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Abstract: In order to better solve the problem of kiwifruit aroma during storage, the study utilized 'MiLiang No.1' kiwifruit
as the material. The kiwifruit samples were subjected to pre-storage at 0, 4, 8, and 12 °C for 3, 5, and 7 d, followed by
ethylene treatment for ripening. The volatile organic compounds (VOCs) of the kiwifruit under different temperature pre-

storage conditions were analyzed using HS-SPME-GC-MS in conjunction with chemometrics and relative odor activity
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value (ROAV). The results indicated that a total of 67 compounds were detected, including 17 esters, 8 alcohols, 11

aldehydes, 9 ketones, 5 acids, 13 hydrocarbons, and 4 terpenes. Among them, esters were the most abundant in both variety

and content. Furthermore, significant differences were observed in the types and contents of VOCs of kiwifruit under

different low-temperature pre-storage conditions (P<0.05). The OPLS-DA model achieved a classification prediction

accuracy of 99.5%, and 16 differential VOCs such as phenylethyl alcohol were identified through VIP>1 selection criteria.

Furthermore, analysis based on ROAV values revealed 13 key aroma compounds such as ethyl butyrate (1<<ROAV<100).

Aroma profile analysis indicated that kiwifruit samples pre-stored at 4 “C for 7 d exhibited a strong fruity aroma,

demonstrating superior overall aroma quality. Lastly, PCA factor analysis indicated that the best aroma was achieved under

the condition of pre-storage at 4 “C for 7 d. This study indicated that low-temperature acclimation technology can better

retain the aroma quality of postharvest kiwifruit during storage.

Key words: kiwifruit; low temperature conditioning; chemometrics; volatile organic compounds
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28 Ral2-THE 1.69+0.167 1.35£0.12° 1.28£0.09"  3.1420.15°  1.45+0.07%" 4.05+0.11° 1.38+0.05¢ - 4.03£0.12° B E 2.1540.19°  1.57+0.09%
29 SETE 1.52+0.25°  0.61+0.088  0.91£0.02°  3.14£0.22°  1.12+0.197  3.69£0.11* 1.33+0.03* - - - - 2.13+0.09°  1.88+0.06°
(E)-3,7-—H
30 H2,6-F 1.040.10° - - - - - - - - - - - -
I
C31 SGUPHEERE 2.92£0.23° - - - - - - - 3.41£0.08" - 0.22£0.01°  0.54+0.06° -
C32 RRERE - 1.27+0.08  1.18+0.03° - 1.3340.13¢  4.78+0.22° - 0.54+0.12¢ - - 1.13+0.23¢ - 2.18+0.04°
C33 2-Ch - 50.46+1.96° 43.45:1.96°  7.91£0.2¢  61.38+1.31¢ 77.47£0.89° 77.06+0.75" B 60.76+1.17° E 65.2+1.21°  72.06+1.90° 44.36+0.69"
g (BRI 1.23£0.05°
[ 2320,
C35  JL-2-FMEE - 1.21£0.15°  1.38+£0.09™ - 1.360.09%  2.25+0.05" - - - - - 1.5740.18°  2.03+0.16"
C36 FrgE - - - 1.740.09° - - - - - - - - -
(=S 23.28+0.36" 64.66+2.55° 54.56+1.96" 31.77+0.59¢ 84.53+1.99° 126.28+2.15* 105.01+2.30° 3.12+0.26'  89.62+1.57° 4.41+0.14' 82.83+1.22% 104.71£2.19° 67.41£0.89°
37 KEGLW 0.81+0.04 - - 2.3240.10"  0.99+0.04° - - - - - - - -
€38 WA 1.57£0.20°  1.02+0.15° - - - - - - - - - - -
C39 BN ] 474034 0.45+0.02°  0.53+0.03% - - - 0.62:£0.04" - - - - - -
23-T43,5
ZRA-6-H
CA i 18.67+0.32° 0.44+0.02¢ 3.89+0.27°  23.820.63" - - - - - - - - -
e 4(H)-
Tti-4- i
C41 BRI - - - - 0.49+0.06" - - - - - - - -
Ji-5-FF -2 (1-
Cc42 WEZILFHC - - - - - - - - 0.85+0.09* - - - -
i
c43 TR - - - - - - - 0.870.02° - - - 0.620.03° -
C44 A AT R - - - - - - - - - - - - 4.21+0.21°
C45 R - - - - - - - - - - - - 2.1240.09"
i 25754023 1.91£0.17°  4.4240.26°  26.13£0.53*  1.48+0.03 - 0.62+0.04°  0.87+0.02°  0.85+0.09° B E 0.6240.03°  6.33+0.24"
C46 TR 33420470 3.28+0.13' 10.84%0.14°  0.76+0.03° - - 0.28+0.02"  5.23+0.10°  0.22+0.04"  4.54+0.14° - - 0.67+0.07°
47 TR 5.75+0.38"  5.92+0.09° 16.24+0.23"  1.93+0.07° - - 1.5740.04"  9.98+0.08"  0.98£0.72"  8.65+0.38° - - 1.16+0.15
C48 AEIR - - 0.12+0.03* - - - - - - - - - -
C49 iR - - 0.58+0.03° - - - - - - - - - -
C50 ER - - - - - 9.01=0.22° - - - 14.4120.89 - - -
72 9.09+0.8°  9.20+0.22° 27.78+0.38"  2.69+0.08° - 9.01£0.22°  1.85£0.04% 15.22+0.10°  1.20:0.70°  27.6x1.04° - - 1.83+0.09%




