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Analysis of key flavor components of baking steamed stuffed bun by
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ABSTRACT: Objective To analyze the key flavor components of baking steamed stuffed bun by headspace solid
phase microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS) coupled with electronic
nose/electronic tongue. Methods The volatile substances of baking steamed stuffed buns were analyzed by

HS-SPME-GC-MS and electronic tongue and electronic nose combined with relative odor activity value. Results The
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electronic nose could distinguish the volatile substances of different baking steamed stuffed buns effectively. Electronic

tongue analysis found that different baking steamed stuffed bun tasted similar. A total of 152 volatile compounds were
identified by HS-SPME-GC-MS, of which 27 were common compounds, mainly aldehydes and thioethers. The

common compounds combined with relative odor activity value analysis showed that (£)-2-nonanal, nonanal, and

propenyl propyl disulfide were the key aroma compounds of baking steamed stuffed bun and heptanal,

4-isopropylbenzaldehyde, 3-methylthiopropanal, 4-isopropyl-1, 3-cyclohexadien-1-aldehyde, 2-pentylfuran, and

dipropyl disulfide have important modification effects on the flavor of baking steamed stuffed bun. Conclusion The

results of this study provide basic data for the production of baking steamed stuffed bun, and the electronic nose

combined with HS-SPME-GC-MS is a more comprehensive and reliable method for the study of flavor substances,

and the results provide theoretical support for the volatile flavor characteristics of baking steamed stuffed bun, and

provide method guidance for the subsequent establishment of the fingerprint of baking steamed stuffed bun.

KEY WORDS: gas chromatography-mass spectrometry; relative odor activity value; electronic nose; electronic

tongue; baking steamed stuffed bun
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Table 1 Taste analysis of different baking steamed stuffed bun by electronic tongue
FE 2R AIiS CTS NMS ANS sgs PKS _CPS
(") () (&) (@ () (i L) (i F L)
KBI1 5.80+£0.06% 6.30£0.06 5.80+0.06 5.80+0.10° 4.90+£0.10° 5.70£0.10% 7.10+0.15
KB2 5.50+0.06" 6.30£0.10° 5.50+0.15° 6.40£0.11° 5.20+0.10° 6.80+0.06" 5.50+0.17°
KB3 6.00£0.15™ 6.20£0.10° 6.00:£0.20" 6.20+0.20" 6.60£0.15" 5.80+0.15™ 6.20+0.20°
KB4 6.20£0.10% 5.80+0.06" 6.20£0.20" 5.90+0.10™ 6.90£0.15° 6.20£0.21° 5.08+0.15¢
KB5 6.40+0.10* 5.400.10° 6.400.20° 5.80+0.20° 6.20£0.20° 5.60+0.20" 5.00+0.10°
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Fig.l Radar chart analysis of baking steamed stuffed
buns for E-tongue

R2 BTFENTEESTFHXNEHK
Table 2 Discrimination index analysis for different baking
steamed stuffed buns of electronic tongue

DI/% KB2 KB3 KB4 KB5S
KBI1 1.44 0.84 1.93 3.15
KB2 1.19 2.93 4.78
KB3 0.83 2.25
KB4 0.53

22 BTSN

R 2A E A4 5HT(principal component analysis,
PCA)AJ AL, 55 1 FEW4r PCL (94.30%) 5% 2 F a4 PC2
(3.65%) BTk 2 F1K 97.95%, WA 24~ F W4 AEXS A W)
965 0L T4 M U A TR RE AT . R REE(R DIy 93
(>80), F2/NHL T S REA A X A AN [ 8 40 Hh 2 2R 1 14 o
F) 5K F 43 #r (discriminant factor analysis, DFA)J&7E PCA
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Fig.2 PCA and DFA diagrams for E-nose of different baking steamed stuffed bun
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Fig.3 Classification and relative content statistics of volatile components of different baking steamed stuffed buns
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Table 3 Volatile common components of baking steamed stuffed buns identified by gas chromatography-mass spectrometry method

