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LAOT PRFRLE 1:1) , FE S 550 T R4 7 K I, & BERT
A 25d, &5 B34 A BAHRE 3 FATE
SO, MR R R 4 5 4w 44 4 LpO1 L0 |
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Table 1 Sensory scoring criteria for pickled potherb mustard

AT

1~6

15~20

ek AN EEHER
®E)

A A ek

ok R EEvK

A RIS RG B R

JRH JE o £ 75 o B — A

I s S W I N - B 8
ek —M#, LR BTk
FARR A 40, 0K T IE W

BHy BRI E (RKAFH RN BHoBAMEMRE (KAHFH5 ZAN

F )

BA BAT G AR BA AR R R AR
Rk R, LR R R

SR TS B K KR R

JLA SR R 6 I R H

1.3.4 RIEPAERMERR R MagPure Soil
DNA LQ Kit 7] & % JiE il =5 35 4 i 1 ik P 21
DNA #EATHEE, 22 J5 FI 3 BE W 5 1 L VK 1 Nan-
0Drop2000 A5 { DNA (¥, DL 2 DNA D
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KK 5 A= ) B 24 B AT B WIHEA TN Y . SR FH 40 R
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1.3.6 T2 [ AR A B -0 B B FH
1.3.6.1 (it DB-WAXETR,30 mx0.250 mmx
0.25 pm, 3 E ZHEReFH A RA R,
1.3.6.2 & R 50/30 um DVB/CAR on
PDMS Z= 3k, 6 HUR B .60 °C, A BT[] .20
min,
1.3.6.3 GC Z&AMF  #EFER A3 A FE R A
EIRTRE 35 CIRAEF 2 min, VL 15 C/min, FEE
125 CA#£ 5 1 min, L1 2 °C/min, FHE Z 200 CH R
12 min 2 (He) A 852, i 4 1.6 mL/min;
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F R HURE B (erkg) s Cam 5 Taw 73901 2 KUK
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(pgkg) o
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# 4.05, MERHM 0.93 g/100 g;LO1 BLEH 12 Fl 11 fifE
il %5 3% pH H FFEF] 4.16, ERN 0.99 ¢/100 g;
LpO1 B & 42 ol 1) 22 0 19 g 1) 55 2% pHL (00 o 1)
4.24, BT8R 0.87 ¢/100 g; H 2R & B4 (CK) ) pH
HR 4.46, 8 % & T H B4 5 (P<0.05), &R h
0.77 ¢/100 g, 7E LB 15 KT, 45 410 fE il =5 =2
() pH B 22 S8 /0N i B R & i A8 fk B 01 B
PR Pl 4 e 8 (1.30 /100 ), LpO1 BAL R 422 o £ ¥k
Z(1.17 g/100 g)FF# i Lp01_Lf01 &4 HERh 4
(1.10 /100 g) . AR K EELL (CK) Ry BR &\ 7E &
BESS 15 Kik#) 1.01 /100 g, 45 25 KA 1.36 of
100 g, B A e P 3t R 241 AR H (VLR ) (SB/T 10756—
2012) FHLAEAY 1.50 ¢/100 g i ife
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dophilus) , It HAH Y ZLAT B AE A& 1 5 ke 32 2L
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RIS X AN ] 7L e 422 ol K T g R ) 5 23
T IRE VEE , A LG VR M As oy gk 2
N, SO (SB/T 10756-2012) , 4% 20 g il &5
SRR FEARTF Az b v PO B SRR 3L
i VR 2 P B SR AL T AR R AL,
A B A 0,15 TSR AR A5 0 o EL A AH I B SR
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T2 W T Sy B X005 FE AR Dy T, 5 A A I e e G
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Fig.1 Effects of different lactic acid bacteria inoculation and fermentation on the pH value and total acid content
of pickled potherb mustard
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Table 2 Sensory comprehensive score table of pickled potherb mustard
BRI
A
LpO1 Lfo1 Lp01_Lf01 B &R B (CK)
& F B3R 5 AR & B3R o B AR R & B3R 5 B AT AR R & R P o Yy
RAFFHZANKE RHFHZANKE  EHF>ZANKE RAFFHZAKKE
HFWR
A EARBEERBAFAFTA AAABSERATA AAABTRAEAFTA BAABSREAFA
— A& A —#K A AT A&
A V= 9P AP RS R V)= 9P N 1A — R R
BR R 255 Biok i P Bok & P Bk — &
& R ARG T Y8 EXN N TS RARIE R S G AR S
HAKZBMER ZINREE HAKFR ZINERTE HRER ZINEEZE RKIE®R EIRKE
Ji ¥k i YEX: Y ik DEX I il TEX: WY ol o M — A% A AR
Bl 76.80" 78.00" 85.40° 66.40°

