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Research on optimization of deep fermentation conditions

for Morchella and its antioxidant activity
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Abstract : To improve the total antioxidant activity of fermented Morchella, single-factor experiments and response surface
methodology were used to optimize the composition and culture conditions of the fermentation medium. In the single-factor
experiments, the concentrations of sucrose, yeast powder, (NH,),S0O,, KH,PO,, and MgSO, -7H,0, as well as pH value
in the fermentation medium were changed, to screen for optimal conditions based on the total antioxidant value of the
fermentation broth. Then, based on the results of the single-factor experiments, three main influencing factors were
selected for the Box-Behnken response surface design, and variance analysis and regression analysis were carried out
using Design-Expert software. The results showed that the optimal composition of the medium was: yeast extract 4.3 g/L,
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sucrose 32 g/L, MgSO, - 7H,0 1.5 g/L, KH,PO, 1.4 g/L, (NH,),SO, 2.5 g/L, and a pH of 6. These conditions
significantly enhanced the antioxidant activity of the fermentation broth and were cost-effective. The findings of this study

provide theoretical and practical guidance for the Morchella fermentation industry, help to improve the quality and
antioxidant performance of Morchella fermentation products, and further promote the applications of Morchella in health
supplements, cosmetics, and other fields.

Key words : Morchella; antioxidant; response surface methodolgy; fermentation; medium optimization; single-factor
experiment

P B D — Al R ol LA R 14 ORI R ) PR A DA% 1) 4% . B A P R R ] TR I A
R AR MR R B HU o5 L R R SRR R O TSR R
fahh o BRI, BF A S AR RS IR 100 ELOT AR & 58, T A9 A 5 B 2 = A L B AR BLAY A 1 T 1
&Y, MBS SR ZmT g R Y RME TR U R BRI 2 3R AR S,
JHZF TR TV A A 0 6 M 0 A R A S TR A ™ B 1 TR RS G Dy — e i B Sk
DI 2 6 O 2Bl A B R 4 O BT AR R 1, AT S 2 2E4R v T I DD REAE DU R L% S 5 4] 4% 5 1o F) A
FAHE HAE A T TR o A P AP i 0 T 5 4 2R 388 A Jk vl S 7 A% B YL 1435 ik VR o o B ik
HABIFI R AEFERE Z IR H B2 K W SR G SR AL U s 35 2 (A3 A it — A A
PAFE A7 DR AR S B 7 LA BT ARG RE 3 D WO LT, R3] ok TRV A 5 e Y B (I B SR R 2 U 57

I NESTR

1.1 SEIE{LEE

1510 WA # 7 {Y, Thermo Fisher 23 5 TGL-16M 5 3 ¥ ¥R B30 AL, 9 i 02w 7K S 90 A gt A FR A w5
THT-SDCHEE TAES , R AL ), ZHWY-211B 2R TEIR PR IR , B o A RS il v A BR A 7]
1.2 L EFEESRRF

ST A TR PN 2 Bt A ) W) BRAIE S Bt 5 36 28 ORAFAEAS

FLHE SR BUIR (255 PDA) MIEEE TR A (456 PDB) WK A B YRR BRA A

KW IR M 40 o, BEREKS 5 g, (NH,),S0, 2.48 g, H,0 1 000 mL,KH,PO, 1.5 g,MgSO, - 7H,0 1.5 g,
pH 5.5, WEblB A0l , 95 [ Oxoid s Hoar iRl Jy o Mrall, [ 245 8 AL AR A FR A 7]

2 AEEHER

2.1 EWHK
2.1.1  FREATRZAR &AL

W Ak T ARAT 0 2 I T T 22 550 A 2854 PDB W, L) 25 °C, 160 v/min 5537 6 d Ji K5 PDB R 22 Bk T 4
TAEG L5105 TR B R T, 2 IR 19 iy BeF B4 A R e RE IR 36001 T R T8
212 FREEE

(1) R Jo e Jo5 B PN 3R S 5

5 2 T B 5 e v %) TR R VR S R IR 301,35 .40 .45 .50 o/ L #EAT IR N, R R 35 B LAY A0 AR | 5 55
FAFIRF UG TR, DUR RSB A (B A R , R TR I o MR 8 X6 A TR S e A b (LAY 5

(2) PR Hoy Jo o vk 2L D) 2R S

W 5 TR SR P B RE R R R R4 R 3 45,67 o/ L UEATURIN, e B 35 3k H Ay o AN AR | B8 3% 2
R E 75 450, LUK R S A S FE AR , PRI TR B4 o £ R 8 0 i R T A (B A 52

