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BHEA BRA ) B (), 1 NP E A R
ABRA T BB TR (g ), Blhn T A e RHE I
34 B2 7 s MgS0, - 7TH,0 . KH,PO, K,HPO,-3H,0
A BE TS KB R A | F Y SR o b G, T 2 4R 1A
e 2E A BRA W

12 UB{5E%

1550 BRI, Thermo scientific 23 &) ;SW—-CJ-

2FDG # ¥ TAEG SRR (Bl ) A FRA R HZQ-
F160 4 4R35 F2 K, IR M 3G 9 90 56 3% & A BR A
Al; LGI-10 EZS 8 VR TH AL, Jb st AN IR AR D4R
KA BT
1.3 RIEH*
1.3.1 FRER A M e b CYM 85 5%
HEA 2o BERE K 2 ¢ MS0,-7TH,0 0.5 ¢,
KH,PO, 0.6 g . K,HPO,-3H,0 1¢. %k 22 g 3
g 20 g, 781K 1 L,pH AR, 121 CHIRE  mEX
& 30 min,

Frassdk, EAK 2 g, BRREB2 g,
MgS0,-7H,0 0.5 g KH,PO, 0.6 g K,HPO,-3H,0 1
g HIZE 22 o, ZEMK 1 L, 121 CHE IR KE
30 min,

RS SRR R E N 2 g, REEA 1
g, KH,PO, 0.5 g, INZE 18K & 100 mL, 75 & Jk K &
BN 121 °C,30 min K5 55 .

BHARAT TR g MAM26 Bk 2R (LA T
PR 2E LB RN R CYM A b, R pd 22 kA K
5d5,BEE 1 em B 24 4> A M 7R 5%
b BT RRRGEFRMATER 44, &EHHE
120 r/min, & 25 °C, IR 4 d JFEUH  7E
G T AR & 1R Fh 55 % S M B R AT 515 il
BCE LB R TI, $% 1098 Fh i e A & BB 57 4%
AT R

W K T 56 BB 2E B B R B AT 3R G L 7E 80 °C
ARV RO AR 30 min, R 224K R IR PR BT
WG B0 AT TR A B T Y S T R R, VR 4R
Je UR T AR ACIRAE 5 F e 22l
1.3.2 HRHELE

1) BRIEPRHESLYE LGk, 25k,
FEMEARES 1.3.1 Wb R mesl s v s A e
INPF S 1.3.1 % R BRI 540 — 80, iR &%
PR R 25 °C PR IR FEE 120 r/min KB 7d, L&

Py 5 1 O 45 b i B RO TR, N A A R A TS
EHATRINR LR,

2) IR RLE  fF A B IR 2L A 1
BB ER FLIER EER R EAE IR
e R, I AR 1.3.2(1) % —
B, 2 fe R RS A AT RN R S

3) HLER SRR SLE BT A Y A Y
KW eI 8 FhOCHLER L KH,PO, Dy M —
TEHLER A5 B A T 22 (A e 22 . AU B Rt
KH,PO, 1 0 T HLER 25, % FL IS i 47 B D 3R
WH R A 13208, UL RN
FEARB A T LTS

4) W T 3 AT IR LA R W R AR BT
PRI 2% S 560 07 18 14 45 B As 4 , H1 Design—Expert 12
Bk, DUKRES 02 0 AR A fe bR AT 4%
PEOLAE o i 7 AT PR R IL R 1

1 MEEMKEERESKE

Table 1 Factors and levels of response surface experiment

B &
*F L ERH Xa%ky KH,PO,
AmEI%  EWE%  FWE%
-1 0.25 2 0.2
0 0.5 4 0.25
1 0.75 6 0.5
1.3.3 ZBy & EMINE % &FER R Folin-

Ciocalteus 15 5 22 W & & 78 10 mL & 08
A1 mL B I0AE 5,5 mL 2848 K ,3 mL 9 7.5%
TR NI A 1 mL AR AR IR |, 76 2 T ke D' Ak 2 N
2h, HL200 pLjmA 96 fLARH, FHEGEFRL T 765
nm P T IENOGE, LR EF#(0,5,10,15,
25,30 pg/mlL) % JE it 22 il A v i 2

AR5 3 5 R IR i SRy S T R 22 R R T
RO T R G 200 AR AR, 2818 K e i A
0.50 mg/mL B RFIA W . AW 2 & a it 5
AT .

