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Aroma Determination of Three Freshly

Squeezed Strawberry Juice Based on
E-nose, HS-SPME-GC-MS and
GC-IMS
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Abstract: Flavor of different freshly squeezed strawberry juice is quite different, and its
characteristics will directly affect the economic value of freshly squeezed juice. In order to explore
the differences of volatile organic compounds (VOCs) in Miaoxiang No. 3 (MX3), Hongyan (HY)
and Qianmei No. 2 (QM2) strawberry freshly squeezed juice, VOCs were detected by electronic
nose (E-nose), headspace solid phase micro extraction-gas chromatography-mass spectrometry
(HS-SPME-GC-MS) and gas chromatography-ion mobility spectrometry (GC-IMS) qualitatively
and quantitatively. The results showed that contents and species of VOCs in three freshly squeezed
strawberry juice were significantly different. E-nose could distinguish these three freshly squeezed
strawberry juice in terms of aroma characteristics. 89 kinds of VOCs were detected by
HS-SPME-GC-MS, including 55 esters, 9 aldehydes, 7 alcohols, 13 ketones and 5 acids. Among
them, 22 kinds of VOCs were common to MX3, HY and QM2 strawberry freshly squeezed juice,
including 11 kinds of esters (methyl acetate, methyl butyrate, methyl hexanoate, etc.), 4 kinds of
aldehydes (hexanal, (E)-2-hexenal, (Z)-2-heptenal, etc.), linalool, 5 kinds of ketones (acetone,
2 3-butanedione, etc.) and nonanoic acid. Content of 5-hexyldihydro-2(3H)-furanone in MX3
strawberry freshly squeezed juice was higher, while contents of hexyl acetate and
(Z)-2-hexen-1-ol acetate in HY strawberry freshly squeezed juice were higher. Methyl acetate,
methyl butyrate, methyl hexanoate, hexanal, (E)-2-hexenal, linalool and 4-methoxy-2.5
dimethyl-3(2H)-furanone in QM2 strawberry freshly squeezed juice were higher. 60 kinds of
VOCs were identified by GC-IMS, including 24 esters, 12 aldehydes, 7 alcohols, 10 ketones, 2
furans and 5 others. Contents of ethyl butyrate, isopropyl acetate, 2-hexenal and 1-penten-3-ol
were higher in the three freshly squeezed strawberry juice, which were regarded as the key VOCs
for the formation of flavor characteristics in freshly squeezed strawberry juice.

Key words: Freshly squeezed strawberry juice; aroma; electronic nose (E-nose): headspace solid
phase micro extraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS); gas

chromatography-ion mobility spectrometry (GC-IMS)
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1.1 PRS0

W 3 SRELEN 40 KR TILH A m i R X BN ELIEN 40 FRM T
LA LT X B % 2 S AL S0 KFM T8 Kl TEZE. A [E
Feartirat,

CTHI-250B [HIRHiRH MR &E A (hE):  SIYZ23D ralHf K il
iR AR (PE):; PEN3 HLT & Airsense 27 ({E[E): TSQ9000 = i P4k 4T
GC-MS/MS  FEZ K A# (hE): GC-IMS FlavourSpec® GA.S 247 (fH).

1.2 sSEAE

121 FR&MES  FRETCME, GEEET H RS IR 2 AR iE 3 5 (MX3)
HILEREE (HY), XME 2h HiafEiRs, B8 25 (QM2) E& (AR KEE4K
B E, R EA, HERERAA. BREE L HFRERKER=8, K5
ATHETH A EL R B AR AR TR AT K A ER Y 200 mL BERSE R, TREA (421 C,
FEXHR I 95% I 1E IR AE R A0 rh R A7 LA EAT SEO0AH AR AR I 2

1.22 E-nose Ml SHmEIHEPI LI T B0 WL 10 mL BEEEEEMET T 250 mL 3%
BAReRT . HBIEANE R 15 min (EFHE R M RUSAL & P EREAF TR B F d . 9030 &0
B Sh R BEET 6] A 1 s, FRbBRisoens [l 60s, FZNRER R 5s, FMAERRENSs, 1%
IR AN A R R 2 519 400 mL/min A1 150 mL/min, KR )35 90 5. ffh SR RERT T RE A