T ARG R 22 57 3 (P<0.05) , R I,

22 AEANBREEMEABTRIASENNED
ZIEES

221 JMEHIE S Alpha ZHMHT XA ZLIR
RLAE T T 0 IR 1) 5 SR AT 4 TR 16S TDNA il
AWy, ol B H K Bk GRS 15 5
valid tags (BP 28 H T 0 A i B8l ) | £ s i o0 A
£ 31 217~57 795 Z[6], 2 FEAY 7 ¥ 51 28 5
(Amplicon sequence variant, ASV) %7 1 7F

73~491 Z[A], 3T ASV 19 Shannon 5 £ B Hh 28
A5 AN 2 J o, A I P B Y 2 W R
Mt T2k B e, B2 AR IR
7= A BB R ASY, T B 45 REAS 1) 0 4
G, HOHE S AR ME YR R N BT A R,

Hi P 3 T TR B B (5 1 R I il =5
WY Shannon 8 80K /NI A LEOT 24 4% Fh 41
(3.64 £0.07) >Lp01 & 2 Fl 41 (3.24 £0.04) >
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~s- CK1_1 - LpO11_1
—- CK1_2 —= Lp011_2
~- CK1_3 -e Lp011_3
—o- CK25_1 - Lp0125_1
—o- CK25_2 -= Lp0125_2
~o- CK25_3 -e- Lp0125_3
o L0111 e LpO1_Lf011_1
o= Lf011_2 -e- Lp01_Lf011_2
s - L0113 - Lp01_Lf011_3
—e— Lf0125_1 - Lp01_Lf0125_1
—e- Lf0125_2 -e- Lp01_Lf0125 2
1r E —o- Lf0125_3 e Lp01_Lf0125_3

Shannon 35 %1
Shannon index
)
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Fig.2 Dilution curves of Shannon index based on ASV
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= NG 36
n L
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3 XKEEE 1 XME 25 RS F 3k Shannon 54
Fig.3 Shannon index of pickled potherb mustard

on the first and 25" day of fermentation

LpO1_LfO1 #H (1.91+0.06)> H %k & Wz 40 (1.47+
0.06), #e /i ot M AMEFLIR B, £ TR S
SR I 2R, X PO R R SR FLIR
W2 5 AR B B I 0 Gl R VR T e
BATERIOCER, DA™ Az e i & I A 2 vh g R0 3

A, LpO1_LfO1 #7 iY E i &5 > vh U B 24
PRI AR T oA A A, PT RS2 I o FLRR IR K i
BRI AR R BRI Lo, Al 1A
T R A EE B TR AR K BE R R R HEAT TR K
WSS (55 25 K) I, i ) 25 3 1% Shannon 8 K
AN A FAR R TEAL (3.78+0.04)>L601 B 3 422 i
20 (3.63+0.12)>Lp01_Lf01 £ (3.52+0.07)>Lp01
TR 2 F 2 (3.4720.02) , 45 20 590 =2 ) 2 30 35 2
(P<0.05) .5 &K BEJA Bl (55 1 K)AH L, B 101 1
PAEFRZ AL, HAR AN A Y ZHE PR
ETF(P<0.05) , X AT e R O 7R AL 34 R Al E 2
Ji i ] 2R T S T A 0 A R B AR e A A A Y
FEAD NI LR A ) A e A OL S T W, JF HELR
A EL AT SRR R PR DA A5 A R G A ) 2 R
BH IR WK
222 MEHESMAE YRR A T AR
LA ki e s EHULREG 3 (55 1 R)
FIR B 45 (57 25 K)2 AW IH] 1, 76 @ K 14y
B AN [) LR B 42 b & 8% T JHE 1 =5 =% 19 TOP10 48
W RIS A o0 A, AR ANIE 4 s . TE R
59 5 S b 25 TR R A T ] AR
B, HAp ST 8 (Lactobactllus ) (35 75 IR &
(Prevotella) | 3R # J& (Pediococcus) Clade Il F
JEWEAE R BT R BT (P<0.05) , IR & (Vib-
rio) . RIEATHEE (Pectobacterium) . RENEHF &
(Pseudomonas ) W #1 T J& (Enterobacter) . Kk 3C [
W & (Erwinia) W 2 2 T [ (P<0.05) ; 8087 [ # B
(Weissella) 7E AN R 415 A8 AL #a#AR[R] . Liang 26
[F] A9 7 T 1 i S A T o R e A DU 1) L R AT 1T )
FEREE MR BT R ESE 9 M, Hrh
FLIRRAT @ WA XS A U W rg g, % IR
J& = N O Rz i b ) B RUE Y 2 — 1 G
WHON N RG S, AT LA R A EEMEY £
WEZH , 5B BRI 25 U0 1 5C R B IR R
R B R Clade I BLAT R 4719 K 1% 7 12 g
71 ,Song ZEPNG Jr BR TR 5 A Y FLAT A A N T
PETF IR T, IR R B m AR S R
A FF TR R | RS R T Ja 45 4 A Ry 2 3 e o
T i g W i) T Je O TR Y, KR T R
Bl i SR ARE

