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Evolution analysis of enzymatically released volatiles from
Kiwifruit juices using electronic nose and gas chromatography-mass
spectrometry analysis

ZHOU Yuan,FU Hongfei, HU Yayun

(College of Food Science and Engineering , Northwest A& F University ,Yangling , Shaanxi 712100, China)

Abstract: [Objective] This study investigated the effects of B-glucosidsae on volatiles release from ki-
wifruit juice to provide basis for application of enzyme released volatiles technology. [Method] The elec-
tronic nose (E-nose) technique combined with solid-phase microextraction gas chromatography mass spec-
trometry (SPME-GC-MS) were applied to analyze the volatiles releases from kiwifruit juice treated with
B-glucosidsae at 35 ‘C for 0—8 h,with an enzyme amount of 8 U/g juice. [Result] Kiwifruit juice aromas
were detectable to E-nose sensors with characteristics representing terpenes, alcohols, nitrogen oxides,
alkanes and aromatics,implying that E-nose was applicable for monitoring the evolution of kiwifruit juice
aromas during enzyme processing. Values of E-nose sensors of enzyme processed kiwifruit juices increased
with time and achieved the highest level at 6 h,followed by slightly decrease. SPME-GC-MS obtained a to-
tal of 47 volatiles,including (Z)-3-hexen-1-ol, (E)-2-hexen-1-ol, 1, 8-cineol, pentanal, hexanal, (E)-2-hexe-
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nal, heptanal, (Z)-2-heptenal,octanal , nonanal,decanal, 2-heptanone and 6-methyl-5-hepten-2-one. The total

content of aromas detected for 4 h enzyme processed kiwifruit juice was increased by 20. 53% in comparison

with untreated samples. Bidirectional orthogonal partial least squares (O2PLS) modeling was also per-

formed to unveil the fine correlation between volatile compounds changes and E-nose sensors values varia-

tions. [Conclusion) Enzyme hydrolysis showed effective influences on improving typical aromas of kiwifruit

juice and E-nose analysis technique provided fundamental technique supports for kiwifruit juice enzymati-

cally released volatiles processing.

Key words: kiwifruit juice; -glucosidase; enzymatically released volatiles technology; electronic nose;

gas chromatography-mass spectrometry

BERRAKRRELEHMXEH S GMANERERE
i, BB R (Actinidia) B EHFS & BEPFR
% F 1982 £, HATE M KWK (A, deliciosa) .H4
(A. chinensis) X (A. arguta) . FBIE(A. erian-
tha) AN [F] S R BRI BE R SE P 4 50 MR 2K (MR 2K MR
KEEREHELEFESYR, HPLORE TR R
BRENBLE BAAEXEYRSEERS ., £%
BBk FOR LB IR, MR Y R4 L5 H AL BR &
MRELFEBRREZR HURFEULESEEFKE
Y RERFEY . MEHATRWHEXHRSXENR
PR B R LB R R R RS E LY
FREAEALS S 3 F A B FSATEY R A E B
WmEB L,

REPEETEHERNEYRENBENETIY
FRE, HEBPIANRBHEEMN 104F7, FE&5
FERHEYHREASEELEANERSEER, A
REFAEFSHAESTFREDR AFTERTLES
SHER NMEBRERFAERENETRE. ¥
HREFTEQHEWFERLEY JBWHER FHFRL
ATAE Y55, B 8 5 55 U i T 0 5B ot A B B A
*,BELUMER RENARLEBER LR, pH
HRTBURXEES I FRIIEMATRESR
Mz RKEFEYRIE BRSSO RH
BEAXER ., BN g AR EBHTH
HMEBESEYRMRAEHARSY ., BE
THECHBETRHMESEMEBEANSKEBREN
PHEEEBMNERAFTABESTFTIRBYREN
BEMRIERBOR , IA UL B BRI B BB M
MEBREREE, RESCIRABHE PHERE
HRMYFREREEHEHITHERE BRLHES
FRYFEAAX S & 53 BAH I 24. 59%, K
DL 4-T5 55 B o # T BE A B 0 BE S N AR BB 4 I
Co-BERR_MBRYREMBE B E.

RERBESRFHABAAEYEHRE DY,

BRBESkIE M THEARMERA 2 FTH&ILMHE SR
F. pEEEEBEXKEH PR, X RE
FASERARA +HEBENER, B I3 ERE B
FERWEMEBERERANERLRART., 2HTAAH
B F 8 (E-nose) Kl B- M B H X BB HS
YR BBAIER, FRABMBERSESSHEIE
B B B AR (SPME-GC-MS) 43 7 B % 4b 28 %F Bk
BT ESYRABMNSENER, 57 5B
TR AR B B B 5T K o Pl R B AR 3R .