HAXS £ 5E1%

RIS, JRUBR A 25
KB1 KB2 KB3 KB4 KBS

L M. HEA . RER 2.28+0.18 7.89£0.09  10.03+0.41  0.30£0.06  0.31=0.01
B HE. EE 0.28+0.03 1.97+0.11  2.68+0.14  0.11£0.06  0.13£0.05
R BORFIRE B SR 0.30+0.06 1.0240.10 ~ 0.83+0.05  0.09+0.06  0.13+0.02
T/ HE. HIK 0.9420.08 2.74+0.15  1.95+0.13  0.29+0.07  0.26£0.04
R FRER AR 0.44+0.10 1.64+0.07  1.08+0.09  0.19+0.03  0.14%0.01
(B)-2-V- )1 EIRIIFINZEFS 0.14+0.06 0.35£0.07  0.58+0.14  0.14+0.04  0.08+0.01
(E)-2-T-Jiii BENES 0.19+0.07 0.38+0.08  0.43+0.04  0.1120.03  0.12+0.02
4-5 TN HE TR G 6.07+0.69 2.98+0.15  1.78+0.09  18.55+1.14  19.13+0.53
5-5% I S HagtEnk 0.05+0.03 0.53£0.09  0.45+0.07  0.10£0.04  0.03%0.01
ke SRR LRSI 0.14+0.03 0.30£0.06  0.29£0.07  0.24£0.04  0.26=0.03
FaEUR T FH. AT, AMES. TH 6.59+0.11 0.24+0.08  0.09+0.04  5.69+0.18  8.95+0.47
& e . R 0.12+0.03 0.42+0.06  0.46+0.09  0.11£0.05  0.030.02
e HATRRIR IS 2.26+0.11 10.68£0.90  8.82+0.93 1.14£0.11  0.21+0.06
2,6- F JEnk g WTHEFN RS AR AR 1S 0.10+0.05 0.45£0.10  0.29+0.07 0.12£0.02  0.04+0.02
2-Z N JbRE ORI O ImHE . A 0.20+0.05 1.3740.10  1.18£0.26  0.19+0.07  0.06+0.02
2,3- H JEnk R FE LI AR SR Al Al RS 0.130.05 0.78+0.07  0.44%0.11 0.10£0.06  0.02+0.01
2-Z.3k-6-H Sl e J R 0.10+0.05 0.27+0.06  0.19+0.07  0.06£0.04  0.030.02
FH 3 P 3 i ik HARWE, ZAEX 0.11+0.05 0.65+0.07  6.59+0.44  0.30£0.04  0.09+0.01
TNk WARA ARG 1.51£0.15 9.95+0.24  11.24+0.34  2.83£0.27  1.65%0.11
A s i P i it AR R 0.39+0.07 1.3740.10  3.99+0.60  0.48+0.11  0.52+0.05
2-1F SR K g OE. RE L. XFE 0.41+0.05 1.61£0.13  0.98+0.11 0.32+0.09  0.07+0.05
2-Z Tk 0k R B R BE . NEE 0.40+0.10 1.75£0.07  1.30+£0.16  0.38+0.07  0.08+0.04
3-F2F-2-T i FPESR, 1.04£0.10 2.37+0.17  0.73£0.06 0.26+0.07  0.15+0.03
FR I D FRPE A 0.15+0.03 0.66£0.09  0.35+0.03  0.10£0.03  0.06£0.04
23*?(;)5%&;1‘%&;1:‘]% HEMIRE IR 0.06£0.02  0.22£0.05  0.11:0.03  0.12£0.04  0.070.05
28R g R B FRUNER 0.05+0.02 0.26£0.05  0.14+0.01 0.08£0.03  0.07+0.05
2-Z RS MES 0.07£0.02 0.27£0.02  0.20£0.02  0.12+0.05  0.04+0.01




%5 19 3]