55 46 4 45 9 ) SRE#E , 55 HS-SPME-GC-MS #5 & At 2 MR I BRI A R kg3 - 333 -
k1
Tt (pg/g)
e ek
CK 0C+3d 0C+5d 0C+7d 4°C+3d  4C+5d 4C+7d §C+3d  8C+5d  8C+7d  12C+3d  12°C+5d  12°C+7d
C51 ke - 0.300.04* - - - - - - - - - - -
C52 -tk - 0.02+0.00° 1.3£0.02° - - - - - - - - - -
C53 B 0.1140.03°  0.64£0.07°  0.04+0.01° - - - - - - - - - -
C54 bk - 0.92+0.08" - - - - - - - - - - -
C55 IEZ Rk - 1.46+0.17°  2.86+0.05" - - - - 4.81+0.33° - - - - -
C56 IEZ ke - 1.94+0.19"  3.51x0.07° - - - - - - - - - -
57 IE=A—ke - 2.1540.21°  0.14£0.02° - - - - 1.99+0.07° - - - - -
C58 EAJuke - 2.12+0.04* - - - - - - - - B - -
C59 IEZ ke - 1.3£0.04* - - - - - - - - - - -
C60 =1k - - 2.74+0.06* - - - - - - - - - -
c61 + - - - - 0.41£0.02 - - - - - - - -
C62 ke - - - - 0.15+0.02° - 0.29+0.05° - - - - - -
C63 NES AN - - - E - - 0.630.07° - - 2.78+0.26" - - -
Bk 0.1120.03°  10.84+0.70"  10.58+0.04* - 0.56+0.01% - 0.92+0.04'  6.810.32 - 2.7840.26° - - -
C64 RAMAER 0.77+0.13° - - 0.43+0.04° - - - 1.54+0.05" - - - - 0.48+0.08°
C65 ES& - - - - - - 5.78£0.27* - - - - - -
C66 YR - - - - - - - - - - - - L11£0.11°
C67 a-IK T - - - - - - - - - - - - 1.410.02°
i 0.77+0.13* - - 0.43+0.04° - - 5.78+0.27"  1.54+0.05° - - - - 3.000.09°