(3) (NH,),S0, BT it ik B L A K 50 00

W R FEIE P (NH, ) ,S0, Bk H2 IR 2.0.2.5 .3.0.3.5 4.0 g/L JEATURAN, & W% 32 3L LA i 4y



FRRT 45 IR IRZ A B A A BT R A s PR A5

A IR AR RIS FR AR LR BB ST D F8 b, 2R (NH,, ) , SO, JBt 2k B2 X & R S B 46
FRAB A2

(4) KH, PO, 5T 5 1k B LR 2 50 00

W R IR IR Y KH, PO, T EFIE 0.5.1.0 1.5 2.0 2.5 o/L HETERIN, RBERG TR ATy AN | s
TR TR TR AT, UL BRSBTS b , 50T KH, PO, BT 58 1k X & AR S DT A (B 52

(5)MgSO0, - TH,O Jii it e i B[ R 586

Wi K BER IR FE T ) MgSO, - TH,O R IR 0.5.1.0,1.5.2.0 2.5 /L 47U N, % e b5 77 FEH A AR
OIANAR KSR A RN TS IR A UL BERUEBT R (E TRAR, 750 MgS0, + TH, O J5t i B2 X 4 AV
BrEAME R

(6) pH BRI S5

KBRS IR EE L AAE  H pH 20 BIE 4 4.0 4.5 .5.0.5.5 6.0, 55 55 4R R Rh T 85 37 458, DA K B TR s
P AR bR, B pH X & BER YT E AL A
2.1.3 EBRAMAM T

FI ST RE TR St E A T R I L I T A I |, 20 G 95 P A% B0 AR R A BRA
) CERAE T A e BRI AT
2.1.4 R R @R RS

R AL PR R S 25 SRR 4 3 A FE 2 K AR A AL R R R i 2 Design-Expert #0F#E17 52 5% 11
SR R 11 2 T s 75 ik | DA K TR T 1) 55 SR VA O s okt IR & T8 S0 R I A R IRV I T SR AR (B, R
Design-Expert 214 75 22 3BT R LA, e UK [ 85 97 56 T B 37 55 1R W e ik R IR IC 7 FH R I 2% A2F
22 HERE55H
22,1 BAIREARBR RS ZAF A LB RARAR A0 a

(1) TR O 6 v 3 % 2 I AT LA B T 1 52 T

N1 BT LU R T R B AE 35 ~45 o/L B, SE TR & FE R Bt UK RE ) 3058 HLAH B2 [ 22 AN K,
FEWIAE XA [ P4 RE R B ER 1L 2 08 1) B ot SR 2 TR A 2R 4 R B AN 2 5% LA 480 Ak BB T 368 1l 670 T 5% 1
W AE FERE BT i T 30 o/L F1 50 o/ L B A WA AT A A (B ] SR AR T AR = AN 25 o R E AT A5 1 TG0 R o
SR I A SR AR & R P B AL RE A B ISR A R S A AR ML, ERE A SRR Y
A PR BE A BB, 5 ik D B JE T R PR A AR KRR (B o i I B AR AR G e s S ma AR AR R
EREEERAE

140
120
100
80
60 ]

40 F

P4 44t/ (mmol-mL 1)

20

0

30 35 40 45 50
TR VR / (g L)
P A IR] e e 0 e A [ T e P2 TR X = T AL AL BE )

Fig.1 Impacts of different concentrations of sucrose in different fermentation media on the antioxidant performance of Morchella
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Fig.2 Impacts of different concentrations of yeast powder in different fermentation media on the antioxidant performance of Morchella
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Fig.3 Impacts of different concentrations of (NH,),SO, in different fermentation media on the antioxidant performance of Morchella
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Fig.5 Impacts of different concentrations of MgSO, + 7H,0 in different fermentation media on the antioxidant performance of Morchella
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Fig.6  Impacts of different pH values in different fermentation media on the antioxidant performance of Morchella
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Table 2 Regression analysis and results of the fermentation medium composition and culture conditions
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Fig.7 Surface and contour plots of the impacts of yeast powder, sucrose and KH,PO, on the antioxidant performance of Morchella
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Fig.8 Surface and contour plots of the impacts of yeast powder and KH,PO, on the antioxidant performance of Morchella
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Fig.9 Surface and contour plots of the impacts of sucrose and KH,PO, on the antioxidant performance of Morchella
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