EEBER B (BF 1 KB, 28 LA01 P 52 Fh A0
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HAZ A LpO1 $5Fp i) JiE 1 =5 =2 v i 2L AT 3 s F B2
539 R 38.36% F1 28.78% , W] ik & T+ LpO1 FpL [ 4%
T 2H (6.68% ) , i W H K H SR AT 1 B iR A 35
BE DU 20 T 5 S i R 8% BIVPE K T S 1)
97, S AL R A T TR MR AE ) A E B b AR A A
H AR K T2 (CK) i & 4 2 5 s ik 80.84%,
LT R AN 5.74% , T B3k T Uk R
H B #5407 1 UE PR VE S, 7R R BESE R (5 25 K)
W, 28 LpO1_LfO1 45 it fiff i =5 5 b LA 1 | +
JE 5 H B A =, 8 65.89% (P<0.05) , T
& RIEAT R R E AT R R
Ik (P<0.05) , 6 BH 52 4 42 i i A 200 b 400 1 J88 0 o
SO A LpO1 BTE #2250 20 FLAT o1 s =F i
H 62.38% , 1 T LIOT HLTR R0 2 (60.39% ) , b Bl
TERBEG I LpOl (¥R L, SHrscas i —50, M
WFAT I TR RS L, WL |1k 2
A E) A, BRINT QT R AE 101 AP Fh A 5 &
LpOl #Rh 4 FRET R, 7€ LpO1 FAp 42 Fh 41 F0 H
SRR A (CK) “FBE BT, 3% AT BB PR o 8% 5% K 1
WA S LR 8 1) Bt = e, O LR AL T — A
T A A KRB T LpO1 PR 2 Rl 4L RN A 4R &
P20 (CK) R B I T8
23 AEINBEAEMEABRTRAISKNEL Y
JXURE #7 J53 53 T

XA R LR B 4 A e B R R ESS R (58 25
K) I A e ) 5 34 MR R ) 5 1E 4T PCA 43
Br, S5RWE S5 pon, A 78.4% R it 2 5 kA
i H A F R 1 B TTERFE R 57.6% M Ar 2 1
DTHR A 20.8% 5 25 4143 A7 78 AN [R] DX, 13 W e o)
TR 5 R IRV ) J5 3% L TR TR 40 Sk A R )
FETER K2 R,

W 3 o, 8 ad %A W) LR R 12 Fh K i R
i ) 5 S M IXUBR Wy o R A 7 T 2 | A5 3] 82 Fil
57 i BRI BT REAH DG A6 & 9, Horh LpO1 B
AL 50 B (& 1L FRER 7 FPEE 7 FREE L6 Fh
% 7 Bl 1 R AR 1 FhTRE 4 R 3 R AL ER A 3
FRHE W), 0610 AL L (79.3244.04) % ;1601 H
FRHEFPZL 49 Fh (5 15 FhR (8 FhEE 6 FiiE 3 Fh
% 4 PR 1 PP de 3 Pk 4 Fhis 4 Fh24 R 4
P e oy ), g BN B (79.62+1.80)% ;
LpO1_LfO1 #& P4 44 b (& 11 FhR 9 Al 6 Fi

i
132

Abundance/%

F

oo [ EBEIR——] [ smmsx——

o FLTiEIR (Lactobacillus)