1 MES5ITE

1.1 #HE5EA
BRBEAE 2019 SF T 4T, A NRE.
AR B HHEER AV R, LRE
BEl X WHERR M ERREFD I E AR,
R . B E .. XK NaCl, K 43 #
a4, FEEAER FCBGRRE), EERATA
Ci
.2 N#EHEE
BIHAL(M]-W]S1221F) , £ ERRBER L
B ERHEBKREEITGY-O, XEAF;ETA
(PEN3),## [ AIRSENSE /2 & ; & A 4,3 i 1% ¢
X GCMS-QP2010, H 7<% /) 7] ; DB-1MS & it
(60 mX 0. 25 mm X 0. 25 ym), EELHEL A A;
SPME #£ B 3k (30/50 pm DVB/CAR/PDMS), % H
Supelco A H] .
1.3 RBHE
1.3.1 pHABTBMBEANARL SEHELEMIIN
HFHEHEHBABR. ¥ 100 mg 5 5 mL # 40
mmol/LXF A4 & 3 ££-8-D-nlt. 1 % %5 85 1 B W A ¢4
mL /¥ 1 mol/L friE BR-BE MR ZE s (pH 4. O R
4,7 40 CTFBHE 30 min, 0 2 mL & 3 mol/L
BRER G IE R LA IR OB, 7€ 405 nm T HL IR, B6
HH U/mg xR,
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1.3.2 BHERTHBEMBRMATHHNE HER
TALB A B A BT R Bk SR 58, W e R B .
WEERERE N 10.0~12.0 N MR B B Wit &
BEE&H. BUAKEE T MAFE B (25,35,45 C),
B A AT 18] (4,8,12 h) RnE§ & (4,8,12 U/g)3 NE
F . RAGRTANEHMAITEHRBERTHESHER
B4 38 4 i B F S A AR e R (B B AL, W E JR
SR AR SECRN - BREE 35 C, e R 0~38
h, ME§ERN 8 U/g, t— S EEBMRBRBBEH/TEFEX
YRS

1.3.3 &F R oM &4 SHUMLI5]HTEER
Ak, APFRRAKEFREREESF 10 4
&AM E L3R 1. BB )S B BRB PR THHE 6 1
g FANBEABRES &, B4 6 NP7, REETH
FESWHE R 300 mL/min, BERE 1 MR, 25
WWRETFH 10 MERB/M I RE, B G/G, H(H
G ABRERE,G NFEEHD, % G/G >2.0,
AR RS R A R EUR. BT
BR WA 60 s, HUERSIE] N 300 s,

1 EHFALCRERETNBE
Table 1 Characteristics of E-nose sensors
fERB/FE EBBER FEAE HRBFES HRBEK FRIE
Number Name Characteristics Number Name Characteristics
o wic  FEEBE o wis | MEREE, 5 S8 B EBRED
Phenyl substances Sensitive to methane, similar to sensor S8
S2 W5S iﬁﬁﬁ ’.ﬂ'ﬁika%ﬁ@ . . S7 W1iw Rﬂﬁ%%ﬁ@
High sensitivity, sensitive to nitrogen oxides| Sensitive to terpenes
H.FERULEY M, BEHEELEY
S3 wsc Ammonia, phenyl substances S8 w2s Alcohols,and some phenyl substances
< wes  EEMASEE < wow | BERAW ERHLY
Mainly sensitive to hydrogen Phenyl substances,organic sulfide
o+ N o+
< wie | MERX EERLAMES S0 was  STRBEEUS

Sensitive to alkanes and phenyl substances

Sensitive to alkanes

1.3.4 A& 4 Fith SPME-GC-MS 44 (1) SPME-
GCMS %44, 241 T EEREBR., WE
B AR ZE B SR 4 - B 5. 0 g A SR BCA B AH A AR UM
HL,MA 2.5 mL M EALGPBER, 10 pL ACEA
#7(0.5 mg/mL),45 CHI# 2. 5 min, ZEBUE fff 45
min,GC ##7 5 min, F§F GC-MS 47, GC &4
HEORE 250 C; BB BERE 40 CTHRIF 2
min J5, L4 6 C/min F & 120°C #{£¥F 5 min, B L4
8 C/min F & 200 C HA%#F 2 min,HL, 10 °C/min
FZ 250 CHAFF S min; RN BAAS  HRE
1.5 mL/min, MS %4 EIl s8 2 ¥, 5 FRER 70
eV, B FHIBE 230 C, AR E 30. 00~500. 00
m/z,

OFSYREESFERTE. BRKEEMR
s E S NIST Fi% R o #bn o i B 17 R
KU, FBRBELSYHEMAEHERD #7850,
A F BB, o i U 4 B 04 T AR 5 5F O R P9 b 04
HRHTHE TEARX N

X, =(A;/A) XC,,
R X R0 Y ok BE A D A T 4 g TG RR
A, AR R TE R C A AR VR
1.4 WBESH

XK H Origin 8. 0 8 /4 Excel K44 E, X H
Minitab 15. 0 844 # 47 £ & L 43 #r (P<<0. 05).,

KA SIMCA 14. 1 844 #E47 X1 4 B /s — 7 (bidi-
rectional orthogonal partial least squares, O2PLS)
GrARFUTY, 18 %) O2PLS A (B T B A &
¥ (variable influence on projection for predica-
tion, VIP . ) H , J 1 VIP,.of5>1. 0 (A BHIAR
REENTE.

