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Optimization of aroma production conditions and metabolomics analysis of Wickerhamomyces anomalus
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Abstract:In order to improve the aroma character traits of the spice produced by the compound culture medium of ginseng and raspberry, an aroma-
producing yeast of Wickerhamomyces anomalus SMR-WAOS isolated from light aroma-type Daqu was used to ferment a ginseng-raspberry composite
medium in this study. The effects of initial pH, fermentation temperature, rotational speed, inoculum, seed age, medium volume, and fermentation time
on the relative content of aroma compounds were investigated by single-factor experiments. The aroma-producing conditions of strain SMR-WAO08
were optimized using response surface methodology. Non-targeted metabolomics was employed to analyze its aroma components and differential
metabolites. The results showed that the optimal aroma-producing conditions were initial pH 5.5, fermentation temperature 26 °C, rotation speed
110 r/min, inoculum 5%, culture age 30 h, medium volume 100 m1/250 ml, and fermentation time 4 d. Under these optimal conditions, the relative
content of aroma compounds reached (184.55+2.84)%. Metabolomics analysis indicated significant metabolic differences between the experimental
group (T group) and the blank control group (C group). Based on variable importance in the projection (VIP) value>1 and P<<0.05, a total of 798
significant differential metabolites were identified, including 333 upregulated and 465 downregulated compounds. The research results shown that
W. anomalus fermentation could effectively regulate the relevant metabolic pathways and metabolites in the ginseng-raspberry substrate, thereby en-
riching and improving the aroma quality.
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Fig. 1 Effects of initial pH (a), fermentation temperature (b), rotational speed (c), inoculum (d), seed age (e), liquid medium volume (f) and

fermentation time (g) on the relative contents of aroma components
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Table 1 Design and results of Box-Behnken experiments aroma
production conditions optimization

o o e B RTEIRE/ C %/ Y BN
®S  ANfpHE R (rmin')  HIXE %
1 5.5 28 120 185.24
2 5.0 28 90 17734
3 5.5 28 60 164.28
4 5.0 25 60 161.06
5 6.0 2 90 168.93
6 6.0 25 120 183.29
7 5.0 25 120 178.62
8 6.0 28 90 170.13
9 5.5 25 90 184.28
10 5.5 25 90 188.43
1 55 25 90 186.94
12 6.0 25 60 156.19
13 5.0 22 90 164.29
14 55 2 60 152.42
15 5.5 25 90 181.37
16 55 25 90 185.92
17 5.5 22 120 173.96
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Table 2 Variance analysis of Box-Behnken experiments results

Vst VR AmE ¥ F1H PfH  REN

R 2060.9 9 22899  39.6  <0.0001  **
A 0.959 1 1 0.9591  0.1658  0.696
B 174.75 1 17475 3022 0.0009 ok
C 949.61 1 949.61 1642 <<0.0001  **
AB 35.11 1 35.11 6.07 0.043 2 *
AC 2275 1 22.75 3.93 0.0877

BC 0.084 1 1 0.0841 0.0145  0.907 4

A 218.29 1 21829  37.75  0.0005 ok
B 270.50 1 270.50  46.77  0.0002 o
c? 296.94 1 296.94  51.35  0.0002 ok

B 40.48 7 5.78

JRAUTI 11.16 3 372 05077  0.6978
1R 25 29.32 4 7.33
MISCEF 210138 16

T 7 RN 4
(P<0.01),

FEMA P 2 (P<<0.05) 5 “** " 3R 7R X 445 S 52 i A b 2
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(B) F# (C)MZ e ik mH T .
Y=185.39-0.35A+4.67B+10.90C-2.96 AB+2.38 AC-0.15BC-

7.2A%8.02B%-8.40C*

thER2n] J0, R 230 B T ALY PAE <<0.000 1, 7% W3
S I P 40.697 8,>>0.05, A b 35, F i A R AT &g A5
L5 2 BN R>=0.980 7, 1 44 e 2 R HUR,,=0.956 0, 1t 1]
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T, BCE R AR R TN AE R 183.17%, 5 IR S PR ARAE Y
LA B S R DU R SMR-WA 08 H5 18 7= 7 4 115
1E R IR pHIES.S , & BEIR E 26 °C, K& B2 5434110 r/min, 7£
WAL S R AT 3 AT R IR0, 79 2 80F B A A X
PRI N (184.55+2.84) % , 55 T (B $230T , 2% W 2455 180 ]
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2.2 RFF 5
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eI Vo4 AU Fom S e = S R S PO
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W A AN BN 25 JEMAI P 7 L A 2 R L2,

TEFRAF: 1(0.19%)

b AHLL3-—FIL A 1(0.19%)
A= 5(0.97%)
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ekl s S AR EIRAER: 6 (116%)

(22 Pt Bt S 19 (3.68%)

/ HEE: 28 (5.43%)
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FHLAZMEE: 73 (14.15%)
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Fig. 2 Venn diagram (a) and the proportion of various categories
metabolites (b) in fermentation liquid samples of ginseng—
raspberry medium
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Fig. 3 Principal component analysis score plots of metabolites in
control group and experimental group under the cationic (a)
and anionic (b) modes
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Fig. 4 Orthogonal partial least squares discriminant analysis score
plots of metabolites in control group and experimental group
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Fig. 5 Volcano plot of significantly differential metabolites in control
group and experimental group
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Fig. 6 Cluster analysis heat map of significantly differential
metabolites in control group and experimental group
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Fig. 7 KEGG pathway enrichment analysis (a) and differential
abundance score (b) of top 20 significantly differential
metabolites in control group and experimental group
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