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Effects of Billet-Making Methods on Volatile Flavor Components of
Sanhua Plum Fruit Billets Based on Headspace-Gas Chromatography-
Ion Mobility Spectroscopy and Electronic Nose

SHEN Xueyu', CHEN Chongguang', GUO Meiyuan®’, WANG Fei®, HUANG Wei"’

(1.College of Food Science, South China Agricultural University, Guangzhou 510640, China;
2.Guangdong Kanghui Group Co., Ltd., Chaozhou 515638, China;
3.Guangzhou Light Industry Vocational School, Guangzhou 510650, China)

Abstract: In order to investigate the effect of billet-making methods on the volatile components of the Sanhua plum fruit
billets, electronic nose and headspace-gas chromatography-ion mobility spectroscopy (HS-GC-IMS) were used to analyze
and compare the volatile components of four groups of samples of salt cured, sulfite mixed salt cured, lactic acid bacteria
fermented fruit billets and fresh fruit control. The results showed that both the electronic nose linear discriminant analysis
(LDA) and the principal component analysis based on the HS-GC-IMS assay results clearly distinguished the four groups of
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samples, the flavor characteristics of fresh fruits were significantly changed after different curing treatments, and the

differences among fruit blanks samples were significant. HS-GC-IMS detected and identified a total of 49 volatile

compounds in four groups of samples, and the high relative contents were mainly alcohols, esters and aldehydes. The

relative odor activity value (ROAV) showed significant differences in key flavor substances among the three fruit billets,

the lactic acid fermented fruit billet had the highest total peak volume of volatile flavor substances (194760) and the most

types of key flavor substances (10), mainly short-chain aldehydes. From the perspective of flavor richness of fruit billets,

the flavor quality of fruit billet by lactic acid fermentation was considered to be better. The results of this study provided an

useful reference for the selection of the billet-making methods of Sanhua plums.

Key words: Sanhua plum fruit billets; fermentation; pickling; volatile flavor components; electronic nose; headspace-gas

chromatography-ion mobility spectrometry
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500 pL, EAEEHRE: 85 C,

GC 44 {03854Y: (FS-SE-54-CB-1 15 mx0.53 mm,
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Fig.1 Response intensity radar chart of electronic nose sensor
for Sanhua plum fresh fruit and fruit billets
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Fig.2 LDA analysis of electronic nose for Sanhua plum fresh
fruit and fruit billets
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Fig.3 Difference diagram of headspace-gas chromatographic ion migration spectrum (HS-GC-IMS) of Sanhua plum fresh fruit and
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Table 2 Relative content of volatile compounds in Sanhua plum fresh fruit and fruit billets
EEMBR TRERFEEL REARTI(s)  IEREHTR] (ms) HIXTEAEC)

fief S R ik i

LIRS R-M 8723 344.46 1.30 1.10 0.50 3.19 1.22
LRS- IZHR-D 873 345.28 175 135 0.90 3.53 6.91
2R TG 598.7 134.66 133 10.45 16.03 15.90 23.74
TRRAE-M 919.4 413.99 1.27 0.21 — 0.12 —
THRANG-D 918.8 412.95 1.69 0.28 — — —

