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chromatography-orbitrap-mass spectrometry, HS-SPME-GC-Orbitrap-MS), XA= i i1l i Ao 48 A i XU il o
AT, a3k LIRS 4, AT AR IR BRI B | PR ] . ZEIBORTR] . FhUREE | FEAh &,
##57 HS-SPME-GC-Orbitrap-MS & Fiih th R AL G0 7k, SCE A A i h R EE G
YIRE PER E fE, B R AT . RS R I AR 3 WA TR A Xk A el i A B A T 25 540
4553 HS-SPME-GC-Orbitrap-MS % i Efiligg b 124 Fh, il 88 AL L A EY . il 1EsL
fridse/N IR (AR E B = 1A Kruskal-Wallis H K36:(P<0.05)E— ik 5 F& <, 451
HHRLEE LR  2-HAE-1- TR AN 4-ZAEBIAR S . G AWFTEH ST T HS-SPME-GC-Orbitrap-MS, fig
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ABSTRACT: Objective To compare the volatile flavor compounds in light and dark soy sauce by headspace
solid-phase (HS-SPME-GC-Orbitrap-MS).

Methods

microextraction-gas  chromatography-orbitrap-mass ~ spectrometry
The study used soy sauce as the research object. Parameters such as extraction temperature, equilibration
time, extraction time, salt concentration and sample volume were optimized to establish a method for determining
volatile compounds in soy sauce by HS-SPME-GC-Orbitrap-MS. Based on this method, volatile aroma compounds in
light and dark soy sauce were identified and semi-quantified. Principal component analysis and orthogonal partial
least squares discriminant analysis were used to analyze the differences between the light and dark soy sauce. Results
A total of 124 volatile aroma compounds were identified in light soy sauce, and 88 in dark soy sauce using
HS-SPME-GC-Orbitrap-MS. Through orthogonal partial least squares discriminant analysis (variable importance for
the projection=1) and the Kruskal-Wallis H test (P<0.05), 5 kinds of key aroma compounds were further screened:
Phenethyl alcohol, ethyl acetate, 2-methyl-1-butanol, pentanal and 4-ethyl guaiacol. Conclusion This study
establishes a HS-SPME-GC-Orbitrap-MS method that can efficiently identify volatile components in soy sauce. By
applying this method combined with chemometrics, 5 differential compounds between light soy sauce and dark soy
sauce are screened out. Among them, the relative content of phenyleth anol, ethyl acetate and 2-methyl-1-butanol is higher
in light soy sauce, endowing it with fruity and alcoholic characteristics. Meanwhile, the relative content of pentanal and
4-ethyl guaiacol is higher in dark soy sauce, contributing to its rich fatty and soy sauce-like aroma. The findings provide
reference data for quality evaluation in the soy sauce industry and offer a new theoretical basis for further research on the
flavor characteristics of soy sauces produced by different fermentation processes or for different uses.

KEY WORDS: gas chromatography-orbitrap-mass spectrometry; soy sauce; multivariate statistical analysis; volatile aroma
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BT, F0E R B A B A i R AR
M 3% - UM% AT OB 3% 25 (gas  chromatography-mass
spectrometry, GC-MS)® | S AH % - B F 1T £ 3% 7% (gas
chromatography-ion mobility spectrometry, GC-IMS)!"% Jz =,
1% - K AT B ] R % 25 (gas chromatography-time of
flight-mass spectrometer, GC-TOF-MS)!'4 . Hfr, GC-MS
PRI AR . A i A BC A5 e i e, AR R PE AR

U I ERTFB . GAO ZEMIFIH GC-MS %5 H 36 i
T 66 FHERMFRSMEY; TR E T AR R
1 LA RIRRHE, RIMEIZEA 4- 2 FEoR 55 155 AT
YENARF L ZMbREY . SR, Hih KUK A5 52 7% HL454
ZHE, JUILRAE Tl 2 it T 3 P 2 TR AR DB 2L
CENE T2 W EARR A, BT BTG BT i 3 FE
REPEWRRE, 23R TH, SBURFEH S KR4
SRR RO, g B Ak R o B it AT 278
AT, PTHRTH T B R PR RIRCR . 2 BH R A A €
- TR A Ak F T R, ST N A SE Gk v i e
I RRETR S, A& BT SIERHE T AT A

