2-G4=H4 i—;’ég S X 31 Rl xjﬁik WEE mEE a2 AR 3

/(g/mL) FR)THE Rk TR ORTR R ORTER By Ek
1:30 23.46 4826 1152 277 114 071 nd nd nd nd 8785
1:40 16.37 2877 684 248 089 054 nd nd 138 nd 5727
1:50 15.99 3819 519 171 071 326 nd nd 102 nd 66.08
1:60 7.35 3822 475 117 067 144 nd nd 097 nd 5455
1:70 430 30.79 416 1.04 055 077 nd nd 239 nd  44.00
1:80 3.84 2826 343 069 055 101 1.97 nd 172 nd 4146

& 6 TNEiBAERERINE LRI
Table 6 Analysis of phenolic substances extracted by different ultrasonic temperatures (ug/mL)
A 2-34-—fk 4Bk KR ARE RIL B bn KR

BEC ERCE  Rom FB AT® Am xym o0r ETF e wy OF
25 6.27 25.16 2.71 2.67 0.76 2.52 nd nd 1.62 nd 41.71
35 8.10 49.30 6.03 1.77 0.58 3.43 1.23 nd nd nd 70.44
45 6.92 49.79 7.39 0.80 0.28 5.14 1.45 nd 3.46 nd 75.23
55 4.97 42.47 424 nd nd 1.36 nd nd nd nd 53.04
65 1.52 20.99 1.26 nd nd 1.06 nd nd nd nd 24.83

®7 FRIBRNZREE R

Table 7 Analysis of phenolic substances extracted by different ultrasonic powers (ng/mL)

RE 2042 HA 4RE RR BB RL AL by KR .

wEW  RME  ROE F® aeT®m Am gpm o0r ERE . oy &F
240 7.43 51.23 6.60 1.49 0.55 0.84 3.85 nd nd nd 71.97
300 7.40 50.01 6.87 1.88 0.51 nd 5.04 nd nd nd 71.71
360 7.49 52.45 6.59 1.75 0.56 3.83 2.07 nd nd nd 74.73
420 7.01 49.74 6.59 1.70 0.62 nd nd nd nd nd 65.66
480 5.50 50.87 6.79 1.46 0.53 nd nd nd nd nd 65.16
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* 8 RIETZIRIEMR D
Table 8 Analysis of phenols extracted by optimal process (ng/mL)
6.62 27.64  21.86 5.72 7.79 1.77 2.16 nd 2.50 nd  76.08

234 Z:[g]»ir@ }3*, ] $ —Fﬁﬁj\—;’—éa}'h}ﬁ é]\)fﬁ’ polysaccharides from Morchella conica on nitric oxide

STERL AN RS DR 10 Fh2 2R production in lipopolysaccharide-treated macrophages [J].
AT TR, HER 7 10 MEZEYIR S ER L, 1) Applied Microbiology and Biotechnology, 2012, 94(3):
ALK 10 PRI SR IS RAK, (R R 2 BT 763-711.
FEptfash, Xl RE 2 T IR B3 inshx 10 Fhiyey [4] Rossbach M, Kummerle E, Schmidt S, et al. Elemental
R EEA 2, SFENIGE R AN, FHH analysis of Morchella esculenta from Germany [J]. Journal of
240 W INHEEL) 7 MY b 2] T 480 WO Radio analytical & Nuclear Chemistry, 2017, 313(1):
58, XU BRI DIRA R TIX 10 FERYI5 % 273-278.
H HARFF AR 458 [5] Tang Y, Chen J L, Li F H, et al. Antioxidant and
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