HHE 20 . FH WINmuster & #8850 &5 Bt 47 E i sr 787 (Principal Component
Analysis, PCA). £k %5447 (Linear Discriminant Analysis, LDA)FIZEAT 4347 (Loadings,
LA). HFE{ERANNMNETE 80 s JFiABIRRE, & 80 s b (1) 3% m 5 {1 Sk fHCEUE -4y -

# 1 wFREHEE R

Table 1 The description of E-nose sensor performance

i s {H AR F {1z 58 Wi A i S R
Sl WIC Ak o 2 G A 2 Rl R
g2 W58 AR, BRI R AL
83 Wac EoA, IR A
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1.2.3 HS-SPME-GC-MS #ll5E  ZHiRFEHD LT W 10 g FHEERETT
20 mL THZEHEH, DO 10 L FEE 1000 00 MR EBE 208 (5 mg/mL), 7RSS T0 25,
RERVRLAE R L 3 IRAE.

1.23.1 GC%ff HP-5 HEEMIE (30 mx0.25 mmx0.25 pm): M EZ 1.2 mL/min (5
)y AR . B THRWE : GRS 45 °C, BL 15 °C/min J+ % 60 °C, #E£F 2 min,
VL 8 °C/min F+ % 220°C, #4#F 1 min, /3 LA 40 °C/min 7+ % 260 °C.

1.23.2 MS%fF HTHREREN 70 eV: B TR AR EE 475108 280 °CH1 250 °C: 44
[X 8]} 35-450 m/z.

1.233 FAPFRMEEE®ES T A Xcalibur V4.2 % HS-SPME-GC-MS #i 45 Sk 47
Grbr. k. BidE NIST #dEFEbba. wat: KHNFED . LLEE LB NN

b RS x AR B g
RIRIAIT & B/ ko) = T e

124 GC-IMS #llsZ  WiHE 2 g BUEEEEMEHT 20 mL THZS M, I 10 L FfE 1000 £509 14
FERE NS (5 mg/mL), SRS BT, S agei RS R 3 . GC-IMS Mllw
TR 45 T At AR I 1) 5 1 2 5 A5 i 25 N PO TRS PR 45 0

1241 HEREZRAMF  PESERLEMEN 60 °C, 15 min, 500 o/min; HEFEEHEE A 65 °C; HEFE
4 500 pL.

1242 GC-IMS %A (il FOERM 8515 5 43 51 2 60 °CHI 45 °C; #UIH#E A 150 mL/min
(N2); 4r#H7i [E]24 30 min.

1243 FWFE I EREMERSN FIA LAV (Laboratory Analytical Viewer)% GC-IMS &
W25 AT 5347 - Gallery Plot i 225148204 1% ; Reporter 425§ 2 7% [ ; Dynamic PCA
i mahA PCA . etk #id5 NIST & IMS $dErREHRY . & RAWRE, BT
BE ZER{ER AR, T8 1.233 hast.
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#1F] OriginPro2021b. TB tools #xifil] El3¢: (] SPSS18.0 W45 KA MUY i A A 75 &
LTSI 4T, R Duncan % B LB AT 2 57 R BT (P<0.05), EEE RARM
T bR
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2.1 E-nose 4MH7 =F EEREEE RO/ 5 IRUSK 40 R

E-nose 1] LA PR FEAEFE ah FY B Rt SRS B, B4R B AR X o 1045 e Ak U4 I
BONGUR (2 1), A% IR v BH P AR AT 8 A A Rl 2 o o) 7 A A T IR

B 1 BR, BT H 10 MMERIS R R R e REE AN S, 58] = Fh e s e
HERMER A FEER. S2 CFREMAGYEF). ST CIELEUR) 1S9 (WFHEFR.
A HLEAL YU X R SRR T R A KR P 5 e S, B A A R AR e R AN i LXK R A
Ko BT 5 PCA. LDA M Loadings 7 &5 R4 2 fiizx. B 2a 1, PC1 #l PC2 MTTHAE
57 5H 94.02%8 5.20%, STTERERIL 99.22%, XN E R O LAR P AR R R MR HE
RAERRRE SR EAGER . OF 3 SMEHE 2 SEETEAGELNIAZE, W a8k
ARS8 BA —ErailE: aEREsnt 5E 3 SHEE 2 SHERERRTHRIERIZ,
96 B 40 B R P RS R (I 5 A PR R A B X A .

