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SrOABRAR TSR, TR H AR B
S, FEONBE A TR A 1R R WERT AT
R AEARE AT ey T PR AR A BT AS B
KR, FNAERR A AWK LA S22 vk, B 2 A R
VA8 10 R T JUAR K J ok 1) 3 1 <M i -
K AT B A B3 (GC-TOF-MS) B I £ A | i A (2
T — T3 (LC-MS) B¢ FH B AR | i 250 AH 03 5
Q-ExactiveHF-X Jii i (UHPLC-QE-MS) ik ] % £
FPE I F & W SR ARG AL 2= F R, il 2 RS
Hbff AT A= I RE A TR i Z RN AR, BT
R R IVEE ), EE MR, BT
2 TR SRR Ul 2 e g A
YIE BB M, AT A i S B A AR () st 2 e
B 22 Rk, OF AT 0 A L K i 22 AR
1, M s AR A A B oy AR A AR ALY, B R
T R A R S R R (k) e kR
B B R W ) T, BR R SR I, Ry s AR P
MEHE R BT E 1AL G SRR P R B R
S A 0] 3 A R — T R S I XA R B
PR AL A, nl i o A A A b B HLL AR
185 ¥ ARG E (AL W, T AT SO 5 -
GBI, TERIR A & el b, & W) I 22 B A 45 3R
WL RR, BB KR i ) HRGE FEE T
12 7 vh A AL & ik s Rk KU ) T e 2 Y
FE, X KR 1 v O B I R ) S B T 0 WA 5 i
FHOCHEFR B D AW 58 R FH 24T A Ak b B S 1Y
GC-TOF-MS #l UHPLC-QE-MS % &R, DI K BE
VERE Ty i, AT 3R G M AR K IR 1 & BE R 5 2 WK
Wy JoT (0 25 S, LA K5 8 TR REAE R AR DG 1 i AT K R
D AE R BERT | J5 SR Y R AL, S R v
an TR T OGRS i BUK R 7 1 T 2Lk Rl
Tl Al AR 7= S A B e LAl

1 #REFE
1.1 R 5EH

KRR, SRAET S A B T 0 44 TR
oAl e SR X O 3 Al Bk B S R

Al AN, WEE, WY hEiga, SEE CNW
Technologies 7~ 7 ; Wi B (b &), 46 % =99%,
% [F Sigma 2 ] 5 1% — W B E kL (TMCS) , 43 Hr
4li , 3% [ REGIS Technolo—gies 23 ] ;N,0-% (=
FBE T e Bk ) = 9 S Wk (BSTFA) , o Hr i, |- ¥
BTRL T AR B A BR A F) ;WS i
4, HATCI A+ ; WWAARIRRH B, E Dr.
Ehrenstorfer 28 7l ; L-2-S RN AR (bR ), 46
JE =99% , I ifg 5 A0 AL W BB AT PR B AR
AEAENSEH WA B R e e g, K B
KR AL 2F 3R A BR 2 ]
12 NFE5iEF