T R P PRI R — 3R AR FATATIR 5 B F0R 2% 57 A8 35 (P>0.05) , ANl T BE7R 26 53 1 35 (P<0.05)
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Fig.1 Venn analysis of volatile components (a) and content (b)

in kiwifruit under different LTC treatments
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- 334 - £ Tl B 20254 5 H
@ s 0% ZWE . W R A . TR TR, TR, 2,3- 4A-
C . Lo 3,5 ¥ HL-6-H E-4(H)-Nk g -4-1 . iR 218 ) 5 T
- B PR et TE 8 “C+5 d Al 0 °C+7 d AbBRLLER, 4547 8 Fh (R
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Fig.2 Plot of OPLS-DA analytical scores for VOCs of kiwifruit
samples (a) with replacement test (b)
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0.05, XT3 HRffE e i 16 Fh% & TR Sy BEA TER 2
E ST, S5 FRANE] 4 s, FEASFEHRRABEAAA: T,
FRAGERIRAE S v B i W 2 O D R MR RS A T AN
Al 7E CK ZHH, 2K 2 WEm) & 5w o iy, (HBE 25
LTC AT JS, AEAS [A] A0 PR BRAEHRAE & b S i oe
PR R MR Sz e AR AR Ak, B LTC Ab 3%
TRAERIOA i 118 25 S PR S M W 3 Wi SR A AR AN T8 A6
PR, THAZE 4 °C+3 d A1 4 °C+7 d AbBRLH v, 53514
1 AP (EMR ZBR) AN 8 P THRHIER. T TR LEE. -1

3.340
2.650
1.960
1.260
0.563
—0.131
—0.826
—1.520

Kl 4 R[F LTC AbFRERIGARAT A 1 o RS AIA
Fig.4 Clustering heat map analysis of VOCs
of kiwifruit under different LTC treatments
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Fig.3 VIP values of VOCs of kiwifruit under different LTC treatments
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FIFH GC-MS FEARGHIUERET 67 Fiig LMk sy, 3
Mg 24 FEAAHEHMERALEY. ST EIN
HERA HLPEAS S AL S 0 3 BR A A, 2 A XU 1Y) BTk,
iR F S E AT EF R HEE (ROAV)
PEAT W, 25 RN 2 FroRnl i, 6 FrESAe &N
FEEF ST, HL ROAV HAT 1 3| 100 Z 1], FBH
TATTXT IR A AR XU B 3852 . Ak, i
H 8 FESALS YN ROAV ELE 0.1 3] 1 22 Ja], 1501
X LA A P B ARG UK TRk /)N, (B AT AR A —
BE b 5200 G BRI XU AR TIE o T AR A Ak T
AR T ROAV {HEEL S, FRJEAE 4 °C RS,
1, H ROAV {HIAE] T 100.00, 3% B T- B 2 HR Ak
FE S O A SORSr, BAEMRR S T AR
SR R, X HEAARFT S DRk o w2 . T
YA SR AR S R A FIA AR 7 ok, 3 T B2 kb
WEE H A = H BIHRIE . HOR, TR ZLIRFE 0 °C
4 C RS T BRI ROAV (H, JUHIJETE
4 °C WIFES P, H ROAV {HIAE T 92.92, FRIA TR
ZIRTEARIR 4 °C R XSS A 5 W& B ok,
BBt a] A B e AR B AR B SO
BE . MR ZWEETE 0. 4 F1 8 C HIRES: TP WA 8 1y
ROAV fH, JUHJEAE 8 °C MRS+, H: ROAV {Hik
)T 44.84, {BYE LTC ALBRAYAS [F 544 F AEXF /S

W BEAEATAE— P sh H 28 5 R, RWH 1% 2 BRTE
(IR T X BRSSO & B3 1Tk, (5] LTC 4k
(A UL 5 B ] S 3 R I OB . £ BT
W, ANFEFES PR R B0 T, TR
PR FI=EFR L1, B AT THEAS RIS i v 8 A X R 36
(B 5=, X B AR S DTk O . UL/ SR
Sy A TIETIRGIR S0 ) I NE A« ARG AR L 5 7
TR AR T EES . (R A A B Fik—
AT BB P 2 R E SRS S
i, DA 325 3] eS8 FITRRA SRR 75 i BT ARG, 3X
XTTFIRAWGERN T A& B AR b 5HAT
HIEE L,

K22 2 BRIk A A il v [ R AU SRR Uk,
539 (ROAV>1)ROAV {EARNN, FF-H R FH 50
IREN(E 5) o FEASIRABEARREE S o, 3R S48 BRAH
1, REFRRE RS, IR HIER . A s A,
XETRES TR, IR AT & ==
A7 KB, EEISAE BRI A AR A R M sy P R
e B Z )5, R T BRI & 2R, Horp
TR W5 & Bt s, ABRBEARRE T otk T 2T
WA FRET IR, BRI RS
5 R, Horh T S, (H i T (AL
A 0.0011 pg/g, Il ROAV {HAR &5, % idk 14 <.