— R T s 803.6 270.41 1.23 1.75 3.03 0.87 1.09
CLRR 2.1 1014.6 586.49 1.81 10.09 — 0.98 031

R LE-D 1200.9 959.45 2.03 0.50 — — —

FIR OTR-M 1197.1 951.82 1.48 0.52 — — —

ZRH s 544 111.69 1.19 1.00 — — —

LRI g-D 9122 401.27 1.76 0.51 — — 0.28
LIRIXTE-M 9133 403.25 1.31 0.50 — — 0.29
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[t/ E2) TR ERHEEL PREAmR(s)  TERSHSA] (ms) FXTE o)
fiif S K Tidh AN
LIRS THR-M 764 233.20 1.23 0.75 — 0.25 0.19
LIRS THR-D 761.6 231.24 1.61 1.09 0.09 0.03 0.74
LRI 706.3 186.67 1.47 1.31 0.65 1.20 4.92
LR F T 1174.7 906.98 1.32 — — — 0.13
TR THE-M 968.5 500.86 1.35 — — — 0.33
TR TT&-D 968.3 500.39 1.83 — — — 0.13
THRC MR 1151.4 860.33 1.49 — — — 0.13
WL T E-D 905.5 389.45 1.72 — 0.03 0.10 0.09
PR T TH-M 906.3 390.96 1.29 — 0.15 0.32 0.12
TERH R 740.6 21431 1.15 — — 0.21 —
TR L TE-D 897 374.49 1.68 — 0.65 1.37 0.30
KRR TR-M 897 374.49 1.26 — 0.26 1.12 0.17
AR LT 8223 290.61 1.54 — 1.34 — —
R R 1028.4 614.21 1.82 — 0.64 — —
O 790.3 256.01 1.56 2.45 4.12 1.66 0.12
2-FH LT 657.8 159.46 1.40 0.09 — — —
2 860 331.25 1.09 0.06 0.14 0.15 0.46
B 885.8 359.09 1.33 0.45 — — —
IE 1007.9 573.17 1.41 0.16 0.06 0.90 0.18
T#-M 1104.6 766.56 1.47 0.17 0.16 1.03 0.16
T-#%-D 1105.2 767.83 1.93 — — 0.19 —
i 693.4 176.24 1.19 — 0.16 0.73 —
(23 A IE-M 974.9 512.04 1.15 — 1.33 3.77 0.52
I EE-D 972.8 508.42 1.47 — 3.50 3.10 0.19
E-2-CUilE 835.2 304.45 1.18 0.09 0.08 0.09 —
E-2-JEMiE-M 956 478.77 1.25 0.08 0.42 0.84 0.17
E-2-JiliiE-D 954.4 475.87 1.66 — 0.51 0.33 0.08
E-2- [ 7472 219.67 135 — 133 0.06 —
2- WL 774.1 241.34 1.52 — 0.13 — —
E-2-FJEE-M 1065.4 688.12 1.33 — 0.28 — —
E-2-FJHE-D 1064.7 686.73 1.82 — 0.11 — —
L 512.3 98.34 1.05 34.59 53.80 51.85 55.14
E-2-Cfi-1-FE-M 848.1 318.44 1.18 0.74 0.13 0.27 —
E-2-C-1-FE-D 847.8 318.04 1.51 0.89 0.70 0.06 —
2 1028.4 614.21 1.85 27.26 — — —
2-F - 1- T 660.2 160.47 1.17 0.40 — — —
[l S 2-FHBE T 741.7 215.21 1.23 0.19 — — 0.46
SFERE-M 1049.9 657.22 1.41 — 0.23 1.94 0.58
S¥ERE-D 1048.6 654.67 1.79 — 0.07 0.48 0.14
5- FH -2 -1k g F e 956.5 479.54 1.57 — 0.30 0.35 —
AR 1015.7 588.80 1.32 — — 0.65 0.30
IR 760.6 230.46 1.51 — 0.20 0.03 —
2-FR - 1-F 875.7 348.19 1.41 0.18 0.33 0.24 —
. 33 989.8 538.40 1.31 — — 0.09 0.09
[iEES N
2-3:] 1007.6 572.59 1.33 0.32 — — —
6-H BL-5-FEdi-2- i 991.3 541.18 1.17 0.07 — — 0.20
B-IM 974 510.60 1.22 0.10 — — —
[0S -1 T AA-M 1011.6 580.52 1.22 — 2.62 0.89 —
ol i -D 1010.1 577.59 1.73 — 3.08 0.30 —
[i7&S []i7 661.3 160.93 127 0.24 0.81 0.48 —
ALY 2- LI 993.6 545.20 125 0.03 — 0.12 —
i FFREEEEY-M 1104.2 765.93 1.26 — 0.99 0.22 0.10

Iy RS E)-D 1102.7 762.75 1.81 — 0.16 — —
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Table 3 Peak volume and relative content of the main volatile compounds
fif AR R Ttk B
E Y
AR AR (%) e AT B (%) U AT AR B (%) VAR AR S (%)

[ 116.49 64.10 108.51 55.71 58.69 55.68 104.22 56.43
S 57.22 31.48 47.41 24.34 30.95 29.36 75.87 41.17
R 6.44 3.54 24.14 12.39 13.56 12.86 3.48 1.89
iees 0.17 0.09 11.16 5.73 125 1.19 0.00 0.00
[{EES 1.05 0.58 0.65 0.33 0.35 0.33 0.54 0.29
HeAth 0.38 0.21 2.89 1.48 0.61 0.58 0.18 0.10