Agilent 7890A “UAH 45X \DB-5MS & 404
(30 m x 250 pm,0.25 wm) . Agilent 1290 UH-
PLC 7 = R0 35, 38 B 25 A Rl ;Q Ex-
active Focus 5 7 #¥ i 3% { .PEGASUS HT Ji i
1, [ LECO 2w ;UPLC #8 i i A 0335 A
HSS T3(2.1 mm x 100 mm, 1.8 um), FK4&F 12 A
B D24 UV 4likA%, 3R va % #1287 5 Spectra-
Max iD3 FARAX, 4550 FALER A R 2 | ;DF -
1018 S dldn, A AR ALER A PR ] ; Her-
aeus Frescol7 &R & DAL, FE Bk C R BHE A F
Forma900 series BRI VKA, FEER CHRBHE A
F] s PS—60AL #8 A 4, TRINTH 75 I 74 R
A ;PPHSJ-4F pH i1, i BB A A
FRA W] ; DHG-9023A #E47 , il —fHBZ AR A
FRA ] TNG-T98 H.25 THRAL, KRG EEA
AR
1.3 REH*
1.3.1 FEACRE HERCRAEDEIEIE 1, &R
1 G0 0 e e 5 vk AR e B KUk kA A L
o7 GRS ZW R E B RN TN B IR
HEAR I 136 M 60 24 Aol (4 K R 3 7 i R AR F
FERFGE KRR W) B 7= T2 R LUK KM N IR
BH K7 B B KRG, B == RS R
WK R AR (L — R R B R ), T
¥15), T 28~30 CHE K I 3~5 d BI4S A 48 K
KR ., 18 2% T 25 8] R OR [l 4 8 3 UK R v 4%, 38
Gy B IR TRV I HEAT RAE . BERER AR 3 AT
B, MABEAES T, FIKGHZHELRE,
1E-80 CUKFa I Ar 4 .
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1.3.2  EHUBALAEAR AT TS A A S bR o 2
J7 ¥k ORGSR pH (H | SVBE I8 O A B
AR IEAT T, E#R S B E A8 GB/T 12456-
2008 (B R I 2 ) pH {H 2 B E FR GB
5009.237-2016( & it % 4 E Zbr i & pH {E 1)
T PUSEA 3300 5 5 Sl A JEOME R 3, 5- A
KA R (DNS 35 ) A7 2
1.3.3 KRERAGEEEREE 0T KRR A RE 1Y
WIrbRES 5 EASFO5 % IFREEIE 2, B
PN e B 5 I 10 44 &k i i A B4l
BL,5 S o ARSI AE 22~26 & Z 0], 43k
R h R M BB | [l Bk Gl M DR
5 A HEARBEATIVE VA R E A BRI BE
WAMARIEL 2 1,
1.3.4  WRYEY) 53 Bt
1.3.4.1 GC-TOF-MS 4#r

1) FEMAT IR BOKR LA 200 wL
F 2mL EP &, il A 600 L H (% 0.5 pg/mL
RBEBERI AR ), IR HE 30 s; KAKIA &R, M5 4b
H 10 min;—40 CH & 1 h; KR (4 °C) 10 000 r/min
#5015 min i 5 O ETH W 300 wL T 1.5 mL EP
Erh B WRYR T ARSI TR B I o
80 L H A M ER 7] (% 20 mg/mL B E i Eh g &k,
e )RR R ST HGE 80 CIFE 30
min, BEAEES P EA 100 pL BSTFA % (&
1%TMCS AR50, 43R 2 J5 70 CHEE 1.5 h
HEATAT A AL, B S A0 A Ak 1 4 B AR R

) g - :
3-5d 7" H--H“
LN ‘
o
X% | RABIKE T
| T+ AT W |
BARNE
3~5d

2 RBRBKE S

RERZ BB R A2 B

Flowchart for sampling rice sour soup

F1 KBRIARETEER

Table 1 Sensory evaluation score of rice sour soup
A AR 135
Ak (15 4) @HEvkiEd o R LR 10~15
= #eRid £ 5~10

= ok & 0~5
Bk (15 4°) Bk 1E P KR 10~15
BReR I E K BB K 5~10

BReR AL X, k) B 0~5
SFek (20 )  HERE D 15~20
A BEok 10~15

T B 8ok 0~10
E k(25 4)  BREEP v A WA 20~25
Bk &, 7 BOR B 15~20
BRE ek R T, 0 B 10~15

B Hok , @ Rk 0~10
FEEQRS ) ARG K,ERESH 20~25
BARK, BRERR R 15~20
RoREH R B R 10~15

Aok, B R B 0~10

HE AT LRSI

2) GC-TOF-MS #ill &  GC &14. RH
DB-SMS E414 4 (30 m x 250 wm,0.25 pwm) , ¥
FERE R 1l 0 i 2 0 AR o s FHIR R P X
FE N 50 CHEREFE 1 min, LA 10 °C/min F+ 2 310 °C, 4
¥ 8 min; 2, (He) Wi 1 mL/min,