BLLHE, S5 BT BT B 5 TS - [ AR AR IO 3 - B 06 20 M e 1 SR B XU 4 o 273

233 BT REEEL WM

95 40T 11 AU b #8104 3R DT B B AR X
WAL REIE, BRSSP & AR, TG
5 {1 4 R T X 4 R IXUBR TR R, A5 264k 50 B AR 5 A1,
LB, o) {5 R 1 5 O B MR A < stk KU T, — MR
FERMEAL A YIXE BRI BT S ROAV 5 IE AR,
3 3o A% 5] SCHR TS e T A SR R (R T
YEAL AW ROAV, FEA5 )51 89 Flviy it i IBRE B (E, ik
th ROAV KF 0.1 /) 39 R &MY i1 743 Hr, tha& 4 ]
H1, (B)-2- Tt 5 4 1 Rk sk fic K, K ROAV 2 X
100, 0.1<ROAV<1 4k G- P05t K+ RRTE i A 5l B &
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RFH, (E)-2-THEE . (E.E)-2,4-2% 5l . (EE)-24-T—
WIS, (E)-2-58E . (2)-9%-2- . 3-HRSLNEE . K2
W, BREE . 4-RNERHEE TR, 4-FNE-13-AC 2
M-1-FE . L-PEmE . Dy REmE . ORHEE . 2-URME . JTEE .
AN ARSI | 4RI . N
[SF 2 e ~ St SN LB - PP B St ¢ A o 7/ AN L~ St 7 3
DA, 2-JRIENKIRG S 24 Fiib &4 Sk s A DG A <
&Y, HAEEY ROVA HAT 0 5 1 ZH), XHme
WFHREEBMEH .

FE AT E R R, BRIV SIRURACR,
FRRI RS Y T ZAT R NR IR . WSS . T2 L2

SO R SO A PO s R B, S AR A K R 2 R
B (EE)-2,4-BR ZI5TE . (B)-2-TIRlE . (E,E)-2,4-3¢ i |
(E)-2-2% 15T | (E,Z)-2,4-2%5 IR | (E,E)-2,4-%% IR |
3- FBRL R DA i S T XU I 28 0 I 9 T B 2 Ut 5 2 1,
(E)-2-TH5lE | (E,E)-2,4-%% Il . 3-HUAR LI S5 ot
LR ARG P A AR E 2R Y I, X BB 5T 25 SR 5 A
WFIEIEAR B, 2 PIRAAT 1B R 2 5 M 9% 25 8 1) 1 A
22 FORF e 2 R 2o A A A S0 2 A vk
YIREIVER, BF9E R BRI KRR TR BT, Lk
BHUEERPHEREYEZS . 828, MRISFImEZE & B
23 PesR v 4 R B 5 IR 5 2 A= R RO, R
rF AR 52 HE R T RV ST A IR A 5, AR B
T SRR — R & kP EaE DI ke, — R
N T B R () - 1- TR s R - 2- PR R T I VR A R AT
KRB, #2557 00 Aok b = B Am YRR BTk
I RTARAERE |y I RGBT . fER LT, dS
B R BEIE 35 PO AR DR A 55 S0k, A58 0 FIR 32T 2%
BEEZ . S EHRLE S ROAV R, (B)-2-E4lE . £
T | AR S Wk A s 1o SR R T, B
4-SEN A HIEE | 3-HBRSL N | 4-5 N - 1,330 0 - 1-
PR . 2-P 3 mkmeg . PN 3 Bk Ry o5 4 - R S B M A
G, BUTFREREENENE . B8, ZRE.
HEARE.

