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Abstract: In this study, the aroma components in cucumber water before and after ultra high pressure (UHP) treatments were investigated
by solid phase microextraction (SPME) followed by gas chromatography-mass spectrometry (GC-MS) combined with principal component
analysis. The results showed that 33 aroma components in.cucumber water were detected and the majorities were alcohols and aldehydes. Seven
of them were characteristic, and the content of (E,Z)-2,6-nonadienal was the highest, accounting for 27.23% of the total aroma components. The
results of the principal component analysis showed that the rate of the first and second principal components was 65.67% and 27.71%,
respectively. The cumulative rate of the first and second principal components was 93.38%, which was stand for the change of aroma
components in cucumber water. The cucumber water treated by different ultra high pressures was divided into three groups, due to the effect of
the different pressures to the second principal component. The untreated cucumber water was separated from the three groups because of  the
different pressure treatments to the first and second principal components. Thus, principal component analysis was feasible to study the aroma
components in cucumber water treated by ultra high pressure.
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Table 1 The contents and aromatic compounds identified in‘cucumber water treated by different pressures

2 HZBRGSH
2.1 FMNAKER KA 2

N ANE

: a2/(ng/L)
Hﬂ.ﬂ ez AR Rl
/min 0/0 400/5 400/10 400/15 400/20 450/5 500/5 550/5
8.69 T 1057 6.76£0.13  9.64+0.14 - 8.64+0.15 7.48+0.15 11.97+0.13 6.93+0.18 11.05+0.18 9.48+0.15
9.08 oL 1092 2.6240.11  5.3140.15 7 5.044024 " 3.85£0.22 5.51+0.13  3.56+0.14  4.63+0.14  4.58+0.25

9.75 3-R8R 1149 4.63+0.12 7.80+£0.22  7.42+0.36  7.02+0.35  7.15+£0.25  6.19+0.31  7.40+0.25  7.18+0.46
9.92  1-RM-3-BA 1163 1.43+0.04 - 2.99+0.13  2.59+0.13 2.98+0.18  2.32+0.07 1.87£0.09  2.10+0.06  2.40+0.13

7)-3-EH

8.69 ()ZLBF 1058 6.1440.09  9.56+0.18  7.30+0.11  8.54+0.17  7.96x0.14  5.89+0.11  8.56+0.14  8.44+0.14
-2-B%

9.08 T 1092 10.88+0.17 12.44+0.24 15.18+0.22 15.030.27 6.45+0.15 11.57+0.22 8.35+0.14 15.07+0.22

9.75 (E)-2-RMEs 1149 1548+0.39  18.38+0.53 18.02+£0.71 17.12+0.93 18.59+0.54 16.52+0.82 18.95£0.59 18.57+1.14
9.92 1-RM-3-B2 1163 5.38+0.14 8.52+0.24  8.60+0.33  8.07+0.46  9.29+0.25 6.65+0.31 8.51+0.27  7.61+0.45
10.87 (E)-2-THnfE: 1242 62.20£1.51  74.0342.35 64.98£2.72 67.89+3.53 74.03£2.37 67.7743.31 69.02£2.26 70.31+4.14
11.03 JRBF 1255 1.10+0.04 1.97+0.06  2.444+0.13  2.68+0.16 1.97+0.05 2.31+0.14  1.95£0.07 1.91+0.16
1110 (2)-3-39%% 1261 18.43£041 20.19+0.67 18.74£0.71 22.24+1.12 20.19£0.67 20.16+0.95 21.47+£0.73 19.14+1.16
11.92 (2)-2-/5-1-B% 1324 3.76+0.13 5.38+0.14  549+0.21 527027 5.50+0.19 4.41£0.24  6.09+0.22  4.74+0.27
12.28 (B)-2-FMsfE 1351 4.37£0.07  4.43£0.06 3.88£0.12  4.01x0.11  4.35£0.12 43440.12  4.58£0.07  4.4240.09
12.35 LB 1356 15.64£0.39 21.75+0.67 19.56+£0.79 19.42+1.12 21.49+0.69 18.58+0.91 21.40+0.64 18.98+1.11