2 RS04

2.1 BBBBERAAESHWROETFASH

2.1.1 &FEH4HBRBRREEEL BTFAEIA
f R 7 AR S B IRE B, T E R E IR
WEMRE BARMERETEHGFSHEL. &
FRERATRIN . REMDPBKRESEAR ML
M A2 E B 2E R, BB HRE . —BOL T E 0 E
EHSERSH .

BT B AL R REF B 10 /N5 R 28 ) B o 18
PERER T ESYROWNELE 1. & 17
ML, YBRBEBEITEEAR 0~8 h, BT B GRS
S1.S3.84,S5 1 89 5 MEBRAF M BB FIY
JE AR AL B W BB (G/Go) A 1. 0~2. 0, 7] J1 3 X B A
BB S A LR BUR, T A5 B EE S2.56.87,
S8 F1 S10 Xt BBk I & <AL 43 # i N E (G/Go) >
2.0, BRI AT FRBEBR T F R4 W AEUR. B
S10 4b, H A& REF O BURM 53021 ] -8 5 XX
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BR21 AL, SO fEas T F BRI AW A VIR
YU TE BL K 4 A P X BRI B SR B AR
AR X T B -5 K SRR AR R BE A 5K, 3R 7R B Bk
HAEERERAY RSB W R, S2.56.57,
S8 F1 S10 K uf Ji7 16 B 35 B gk bk (] FF) 38 o0 S M AR 4
£ 0~8 h MM 2, W N (EE BEME 6 h X BIRH,

B fE A T R, SRR RS TH B AR T B P R
UK 3R BE B AR AL, R R SR RELEY.
FEUCYNMEREFERSHUBXYFEERHGE
6, X e 4 & B W 3 B RS R BRI B
AR

10.0 r O0Oh;@2h; A 4h;B6h;, B 8h
8.0 L
32 [ N B
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- /= zZaN
E @ | 7=\ ‘-\
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& 40t N | BN
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4 ’=\ zZ=N AT
i N 723\ AN
N N Z=N
2.0 ZENH 2=\ 2R —
N B [ N
- - 7 A4
AN N 750 N
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Fig.1 Response values of E-nose sensors to kiwifruit juice volatiles at different enzymatic release periods
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Fig.2 PCA analysis of E-nose sensor response values to kiwifruit juices volatiles at different enzymatic released periods

& 2-A % H8],PC1 FERZE K 57.6 %,PC2 F#k
EH29.9 %, SFEEN87.5 W, WX 2 M ER
SARFBEMM EERFE. HH B FRTLBEE
X 43 B A AT (0 h) FIBEME )5 (2~8 hOHE& , A PC1 £
EE RGBT IE 5 95% , M B AR A0 A R4 {1
F 90 4, R B BEAR = AL B A RBR P R 51 & T 8k
BERET AR KR AR AL . X T BEMR S L BRAE Bk T R

Ui, BEE 2,46 h AEAZHERA LK, RALTH
8 BRI T XUBR B 7E — B AR AL, AR SR
Bit—2 R0, & 2-B BR, &R S6 M S8 R4
G SHERSHEHE-BLES 1 RS TR
o EEI S, S7.S10 Wy TR BB/ (ZRES S6
S8 ERFI MM MAEEBRAETHERFREEEER
R, MR I B PR EMERY RN E
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WX EAARBROE NG EREE®. o, R Sz MRITMAE.

EE2EROGFAMRERR. LRERRYA,EE 2.2 BREBRUHPESWRMN GCMS 24

BE 55 o F S BRI A 1 0 4 K KUBR 4 SR IR L R REBRBEAERNETREN TSR, F 6

B RBRMITEREXKY RN EL,BLB TR FRM SPME-GC-MS HA X SR Ak 8t 72

RO BRI AT LA S B Bk M O B A R A BRSNS SRS BRI 2,
£2 GCMSRBBRERMH PESWRENDSEL

Table 2 Dynamic changes of enzymatically released volatile compounds in kiwifruit juice quantified by GC-MS