# M Y B I8 BF 3% (orbitrap-mass  spectrometry,
Orbitrap-MS) LA H &5 B it /3 FE 3 | 15 RABUE S 1 ot
FasE PO FE AT 2R B FRRE i v SR B & AR A A A
THURN, AT ER T, g4 hesi st 4
PRIIRAR 09 52 Z B AT A BT, T SEBN e 4
J M R B A3 R R TR AT . BRAR AR R R GC-MS
05 B AN [R] 7 i R 2 e T 236 Tih B & v 4, (R
Jof JH S € 1% - oL 37 B0 T B T 7% (gas  chromatography-
orbitrap-mass spectrometry, GC-Orbitrap-MS)¥ AR 4: Hili
il 5 A VA A KR J5T 25 S B AR DG A SR AT ek =
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TR ARG EIZ T 0] TAE LA B iR S i i st N4

AT X A= Fib 3 b R S i A R Ly R A T
T RGP, B T 002 [ AR G 2 B (headspace
solid-phase microextraction, HS-SPME)f{Z 85514, BliJn &
377 HS-SPME-GC-Orbitrap-MS &4k 2431822 1943 B
Fio BT AT, RGN T A S 2 e
RS H L S/ FES, BT IREEET
P BT E R AR, (RIS BT ) 5 il XU
SER P RIS AL IE S

1 #MR5RE%

1.1 #MR5E

P T4 T, HORW 14 FORR] R REASRE R
G H, Jorh A bl 5 e A 7 F

2-F L3 (2% 4t, 12 Dr.E A r]); IEMSEERs
S (R 1000 pg/mL, E[E AccuStandard 23 F]); &
LA (NaC)(F3 AT 4li, i 20 1% 52 06 B4 8% 03 A7 B2 ] );
. IECbe(thigal, 35 Thermo Fisher Scientific 23 ));
SEI e K 1 Milli-Q M4k RE5 0145 .

12 UBEE5EF

Trace 1610-Orbitrap Exploris GC B A {633 - T 4%
(FtA TriPlus RSH SMART 4= H shifi#£4s) . TG-5SILMS X,
AH R (30 mx0.25 mm, 0.25 pm) . DVB/CAR/PDMS-80 pm
(50 pm/30 pm) %Y [ #H 7% 25 B4 (35 E Thermo Fisher
Scientific 23 F]); ML104/02 2347 KF-CR5JE 0.1 mg, Hhkih-
BRI Z AR A Milli-Q © 1Q7000 #4K 5 4t (7
BRIEAFD)o
1.3 WA
1.3.1 #fsh &

WERRE 2 mL &£ 5T 15 mL TRZSHA, A 100 pL
WHR(L pg/mL 2-F 3E-3-BEM AR fEVE ) AN 0.4 ¢ NaCl, s
R
1.3.2 HS-SPME 4

2 N B LT 1S POV 5 PR I E G 20 W S AR b B T
ZENE T 45 °C 250 r/min F5 3 T PRPEF-H 15 min, % SPME
FH LR 4 AT A B #6258, F 45 °C. 250 t/min %
TUWLHE 30 min, T 5 B 2T i Sk 4 AL RS BERE O3, 7B
250 °C'FA#HT 5 min, BREE RIS A 4Ek 24k 10 min,
WORICIR -

1.3.3  GC-Orbitrap-MS £

GC 4MF: TG-5SILMS (@30 mx0.25 mm, 0.25 pm);
PERETTIRIE: 250 °C; 43 IL 10:1; #S(Z)WH: 1 mL/min;
FHEREF: WIIRIRE 40 °C, f£4F 3 min, A 4 °C/min T+ &
150 °C, {445 2 min, FLL 6 °C/min F+Z 250 °C, {4+F 6 min,

Orbitrap-MS £&f4: Hi, F-Hi B (electron ionization, EI)
U BT URIREE 250 °C, AR 250 °C; FH A Full
Scan, 4r¥F3 60000 FWHM, ##75[ 33~450 mvz, FHi
i) 1.00~55.17 min.
1.3.4  FkmAcstt