7)-3-THe
12,52 ()ma; 1369 2.17£0.07  330:0.18 273012  285:0.11 327014  264:0.11 332:0.11  2.75:0.16
(E)-2-EH
313 77 12 23684038 949:0.17 3294007 3756005 854014 3542006 7794013 7.93:0.14
-1-B%
1373 1-¥H-3-B2 1449 3.22+0.05 4.01+£0.07  3.31+0.05 4.26+0.07 3.28+0.05 3.68+0.07 3.53+0.06  3.18+0.05
BTR
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14.10 (Z)-6-EHrB: 1472 176.5142.85 132.08+2.54 116.12+1.77 120.68+2.14 117.64+1.91 130.37+2.40 100.66+1.65 119.10+2.01
2-TH-1
14.44 = 1493 46.63+0.75 45.48+0.87 38.07+0.59 42.02+0.74 45.51+£0.73 46.20+0.85 46.04+0.75 40.45+0.68
- LA
(E,E)-2,4-%
15.06 . 1526 43.43+0.63 42.98+0.61 37.25+0.83 39.76+0.75 39.83+0.54 42.71+0.94 56.55+0.84 40.83+0.63
—He
15.85 (E)-2-LHls 1566 284.49+4.61 154.83+2.97 126.13+1.93 135.82+2.41 128.09+2.06 142.44+£2.76 102.26£1.51 127.31+2.55
(Z,2)-3,6-
16.31 PR 1590 4397+0.73 37.57£0.79 39.68+0.61 34.95+0.62 34.60+0.51 34.40+0.64 32.17+0.55 30.74+0.42
S0 7.7
(E.E)-2,6-
16.61 ot 1605 60.56+1.11 43.48+0.84 44.18+0.67 44.53+0.72 44.20+£0.71 45.00+0.83 41.84+0.68 41.82+0.71
(E,Z)-2,6-
17.02 PR 16241018.23+16.55819.61+£15.71793.45+12.23782.77+13.87820.01+£13.19844.87+15.56789.88+12.09838.28+14.17
Sl 7 7.7
17.99 FEz 1669 260.94+4.23 172.01+3.31 158.69+2.43 168.05+£2.97 165.56+2.67 180.54+3.32 “160.85+2.63 178.82+3.01
(Z2)-3-E%%
18.61 L 1697 60.58+091 56.50+0.74 48.67+1.07 53.24+091 57.51+0.83 55.64+1.15 59.60+0.96 55.43+0.87
-1-8%
(B)-6-E 4
18.98 L& 1714 46.65+0.75 39.27+0.56 22.18+0.44 22.70+0.49 4843+0.74  25.48+0.57 47.64+0.71 41.96+0.74
-1-B%
(B)-2-EH
19.25 L& 1726 227.09+44.11 173.09+£3.36 156.66+£2.45 163.62+2.91 166.33+2.68 180.47+3.45 166.45+2.78 185.97+3.14
-1-B%
(2)-6-E W
19.38 L& 1731 602.9149.31 591.71+8.24 519.38+11.32 563.16+£9.97 639.81+9.44 576.93+12.04651.14+10.05 575.96+9.77
-1-B%
(E.E)-3,6-
19.70 PR, 1745 36.40+£0.57 34.62+0.49  28.85+0.67 32.47+0.58 39.58+0.61 33.77+0.74 40.34+0.67 34.26+0.58
= H-1-B%
(E.E)-2,6-
20.06 PR, 1761 18.77£0.25 17.56£0.27 14.95+0.31 - 16.67+0.31 19.94+0.33 17.23+0.33 20.41+£0.35 17.52+0.33
—H-1-B%
(E,Z)-3.,6-
20.16 PR, 1766 97:12+£1.54 ~94.43+1.33 79.04%1.75 87.70£1.53 109.56+1.61 92.66+1.93 111.40£1.63 91.92+1.51
—H-1-B%
(E,Z)-2,6-
20.54 1ot B 1782 527.404£8.16  515.35+7.24 443.64+9.67 482.71+£8.63 567.34+8.42 481.33+10.32 577.06+£8.85 500.73+£8.47
) — PR B R A E R BRAN, FIRENATELGE 2 B U FU EBCK, U ER%
A AUE (ERRED KRR, 2R BT K TR AR AR ST, BRI ASHT e S (FUD
5 H B P - >1 VR 8 5 K RHIE R S8 (AR, 45 5,
A A [FUI=NUEA o MR/ B A * 2,

WAL BU NT 1, B

*®2 AMVKFHERSHOEE. 8. FRELRHERHR

Table 2 Odour thresholds, concentrations, aroma values and odor description of some aroma compounds in cucumber water

A 4 AR WA (ug/l)  BME/(ng/mL) HAqh HAHGE

(E,Z) -2, 6-F_thEt 1018.23 0.01® 10.18x10* FHReRlE
(Z) -6-FHn-1-B5 602.91 1P 6.03x10° HINA. FHED
(EZ) -2, 6-F—Vp-1-B% 527.40 0.01” 5.27x10* N, HRFAD

(B) -2-LHBt 284.49 0.08™ 3.56x10° FeEAEN

£ 260.99 501% 522 A AN

(Z) -6-FHlt 176.51 0.020' 8.83x10° HAE0

(E,Z) -3, 6-F—}-1-8% 97.12 10t 9.71 S AR
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s 28 2 ERAITTRREN 27.71%, BLIIFEIR 2
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(E,BE) -3,6- T _4i-1-1%