& (Vibrio)
BTG R (Weissella)
RIHTEE (Pectobacterium)
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Wl Ciade_ 111
. e

2
S
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215
Group
B4 BAELHTOPIOMFMEER

Fig.4 Abundance maps of the TOP10 species

at the genus level
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EHIY 1(57.6%)
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MR PCA E
Fig.5 PCA diagram of volatile flavor compounds

in pickled potherb mustard under different lactic acid

bacteria inoculation and fermentation

W 3 FPIR 4 FhR 1 AR 1 AP EE 3 Rhy 5 A
ZRIA L M E W), 0 AR A (84.36 £
1.38)%; F SR & 8 (CK) 4L 51 Fl (% 17 Fhlg .8 Ff
fig 5 FpEE SRR 5 RN 1 R 4 B 3 A
Z& B3RP OHCE M ), w AR L (81.77+
2.86)%.,

Wt ANOVA B Z Jr 2508, A RFLR I
FEAD R T ERCOR R i ) 7 52 55 IXUBR AH DG 9 5 & 1 XL
IR 47 5 RS RN B R (P>0.05) B X 45 2Kk &
YIRS B, R A R BRE EE R
K 2w I R ME TR GY S
HATE 22 5 (P<0.05), IR SR A Y&
HERWARE(P>0.05), AMREEMAS A%
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REH (CK)ERRS B 2k HERaWiE
e S BRI E Y & B LT 2
oG 0 25 T R, UL B Fh S0 U FL IR TR AE % ) e
) & T 08 5 7 i 1) KU 7 A — 2 1 R MR BT % L
TR T 422 b A AL N IR AT AR LFOT B 42 v 4 B
24 LpOl £ 70 24H M TR 2 (P<0.05) (B3 AR 32k
(P<0.05) &Y & e T Lp0l SR 4, 2
B WS ek s & WAL Lpol B
FEAp e, X e 101 PR HE A 4 S H A G Lp01 42
FRAL, LpO1_LfO1 2R al 2 | My 28 F e 2k

Y RYEERT L0l BEEFMYA (P<0.05),
g5 1, DLW B TR Rl BR S A SR R I ) K 1R
S XU

Ba 2 Ak & Wb 101 SRR R Al KO G
LpO1 2R i =0 -3-C B FLIR iR (GREF) 2-
PETR OB PR SERER TH e
(P<0.05);Lp01_LfO1 2 Fp 40 £ R 8 i85 & 12 (>
1% ) (1 2 161 2 HY R (REAE SR ) o IR & R
CWE(AEHF ) TE A 20 5] rh e A | H LO1 BT 4
P2l K L2 4 LpO1 #2Rpail b & 2 35 T H e

R4 BRHISFERMERRY RN ROAV &
Table 4 ROAV of volatile flavor substances of pickled potherb mustard

_ A SR AR ROAV {4
A% Wbt 24 A CAS %%
(ng/kg) Lpo1 101  Lp0l_Lf01  CK
2- Wk T B T B 7452-79-1 0.100 1.21 12.96 3.44 2.65
3 mEERE 104-61-0 65.000 <0.01 — <0.01 <0.01
+ > B T B 628-97-7 >2 000.000 <0.01 <0.01 <0.01 <0.01
17 &A% A 706-14-9 11.000 — <0.01 0.01 —
23 3-Fa kA BT A 13532-18-8 180.000 — — — <0.01
25wkt A 105-90-8 10.000 — — — 0.01
29 ETE 60-12-8 750.000 <0.01 <0.01 <0.01 <0.01
32 AR 78-70-6 6.000 0.01 0.02 0.04 —
34 1-FH-3-8 3391-86-4 1.000 0.01 — 0.02 0.21
36 EwE 100-51-6 10 000.000 — <0.01 — —
37 EFE 111-87-5 110.000 — <0.01 — <0.01
41 1-RH-3-B 616-25-1 400.000 — — — <0.01
42 FTm 100-52-7 350.000 <0.01 <0.01 <0.01 <0.01
45 RE 112-31-2 0.1000 0.25 0.18 — —
46 (E,E)-2,4-F =K 5910-87-2 0.090 0.11 0.56 — 0.02
49  xum 122-78-1 4.000 — 0.27 — —
50  +om/A kR 112-54-9 2.000 — 0.03 0.03 —
51 Eak 124-19-6 1.000 — — 0.03 —
54 Fm 124-07-2 3.000.000 <0.01 <0.01 <0.01 —
59 T 142-62-1 3.000.000 — <0.01 <0.01 <0.01
61 B-%¥%m 79-77-6 0.007 38.99 25.00 5226 100.00
62 KB 23696-85-7 0.002 51.45 37.50 100.00 1422
64 ETE 98-86-2 65.000 <0.01 <0.01 <0.01 —
67 Wk kAW 110-93-0 50.000 — — — <0.01
72 4-TA-2-FREES 2785-89-9 50.000 0.01 0.02 0.04 0.04
74 THB 97-53-0 6.000 0 — — 0
77 2-FRA-3-A T Ak 24168-70-5 0.001 1566  100.00 51.22 61.25
78 %k 120-72-9 140.000 — <0.01 <0.01 <0.01
79 2-E S kokoh 3777-69-3 6.000 — — <0.01 —
81 VR = 3658-80-8 0.005 100.00  37.14 92.20 58.19