M HS-SPME FYILIE (40, 45, 50, 55. 60 °C). -t
[B](10, 15, 20. 25, 30 min), ZEHXAFAI(25. 30. 35, 40,
45 min) . FESAGER B E (160, 210, 260, 360, 460 g/L).
FEdhit (2 mL ., 5 mL)#ET T BAIRSEH, [Al—F ke S e
NGRS KPS . DLNFRMT R I i S B A
K LAY SRR 6 FERZXKIEHYI (IR
B, 3-FHOE T 3-HARAEINEE . 1--¢906-3-0 . 22, 4-
CHERTBIA TR R AR T ARy W AR EA T LA
1.4 BAEALIE

f#fi 1 GC Deconvolution J 4% Bl i 1T i1, 456
I [ = F AR E 5 R UF 5T ¢ (National Institute of Standards
and Technology, NIST)%# 28, 1 B3 A1 +5 % (similarity
index, SIS A AH{L B 65k (reverse similarity index, RSI)
YRT 800 L&Y, JF4h& IEMBEREbRE L (CT~C40)H
e TSGR BT OR B R BUEME . DL 2-H1 BE-3- B A
PRIFE A 204 AR XS & s AT E B . ] Compound
Discover 3.3 FEXS BTATHE S iE AT O B4 B[] XS 0 2R 4k
AWK, i SIMCA-P (14.1 R $cs HE4 T 3 B4 oMt
(principal component analysis, PCA)FI1E 3 i fre /)y — 3% 4 5]
4 (orthogonal partial least squares-discriminant analysis,
OPLS-DA). fdiff] Excel 2019, SPSS Statistics 25.0 #4715k
55114307, Origin 9.0 1EE .

2 HER55H

2.1 HS-SPME J5:&i1k
2.1.1 FREA

FEBOR XS A BT Y BOEE | L R B R A4
W B 1 #0AE 25 RE o AN [R) AE BOTRLE Xo ey 4% & A A
Yy BT A E 1()FR, ZKBUREEXT SPME £4F
Y SJ W R SRR CR A AE 5 AR . R IR S, 27
24 S U B 1 ) il P A B ) R T AR AR S B 45 °CHRek
i J B A AR R g, IR 45 °Ct, fb A9 R
BON 130 YIREARSETH R 2 60 °CHY, fbA- 1) B T R
TN, (A REGE TR (31 Fin. X2 f Fim#tat
FRAFAE &AL P B R 2, (HAEEGK 40 e R 5
DR SR Xt /N T A i W B R R TR, A
B 1(b) /N [R] A B BE S35 v vh 6 i 30 82 XU V5 1 40 o
Wt v LB, B R TR, e R ik A A
ST AR, W ZEW | 4-ZILmAIARN; T/ NrF1bd
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FH1TE

YU FR G . 3-FE TTE | 12 M- 3T A5 A ko e i L,
TR EA N . XS ARGk U2 2L S IR A P kL
IR AL 2854 11 1 L 2 TR RELRR M R AT O, R BRI A
TR R 2 S BUL A Y S BRI A B R
YIREEL, 45 °CNAEBURAEIR B
2.1.2  F#ed

- R AR R S P AR N A SPME £ A BRI A B
6] o AR aE B AR ST R S 1) 1914 54 8%, HS-SPME 1 2
IR A, (A R VR 4L AR WO S A 2 Lk
FIEOEAT . AP ELET 10, 15, 20, 25, 30 min [¥
ST i ] Xof 3 v R R A TR R, N 2 IR . A
B2 o LAE H, Bl -4 s ] 3 m, ) o s 06 T A AR
HAHE, @R EE T EZS, ASREEHE RS
g T R 1) R ) AT B S 22 5 (P>0.05), (HY BB
15 min B iR R, A 133 F, KB 2(b) P o] LIE H, B 3-H 3t
TS BRI X e T BB T AL, LR AR . 3-H AERR AL
B 1-2FK-3-0E . EHEMM 4-Z EAQARBBIE 15 min /5

- TR
@ 500 —— WIREEC 160
12 130 128 131 1?1 1140
o 600F ) 1120
= a
X ab T ab 1100
= o
= 4.00 [ b b 480 5
! 436 > e E
%“; 3.92 4.23 1% )
*2.00 3.49 Ry 40