E-3 HE EEWMELR FEYHEIR/(ug + kg™!) Concentration of compound
Category Numbers Compound name 0h 2h 4h 6 h 8h
g [REIE 21.69£3.33 b 27.114£2.38 a 23.56%2.14 ab 26.25%2.00 a 24.72+1.48 ab
1-penten-3-ol
cis I 331.22440.12a  356.89%51.54a  346.61+19.44 a 340.53439.92 a 311.19421.65 a
(Z)-3-hexen-1-al
R-2-C#-1-8
Cl6 2 447,02+116.65a 2677.23+280.40 2 2 683.85+236.37 a 2 500.314122.55 a 2 385.464144.95 a
(E)-2-hexen-1-ol
C17  ©B Hexanal 743.84147.33a  802,28%87.18a  785.80+59.30 a 794.11499.40 a 740.84+81.24 a
Aﬁils C21  1-BiE¥ 1-heptanol 6.98+0.58 a 6.66+0.43 ab 5,8240.98 be 5.6140. 63 be 4.8340.59 ¢
c33 LPERE 0c 8.8640.58 b 12.8240.88 a 8.0940.89 b 6.51£1.90 b
2-propylheptanol
C35 % ZM® Phenyl ethanol 0d 19.4141.66 ¢ 34.1242.90 a 26.1243.23 b 19.8940.96 ¢
377;11‘2@%‘276y 10'+
it B
o 7 1-trimethyl-2, 6, 10- 9.0840.71 ¢ 26.144+2.97 b 35.4244.02 a 34.89+2.34 a 23.76+2.64 b
dodecen-1-ol
Cl  ZR Acetaldehyde 7.2840.21 a 8.5610.56 a 7.96+1.21 a 7.8540.97 a 7.3140. 56 a
g YHETE 14.14+2.97 a 13.13+0. 88 ab 12,8642, 37 abe 10.25+1.07 be 9.71+£1.22 ¢
3-methyl butyraldehyde
C7 B Pentanal 129.78+6.63 ab  144.81+14.97a 129.42+8.09 ab 130.55+17.03 ab  118.06+7.72b
C12 & Hexanal 761.491+46.57 a  825.08+81.98a  785.62+86.95 a 783.46+81.77 a 710.33450,99 a
ciy RITAE 2 443.58+289.56 a 2 610.47+260.45a 2 651.161+298.84 a 2 263,481125.24 ab 2 023.38492.36 b
(E)-2-hexenal
Alﬁfdes C19  BER% Heptaldehyde 153.75423.80 bc  210.08+31.78a  182.30+25.21 ab  159.324+30.07 bc  128.21415.02 ¢
co W URER 84.8249.74c  140.13%16.12a  139.85+11.83a  106.48+14.64 b 85.45+7.43 ¢
(Z)-2-heptenal
C26 3R Octanal 216.76+17,39 be  349.54+48.44 a2  379.54+36.64 a 233.17+10.49 b 174.78+36.01 ¢
C34 M Nonanal 163.13£11.72 be  199.65+21.2 b 289.58+24.70 a 181.15+27.32 b 142.36423.66 ¢
cy RTIRE 22.6540.75 d 29.5542.37 ¢ 66.20%2.55 a 37.83%+1.94 b 13.20+1.93 ¢
(E)-2-nonenal
C41 28 Decanoaldehyde 12.441+1,88 ¢ 27.36+2.52 a 25.41+1.47 a 18.28+1.76 b 12.98+2.35 ¢
C2  ZM Acetic acid 24.1042.08 ¢ 47.85+5.13 b 76.61£5.04 a 54.33+4.05 b 48.60+3.60 b
M¥%  C36 g-a;%lha& o 0d 19.4842.68 ¢ 40.79£2.37 a 30.5242.84 b 20.75+2.42 ¢
Acids ~ethyihexanoic acy
C38  #H M benzoic acid 0d 371.81+17.85b  419.60+23.17 a 212.26428.70 ¢ 30.7442.32d
C39 M Octanoic acid 13.05+ 1. 90d 72.54+12.71 b 94.74+13.68 a 92.5549.23 a 40.6243.90 ¢
C25 B4 B-Pinene 0c 15.64+2.90 a 13.9010.71 ab 13.234+1.75 ab 11.76+2,37 b
C40 oA M o Terpineol 16.70+2.78 d 36.51+£4.24 b 50.25+3.09 a 21.7942.24 ¢ 19.50+2.16 od
Tﬁiis C29 %R o-Cymene 11.98+0.59 ¢ 25.47+2.90 b 70.68+11.47 a 11.434+1.72 ¢ 9.12+1.91 ¢
C30  1,8-#:M % 1,8-cineol 1132.70476.20 2 1293.70+236.54 a 1392.864+214.40a 1349.22478.80a 1 254.16+80.42 a
C32  y-#AM# y-Terpinene 13.36+0.67 d 47.85+5.44 a 38.21£3.53 b 27.6514.26 c 12.7242.22d
Ci4 o BB MM o Cubebene 55.8944.20 ¢ 71.601+4.13 b 151.82+10.13 a 43.0944.50 d 28.761+3.43 ¢
o SRESTRIE 18.6642.13bc  20.4243.40a  19.75%1.48 b 18.26£2.28 be  15.90%1.50 ¢
3-methyl-3-buten-2-one
C5  1-#-3-8 1-penten-3-one  26.09+2.03 d 43.9942.33 a 36.94:+2.08 b 30.1942.31 ¢ 21.4540.69 e
C9  1-C4%-3-8 1-hexene-3-one 6.4340.69 b 8.2310.46 a 6.2240.75 b 6.08+0.65b 4,8610,63 ¢
Kffses C18  2-BiM 2-heptanone 0b 0b 8.3841.18 a 9.0940.58 a 8.28+0.87 a
C22  1-%-3- 1-oct-3-one 42.2946.63 ¢ 95,48+11.58a  101.06+11.83 a 70.734£10.41 b 43,631+4.87 ¢
cyy  LPEEM 98.3617.94 a 93.35415.96 a 97.3918.34 a 84.13+5.80 a 82.474+7.23 a
2-methyl-3-octanone
coa TEEEE 445.47444,72b  686.72445.76a  739.24163.56 a 439.83+43.36 b 385.05+27.20 b
6-methyl-5-hepten-2-one
c5  EHERE 44,9644.46 d 119.7549.19 b 150.856. 60 a 116, 7044.56 b 66.9843.05 ¢