EARFSEE3 PS8 —" LR R,
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A (P<0.05) o BESEAL AP A BAI X e 1) & 1
B S 1 KUK A 38R 11 52 B8 O R (A )
SRAE I AT A 5 R g A (R R R 22 (P>
0.05), MRFEALEGY H , Lp01_LfO1 FEFp 2 & 5 B 2%
X F H e 451 (P<0.05) , 3% 7T fig & I oy H 7L R B
B A A R rh A 2 e A e R R T R
My R AG MR A AL G W AFE & A b o L3 b T
HB, Ho 4— ORI (R A ) (4— FT ke ngg s (112
HOHERR) SRS TIH AR R
(P<0.05),

P M A 40 5 0o 2 T s o) i 32 DX AR A1
TR 4 R /)N 32 B py R T £ R R {1 o
X A 1) 2 A AR AE 0 30 Fh I S v KU W
B ROAV {8, Hf ROAV=1 b8 KK Ik,
0.1<ROAV<1 M&um xRy B, sk 4 R, 16
BT 32, AT 6 Fh e H XU 5, 4351 R
2-WHET R TR CERTE) B-EX T (Y 23F) |
KGR (P67 ) 2 H S 3 -3 T L b g (8% 8 4 |
U SR A ) I PR = (I S R B S AR ), Hoh A
LAO1 B R4 AT 5 Fl ROAV>10 i KU ik 5
FEILAR AN 4 Bl BEAE  7E LpO1 B8 B2 80 41
A 2 FEME AR BT, S (E,E)-2,4-T- "4
M 45 J2 B4R LA AR R A0 G A 5 AE L1 PR
RN A 3 Bl R O SF F R RUE F &AW
B e HA KR 7 AR R B4 (CK)A 1 Fh,
|- M -3 A - B AR AL 0 B AT B A
24 FBHESEMNAEEHESEL XY RE
KD

XA [) 2L PR T o 2 I8 1 575 25 KR 14 I
7S L F A TR R U 5 A PR AU ) T AR
KNE 3BT, H T Spearman F2 %% AH &4 4 & 4n &1
6 i, TEMXT EBES1% 0 B E b, LA 58 A X
PRSI REEE IR | T R = e %8
Wi IR OGO R, Horh 5 05 e e 5 IR
FIE A M (P<0.001) 5 1M1 52— F A 33— T 3%
MEIGE | 1-=F 4 -3-B%  (E,E)-2,4-T &M & B-
58 A 5 R AROR OGP L BT IR B IR R R
X R TR AE AR — B, 5 1260531 B-%
X A— FE -2 WA LR T Rl R = S R
FEOCHE T 5 KUK P o1 2 B A DG o R BR A
B EREE (EE)-2,4-T &l RS 7K L