B 2b 4 LDA s3#ir&5 3, PC1 F PC2 fITTHREE 433 4 80.23%F1 12.53%, & TTHk %21k 51
92.76%, A LLA AR =R AR M MR (G B . LDA s Y PCA A, BA
AT WUB PR B2, 1 5 2 TG M B PR 4 B3 . LDA % = Fh R R SR X 40 U HL PCA
i, Hrphd 3 S5 MMM ERERT AN EX . FREHEA (Loadings) s R
B 2c Fras, fEEEE S2. S7 Al S9 BARPRIE I BOL, BIMERAE S2 £ — E Moy LTTkE
ok, AR ST I SO fEH — ERkfn EUTHR SRR, X 4R KN 82, ST Ml 89 BFFE
HAS, 5 Lin S APNEE A — 2 SRR BRAAD RS T R4 B A M A SURHE
AEAMITIER, SUTEREIE 99.22%. =MREHFEEAHERERNKRTFEHEER, Bk
A LAEH] E-nose #HE #E 5 AME UMCRFAE X 45 AS (5] s Bh B A EPE V-
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Fig.l Radar map of sensor respond values of VOCs in Miaoxiang No.3 (MX3) . Hongyan (HY) and
Qianmei No.2 (QM2) strawberry [reshly squeezed juice measured by E-nose.
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Fig.2 PCA (a), LDA (b) and Loadings (c) plots of VOCs in Miaoxiang No.3 (MX3) . Hongyan (HY) and
Qianmei No.2 (QM2) strawberry freshly squeezed juice measured by E-nose.

2.2 HS-SPME-GC-MS %347 = Fh i fg e fs i35 Atk Uk 4 ok

HS-SPME-GC-MS JEkaill i 80 ¥ (3l 2 o), BL&EedE (55 &), BEE (9 i),
BE (7 Fb), MRS (13 MORIERSE (5 Fb). B 3 ot P RmE e bR T4 e 1k PR B0 L 23011
B 3a o] W= Fh RIS A MR RS SRR, B&E3 5. AFEBE2 Y
SRR A R 4 B AR 2 . B2 FORE LR MR 3. B 3b SR R R &
HHHER MR . BT EERE (R BYR) MRRL, BE. BEERMRRZ,
X5 Azodanlou R S NVEGHF 5T — 8. 2150 REEAE 105 S itk RURR A2 M o B 2 I 1) o 2
&F b 3 SR 2 SEET.

SE RS A R 2 Fron, SR RURREERE R A Tk KUK b A B RO I
(S, BT S, OF 3 SRENE 2 SRR I K 1 USR8 b 20 190 5 g e i
e —FPRLAREEERETT R, WA 3 S RREEEPE L b R R & B, B 2 SRR
PEVE AR Rt KR S R RGE, Hh B (B)-2- SRR S o i 1 Al o 5 ¢
i ARIEIE 58.22 pgkg. 110.99 pgrkg. LSRN (MG, SERBFES). 3-FE- TR
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Table 2 VOCs in Miaoxiang No.3 (MX3) , Hongyan (HY) and Qianmei No.2 (QM2) strawberry freshly squeezed juice
detected by HS-SPME-GC-MS

S ca=l At St (na'kg)