5,9-Undecadien-2-one
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(5 ®E EKYREHR EFSYAER/(pg - kg™') Concentration of compound
Category Numbers Compound name Oh 4h 6 h 8h
2-ZHk W
+
B % C8 9-ethylfuran 5.1210.75 b 13.02+2.28 a 14.531+2.30 a 15.14+1.58 a 12.61£1.80 a
Furans R-2-(2-[L 4 2 ) ok 1
ca7 Trans-2- (2-pentenyl) 0c 9.58+1,45b 13.2040.82 a 12.61%2.31 a 10.30%+1.02 b
furan
C10 R-2-1# Trans-2-pentene 17.9541.34 be 20.81+1.95a 19.17+2.00 b 15.45+1.43 ¢ 11.54+1.45d
C11 SHE2-TM 106.58+14.37 b 146.78+14.64 a 97.15%12,05 be 102.04:£9.57 be 83.831%5.43 ¢
3-methyl-2-hexene
C13 F 4% Octane 8.74%1.13 be 10.13£2.12 be 16.961.92 a 11,02%£1.45 b 7.52£0,73 ¢
2,5,5-=f#-1,6-L %
C31 2,5, 5-trimethyl-1, 6-hep-  255.68%+17.22 b 407.691+32.92 a 286.44£33.80 b 196.01+£8.02 ¢ 118.11+12.854d
tene
IS L7, 7- =R ENH(2.2.1]
Alkenes () BZH ‘ 21.04£2.0b 23.2842.40 ab 26.10+2.34 a 24.4042.84 ab . 20.97%2.35 b
1,7,7-trimethylbicyclo
[2.2.1] hept-2-ene
C43 R-2-848 Trans-2-decene 38.73+2.90 ¢ 126.09+10.14 a 92.16£17.03 b 97.72%8.34 b 42.481+4.09 ¢
C46 + W %% Tetradecane 7.48%1. 11 ¢ 13.8440.80 a 12.8942.14 ab 10.8710.85 b 12.89%1.36 ab
% C28 R-2-CAMLER 2.53+0.52d 25.06+3.18 a 24,76+£2.28 a 19.724+2.72 b 15.75+0.83 ¢
Esters (E)-2-hexenol acetate

HE2AH,BEEEE . BREBRBERESRS
HRAMZTETER, NEERE BRI R S Pt
SRR 47T MY R, BRI AL BE 1 MR
B AR, PEBA 6 R, EER L B B 8 B, ok 2
AR RAE T M, T EMQEIN-3-CH-1-8.R-2-C
Bl E.OM. R2-CRE.Z8. 1,8 E (4
RHHEOMPEERES, FRAERELEYERE
W BB RE RE, 7T LA BB
EESYEREDS , #—E0TER . BFHRE
BRIt R EE R Y R B B N (3 978. 23 £ 438. 04)
ug/kg, BEH K (3 561. 47+ 219. 48) pg/kg, MK
H(1 326. 56 +92. 75) pg/kg (HH 1, 8- K
(1132.7£76.4) pg/keg). BWEICHR[3IHME 1,8
M E WG KRR SR L R WS, RS Rk
RELAF R 30.1 pg/kg. I ETEIBHIENA,
BEBREES 1,3 RSB R (122.671£3.76)
pe/L, BEB TELS RERBOE ((67.26 £2. 7D
pg/L) F¥E IR FE R PR TE ((2. 40 £0. 39) pg/L).
H50h#t, RO 4 hF.BBERTESY RS
B 20 3%, HPBMEALEYSEYM
1523.10% , kMg b &YX EHE N 441. 60 % , B2
AYEREM 23. 84 %, WML E S RE MW
22.26 %, JE B KL AW AN 20. 7500, AL A
ERMM 10.28% ,BERALESYETEHMS. 1%,

Garcia %1 R B 4 2 ¥ 28 4b 3K S 55 1 Bk s 1
BASHIMEY E,  rapidase B K i 9 07 1T 45
ERYRBRE A AETRE S S EY R 2w
JE B HT kR B (2, 5- — B 3E-4-RR -3 (2H) -k I
B R2CHAEB.CEB.O-EAIBAEPFREE

