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Effects of CO, Injury on the Flavor Quality of Actinidia arguta

ZHANG Peng', CHEN Xiran®, JIA Xiaoyu', LI Jiangkuo""

(1.Institute of Agricultural Products Preservation and Processing Technology, Tianjin Academy of Agricultural Sciences,
National Engineering and Technology Research Center for Preservation of Agricultural Products (Tianjin), Key Laboratory
of Storage of Agricultural Products, Ministry of Agriculture and Rural Affairs, Tianjin Key Laboratory of Postharvest

Physiology and Storage of Agricultural Products, Tianjin 300384, China;
2.Food Science College, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: In this study, "Longcheng No.2" Actinidia arguta, electronic nose, and headspace solid phase microextraction
combined with gas chromatography-mass spectrometry were used to investigate the effects of CO, injury on the flavor
quality of Actinidia arguta. The change of volatile components and related quality indexes were determined during storage,
with the non-sticking controlled atmosphere element as CK group and the sticking controlled atmosphere element as TR
group (the content of O, was 11.22%~15.55% and the content of CO, was 9.00%~11.93% in stable state). The results
showed that CK treatment could maintain the green color of flesh and keep the fresh and fragrant flavor of fruit. TR
treatment could accelerate the decrease of fruit chlorophyll content, the flesh yellow seriously at the end stage and showed
symptoms of CO, injury after 45 d storage, at the same time inhibited the increase of TSS, increase the content of TA and
accelerate the consumption of V.. After 60 days, the main characteristics volatile components 2-hexenal and hexanal could
not be detected. While the relative contents of ethanol were 36.78%, with the obvious fermentation flavor and the
disappearance of the fresh grass flavor of the fruit. In conclusion, TR treatment could cause CO, injury, reduce nutritional
quality, destroy original flavor, and was not conducive to maintaining the quality of Actinidia arguta during storage.
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ARk (A ctinidia arguta)i%i—ﬁkyg% . B
BE, oA TIREARIL. Al Pk, LIZRdbHD
DB N HEE IR | R RS
F AR, AP PR . MmO fd
R AHZAN P AT R OB i AR A
Wiz, Z (i Efk . WAL R 4, It E I
IR 2 1) [R) I 5 DRSS P R it JXUAR

A & < #4325 (modified atmosphere package,
MAP)YER—Fh 5 i B ICEE M PR SR, AT
SRS [ B P ACEE, SRR T CO, FiT O, Yk
B LU A5, BRI R ST AR, Ui A A QU
TR B H i A S s B i H B, Ty ik AR R
TR HREAES IR B TP RS A R AN R SEXT
CO, T 32 Bt BEAS[R], Wik A vp 22 A BEAS 2, T Bl
ANTE B AR S5 W 23 e AR R L R . O, b ARk
CO, i m SR AR S i 5T, BHASIF A it , 7 [ 2H
U545, eSS AR, S TE R A . PINERAE
KIAE 16% O,+3% CO, MV SAF T FRA A
B R 8 OR Bl 1575517 2R 0.05 mm R 24
(polyethylene, PE) 248X “ Lk —5 " ARk
ATV, BAEASE IS O, & BE7E 5.68%~9.38%
Z a3l CO, SraAE 7.27%~11.78% Z a5, 4%
RKRHT 50 d BRI, AR AN, AN
S Y AR, RIS CO, i FAREIR . ST
FWIAGE B A e 255 [ R EE CO, 45, 45
BT, AR XA AR XA 5 5T (1) LA AR AT 0
AN

IRUBRAE Sk FR S0 T i B B2 20 B 43, e FE &
PERMIC RS s 2 CEZE ., 5l BT
B oh 5T ES [E A% FEE (head space solid-phase micr-
oextraction, HS-SPME ) FII'=<FH (7.1 BT (gas chroma-
tography mass spectrometry, GC-MS) 53 ¥ R 3=
R FHTREE 50 A aEl Y SR R A BT A
M F GBS — AP 2 TR AR AR, S AL
ST R G, TGRS 0mm R KSR AR S-S
Yy, HAERVERE . EAME S . B2 M-S A
HS-SPME-GC-MS {F AAGINE % o3 1 FHA AR
T, AT DATERR LA [6] PN 58 B il 4 53558 M e
Gy, B S HER s . RS RIS, PR R ZS
AL, 7T LUAH B IS UEATRN T, $& s A i s

ARSI B8y 2R FH AR AL X R BRA Dk A T IR
TR 204 CO, i FE L, ¥RFT CO, 133 X A S5 A 1k
BG5BT AR A S, SR SRR A3 35 IXUBR
SR ER AR, Ay PR Wi RN e i P S ig o B AR fk
AR
1 RS
1.1 MRIEEE