F 2 BRAEA R A A U AR R LA

Table 2 Relative odor activity value of VOCs content in each sample of kiwifruit

B ‘ i ) AR R TE B (ROAV)
e wmERGY TR TR
(ng/g) CK 0C+3d0C+5d0C+7d4C+3d4C+5d4C+7d8C+3d8C+5d8 C+7d 12 °C+3d 12 C+5d 12 C+7d
1 THRZEE 002 WEH FEEF 577 559 1480 1033 1465 11.08 9292 1378 4174 2256 1221 13.86 22.45
2 TERHE  0.059 IR i / 0.33 0.44 1.81 / 3.90 0.65 5.49 3.20 3.84 223 0.65
3 CRWEE 007 R 035 0.25 / 0.69 032 037 036 / / 0.34 0.62 0.39
4 FWERHEE 0073 W& RE AT 160 158 1.09 3.72 955 1027 337 1326 431 9.04 / 4.57
B R

£ 7y =3
5 AW 0.05556 M7 0.90 0.33 0.38 1.15

A AT 129 040 0.85 1.88
. HETFR 4633 2129 14.02 3192

6 FRRWEE 00193
7 T 0.0011
8
9

2-CAEE 03 BE.HHE /089 077  0.14

TRTE o1 ®HEMAKEER /7 021 / /
10 ZmZB 05 R / / / /
11 C2RZEE 0076 R / / / 1.78
12 ¥ 0.002 ‘%%%i{% 1241 3.8 823 1813
13 EMZEE 02 R BRI / / / /
14 A-MEEEE 00024 FEREIE /0 069 / /
15 HZEE 021 BE / / / 0.09
16 JFHEEE  0.006 AT R / / / /
17 o-#AEE  0.01 SV NS / / / /
18 L 0.007  MH&EF. 857%F 115 046 068 237
19  MHEEE 0032 ER.AE / / / 0.28
20 FHHHEAEE  0.06 R 0.14  0.09 / /
21 BB 00025 AECEPELEER / / /
22 FEHEE 0751 R 0.05 003 002 007
23 KK 073 EHWIEE / / / /

[ s

e
24 A 0.065 iﬁlﬁﬁémﬁ;ﬁ 0.38  0.04 0.04 /

1.46 10.34 0.98 6.20 291 1.50 4.15 4.39

4.98 3.09 0.59 4.65 0.95 / 5.12 0.71

62.08 100.00 53.17 1244 2970 2122 41.32 82.13 25.10

1.37 1.36 / 1.07 / 1.15 1.27 0.78
/ 0.45 0.27 / 0.35 0.20 0.14 0.77
/ / / 0.04 / / / /
222 / 0.90 / / / / /
48.10  29.83 5.68 44.84 9.17 / 49.40 6.84
/ / / / / / 0.02 /
/ / / 4.22 / / / /
0.12 0.19 0.10 0.18 0.17 / 0.20 0.23
/ / / / / / / 1.32
/ / / / / / / 0.95
2.79 1.00 / / / / 1.61 1.42
/ / / / / / / /
/ / / / / / / /

/ / / / / / / /
0.09 0.10 / 0.11 / 0.05 0.06 0.07
/ 0.04 / / / / / /

/ 0.05 / / / / / /

T RIS AR AL, 2 BE AR AR 1 T 3Ck31-38].
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Fig.5 Radar chart of odor of each kiwifruit sample