MS Z5F R LR B HL T RE -0 eV 5
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PERE TR 280 °C ;& i 4R 1 % 280 °C; & TR
J# 250 °C; B HAHEEE 50~500 m/z; HHHE R
12.5 Y63 /s s 7 SE R B 1] 6.33 min.,
1.3.4.2 UHPLC-QE-MS 431

1) FESALER  FZHL 200 wL BE 5 E EP &,
A 600 L HUEE (% bR L-2-A RN &R 1 pg/
ml), HIR e M B A B AR R 1.3.401
Oy W i = 7B 11 LI ] Y 01 8

2) UHPLC-QE-MS #ill & it .
TEAE R H HSS T3 (2.1 mm x 100 mm, 1.8 pum) ; #F
FEARFL 2 L, 3k 0.5 mL/min; 3t sh AH 54 . A #H
MKH, IE B PRGNS 0.1% 0 iR, 7 T X
5 mmol/L B LR ¥ ;B M-A LG . B B e i A
¥ :0~1.0 min, 1%B;1.0~8.0 min, 1% ~99%B;8.0~
10.0 min,99%B;10.0~10.1 min,99% ~1%B;10.1 ~
12 min, 1%B, i .35 °C.

Thermo Q Exactive it i 1% & Xcalibur %X
F (A :4.0.27, Thermo ) XF — 2% | — 28 ot 1% K 4w ik
FRAE, B 45 Arh, BB 15 Arb, B
A IR B 400 °C, A2 b5 HEE 70 000 u, MS/MS
Sy HEREE R 17 500 u, 7E NCE HxU R Rl 4 G
h 20/40/60 eV; WEURHEN 4.0kV (IF) 5-3.6
kV (1),
1.4 HELE

GC-TOF-MS J5 1 %4 £ 1] ChromaTOF %%
(V 4.3x,LECO), X5 g A7 e d2 e . f#6
BRI A5 23 A0 5 ] LECO-Fiehn RixS %%
Pt P et U R AT e P, B DG i R A R ) A
HUC B ok i R AT 2 % . UHPLC-QE-MS JR if
G2 ProteoWizard 3455 i mzXML #% X5 | il
B B AEY RSB A RA R AT R
T2 P AL (A XCMS ) X i 1k A7 51 BB X 5%
FVERL 4325 A B o 49 I 1) DG B 38, %o 0 B A 7
PEGHT o IR B R T bR 5 — A iR b B, AR A5 4%
o3 0F o i BT a5 R, 5t GC-TOF-MS %
i A1 UHPLC-QE-MS %4 #E 17 4, i2 Fl SIMCA
14.1 #K F MetaboAnalyst (https ;//www.metaboana-
lyst.ca/) il Excel 2020 R i 5 i#E 1754 ab #H
HI it B2 21K & (Spearman ) AH ¢ 28 IR A7 AH 5G4 53
Bro

2 HEREHSW
21 BEIFMER

I 2 R, KPR TE K e i 14 B AR 75
OrBIOLT KR, A WEIR ORI i ) Il SRR O T 4
TER, X A] BB KR 17 & I8 3 72 P ol 2 0 s T
TKAE S A2 ZEWE A R S ISR, TR R v B A
— JE W RHIR 5 DA B — LERE My o, anH b, B9 3
I DO WS N i R S T N N SR R @
Wi 121, KPR 1 S e aod A v AR RO PR SRR TR L &
PRAFA LR (R 1 11 IR 3 KR v BT JE i)
AR WP WER AR B, TN 1 Y DR A
IR , 752 B L R R A L RAE R, IR iz 1kt
B R AR RIRA KBS O T IRUKRIR
Vo R e T IR A& e D% R 1) S IR, AR A9F 5 K X
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BEATIE