50
FERGRE/PC

55

60

40 45

BTV, LR EHIE, R Y EAEIRZ K 15 min
hf A B TR ]
2.1.3  FEIRAtE

ZEUUAEHE SPME 1 19 £F 4 Sk 78 025 SAH H e
A YRistE], & HS-SPME Ji ik i Se s 280 R IR A
TS () o) e v 2 i AL B I R AN B 3. AL 3(a) ]
VI, PR R AR P i i T I 2 U 8] £ 38 o
Wk, Witk a8 BBAEZEE 30 min ARG, 7 Witk
FF 1] 4 A8 BN 23 P 3 AR B #52 R AL P Bt o

A 3(b) AT LA H, AL [a] A3 i 2 — @ FE b
BUBZERCI A, b, s b S AnEZ . 4-2
F A B B ) B 0 TR 2 30 K a8, /N A A B 0
A Ir NI R R WERRBH, EE KR T,
RN SPME 21 4 HE B4 #7147 1) 232 2 PR 38 3 4 W o ol 7,
AR AL B, QRS20 R 0% R 08w, tnT DLiERE
TESP- it 1) 2 A SR A G AR 25 A% 18, $E4% 30 min
St AU ]

(®)

AHXTUEE T Y %

T ()RR o B0 TET AR YR (o) A% TG L X 2 B XUBR IS PE T S . AN TR) P B 3R 22 53 .35 (P<0.05), [B] 3~4 [F]

B 1 SRR BG4 AL & W s
Fig.1 Effects of different extraction temperature on volatile compounds in soy sauce
T ® sr
(@) - —— VIR . 10 min
8.00 150 15 min
133 129 L i
27 R s Py 4 30min
1120 X 130 min
. 6.00 23l
°°o s
= 426 433 437 425 428 Joo & E
£ 400+ ' . =20
= Z
£ 1t
= 200
0 Faannll uEwsl B
% $
& & o L
0 U D K N
0 15 20 25 30 ° & A SR A
- ] /min N ’l/%,
»
s

T (a) V- IR [ 08 DG AT AR SIS T () - 8 F 1) X B 2 XU 355 P49 i F) R
P 2 AN IR] T 7 s o 4 A A 5 0 9 5

Fig.2 Effects of different equilibration time on volatile compounds in soy sauce
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214 HBFRE

LN R BURON At et 7/ BN e TR ARSI R =/ D S
FTARREF U160, 210, 260, 360, 460 g/L)%} SPME
REBCEI PIE R AL SPIR R, S5RILE 4. Bi#E NaCl
IO 160 g/LGEh P sk BTk B B2 i 3l 460 /L, &
WA TR FRAE SR R O 460 o/L I IXRIE KR, BT 210 g/L
H1360 g/Lo XS T8 B F A9 <Eh b/ A o 2E T A0 S o
BT, BT AEBCE . W R R Ty 22500, R R
41 460 g/L F1 360 /L B, BUEHAIRA BEEZES, WY
LR N 360 g/L B, K Y BB R Z, S 138 1,
I, 4 360 o/L AR i ik B .
215 HeE®

MARS, KEZFRM 5 mL &L ERRES BT
SPME ZEHL, {H R FH 4 [ sl ERE AR PR 5 2 U, B i Tmr
WA PEH IS Y SPME £ 4ksk . SEIR R B, YA
S 2 mL B, VT R NN S R AR IS Y et sk
WA T 2 mL Fl S mL BE 0 5 HR I Kk T A AL

SRR, KK S ATLUE H, SHEdhE S mL A H, 2 mL
(1R 36 TR i P ML A ) e TR A TR AIG, i e ik ST
FEAS ¢ RGBT R A o 35 1 25 5+(P<0.05), X
JEAE S IR v AL A I TR, (RIS B
ANEBZEP>0.05), BLB GC-Orbitrap-MS K5 5 B Fl 5 43
BRI AT B R S i b, TR B8R A P B B R
%o A& B b 2 AT R F J5 S ae S h 4 R v
YBT3 0T, 0 2 mL B9RE S BRRET 2 4 B Sh A By 2
R, IR B AR e AR, AT IR
14 foc R
2.1.6 FikthAE B HE

FERACIF IS0 264 T, A Rl — AR BRI 6 14,
HEAT 6 UCPATINNE, AT P 5T(52 RN BEF TR % BE TR,
W) S AH X B B RORE E A ARAE 1.70%~14.51%, H/NT
15%, % GB/T 27417—2017 { BHTERE (L5051
FRINRIRIESR pE ) 2R, AR AR, &
A YRGB ETEILER 1.