TNIHHERR LR B 1357, HPaLi a3 ik, XAk B
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RN LR BRI, 3 4 R, 76 4 C+7 d 4%
N LTC #5343 fie i, 76 12 C+5 d 5 1F F LTC X
ZLHE 0 C+5 d &4 F LTC 15550 51K, BEHITE 4 C+
7 d FAF R AT LTC XM HRIBRE A AR B AT R4
AOEREEAE

o B AR RS2 ol
5 CK AL, BREZS 0 °C+7 d By LTC ZbFRZEFT CK
ZH A U AR B2 AR T A, JH 4 25 53 ¥ ikap ik 3% B0
H b CK 2R AR Z 5 /<o ANYIMLET Al 52 E,
0 °C BYBRAEMRAL 5 6 25 DI Ak s 8] 54 SE G, 26 B0 HY A
INHAR S, T A 2H 59 A SRR SR SE E 5 916
B[R] A B <, S i e 3 S o i A B, AR DIfh A
5 d RIMH AT 4 °C Ytk 7 d FBRBERE
I RZUA SR EF AR, LR 5/ TE, X RS
TR RN R FR R B AR e A e
24 (RRIMELXTEREEP B SR SIER S T
XFAS[E) A B PRk 254 S vh 24 PR R FHS
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Table 3 Eigenvalues and contributions to PCA analysis of each
kiwifruit sample

FRSy FHIE(H DR (%) Fit ik (%)
FRIE 095 2 Ml (3R 2) #E4T PCA J3 A, 45 RN 1 6.05 2632 26.32
% 3 R, R 6 4385 (PC1, PC2, PC3, i ;i‘s‘ igg‘; ;‘zgi
PC4. PC5. PC6), J157 t 1 Bty 22 stlik o i Ty A 205 293 56.97
82.45%, FRWIH 6 4> s T LU BRI 251 i 5 1.84 8.01 74.97
TSRS IS5 8, TS A RIAL B A 1 ° L2 Ll 2
H4 BRI FER TR PCA ST
Table 4 Eigenvalues and contributions to PCA analysis of each kiwifruit sample
R TR PCALl PCA2 PCA3 PCA4 PCA5 PCA6 P1 P2 P3 P4 P5 P6 P 44
CK -1.33 0.17 —0.58 1.28 231 0.65 —8.05 0.67 1.99 2.62 4.25 1.12 2.00 10




55 46 % 5 9 W R 2% , 45 HS-SPME-GC-MS &5 &bt 2 i GR I BRRk A  Hns) - 337 -
k4
FES AR PCA1 PCA2 PCA3 PCA4 PCA5S PCA6 P1 P2 P3 P4 P5 P6 P HE4
0°C+3d —0.95 —0.41 —0.28 0.15 0.46 -0.26 =5.76 1.58 0.95 0.31 0.86 0.45 2.26 12
0°C+5d —0.83 —0.49 —0.40 -0.12 -0.22 —0.52 —5.05 1.88 1.38 0.25 0.41 0.89 2.39 13
0°C+7d —0.46 0.86 0.09 -0.29 —0.82 2.22 —2.79 3.32 0.31 0.60 1.51 3.82 0.03 6
4°C+3d —0.45 0.35 —0.40 —0.03 -1.26 -1.53 —2.70 1.36 1.38 0.05 2.32 2.63 1.31 8
4°C+5d 0.56 2.19 —0.50 —0.89 0.92 —1.43 3.37 8.41 1.74 1.83 1.70 2.46 2.21 3
4°C+7d 1.94 -0.19 0.64 2.57 —-0.10 —0.31 11.77 0.75 2.20 5.29 0.19 0.53 4.51 1
8 C+3d —0.82 —0.74 0.21 —0.07 -0.71 0.11 —4.95 2.85 0.71 0.14 1.31 0.19 2.15 11
8 C+5d 1.93 —1.28 -1.67 -1.37 0.73 0.75 11.67 4.92 5.78 2.81 1.34 1.29 1.62 5
8 C+7d -0.28 -1.17 0.15 —0.03 —0.69 0.01 -1.70 4.50 0.51 0.07 1.28 0.02 1.49 9
12 C+3d —0.08 —-0.45 -0.35 0.00 —0.68 —0.69 -0.51 1.73 1.20 0.01 1.26 1.19 0.96 7
12 C+5d 0.48 1.59 0.23 0.06 -0.94 1.17 291 6.12 0.79 0.12 1.73 2.02 2.34 2
12 C+7d 0.29 —0.44 2.87 -1.26 1.01 -0.18 1.77 1.68 9.90 2.59 1.86 0.31 1.90 4
3 g:él:i% production area[J]. Science and Technology of Food Industry, 2024,
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