[E] EH R

—=— C0
26 —eo— (1
24
22
20
18
16
= 14,
FEE /}(2]'\ Bk
L L2
6|\
\
\
& EDR

TE - CO 8RR BT oK 1 I8 VA C1 3om o R B I 1 oK
I,

2 AXBIZIRBIHNEREESEZE

Fig.2 Radar map of sensory evaluation

for rice sour soup
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Table 2 Physicochemical indexes of rice sour soup 300 / \
before and after fermentation =
2 4L 35 A o A o S T
¥ A /mg- L 7.599 + 0.070° 3726 + 0.457° 266 \\/
&7 AE/mg- L 7.271 £ 0.077* 1.757 + 0.222¢
Bt/g-(100g)" 01030011  0.248 +0.005* et T
pH & 3.658 £ 0.017° 3.236 +0.017" (a)
T [ — AT LA F/NE 588 KR 2 7 3% (P < 0.05), CO % 200
IR R BERT,C1 RN KBS, T,
100 .
a5 LR Y I 2 S o A e LI 3, e ad AR e S o K,\
R (1) 3 1853 40 T (Principal component analysis, H-loo K/
PCA) o Wi 7B AR T A2 i fie /) — 3 2 — 1 J31) 43 B
(Orthogonal partial least squares discriminant 00 == : —
analysis, OPLS-DA ) A] Al , £ 95% & {7 X [A] ¥ , K 1P
TR R . Ja P RE AR 0y BT R4 X0 b
OPLS-DA # # ks %t ,R?Y .Q* 1l T 114k OPLS- 2 g () ~(0,.099) o) =6, 019
DA B 04 2HE R (0,099) 1 2(0,-013) 5 £ EC|[TT T T T e
T T 1, UL R B T AR R e 07 7
BRI REA Z B2 RE, XS5kmms S oo e s
06 R BB BRI ER IS S5 E ons -~
SR TR NN TR, e 2 Sl T
LN YRS US T 2 S B 1
I B P 0 L LA 0 25 59, st 1

24 FEEWRYREERGFEESW
241 FEBIRYIBT T K IR 7 A
SR ) SE S BT, R A ERT LS SR A PE UE R K
CHRORTRE AL S W (R R BT ) B AR X B i AT
LA, 38 i OPLS-DA A 43 A1, M i 22 R AR
WY 49 B ALFE 27 FiATHLER 4 Fh &R 9 Pk
R HAT Y, 3 FhEESS 4 FPEESS 2 MRS, &
BERT 5 AEA B 22 AR i 8 = AR AR BT
UL 4,

KW K& LR B FATR 0 A R 55 A AL
2, UL K —SE g i iR e & it bR AE T B3 Bl A
PURRTE KR 17 Th A A& I RAE T, [ B m] 78
REES RIS e A K . KR A LR
A W R W 7 AT LR TAT | T R TR A A oK R v v
WL A=, K et B rp X FL IR | TR 3R F R
A ALIR O = 1 B A H B DTk, S AL R R

Correlation coefficient
(c)
T ra b e 73 R ORI % K WERT i A F AR PCA-X 15373 B
KL OPLS-DA #8 B3 73 B 18]  OPLS-DA B 4 45 2R
B3 XRBAXEWM.EERMRERSH
Fig.3 Analysis of difference components of rice sour

soup before and after fermentation

PR , AP DA T A TR A 1 2 P (9 B 2 v 8] 7 ), 7 K TR
Uk AR ] RE R — DA B Y, 5
PEA B AR AR AR . & 4 a3
PR AN FFRAE KPR K e o A, IR R R
SRR, HG 5 R AR T D G K TR 1 P R WA ) R SR
1115 TR Xk K PR 7 14 0, ] ol o LR T A PR
BEIAMR SFAT LR A EL P ), X0 R R i 1 G 2]
PR (R R AR A5 R0 B IS e Ah  BiF SR W
BEIAMIAL Al B SR IR, BRI LASH A5 ik
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Fig.4 Heat map of differential metabolites in rice sour soup before and after fermentation
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I B SE AL o DR R 170 Hh i 6 Y 14 A 2R 1R 2 S
P N-CW-L-RARER . AR, KA
MR AR, RARMZ 20 FhiE A SR Z —,
545 AR 7 s R VE 2 SR, IR AR AE hy— s
e 2 IR, XP AR R A B A EBIERE, WA
(AR S = e Ei NN R 2 o N PN
S BRIR A TR A s m] AR A Y, RS AR
SR, B Z R RIS, H &M N
—Fh R WRI, BE SRR R AR