X:%«%— (1)

A X—EBEWR T2 5 & & (mg/ml) ;
p——VIRE i S AR 2R W6 B R B B T TR s vE il
ZitEA 1 (mg/ml) ;e I ol B 5 YR I e
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e B ,0.50 mg/ml;m——& BE W VR T 8 (9 BT 4t
(mg) ; V——R B A (mL)
1.3.4 P ATE PE I E J7 i

1) DPPH H WA EBRFWNWE T E &%
Zeng SEUW Iy IF i LR % . FH B B % DPPH
BC A8 0.2 mmol/L B ¥V (15 FH IR BC ] ), i G T
DA B AL A S0 25 i, B— 2 Wk B AR 100 L
T HEPR LA, 45 ) DPPH T, TR A,
R REOGE B ROV 10 min, 78 517 nm 3% K 40 &
WM A, FHH AR DPPH ¥ W A5 W' (R
A, HZE IR AACE AL S AR OGN A, THBR R
BAXWMT .

THBRAH (%) = [Ag= (A=A ) VA X100 (2)

2) ABTS H B3 BR300 e Ty ik

@D ABTS % W A9 B # B # 7.0 mmol/L
ABTS ¥ W F1 140.0 mmol/L K.S,05 ¥ , 73 B HL 5
mL Fl 88 pL 58 IR 5], #EELRAF 14 h, 5T H
FEIE KB B, 734 nm P KA B WOE EFE 0.698~
0.702 Z [ BP AT

@ R LAREARFL N SN A5 W —
E W W FE VR 20 WL FREgARFLH, fin A 180 pL
ABTS H 25 W, % Ikt 6 S W 10 min, 7E 734
nm P AL e FL O B A, 2RI KACE
ABTS H L w45 WG B A, 28 TR AR
FEAIAF IO BE A A oo TE BRI AR 1.3.475

3) RAWMEFEREWNWE ik =%
Nicholas S J5 2 1 AV 3% LABGARFL A B N
AN W — 0 MR AR S0 L TR bR AL 4K
WA FeSO, ¥ Wk (9.0 mmol/L) Fl /K ¥ 1R £, B V%

2
Polyphenol content/mg-mL™

Types of carbon species

(a)

Types of nitrogen species

W (9.0 mmol/L)50 pL, €4 R4 G A 50 uL
H,0,(8.8 mmol/L) % ,37 CJZ i 60 min, [N 45
WG TE 510 nm A AR WO BE(E A, 7808
KA HO, VW AS WG RE A A, 2R IR /K AR
FE A IOE AR A oo W FRFITE AR 13477,

4)  FRAP BKE 38 I g 1 i e

@® FRAP TAEWMECH  #% 0.3 mol/L B~
itk 12 #1422 v (pH=3.6) ,0.01 mol/L. TPTZ ¥ # il
0.02 mol/L. FeCls %W 3 51 10,1,1 mL, RA
A1 iR I EC Rl . b TPTZ HT 0.04 mol/L #:
MRV, A IR G

@ WlfEbR ML DABEARFL A S 4, T
Forpohn A 10 WL AR & BE 1 FeSO, W, A
190 wl. FRAP TAEW , 7 37 ‘CJ AL 15 min, 453
JGAE 593 nm PEAAL I EEEH A FHZEIRAK AR
FRAP TAEM A WO REMH A;, HIZEIR AR HE
AR E (S Aoy DL A A A A AR, X
IV ) FeSO, ¥ Wik B2 it As bR AR A

@ MsE FRAP {H 8 B V8 b o il 28 00 )y
B, ¥ FeSO, W W B TEWRFE i, AR HRAE—
9B A A A E B A A fEh & e
AHIN ) FeSO, ¥ i | Bl FRAP {8,

2 HZR5HH

21 BERIBER

2.1.1 SR IR G UM T 2 5 1 A 5 )
M1 AT Y, A [l 6 R RN e e i 2

M o AR 22 e 5, P R RO +

W AR RN R B, NI 2 BOX P R )

S = N W A W

e e e e S

BT S WA WAR R

Z W
Polyphenol content/mg-mL™

ToHLEEFh
Types of inorganic salt species
(b) (c)
T« P A T] /N5 S B 7R AN [l % k22 [l £ 78 e 35 1 22 57 L P<0.05

B 1 REBE() W (b) Lk (o)W A RBAT SHEBHOHM

Fig.1

Effects of different carbon(a), nitrogen(b) and inorganic salt (¢) species on polyphenol content

in fermentation broth
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b % T 45 37 35 1) e U5 AT 0

P T A G 25 SR TR AR S e U B T A5
R 22 U HE ) o B /b AN A AR Y 2/3 5 X AR R
GBS W UE I T aX — A MR DL 4 S
3 A RIS, A5 30 1 e A b 22 T i A e R
JETE 22 R BRI R, WA A 22 R A e T —
FE MR SRR 2 8, i & B =9 h 2
1y 7 ik A0