Mt 181.75 — 194.76 — 105.41 — 184.29 —

T AR (x10%)

K PR ISR B 5y Fh 2 K e e AR AN R R A8 b, LA
AR R AR S R A 1 5 B g (IR, AR
FH R BN/ INIT Ry R BRI ER (194760 ) >ERIETL SR
PR (184290) > H(181750) >k Eh v S8 (105410) .
T U, =AEZE R R 2E e I e SRR R R R A B
BH S, BRERVR M R M T Al s il A
%, X 5K 3 AHOREE T2 (HS-GC-IMS ) 22
ST FUEEHARAT . AT AR, FLIR PR R BT A
H I SRR B A AT A, (RIS = A S IR J ik | 1
Z5 | B2 FRZE A LAY, I T P R i A . KR
T AR R v ML v ] A R R LA AR e Y )
PR B S, i A S A AR TRk A AR IR
S L, YL AR T 1) = A, DT SR B4 2 1
IR o W AR R dnd S L

B TR IR A G B i BT 5T, T~
IR I BEA AR, RSN, e
BEFANXH S B N 2 (34.59% ) | 2-2EE(27.26%) o
APSRER AR i = £ BE(51.85%~55.14%),
TEFER MBS ARRT S 5 te e, A EEn BIE
T, TR T A AR R B AR XU A BT R E
FHo = APER e 2l B R R, AR PE
2% 3 PYIEIRFUA R 2 YR BIAR R & &=, I E N o
Pt e A R, O T 925 SRR (104781) Kz £k i 1 SR £
(101617) # ft L (62867) KM H4 i, i A7 5 1 SR £1
(54566 ) it LR, 32 PR Sy s dyy o iam & > H 18
AWV E P s S SR R ), bR R
MPARL IR R ELA s S, Il E A B S 2k
1% . 6 AR SE A A SR AL B o

P 2 S — s EL AT 8 R K SR A FAE e, X —
R S INE SEN N RPN S E N (3 SRR
Y AR S B R LR 2.1 (10.45%) . LR 2,
fig(10.09%) . KE#E . b . Thife RER AR &
B 2R Z15(16.03%. 15.90% . 23.74%), H
T T = A2 AR R SRR SEREAE R,
LEAUEARFRTHI, S EERAR H, Bk R 218 2.1
WA AR REARR, i A Tk . ERIMEI IR £ 8 2.1 o b
Jine PIRERE T R BRI R SR ) SRk
B, AR ER TR R A, RS L T

FEAE P HTAARY BE, 76 AT« e A b SR fh A i
Fe2E ). R R R et B v b iR . FLRR PR
S E Y EAA PR ERE ST . BRIE AR RSN
FUIE R S AR IE O U & B 15 L o

P I e o, BEAIR, X = ARZ=IRER A B
NN S S S (oY S R SR o3 S R S S D iy VER O
B R TE NIE U (2.45% ) ; ARSI PSS TAH
XS T AR (4.83%) . IECL I (4.12%) | E-
2 AT (1.33% )5 B dh ik SR IR HR ) AR B i
RN (6.87%) . IECLE(1.66% )5 FRABTAILER
RS R RIS B b, AR B IR, AR S B R Y
BEEY T EE(0.71%) . FIRIZF A EE2E W) o
TR TR A KA TR, A IR
SYAIT, R LI R T i T 2 ) o AP IS M AR R s
NN, BER T SRR L SRR 2 TR R 2 A e
LT RBERES . WFoTHe Y, IS & i 5 R B AR
AEYIRR, KPR hZLAR B s S N PR ok (o
SR =, ZLRRE &l ft i, Forarisd
JRAEFLRR R AUV E T A& A ASTRIRR BE 19 S AL R fi
TE RS 0T, (A SRR T W e R I e & b M2l
PR AR, XU 2 B 24
2.2.3 ARIRIRER R R OCER IR R AL A W o b A
FRPEMY AR P XU T (9 AE X ot 1 i
—ARZR R T AR VAR AN S TRV, AT
LG ERER D) B0 B E A TR, Atk ZEVE
U5y = ARZE LR KR ) Tk EsE, 51 A ROAV (HH
STRARIEMEAE) #EA TS T. ROAV = 1 BRSTH
AR A IXUR A A, X SRR A0 A XU AR 3] 52
SAEH, ROAV B, HRE Sl AR JXUBE (18 57 R B
K, 0.1 SROAV <<1 B RIRE S B XU AL 21 i A
FHo AR O N BN 45 ) IO 1) BB AN <
RS2 30k [25-28].