VYR, BES R AR 7B R AR o A B
S RERBEMRBEAT T 0, SR BN, W IRERRR B
MEIBEEASERULEYAIERR . R2-CF
BOE-EBNM-FRTES, &R BEMSS
) LA ok v B (2, 5- — B -4- 5 B -3 (2 HD-BR M ) L &
ZEIBRESFREGH.CEBMIN-3-CH-1-HERN
F, 5 R A H b 5B B2 B R R
BHE R VEY A L, A B PR B BRI R
AL R-2-C B C B LR-3-C %-1-88 . R-2-
-1 H.OEEYTERHE, 5B®EIO0 hHEKE,
B Aah LRYHERSHWMT 6.83%,3.17%,
4.64%,10.71%F15.64% . BAb, SEEMATO b
H, %5t 4 h RS BRBRTEREY RS A 30
MYRSEEERM(P<0.05, ¥ EQE 2-HE
BB KB 2-Z RO EPBR.B-TRAE.2- M.
R-2-Q2-IFmBEO R E . ERFRS, R E —FF
BRRYE B R-2-CHEZRE, TR KRR
Pk ABBERERENENAEX HABAEMMES
BERNFENSR-2-CRABRZKREBRTEF
EREMA X,

WREUEYERARERNER, RKRBUEFE
SHEEFRYRZ—. BHRBUEVEUTKREY
WHSEXGFEE, SRR B EBREES
RO ER T ED . AR 2 A, RERE
MHEIBRE A RENREHERALE
VEBRE EHRIBNTRE HRERER,
HARXT & B0 489, 98%6 5 B 4b , o H THI B L v-#4
B BB A 1, 8- R S BB 5
T 200.89%,186.00%,171. 64% F122.97%, H
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1L, M R RBIRMMERES. AU LS
RuA,HAEEEMITUENMBRESSHK
Yy, R 05 48 R M /N F BRI, W 4R R BR R B b
RHEFESAEABREEME,

H5GCMS ot M, B FRERAEF 4
ProfBER R BOE & AR R SR EDY  BR
To it Bk ¥y 4 R R b ik ) T , GC-MS BT AR
YR A AT ERER K HUBRERT. &
GC-MS WBHESY K (X) 5 i T 845 2R 28 0
B 34T O2PLS 4 (2+1+1), 858k 3 fr
~. HRIAH KB PRI RY AT Q &
14 0.995(~1.0)F1 0. 762(> 0.5),F B O2PLS
PEBRBE X UL P IE R Y R
AL 5 B T 5 ma R E Y 28 Ak 2 (8] 77 7R BT B
RNLRFE,

Al 3 %B, i O2PLS B RIS B #y 47 P R 1
YIFEH VIP, fHH 0.34~1. 44, HhF 25 YK
B VIP,.s>1. 0, R X LES Y F AL B F R
1% B 2% i O (B A 28 AL TUBR B K, AR 43 5l Ol -3 4%
(C25) . [R-2-C BB Z Bk (C28) | ]R-2-(2- IR s 1) ok
W (C27), R-2-%8 4% (C43), 2-Z % ok i (C8),
3,7,11-=H 3£-2,6, 10-+ — #-1-BE (C47) . y-#5 1
M(C32) . FM(C39) . 2-NE BB (C33) . KL M
(C35) BEE(C4D) . F M Z P M (C45) . 1- L 45-3-FR
(C5) A MR (C38), T W%kt (C46).2-Z K B
(C36) ., 3-H #-3-T J&-2-F (C4) | 1-3-3-F (C22) .
2-BEER(C18).2,5,5- = R H-1,6-E M (C3D . Z B
(C2)., 1-8 #-3-8 (C9). 3-H #&-2-8 #& (C11),
Jifi-2- BERE (C20) 1 1- )% 4%-3-BE(C6) ,

£3 GCMSAUAEMBSYWROERFREBBMWAE YO O2PLS #HR
Table 3 O2PLS model summary of volatile compounds (X) detected by GS-MS and E-nose sensor response values (Y)

R4 Ait R?X Rit R? #it @ Rit R?Y HRBEH
c ¢ R*X Cumulative R? c Jative R? Q? Cumulative R%Y Cumulative Model
omponen RX umulative Q R%Y significance
BA
Model 0.749 0. 846 0.762 0. 995
mm 0.531 0. 845 0.762 0. 884
Prediction
Pl 0. 321 0.722 0.620 0.737 . i%
Significant
P2 0.210 0.123 0. 143 0. 147 . E%
Significant
EX X B
Orthogonal in X 0.218 0.218  0.000 734 0.000 734 Significant
EXY B¥
Orthogonal in Y SRLD 0.111 Significant

E:RXFBAERSBRNYX EROWHR RERRRSBBEN XBREY TRO LA, Q RrnklsBEZX XK IE R?;R?Y R
ERABRBENY ERKLWH;P1 RAATHAMMORS 1: P2 RAAFHRMNORS 2.