TR
@ 000, ——WIEEK 1150 ® s 25 min
-/133 131 133 133 1 %gg min
119 - * 418 min
L i [ 140 min
8.00 120 < | (545 min
g X 3
 6.00f . b a Jo0 B &
< ; Faf) S
e - Lo X i B g2
5 4.00 | " B 160 =
Eh .24 1
2,00} 430
e & & & B &
& &L
25 30 35 40 45 @3/ &%& ﬁéﬁ‘\ & %ﬁ‘ ™
HEBUR[F)/min VLR K &
> N
5 b‘jlz
el
T (a)ZE IBEST [) o] B 068 TR AR 500D 5 (b) 2K BT (] Xof 5 2 XU 75 M0 I3 1) 50
3 AN R IO B %o el T A 0 D S
Fig.3 Effects of different extraction time on volatile compounds in soy sauce
—— I T
240 -'E"“'%E " 1160 2.00 140
— P RER 138 . YRR
129 125 . 128 i 117 4120
1.80 | 115/'\/\’ 1120 Leoy e '
o g _ 123 4100
— o T
S a a = 120} leo B
£ 20t > : _ 180 ﬁ & 0.95 -
=5 28 12701 29 i & 080 460 ﬁé
% 1.13 B w OVl
= 0.95 gie 140
0.60 140 0.40 -
120
0 0 0 0
160 210 260 360 460 2

TR (g/L)

Pl 4 AN [ ER B Ho e B X i 3 R VAL B W )
Fig.4 Effects of different salt mass concentration on volatile
compounds in soy sauce

FE b i /mL

5 ARV i i = AR5 R S
Fig.5 Effects of different sample volume on volatile
compounds in soy sauce
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Table 1 Precision of common volatile compounds in soy sauce samples

2 fLt 4 cAs B PHEEMEmn I g gy T
RSDs/% RSDs/%
1 2- 71 78-93-3 2.099 0.11 4.870 6.77
2 2-FH 0k g 534-22-5 2.137 0.11 1.665 10.04
3 LR LTR 141-78-6 2.210 0.07 259.203 3.42
4 S I 590-86-3 2.609 0.09 27.163 10.10
5 R 123-38-6 2712 0.10 49.855 431
6 NR Z g 105-37-3 3.375 0.12 3.877 9.53
7 R T 624-92-0 4.006 0.09 6.068 5.67
8 2-F i 109-08-0 6.223 0.12 4.801 521
9 SR 2 e 108-64-5 7.134 0.08 2.602 1.70
10 5-H1JE-2-CL i 110-12-3 7.210 0.08 2.318 2.79
11 ] —F 2% 108-38-3 7.654 0.08 3.865 2.04
12 2,2- " H - N R T 1538-75-6 8.959 0.05 4334 4.46
13 2,6- - H BNtk 108-50-9 9.190 0.06 33.992 3.51
14 R 100-52-7 10.969 0.05 46.812 10.91
15 i ) 3658-80-8 11.194 0.05 7.308 6.41
16 3-H B L P 505-10-2 11.649 0.04 22.438 7.07
17 12531 3391-86-4 11.777 0.05 12.558 2.49
18 3-3F 1l 106-68-3 11.965 0.04 9.306 1.82
19 ARk 271-89-6 12.252 0.05 4.791 3.18
20 2-2.3-6-H L 13925-03-6 12.402 0.04 47.198 3.51
21 3 589-98-0 12.433 0.04 10.696 2.68
22 2PN T R 3194-15-8 12.724 0.04 9.100 2.39
23 2-Z )i H-6-F BNl g 13925-09-2 13.115 0.04 2.752 3.35
24 7% 100-51-6 13.777 0.03 3.920 13.09
26 4-F558-2,5- W -3 (2H)- Bk M 3658-77-3 14.494 0.04 5.228 14.51
27 2-Z TR 1072-83-9 14.786 0.04 297.376 8.82
28 2,6- " Z LN 13067-27-1 15.437 0.03 17.592 5.13
29 R 90-05-1 15.703 0.04 43.006 3.75
30 2-[(L I ) P R Tk i 13679-60-2 16.072 0.04 6.812 2.41
31 EE Al 118-71-8 16.532 0.03 63.140 12.31
32 R 60-12-8 16.694 0.03 2066.175 7.26
33 2-5¢ T 3E-3- I FLmk s 13925-06-9 17.594 0.03 11.628 3.93
34 3,5- . Hk-2- IR R 18138-05-1 18.390 0.03 15.729 4.72
35 KHR 65-85-0 18.411 0.02 11.457 11.24
36 R L PR 93-89-0 18.871 0.03 69.570 4.25
37 S G Nk R 40790-22-5 19.133 0.04 1.870 6.38
38 T MR _ZH 123-25-1 19.226 0.03 32.363 4.97
39 3-ZR Lk 13679-41-9 20.725 0.03 177.954 5.03
40 2-H5E-6-(3-F 3L T Hh)nk gk 91010-41-2 21.387 0.02 22.297 4.89
41 ROWR R 101-97-3 21.429 0.03 133.332 5.38
42 LR LR 103-45-7 21.842 0.03 75.870 5.63