2 SUTRIPOGT F J R OR SR K T B AR B R AR
B, S B R O ML IR T i A AN A e A AL
PErb Y R SRR S R UL A HLA
V5 ORI R W SRR, A5 B A TR 22 1A A
Wit Z , WA T, R G PR BT,
REER 2 &, i K EEEME TR
RS, R SR A B AT 3k 90% L I 4y
fiff Je5 AR T R 22 AR G i 1 BT R AR R 22 AT DAL
2R A K RS IESR, AR T 22k & 1™
YA g
2.1.2  HWmiR et 20 A E s & 2a
AL, B TR S BN, R O ) £
Wy o AR IS BRI R e B G E R RN
N 0.5%0, KW 2 W &k Bl R KE, +
TIEB R IMAETE 0~0.25% M, & BEik vh £ 1 & &t
WK ZENE | MIRINE 0.25%~0.5% 0 B 38 i, il
W24+ GUE RS I /N T 0.25%0, - B RE
oL O N D B o R4 NG o o =l
B AN T REE- YRR W% - SR
R, FHERE2ZEAERKREE IR ESRY
JoT W T A, A A T 7 W ) 22 W A B B K

0.8

(=1

[=))
E=N
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L
Polyphenol content/mg+ml™"
=
2

)
o
EZ

[
Polyphenol content/mg+ml.™

0.0
1

0.00 0.25 0.50 0.75 1.00
e SRR
The added amount of potato starch/%

(a)

2

RS A
The added amount of soy protein/%

(b)

B, SR, 24 4 538 #5824k 22 38 R I, B 224K
AR EERERK, Y+ SRS E RN
e UL 2 kA KR E T, EIFRIERE R
RS T 1 25 1y A B ROMR B R e e A e
TIER IR 0.5%.

B 18 2b AT, BEE K SR LS I A3
WV 1) 22 T O i 5 PSS G N JE REAR F
R GE AR A 4%}, K& B H 20 & ik
PR KM, KREEARINEE 1%~4%0) , & BER
th 2 TS RN K, WS 49%~8% N % i
I, UEBA R I & /N T 4% Bl % 136 45 2F i B B
IR ER KB REFRARM, KRB 2 &
AR RAE I 7E & RS 37 2K AR RF 100
ml AR, R G R ARINER L, KBRS 5
TR0 B R A R RE R R Bl T, B R B IR
Vi W AR R /N AN R T SR B T Bl U S AR
A2 G a2 AR A K N AR R T A
B, R R B T 2 T i IR R R, AR RER
GBI 4%,

1 & 2¢ AT, 3K KHLPO, IS i, & B2
T 2l SRS 2 5 b | 2 KHLPO, B i Ky
0.25%0F , Z 1 & 18 2 e KA . KHPO, B 0 1 78
0~0.25% I, Z 1 & 2 AW, xR JTepLER
TE WA R T 3ok R v 38 90 15 32 38 R A Ak - 38 i
HLO VR, B8 02 i ) JEALER T 4 1 B 22 1R
JZ P 0 A 0 AR Ak S R T LR VR
A RE B S B B Aok Ry, DT A A R 22 R Y 2R
RS BB KHPO, IR INE A 0.25%,

Z W&

Polyphenol content/mg-mL™

0
0.15 0.20 0.25 0.50 1.00
KH,PO, #5 i tt:
The added amount of KH,PO,/%
(e)

4 6 8

T« B AT/ 5 B 7R AN [l 8 ok 22 i) £ 78 e 35 4 28 57 L P<0.05

2 BEFEEVRAMEMABRTEHAIENXE

Fig.2 The relationship between the added amount of each substance in the medium

and the content of polyphenols
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22 MEEESMTREUEBERERSEAER B 3 AN E . G IER IR IR R H AN
hEEMaE BEmR — S AN I AT HES L A AR, LR 2,

M 7 T k6 14 T el A %L 3 A P R S g v

£2 MEERABZITRER
Table 2 Experimental design and results for response surface analysis
Hps A2 B(XKZ% CKHPO/ %84 %/ K A(£2® B(kg% CKHPO/J %EB4=/
%) al%) %) mg-ml™ 1% ) a/l%) %) mg-mL™"