Note: R? X. Fraction of X variation modeled in the component; R?. Fraction of Y variation modeled by X in the component; Q?. Overall cross-

validated R? for the component; R?Y. Fraction of Y variation modeled by Y in the component; P1. Component 1 for O2PLS; P2, Com-

ponent 2 for O2PLS.
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Fig.3 VIP,., values of O2PLS model for volatile compounds (X) detected by GS-MS and

E-nose sensor response values (Y)
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BBk BRI R P F KBS AT LR A
BFRETEN, HESRS 68 F R mEEE/L
FEAIHE S2.56,57.S8 # S10 X 5 B L.
BT E SRS 2R T RATRSEW 6Y 3R BE(E R
BE@ETEE M, B® 6 h ESBBRBERA T R
SPME-GC-MS 73 i S5 RE W, 2 MM L B )5 , Bk
BHEFESRAIPHEOMRETBEEMMPL
0.05) , K A M-3-C #-1-B¥ . R-2-C #%-1-8¥. 1, 8-4%
HE LB .CE.R--CHRERE - -8,
FRIBZREBNFERAFEELIENE
SYE. SREHBIRBEYTEWL, gL 4 bR
BAEMH ER Y RSB 20. 5300, Bk, 8§
AL TR REFE A TR Bk 1T & AT Y B, BRIE R
HESYRE . REHEMTEFEDREER, KSR
AR F SRR IKE.

[$ %]

[1] Baietto M, Wilson A D. Electronic-nose applications for fruit
identification, ripeness and quality grading [J]. Sensors, 2015,
15(1) :899-931.

[2] Shiota H. Kiwifruit [J]. Koryo,1982,137.59-64.

[3] Garcia C V,Quek S Y,Stevenson R J, et al. Kiwifruit flavour;a
review [J]. Trends in Food Science & Technology, 2012, 24
(2).82-91.

[4] Garcia C V,Quek S-Y,Stevenson R J,et al. Characterisation of
bound volatile compounds of a low flavour kiwifruit species:
Actinidia eriantha []J]. Food Chemistry, 2012,134(2);655-
661.

[5] Wang M Y,MacRae E, Wohlers M, et al. Changes in volatile
production and sensory quality of kiwifruit during fruit matu-
ration in Actinidia deliciosa ‘ Hayward’ and A. chinensis
“Hort16A’ [J]. Postharvest Biology and Technology,2011,59
(1) :16-24.

[6] #OW. FMARFAMGCMSHRARGHBHRLIERHY
MRS W@E (D). UM . B IL K%, 2015,

Zhang Q L. Study of changes and regulation of volatile com-
pounds in postharvest kiwifruit using electronic nose and GC-
MS [D). Hangzhou: Zhejiang University,2015,

{7] Reineccius G. Flavor chemistry and technology [ M]. 2nd ed.
Boca Raton:; Taylor and Francis, 2006.

(8] Sarry J E,Gunata Z. Plant and microbial glycoside hydrolases:
volatile release from glycosidic aroma precursors [J]. Food
Chemistry,2004,87(4) :509-521.

[9] Orruiio E,Apenten R O, Zabetakis 1. The role of g-glucosidase
in the biosynthesis of 2,5-dimethyl-4-hydroxy-3(2H)-furanone
in strawberry (Fragaria X ananassa cv. Elsanta) []]. Flavour
and Fragance Journal,2001,16(2) :81-84,

(10]

(1]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

EBHEPRY. C-HGMEMOTRREAHLR [J]. a8
%,2007,27(12) :803-807.

Pan L H,Luo J P. Advance in research and application of g-D-
glucosidase [J]. Food Science,2007,27(12) :803-807.

Baffi M A, Martin N, Tobal T M,et al. Purification and char-
acterization of an ethanol-tolerant p-glucosidase from Sporid-
iobolus pararoseus and its potential for hydrolysis of wine aro-
ma precursors [J]. Applied Biochemistry and Biotechnology,
2013,171(7):1681-1691.

BEL.BXF.%& &, S MEDPDHEHETRTHR
FMuscaDNBLEEAFESYENOER [J). KRG T LB,
2011,32(1).81-84,88.

Guo H N,Kang W H,Xu Y, et al. Effect of g-D-glucosidase
from microorganism on the bound aroma compounds in Mus-
cat grape [ J]. Science and Technology of Food Industry,
2011,32(1).81-84,88.

2 EE OFE S BROBpHEMETNNNEAN
REEFARRESYHEOER (J]. ®AR 5 K8 I, 2015,
41(5).:8-13.

Sang W, Tang K, Xu Y, et al. Effects of p-glucosidase from
Aspergillus niger on flavoring regulation and aroma com-
pounds of wine [J]. Food and Fermentation Industries, 2015,
41(5).8-13.

HRA PEHFRN=RE R E—(EB/OL] (2018-11-
12). [2020-02-06]. http://www. xinhuanet. com/food/2018-
11/12/¢_1123697732, htm

Jiang J K. China’ s kiwifruit production ranks first in the
world [ EB/OL]. (2018-11-12). http://www. xinhuanet.
com/food/2018-11/12/c_1123697732, htm
BOK AL KEE 5 BERREBBRRT I ZRALR
E]RAHEME ). K AFE,2019,40(12):168-175.
Luo X X,Ren Y M,Zhang Y Y,et al. Process optimization the
development of fermented kiwifruit juice with probiotics and
dynamic analysis of aroma composition [J]. Food Science,
2019,40(12).:168-175.

B T.HHT.MAE, S SPME-GCMS &4 FRAEAR
AHEAFGHBBERRBESYRE (J]. & 8%, 2019,40
(22) :249-2565.