(2) -6-T

(EE) -2,6-F—

(E, Z) -3,6-F —J&-1-BEH1 (E, 2) -2,6-F

x4 ERDBITIEM

TlE. (Z) -2-BE&IE. TKE. (B, Z) -3,6-F " Jfi-1- Table 4 Principal component loading matrix
Bi. (E, B) 2,4-BE il 24-C ). 2-I2k- L EX O
e, AR, 1-TRER 1SR R i I >
Ji . A FERfIA R B TOKRFE S S 1) (B, Z2) LBk 0219 0915
2,6-F . (B) 2-THlE. (Z2) -6- E%"ﬁ@?u& ik 0.995 0.088
(E, 2) 3,6-FJ&-1-BE 500 Bt sesie—2, H 3- KB 0996  0.075
ST TN & = PR E R S CEX A I 1- b -3 0.996 0.078
UUTE/JHCHEP%MX%EZTAH'J AN AR K (Z)-3-FH08 0.635 0314
o R TR TR NP ZE R —A] 3 0253 -0.909
zEéHH TAH TR G TR e i B 7 28 TR (E) 2-5 M 0995  0.085
AN A FERM R, PRI R B3 Ry 1- M 3-B5 0.996 0.080
ANFEIE SR AR AN R S 808 TR &S (BE) -2-T)mt 0.978 0.153
IR RFN & 2 5 8 & SR AR — 8 2 fod 0985  0.099
e (Z) 3-%H 0.977 0.156
22 TR AEEAE AT S AR (2 2R 095 008
(E) 2-helt -0.093 0.810
P - 0995  0.097
(Z) -3-TH-1-B% 0.993 0.118
AW FENE SR E Rk G, % 33 Tl <k (E) -2-%%-1-B% 099  -0.072
YT O, SR R S HEXS 0/0. 40075 400/10+ |3 0660 0179
400/15. 400/20. 450/5+ 500/5 BAK 550/5 it ARl 4k (Z) -6tk 099  -0.072
RS TUKCAREARIAT 704 153 sy AR 1 2-THho1-TEE 099 0072
FFETA R IR 3. (EE) 2, 4-& -t 0017 0793
=3 2 DERSHFHEER B REE (E) -2-T-¥mt -0.996 20.072
Table 3 Eigenvalues, contribution and cumulative contribution (Z,Z) -3, 6-F bt -0.992 20.103
of two principal components (EE) -2, 6-F it -0.996 20.072
ERe A TTeRE%  RRTEREY% (EZ) -2, 6-F—tiilix 099  -0.071
1 21.67 65.67 65.67 EX 0996  -0.078
2 9.14 27.71 93.38 (Z) -3-FHs-1-B -0.617 0.774
H# 3 T LVE H, 25 1 ER HITTRRE N 65.67% (E) -6-F¥-1-B% 0541 0816
552 FRAHITTIRER N 27.71%, 2 DERS K BT (E) -2-EK-1-B2 099  -0.078
BRAE CLATA R 93.38%, HE 3-8 70 b — FhE B 3 ik (Z) -6-FH-1-B% 0240 0.964
SELE 90% LA FE B E R, wT L AN R R (EE) -3, 6-F—fh-1-B% 0292 0950
DL IHZ U ARt (EE) -2, 6-%F—}-1-B2 0292 0950
HHE 4 A5, 28 1 ERT TR AR 65.67%, K (EZ) 3, 6-E =t 1-B% 0010 0.994
W Febs = A N 3-I%EH . 1-580A-3-F. (B -2- (EZ) 2, 6-F=fh-1-B2 -0292 0950

IR | ARPE 1 H 1 8 Ffr AN [ ey s AR P 1 5 TUK R
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Fig.2 Different ultrahigh pressures to cucumber water on the
factorial plane formed by the first and the second significant
factors
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Table 5 Effect of different time on the first and the second significant factors

12Tk
Fank
0/0 400/5 400/10 400/15 400/20
%1 2&4%  132.8243.35° 169.61+5.34° 155.6146.45° 159.39+8.45° 169.30+5.35°
2 TS 1437.63+22.32°  1396.84+19.68°  1197.84426.33°  1302.41423.43°  1526.34+22.77¢

= 6 FRIEHFE 1 ERHFE 2 W SRS

Table6 Effect of different pressures on the first and the second significant factors

b3 4
Fk A

0/0 400/5 450/5 500/5 550/5
%1 2845 132.8243.35° 169.6145.34° 150.65+7.33° 164.83+5.34° 158.17+9.43°

%2 EmA  1437.63£22.32°  1396.84+19.68%

1330.10428.32°  1568.71224.31°  1363.03+23.14°
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(IEFAEEE 5 min J5, 28 1 FRORIEIEN, 52
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PAA THEK T, HAERIE RN AR EH A
FEAE . HER 6 ITLVEH, B m R BERE 57
FIFEALINEE 1| B RENZER (P<0.05) , 52

FERAERT 400/5 How —Fs AR A0 5 2S ERE
A R ZER, EAFE 5 min AT, 1 E
WA B2 MR EEZES (P>0.05) , 5 2 F
43 400/5. 450/5 5 550/5 Z B EE LR, A1
55 500/5 B REMEZER . BHHTE 400~550 MPa Y P
B R RACEE 5 min ACFEXFES 1 F RS T0 R R
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Fig.3 Effect of ultrahigh pressure treatment on aroma
components in cucumber water
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