1 0.25 2 0.25 0.47 10 0.5 4 0.25 1.13

2 0.25 6 0.25 0.59 11 0.25 4 0.5 0.48

3 0.5 4 0.25 1.11 12 0.5 4 0.25 1.05

4 0.75 4 0.2 0.64 13 0.75 6 0.25 0.54

5 0.5 4 0.25 1.08 14 0.5 2 0.5 0.39

6 0.5 4 0.25 0.69 15 0.5 2 0.2 0.76

7 0.75 4 0.5 0.49 16 0.5 6 0.2 0.66

8 0.75 2 0.25 0.69 17 0.25 4 0.2 0.73

9 0.5 6 0.5 0.52
22,1  ARAUHEST RN E AT AR (X 0.0675AB +0.0034AC +0.0511BC -0.21854> -
T2 HATHELA AR IR 3, BIEHTRE N . 0.22108%-0.2388C2, [nl I B Y () 77 22 73 B WL 3% 3,

Z I & it =1.04+0.01244 +0.0170B-0.1137C-

x3 HPEARBEMFTESH

Table 3 Variance analysis of regression model

F Z kR T F= B W ¥ 7 F 18 P1a Al cd
A 0.7946 9 0.0883 4.2300 0.0351 2%
A 0.0010 1 0.0010 0.0498 0.8298
B 0.0020 1 0.0020 0.0943 0.7677
Cc 0.1035 1 0.1035 4.9600 0.0611
AB 0.0182 1 0.0182 0.8742 0.3809
AC 0.0001 1 0.0001 0.0027 0.9598
BC 0.0128 1 0.0128 0.6132 0.4593
A? 0.2010 1 0.2010 9.6400 0.0172
B? 0.2056 1 0.2056 9.8600 0.0164
c 0.0601 1 0.0601 2.8800 0.1335
*E 0.1459 7 0.0208
& MR 0.0127 3 0.0042 0.1266 0.9395 N
iR £ 0.1333 4 0.0333
BiR £ 0.9406 16

& 3 nfE W, BA P=0.0351<0.05 (&
), RIS K1) P=0.9395 (A 3% ) ,R?=0.8448,
Horp R 1 e n] U5 7 i 6w 7 A 19 48 A AL
RPN RBR AT PL R BT DL A RE 84.48% 1 L, 3=
A7 70 4 P00 i B B R 32 R R R R

Z W 5 5 R AR A W TR N S A i Bl A
AU AT R R R e R R 2 R
FEY BTSN A, AR50 ] AN [ R 3R R
LT A C>B>A, B KH,PO> K G

HEHE>EEIEB AR,

IS
57
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222 WA N TEZE RS BT o N TE Y 3D R 2
A X 45 DR 2 TR i i = e zs il i P, T &
25 PR IK OV 1 e DR e S FG 22 [) 1 55 w1220 gty T
B , 8¢ BH 1% DR 2R 0T ) 7 {1 A4) 5 i e KB AT 3 T
F i KH,PO, 7S /i1 6 1 Wi J37 [ 3% 17 b 2 BE U, i

L i
Polyphenol content/mg-mL™

2
%5

LHSL

AR HG 22 W 5 SR RO, T SR AR LR
A ) ) 7 T35 TRV S, 0 B HE A TR T 22 1
TR AR, X 53R 3 1m0 i 4R

Z W
Polyphenol content/mg-mlL™"

(c)

B3 MEAZXEEAXNZH SR

Fig.3 Response surface of two—factor interaction on polyphenol content

223 HAETZERUE @i R ir s 2 i gh
RR TR 0.5% K THEF 4% B — A8
0.3%, MM T BAKXTHE B M2 & R
{4 1.06 mg/mL, LA o2 R 564l #5147 3 2156
WS 3 H AW T Z W35 &K 1.02 mg/
ml, I 22 45 S 5 G (A9 A R 22 0 3.3%, £
RIS R AT AT,

2.3 mENEEST

—_
W
1

DPPH 5 bk %
DPPH scavenging rate
S

S
[V

0.0 A A A A A )
0.00 0.01 0.02 0.03 0.04 0.05 0.06
VC Ji ek [

VC mass concentration/mg-ml™

(a)

2.3.1 DPPH H W AVGFRAES) R 4 Al FH,
1E 1~5 mg/mL JE N, KB AT DPPH H Hi k[
T BRACR 5k B AR b — B, AR B Ak R R R
WO DPPH A B 3EA B A BRVEA . MRS
13 2 Lo Pk Oy B TH IR R I WY 1C5=1.83 mg/mL.,
55 28 SCFRPOS B () 2F B B & T DPPH A HR 253
BRI 1C5( 2 6 mg/mL) M EL , A FE 5 A9 DPPH H
H JE I BRBOR AT