4 BETESRSRIEHER ROAV
Table 4 Aroma thresholds and ROAYV of volatile compounds of baking steamed stuffed bun

FEHA R [ ROAV
/(ng/kg) KB1 KB2 KB3 KB4 KB5
2-JK N 6 5.65+0.44 — — 5.16+0.66 1.27+0.09
Fo i 75 0.02+0.01 — — 0.11+0.01 0.1420.01
3-E5 A 770 0.28+0.01 — — 0.06+0.004  0.05+0.003
o-IK Fd 160 0.26+0.02 — — 0.06£0.008  0.07+0.01
BTN 140 0.38+0.03 — — — —
ERER T 13 2.36+0.10 — — 3.37+0.29 2.94+0.25
A1 e 500 0.68+0.02 0.003+0.0001 — 0.2240.008  0.08+0.004
P-Fis Tl I 1000 0.09+0.004 — — 0.21£0.008  0.19+0.01
VaKiL 64 1.72+0.03 0.060.02 0.02+0.01 1.48+0.05 2.3340.12
CL 230 0.16+0.01 0.57+0.01 0.73+0.03 0.02+0.004  0.02+0.001
B 3 1.52+0.18 10.93+0.6 14.91+0.75 0.61+0.33 0.70+0.27
FIE 170 0.03+0.01 0.10+0.01 0.08£0.005  0.01£0.006  0.01£0.002
(E)-2-PHfaims 13 0.24+0.04 — 0.65+0.05 — 0.18+0.04
T/ 1 15.67+1.31 45.7242.52 32.542.11 4.83+1.21 4.33+0.59
(E)-2-2F Il 3 0.78+0.21 1.76+0.34 — 0.5240.07 0.46+0.09
3-H B IE I 0.2 5.28+1.04 18.61+3.07 9.44+2.19 4.17+1.36 —
KW 4 0.50+0.10 1.75+0.24 1.17+0.24 — —
(E)-2-32Jil 0.3 — 18.15+2.77 — 5.37+0.69 —
(2)-2% 2-JTiE 22 1.36£0.22 — 2.30+0.09 — —
(E)-2-TFJais 0.07 39.68+4.05 88.09+8.47 97.62+3.37  26.19+2.24 27.78+2.97
(E,E)-2,4-T It 0.1 — 3.33+1.36 5.56+0.79 — —
E-2-+— 0.78 0.71+0.27 — — — —
4- SN R H 60 1.68+0.19 0.83+0.04 0.49+0.02 5.15+0.32 5.31+0.15




274 FEN R T = 15
=48
T RSB ROAV
/(pg/kg) KB1 KB2 KB3 KB4 KBS
4-5 N FE-1,3- 00 - 1-H 1 19.33+2.04 2.92+1.85 3.61+0.64 97.28+1.70 —
(E,E)-2,4-3% — It 0.07 19.05+5.14 34.13+6.83 19.05+3.37 — —
1-p e 3 — 2.06+0.27 1.87+0.20 — —
(2R3R)-(-)-2,3- T 95.1 0.03+0.003 0.03+0.01 — — —
I R 6 1.31£0.12 — — 0.85+0.14 1.24+0.14
2 3 1.52+0.23 1.89+0.25 2.04+0.25 — —
3-8 3E-2-T T 55 0.32+0.03 0.72+0.05 0.22+0.02 0.08+0.02 0.05+0.01
2-24 il 3 0.2440.05 0.41+0.07 0.50+0.21 — —
2-+— 7 0.13+0.05 — — 0.11+0.03 0.15+0.05
AP S A L R 4 — — — 21.88+0.37 16.28+0.89
4-SENEERIR 11.4 1.82+0.15 — — 3.85+0.14 3.04+0.29
S E - St i 130 0.190.02 1.28+0.03 1.44+0.04 0.36+0.04 0.21+0.01
PR 35 A R i 22 2.98+0.56 10.38+0.78 30.23+4.54 3.66+0.80 3.9440.34
H 3L A S ) 6.3 — — 3.5420.45 — —
D Sy 73 0.3 — — 19.07+3.43 1.85+0.69 —
2- I Bk g 6 1.15+0.15 4.46+0.37 2.71+0.31 0.89+0.26 0.14+0.05
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Fig.4 Clustering heat map of baking steamed stuffed bun samples
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