44 5,57~ FR Rk -k g R R g 13679-43-1 22.479 0.02 2.506 8.05




o 8 W YA, A TS AR IR S-SR € 35 i 3 U B B 4 S Al A 2 PO s i R M KR I 325
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e ks casH  FgBEEmin T gy ey R
RSDs/% RSDs/%
45 4-2 B2 H AR B 2785-89-9 22.519 0.02 27.286 7.68
46 HEBR(1,2,3,4-D0A-1,1,6- = H 5EZE) 475-03-6 23.610 0.03 4,537 7.33
47 3,5- I SE-2-(3-F L T kg 111150-30-2 23.861 0.02 9.181 6.44
48 4R L ik 110-38-3 26.598 0.02 11.955 3.99
49 3-RILEW} 2404-87-7 27.100 0.02 38.470 7.52
50 WEERR 2R 103-36-6 28.792 0.02 3.372 7.16
51 FHIR T 617-05-0 32.450 0.02 4914 11.59
52 INBRZ IR 10544-50-0 43.313 0.01 3.777 5.43

e FHX AR I 22 (relative standard deviation, RSD),

i A G A R R B A IO, T
HS-SPME-GC-Orbitrap-MS il 5 # il v #2 & HEAL 45 W 19 )y
15, BN E R EREBURA A AEIORE 45 °C, PR E] 15 min,
LT F] 30 min, ERFREREE 360 g/L, AL 2 mL.

2.2 S HEHAEZHERE LKL S PER

o

Y& R P AL A B R 28 R T AR R PRI 3 R
ot T AR 38 AR 5L 7 S A R SR B R, R
HS-SPEM-GC-Orbitrap-MS X4 $ili 6 3l A2 5 3ih 4% %
PR AERhEh LA e 193 Fhig R Mk
G, Hr 124 AP EA KRHE, 2 imit e
150 R RV A Y, HF 88 FbL&W) HA RKIREHIE,
AdhEh S 2 E T R R R AL SRR E 6 i
o I EAE RE . BEENRHE, EEMFIDEN
WE2s 21 FhCBORE S L 16.9%) . MEWEZE 17 (8o & T
13.7%) . W% 16 Fh(BUR & LE 12.9%). BEZRIb&W7E K
TR N AR R, HA R IRE . AEEIR, A
TN R TP, IS0 4 P rh 47 7 S A= B,
FERFEIMIRE M T IREE . BB, REARRYITN 2,6-
TR SEME R SR BERAL A T 5 Strecker FERIRAR T

A, RIS CRER, EE Ry 3-H I TR

LR R . A IEEIEHEDY, 2
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Table 2 Differential compounds between light and dark soy sauce

et/ A CAS 5 VIP P PERLEE SI
KOTE 60-12-8 7.39167 0.0035 910
T 110-62-3 2.52385 0.0001 899
LR TR 141-78-6 1.57278 0.0028 825
4-LH AR 2785-89-9 1.37580 0.0156 880
2-HIgE-1- T h 137-32-6 1.31209 0.0002 895
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Table 3 Aroma characteristics of differentiated compounds and
their contribution to the overall flavor of soy sauce
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