10
0.8 F

0.6 F

DPPH i bk %
DPPH scavenging rate

00 1 1 1 1 1 1
0 1 2 3 4 5 6

e I W Ak A
Fermentation broth mass concentration/mg-mL™”

(b)

B4 VCHAEBRHER DPPH BBEMNERIER
Fig4 The scavenging effect of VC and fermentation broth samples on DPPH

232 ABTS HHHERRAES HEISATLEH,
Bt 25 e BT B R BG R % ABTS A iy 358 19 W5 BR:
SRR U 4 B E KT 10 mg/mL B BR K

REANEEN, HEFF7E 60% /4, KEHERK

PR AR LA M 4315 211 1C5=4.81 mg/mL, #H
FE T 40 K B A 8 TPV 1C5=68 mg/mL, - ik i &
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FEVE Y ABTS H G BB BOR L TS & W EE N 3 mg/mL, X7 H i 5 0 35 B 6g 01 ik
VR 80% LA, HORTAT B B Th &, ik BE PR R o 3F
233 HAMEEREN ME 6 WLUAH,VC  HH I1C4=0.78 mg/mL, 244K C ) 70% L4, #
I e TR o ok B 5 L 3 PR R R BB T AR A 2 JH T T T L 5 0 3 1 PR TS BRI |
fb—%k, 5 VC B 1C5=0.1 mg/ml, ifij % % 7 Ji

0.8
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L ® o6l g
- s 504l
w5 o g
v s L Q
£ 8 0.4 Emm o
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VC itk i T W A A
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() (b)
B 5 VCHMEEGHEMAT ABTS BHEMNERE
Fig.5 The scavenging effect of VC and fermentation broth samples on ABTS
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0 14+ &
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. y 2 08
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= 3 08¢ s S 061
#o ) &
=2 o4t .5 04
Rang _:?5 Rung S
202 02
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£ 0.00 0.050.100.15020 0.5 1.0 = 0 1 2 3 4 5 6
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Fig.6 The scavenging effect of VC and fermentation broth samples on -OH

2.3.4 FRAP#E TR JERE fordr HIE 7 Al LA EIARLEFTE 0.8 24, BIIA AL, AH H 2= SC R
B B R RO B T TR T R AR R RE B 2 T TR % T TR A 25 mg/mL B () FRAP
T K RO R A 15 mg/mL B, FRAP {8 0.75 , A 5645 21 A8 & TR 008800 o 4

e
=)
S
)

e
IS
T
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o

=)
o
FRAP k34 J5i 6
FRAP rion reducing ability
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~

FRAP #3850 58 )
FRAP rion reducing ability

o
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1 1 1 L 1

0.0 1

=t
=]

0.00 0.0 0.02 0.03 0.04 0.05 0.06 0 5 10 15 20 25
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VC mass concentration/mg-mL™ Fermentation broth mass concentration/mg-ml"
(a) (bh)

7 VC MEBRIEMIKEFIEREEHNONE
Fig.7 The scavenging effect of VC and fermentation broth samples on FRAP
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Optimization of Liquid Fermentation Medium of Morchella

and Studies on Antioxidant Activity of Fermentation Products

Liu Qian', Li Zheng', Ou Jiagi', Huang Wen'?, Wang Yi', Liu Ying"*
(‘College of Food Science and Technology, Huazhong Agricultural University, Wuhan 430070
’Hubei Key Laboratory of Fruit and Vegetable Processing and Quality Control, Wuhan 430070)

Abstract In order to improve the content of polyphenols in the liquid fermentation product of Morchella esculenta and
investigate the antioxidant activity of the fermentation broth, the fermentation medium with the highest polyphenol content
in M. esculenta fermentation broth was obtained by optimizing the composition and addition of the liquid fermentation
medium, using single—factor and response surface experiments: 0.5% potato starch, 4.0% soy protein, and 0.3% potassi-
um phosphate. Under these conditions, the theoretical polyphenol content obtained by software analysis is 1.02 mg/mL.
After that, the antioxidant activity of the fermentation broth was evaluated by in-vitro antioxidant assay, and the ICs
value of the fermentation broth for DPPH scavenging rate was 1.83 mg/mL, ABTS scavenging rate was 4.81 mg/mL, hy-
droxyl radical scavenging rate was 0.78 mg/mlL, and the FRAP value for the reduction of Fe** was 0.75 mmol/l. at the
fermentation broth lyophilized powder concentration of 15 mg/mL. The fermentation broth had a strong free radical scav-
enging effect as well as reduction ability. The results of the study increase the possibility for the development of liquid
fermentation products of M. esculenta.

Keywords Morchella esculenta; liquid fermentation; polyphenols; response surface design; antioxidant activity