WA S Bl 2R W A AR 5 1 2 B U, il

1.5 Group
Cc1
L co

ﬁ%L REEM
9B/ — kM
5-F I — B RAR
E*i%&*&ﬁﬁ&e,&e—:ﬁﬁ

TEAE TR
72,102, 132, 162, 192-—+ BT 1M
IS A

€-10

I RRARAL G WA R A o AR KRR AR R, 3L
SRBE FLME EH R REERE 2 SF R AR 9 B
B R AT A s e 22 A Il . KR
KRR, BUEYRE R T R Ny T
Bl , SR 26 280 g AV i A ORI B9 B . 0 4
AAE AR IR A5 JE I 0, e IH R — Rl e
PEARSROBE , TR DOk v tkrb, mT (L kB
i REMELE oo T BH R AR i | R SR Al A R
JHTR AT A iS22 ZF IR, 5 22 25 B B — i e ok
FTLA SR M 40 0E | BRI 20 B0, A 1 2 (g R AR HL )
AE . FTME S R T R BICE A RUBRRY,
B, KR i v i 1 ) 22 SR AR B H ol R I IR
AR B, m R OR R A I H I R R
FEHR R AT ORAEER i AT AR B 4 2 fE
P AR B HIE,

242 EEACBGRARINT KB A PR
107 A 5 Sl A AR T AN nl o, AR BRSE S
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Bl MetaboAnalyst 4.0 & 5 5317 % BT 43 22 4G9
HEAT AT B 1 A WA B2 e, 230 27 AR
i34 A% 5 8 3 52 0 E (Impact > 0.01) %F X HEAR %
AT E 5w A T AR 2 =R
195 & R AR T (Impact = 0.306) . H il A5 AL 3 (Im-
pact = 0.285) . PN il f2 X5 (Impact = 0.109) | Z &
TR A1 R B AR (Impact = 0.104) 45 10 45 K HEAR
JLIpZEE

10 ZR GBI iR 12 b £ 22 51 22 AU
WA H AR AR KR BRI R
FLIR JZ R CHh . KR & el 7 v S50kt b (4 38
By . RS 220 A A AR W K S Ay R 2 R R
SR AR T S 2ok A ) A MR I A R A AR Y
Tt (L 2] W DR | DY T TR VR R TR TR I S A Tl
SEVMPERT B BN TR | E N =R IRAGEF | 1
P KIR G T Z R HLIR . HIm IR A SRR
RT3 A K R 1 SRk b B I I A A A
SRR A HO A R 7R S SRR A iR AR E
FRHE N R R 1t — 205 i WA FUBETE RO VR T T
o] Az iH b, AT B 5E R I B R A L R BT
Beny R Wy, RE TS B A0 M N A TR
B AREEARAER B, HImAE B AR R AR i R
o Tt PN T R, N D R A A A TR 1 3
DL Z TR A CoA A=W GEAR . BRFATR £ 205 ot
FrE IR ERE BR 7 A, B TRIR , T I FUK R 1 1Y R
BRI N 7R SRR R IR A RS &
G R AR AR, R TR R T R R
SR NS AR AT e A A e H BRI 2k
B, AE R IR H IR | 2 R Y v AR g p /R TR it
AFPERR ERRRAGBA . 53 A HLIRR 2 ik i 3 [ 4
JHIE AT A E KUK BB ), ISR FAIIR 5 fF IR 2 BE R
B FHERE % i I 2 1) 18 %000 1 FHRO DK R Hh s A=
Yrid ok & AR AR R Z R R IR, 3R]
R AR V5 MU 10 DR R A DT R
2.5 KEFZEKRFFIES ZRRIFWRIHEX M