10
KT LI
+ A R 00
(E,E)-2,4-T —Jf % .*’-5
-3 fh T Hentpg =0
K
1 Ji -3~
B-5%
4-2 32 - H LR
i e

T oo R M i 3 1E AR G PE (P<0.001)
6 MHESRMAEHESELEXRY REXERE
Fig.6 Heatmap of correlation between bacterial community
structure and volatile flavor compounds of pickled

potherb mustard

R R = B TR AR DG T D5 R 2 A
FE-3— AT B 2-H B TR O BR 4-2 52—
ARSI K+ 2B X, Clade_IIT 5
2-F L3P T kg 2-H LT O K S
[ (E,E)-2,4—T Z ) 1 X+ 1 5 80 1E 47 ¢
P FEAEXTEBE<1% 00 B JE v SR TR R
E)-2,4-T "0 2 Ik B2 A (P<
0.001), 9K J& R EAT B R o T s b BROC IR
T 25 5 KR A A, U BH e AT i ) =5
SRR T8 B A ARSI, A ) Z IRl R 68
AHELARFH DA T XU 4 J53 7 A= 52 M, AN [] T e At
Al g2 5 A — KR o A7 e

3 #Hig

AN T) LR TR 2 P 2 e ot T ) 5 55 A o L
V) 2R B AR e R W) S5 A B B Y S
2 SR FLR K B L0l PR e A Al R B A
LpO1 #2201 v () LT 187 e R 6% % & 9% i 07 PR ikl
TR, DI R 7R IR A A5 & WA R 1) pH A R
TR IERE IR R [ R FLER R LpO1 BB
PR T W FLAT R R R R B S R, ER
P 235 TN G 2 T A0 1 BATE BE A A L AE R RS
HE, AT LR A R A v 0 LT R R R R
DR v Y < € R P4 S s 3
TR R T A Z R BUR T AR kB
4, TR, LpO1 &4 LIO1 $E7 AE i A k1 i g 1



B4 11

FUBR T 4 AF A B AT e ) T R AR A KR ) v 321

RPN R IS i, ERE LR
AR 2-H I T 2 g B2 T K i 2-H
SR -3— T RE b I R P R = R i SR
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& FLFFRE BT ISR R 5B IR R B R BR A
J& 5 2R R EXEY R R IE AR, R
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Effects of Lactic Acid Bacteria Inoculation and Fermentation on Volatile Flavor
of Pickled Potherb Mustard

Chen Shujun, Liu Yanan, Weng Peifang, Wu Zufang", Liu Lianliang
(College of Food Science and Engineering, Ningbo University, Ningbo 315200, Zhejiang)

Abstract Using the Lactobacillus plantarum 01 (Lp01) and Lactobacillus fermentatum 01 (LfO1) as the fermentation
strain of pickled potherb mustard, the effects of different lactic acid bacteria inoculation conditions (LpO1 single bacteri-
a, LfO1 single bacteria and LpOl complex Lf01) on bacterial community structure and volatile flavor compounds of pick-
led potherb mustard were studied by 16S rDNA sequencing and headspace solid phase microextraction combined with GC.
The results showed that the group inoculated with LpOl combined with LfO1 started quickly, the pH dropped to 4.05 on
day5, and the sensory synthesis score of pickled potherb mustard was significantly higher than that of other groups
(85.40). Different lactic acid bacteria inoculation had significant effects on the bacterial community structure changes be-
fore and after fermentation. The LfOl single bacteria inoculation group and its complex LpOl inoculation group immediate-
ly multiplied lactic acid bacteria after fermentation for 1 day, and the abundance was significantly higher than other
groups, which enriched the microbial diversity. In addition, different lactic acid bacteria inoculation had no significant

effect on the total amount of volatile flavor compounds, but the contents of different types of compounds were significant-
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ly different. The contents of esters and alcohols in LfO1 single bacteria inoculation group and its compound LpOl inocu-
lation group were higher than those in LpOl single bacteria inoculation group and natural fermentation group. ROAV
showed that ethyl 2-methylbutyrate, B-lonone, damascenone, 2-methoxy-3-sec—-butyl pyrazine and dimethyl trisulfide
were the key flavor substances in pickled potherb mustard. Spearman correlation analysis showed that dominant bacteria
were positively correlated with many key flavor substances. In conclusion, the single [fO1 inoculation and its complex
LpO1 inoculation could improve the bacterial community structure in the early fermentation stage, and many key flavor
substances were correlated with the dominant strains.

Keywords potherb mustard; lactic acid bacteria; bacterial community; high —throughput DNA sequencing; gas chro-

matography—mass spectrometry (GC-MS)