51 = IRgE e BEIE ] T
1 ZEH ik 0.305£0.047% 1.25+0.091" 10,0660,2"
2 Pl ND 0.06520,01" 1.80440"
3 2B .k 0.063+0.001" ND 0.771:0°
4 P T ND ND 0.33020.001
5 "B 1.0210,095° 2.776+0.244" 14.18520.3"
6 R A AR ND ND 3.23840).1
7 2- TRE-3-FR 7 B8R ND ND 1.590=0
E THER RS ND ND 107920001
9 1- 20 7 5 2 RE il ND ND 5.63090.1
10 1- TEE 3- P4 2 A0 ND ND 2.269+)
11 1- ] B 2-FR AL 7 KR ND ND 1.96020)
12 ZEN R ND ND 0.749:0)
13 2B M T 2 1- 2 ND ND 0.37420
14 C R ik 5.204-+() 445" 0,034+ IRE* 13.238+0.57
15 CEZ 1.620.1567 1.555+0.202° 0.363+0"
16 ZE T 3.189+0,193" 14.3822.130° 11.388+0.2%
17 - 1 2 0.095:0.01 ND ND
18 4 IERE PR 0.053+0.006 ND ND

% 19 SRR 0.768+0.031° 01,451 £0,009° ND

20 LR A 0.23240,015" 0.02240.001° 36780010
N T EE Rk 0.97920.044" 1.853+0.01° ND

22 (E)- T E-2- i Al 0.863+).025" 1926068 ND

23 3 AL A ND 0,836,269 ND

24 1-FR L AR iR ND 0.262+0.05 ND

25 B LAk 011620012 ND ND

26 A Ea A B ND ND 0.13220.01
27 2-FP TR ND ND (L8920
28 (Z) T E-2- O ND ND 0.79320
29 2-FLE LR TR ND ND 167420, 1
0 A3 T8 ND ND 169620, 1
31 -2 AR ND ND 517620
12 LT R R ND ND 11.674+0)
33 LB AR 08110025 ND ND

34 3-F R | RE L 0.2210 ND ND
3 Fa-2- A A e ER 01260017 0. 1020.,012% ND

36 LR R 0.50520.01 ND ND

17 S il B il 00740005 ND ND
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45-% "M
5. CLHE 4203 H - R
CLAE
2-ZHE-CLR
B
st
Tl

0.111=0.021"
ND
2.98940,192"
4.240.239
0.0630
0.147+0.006
0118920
1.621£0.061%
ND
0.142+0.007
0.126H0.0258
3.453+0.336%
4.379+0.5820

0411001

0.06320.01
(0.32620.045"
ND
5.15840.245"
8.03240.904°
6.063+0.822"
00790007
0.116£0.006°
0.253+0P
ND
1.405+0.120
0.147£0.006"
0.095:407
ND
0.0790.007°
01.67420.085"
0.268+0.033

0.042:0.006

2132622 491"
ND
0.37940.072°
0.253+0.044"
0.03240
0.420,031"
ND

0.9160.036"

DL085H0.01
{1,032+
(. 137+0.005
0.03240
ND
ND
24,126+ 748°
ND
ND
0.453+0.023"
ND
0.079:0.007"

0.667+0.186"
(h. 196001
1.74440,20
ND
ND
ND
ND
ND
0501+0.08
ND
ND
0.4430.007"
2.071+0.284*

ND

ND
(L.3R5+0.042*
ND
24,0043 2629
17.68922 0467
14.818+0.8260
ND
0.182+0.025"
0.29140.012*
ND
ND
ND
(LOBT0.01
ND
ND
3.445+0.219*
ND

ND

10.531+0,427%
05090118
0.21120.021%
0.138+0.005"
ND
0,436:0.026"
0044001

1.337£0.146%

0L.073+0,012%
ND
(LOBTL0?
ND
0,647+,323
0.84340.234
2.965+0 827"
1.57720.501®
ND
(12624003
(0. 1380.025
0.131:£0.044""

0.13+0"
ND
1.013+0"
ND
ND
ND
ND
0.154+0"
ND
ND
ND
0.595+0"
ND

ND

ND
0.99 10"
0.330+0

15.374+0.3"

58.21620.4"

110991 +0.6%
0.26440"
0.595+00
0.363+0°
0.727=0)
5.782+0.2
0.44 140"

ND
1.0350
0.727+0

ND

ND

ND

51.652:0.7"
ND
0.81540°
O.815+0"
ND
ND
ND
10,85920,21

ND
ND
0.176:0°
ND
ND
ND
4,295£0.17
0.72740¢
1.23320
ND
ND
0.8 ] 5407

e NDACRARTM AR TG 5 B3R 22 53 3 (P=0.0S).
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