ARG CHR AT, T T OK IR R 4R
P 15 O B 22 S AR P 1) ) DGR, 3 7 Y B
W IR 2 (spearman ) A 5¢ R AL, 22 T HE (K 6),
PET e BT, 50 D TR 3 T 52 A R ) T A G
KFHE 2B BB AR Horp KR
VR EE SRR . AR . N R 3s,7,
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O 000
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Pathway impact
E5 ZRAGHYWEREESN
Fig.5 Enrichment analysis of differential
metabolite pathways
1-=H13—6, 10— el (I H: L) 45 5 Wy iR &
IEAHR R R, X5 BDL R AP Y 1% 5 B BE 7L
Pirh BRUR S A EERR IR | A 2 R R 45 I U 1R
LIRS B SRARL B2 T 5 A BRI 17 1R .
AR R B S R IEAS ORIE IR R S
THT R 5 41 B ) GPR40 2 MRl GPR120 32 {4 AH 1.
PRI, 6 )i 308 o 22 35 % 3 7 30 S el R 9 CD36 M
SR AR IR AR T RIS, LR T A R R
M2 B FATR A LR 5 TR R B IEA GG &R, AL
PR A R T B I G AR AR, B IR
I, ZHCA HLIR RE IR T £ 36 D IR, £
i A RS A MLIR PR AR A A2 pH (R, 3EAF
R H B ) o i e O () 22 AN G, Al REAR 4
b B A B TP R PR AT R R R, e 22 2 A
FUBE H 2002 55 KR IR 17 B S IR 22 1B AR OC | S Rk AL AT
SPETIR (A R KUK S SR B ZR AR T RN 2
A S — B ] B IR S A7 AE o L2 S ) o0 o T -
WREE A% e 5 B B ) R O A9 S B e
SE I P 22 JE R S48 S 2 G (IR e AR, DA
AR RO, S A 2 R R T Y R AR
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Effects of Flavor Components on Taste in Guizhou Rice Sour Soup

Xiao Tiantian'?, Gan Zhaobo’, Wu Junhai'?, Feng Zijuan'?, Qiu Shuyi'?, Wu Xinying'?
(“‘School of Liquor and Food Engineering, Guizhou University, Guiyang 550025
*Guizhou Key Lab of Fermentation Engineering and Biological Pharmacy, Guizhou University, Guiyang 550025
iShandong Bailong Chuangyuan Biotechnology Co., Ltd., Dezhou 253000, Shandong)

Abstract Rice sour soup is a traditional fermented food with sour taste, unique flavor and various health functions,
which is formed by spontaneous fermentation with glutinous rice flour. To understand the effect of flavors on the taste of
rice sour soup, we systematically evaluated the taste of rice sour soup and analyzed the taste-related compounds and us-
ing untargeted metabolomics techniques based on gas chromatography time—of—flight mass spectrometer (GC-TOF-MS )
coupled with derivatization and ultrahigh —performance liquid chromatography coupled with QExactive HF-X mass spec-
trometry (UHPLC—QE-MS ). The results showed that 49 different metabolites were identified based on VIP (variable im-
portance of projection) > 1.00 and P < 0.05, including 27 organic acids, four amino acids, nine carbohydrates, three al-
cohols, four aldehydes and two esters. And then, the metabolite pathways related different metabolites were revealed that
there were ten significant differential metabolic pathways (Impact > 0.01, P < 0.05). Finally, the correlation analysis of
different metabolites and taste indicators of sour soup revealed that there were the statistically significant positive relation-
ships between fatty acids (oleic acid, linoleic acid, and myristic acid), organic acids (lactic acid, tartaric acid, malic
acid, succinic acid) and the sour taste; between isomaltulose, lactose, glycine and umami; between erythritol, glycerol,
threonine and palatability; between lactulose, a—D-glucose, mullein, maltotetraose, N-acetyl-DL-aspartic acid and after-
taste; between succinic anhydride, p-—hydroxyphenyl lactate, lactose and mouthfeel richness. Therefore, this study ana-
lyzed the relationship between flavors and taste of fermented rice sour soup, and laid an important theoretical foundation
for the stability and improvement of sour soup quality in industry.

Keywords Guizhou rice sour soup; spontaneous fermentation; taste—related compounds; taste; correlation analysis