Zhao N, Wei X Y,Fan M T,et al. Analysis of volatile compo-
nents of kiwifruit wines made from different cultivars using
solid phase microextraction-gas chromatography-mass spec-
trometry combined with electronic nose [J]. Food Science,
2019,40(22) :249-255.

Xiao Y,Xiong T,Peng Z,et al. Correlation between microbio-
ta and flavours in fermentation of Chinese Sichuan Paocai
[J]. Food Research International,2018,114.:123-132.

Trygg J. O2PLS for qualitative and quantitative analysis in mul-
tivariate calibration [J]. Journal of Chemometrics, 2002, 16
(6):283-293.

Galindo-Prieto B, Trygg J,Geladi P. A new approach for vari-
able influence on projection (VIP) in O2PLS models [J]. Che-

mometrics and Intelligent Laboratory Systems, 2017, 160.



®3M A

TC, % T T M GC-MS KRR BRIE Bk 1 F UL Bh S R

109

[20]

(e1]

(22]

(23]

110-124.

Wilson A D, Baietto M. Applications and advances in electron-
ic-nose technologies [J]. Sensors,2009,9(7) :5099-5148.

O % {FTEM,KBE.%. 1-MCP ALJE ST 48 BB bt R
EESOEW (J]. &K R2,2016,37(2).276-281,

Ma T,Ren Y M,Zhang Y Y, et al. Effect of 1-MCP treatment
on the aroma of ‘Yate’ kiwifruit [J]. Food Science, 2016,37
(2):276-281.

Nieuwenhuizen N J, Allan A C, Atkinson R G. The genetics of
kiwifruit flavor and fragrance [C]//Testolin R, Huang H W,
Ferguson A R. The kiwifruit genome, Switzerland: Springer
International Publishing,2016:135-147.

Zhang C Y, Zhang Q,Zhong C H, et al. Volatile fingerprints

[24]

[25]

and biomarkers of three representative kiwifruit cultivars ob-
tained by headspace solid-phase microextraction gas chroma-
tography mass spectrometry and chemometrics [JJ]. Food
Chemistry,2019,271,211-215.

Garcia C V, Quek S Y, Stevenson R J, et al. Characterization
of the bound volatile extract from baby kiwi (Actinidia argu-
ta) [J]. Journal of Agricultural and Food Chemistry,2011,59
(15) .8358-8365.

Garcia C V, Stevenson R J, Atkinson R G, et al. Changes in
the bound aroma profiles of ¢ Hayward’ and ‘ Hortl6A’ ki-
wifruit (Actinidia spp. ) during ripening and GC-olfactometry
analysis [J]. Food Chemistry,2013,137(1) ;45-54.

(E#% 100 ®)

(20]

[e1]

[22]

[23]

BB, RXL, B RL.F BLEBAKHBTIREDNRE
TR B AW (1] £5%M,2016,36(3).721-728,
Wei W J,You W Z,Zhao G,et al. Effects of enclosure and re-
covery for degraded Tussah-feeding oak forests on litter and
surface soil water holding capacity characteristic [J]. Acta
Ecologica Sinica,2016,36(3) :721-728.

BB, IHV. REATHBEXRE LMK 5% 6L RFE
s [J]. b E Y8, 2007,27(2) :250-256.

Pan Y X,Wang X P. Spatial variation of soil moisture in reve-
getated desert area [J]. Journal of Desert Research, 2007,27
(2) :250-256.

BER.RX M8 T F RUERWHESHIBBRD B
MERERER [J]). £5%H,2015,35(23):7659-7668.
Hou X Y, Song B, Zhao S, et al. Effects of agricultural land-
scape dynamics on the species diversity of ground arthropods
in woodlands [J]. Acta Ecologica Sinica, 2015,35(23):7659-
7668.

AL, TRR. AENTHISRAR L ANAF AT LINE
VBB R (J]. BERE,2003,25(5):96-102.

Shi P L,Yu G R. Soil carbon stock patterns of different land

f24]

(2s]

(26]

use types in the lower Lhasa River valley, Tibet Plateau []].
Resources Science,2003,25(5) :96-102.
HEE, KRB BES.F. RALBIVS T WBAHERX
Fegtse [J]. #ERLBI,2004,37(6):871-887.

Lin Y H,Zhang F D, Yang X Y,et al. Study on the relation-
ship between farmland soil animals and soil physical and
chemical properties [J]. China Agricultural Science, 2004, 37
(6).871-887.

RS, NER, ARE. RN F AN AR L
WY BB E W [J]. £WFIR,2013,50(2) :200-205.
Zhao H L,Liu R T,Zhou R L. Impact of land use change on
large soil arthropod communities in Horgin Sandy Land [J].
Acta Pedologica Sinica,2013,50(2) ;200-205.

BOE KA KEM, ¥ AREMZ R L KR WSH YT
B e BR B oA B [J]. £ 5441, 2016,36(20) :6607-6617.
Meng L J, Zhang L M, Zhang L. M, et al. Response of large
soil animals to tourism stamping in Yaoquan Mountain of Wu-
dalianchi [J]. Acta Ecologica Sinica, 2016, 36 (20): 6607-
6617.