I 4 Al ZARZREESR T 10 FhOCEERURAY)
JR, EECAEEZE . BEE . ML, 2- (B L IR L
Fif (22 HbT F | ) | BRI ORISR ) . 2-FFELT
i ORI 22 283 ) J& — A2 ff LR 1 SR XU
Jii . Hirp 2-oE X RS DT R R, 7 R
SRER T ERAMAS R 2 ) 5T, 7T BELE M A S A A b
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Table 4 ROAYV values of confirmed volatile compounds in Sanhua plum fresh fruit and fruit billets
R=L/EA N F{H (ng/kg) AR ROAVIR
fif S K ik i
Pk 2-F 7.8 TR 100.00 — — —
CLR TR 8 HOPR, AT 36.10 — 5.26 7.55
LT 66 KR 0.76 2.49 0.56 3.22
LR BER 13 A — 2.64 — —
Kk LRI 50 IKRAF 0.58 — — 221
EFR TR 193 [EEES:INIENS S ks 1.52 — — —
LR TR 7500 IKRAF — 0.12 — 0.61
TR Tk 400 B WHEHKRESR — — — 0.22
LRSI 30 B R | G 2.35 2.51 9.65 52.71
E-2-PEfis 0.5 N, I, KRR 4.12 100.00 100.00 100.00
Tl 1 LS 4.71 8.43 64.91 31.25
FRE 0.7 EITE R Ehig s ik 6.72 4.82 55.76 47.62
CLE 45 HEE, JBi& 15.56 49.44 15.89 5.09
[ PR 3 IR Bk 9.11 — — —
E-2- Ml 3 HHE, RIE, I§E — 7.12 — —
2 g 100 PR . IR AR — 2.62 2.96 1.40
i 12 KRR MG ARF — 0.75 2.63 —
2-FHEETRE 22 KIRT, B HH 1.20 — — —
2- [ FHEIK 6 HUA R 0.15 — 0.88 —
i 6-F 3£-5- Pl -2 68 KRBFR P ERRS — — — 0.55
o=t o 85 FAME AR EE S — 3.63 0.60 —
PR 16.6 ARERE, T HHER 0.16 — — —

B R AR I AR SN A 7, LR L
B, B R I RN I A R s o ERMEIE | AR
KWL 3 PP REOAE A G XU ) St BN I, E-2-
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1Y 6 Tl SCEER XK 0T, AU A 52 T 7 L 7
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S (IR EARG L A6 ) 2 A IR SRR AR AT B Sl XU )
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B b, SCHE IR ) Jo A 2 e /b, HLIGAR BRI [
e RERZ RS RSt 2, LTSRS
FrURSr R T, HAT AR SRR I, REAE T
X LR TR A B A v ™ AR R R AR G
BT AR R 7 A A T USR5 T R MR A R
ey REEA RIS ft BT A
2.2.4 FARZRIRIER SRR RV PCA oAb

1 FHAX #8% B A4F A 17 19 Dynamic PCA 43 #7 3di 14 X
HS-GC-IMS il 25 SR 475547, B IE 4 AT, 55
—FE ST PC1 TTHRE R 40%, 55— 34y PC2 Bimk
#°h 33%, PC1 5 PC2 FYTTHRR Z FIRH 73%, ELHE
[k J TS 78 e 42 (] AE RS - b A 0 e I i
B AT I BB B . dE T i as A B BR r A 22 5
T DA B XU BIRE S TR] 0 25 540, 4 4RE S R JE3E
SR, RIRERA o, BERA SRR e BRI | iR &
BRI E, HEA AL G W) & A AR, AN]SR ER
(o)t A BH i 22 5] . =S TRIBE 2, Eh ek g H
(P FP R S SRR B AT, D ISR v SRR AR L
A PR A SRR e SR L AL A AR 30 o TS
5 T-E LDA 431 HS-GC-IMS 2% B E 45 R
—3.
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Fig.4 PCA diagram of Sanhua plum fresh fruit and fruit billets
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