ST ST AR E 7 DT A AR T,

SRATBTE] A 2020 4F 9 H, PRyEnl EETERIEY) &= 7E
6.5%~7.0% Z[a], K/NI—, JoBH BA645 iR 5 R ik
o SVEFE FEAIRAS: 28 cmx22 cm* 12 cm, A&7
38 XL T A% - 20 mmx15 mm, S JHTTH:: PE 35,
55, JEEEE 0.02 mm) T AR S PR EE AR R R
HRRAF]; BAR . FHIREL | MWL . SUIbEN. 95% ZBE

R KAz R) s &8 k88 . EDTA . 7K
R, AR R VL RAL T A PR Al A 3553
E = ot slio

3-30K BUE Bl FEE Sigma BLOHLA R
4\l Synergy H1 B 2T EFFLARKIMN BRI 38
FEMA S A8 BRAS 7] HH-1 BUER KBS &I5T
LRI B 1E AT FR S T PAL-1 U #4590
10 HAEZZ7\ T 916Ti-Touch I T EIL R
+ITiE P EAA RS T ; TAXT.Plus B8 MY 95
SMS 2\ Fl; PEN3 BUEHEAC L 755 TE[E Airsens 23
H]; SPME Fiber BUEAHIUALET AR 50/30 um PDMS/
CAR/DVB B [EAH{ A B LT 4k Z2[E Supleco 2
H]; Trace DSQ MS B AH (% — B AL 32
Finnigan 2y H] .
1.2 T E
1.2.1 bRyl RSSRE S SR R EEY) i 4 (0~
4 °C)12 h Wiz ML E, FEVKIRZE(—0.8~—0.2 CHW
FEAT TR G o MAERR 24 2.2 ke, B35 60 d, 4
15 d #5523 48 A S0 2 AH O F8 AR s AR 900 1
2 AAEER, X BRZH (CKOASKE G R ST (LA As SR %)
I®, 0, & it: 20.90%, CO, & ht: 0.03%), FiFF41(TR)
ARGV STAE, AN RR S B RRERT O, &gl
11.22%~15.55%. CO, & il 9.00%~11.93%.
1.2.2 MEdstn 5k
1.22.1 MEESEONE SFHFE54L" Wik
I E M R IR UK, B 1.0 g Bs2513, It A 10 mL
95% Z WEVS W, REALHEEL 24 h J5, T I K 665 A
649 nm FIEMERE B,
C, = 13.95A; — 6.88A40

C, =24.96Aq —7.32Ags

(%U}*Z X PAFH x ﬁ?ﬁ%{%’ﬁz)
FE il 5T &

K C L Cy Sl a3 a, AR b IR )E
(mg/L) .
1.2.2.2 Al F ) (total soluble solids, TSS) &
HGIE CRKRsesdGa R 4 220 UE, B 0.2 mL
SR TR TSS &t
1.2.2.3 T ¥4 2 M2 (titrable acid, TA) & & 19 &
HX 20.0 g RIS AZEIB/KEZR A 250 mL, Ki
JinFA 30 min R EI FE IR, B E, B 20 mL 3&

MR AR (mg/g) =
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W5 40 mL ZEME7KIR G, >R H AL s A2 I 5
TA & i,

1.2.2.4 42 C(vitamin C, Vo) FHEAIME  RH
FHEE bR ME Ve B,

1.2.2.5 RHEERYIE  POEBRGERE L HEHEC 6 >
(PR ZYTE 25 g) SR SR FH WA e i i, #83k 7
= P/2, HAE 2 mm, WA BE 2.00 mm/s, 52 R EE
10 mm, H/NEFHITT 5 g,

1.2.2.6 #RMEBSTIOME o TSI 7k HEHL
7 AR — [ ORI AR (TR 2 180 g) it A
500 mL LEPR A AR BEAR 3 38, AR (18~22 C) T
JCE S min S SR FH T A e Ak R AT HL - S A T Sy
o KA AR S INREHE] 50 s, FE S HER I E]
5 s, ABNJAZEATE] 10 s, G VERTE] 220 s, PIHR
Ui 100 mL/min, FFAERIE 100 mL/min, 2550
o RS 48~50 s 1 G/Gy (H AT 43 Mo HL T &
10 MEEREF A FRLL S B RS DL 1.

R TR PR I B

Table 1  Electronic nose sensors and their response to odorant
compounds
o RIS AR PEfEfR
1 wiC Xof 55 A P R UK
5 WSS Xﬂlfﬁﬁfﬂﬁ%ﬁ@iﬁﬁ, JEHIEXTBIPE
SRR IR 5 o R
3 w3cC XEE IFEII S U, R X RUK R
4 W6S F A U
5 wsC ek TS MU, AR N AL S
6 WIS TSI, REER
; WiW FEXSERAL U, ?&?E’\J ihéfkr*’éz’i*ﬂ
ALY AR AU
8 w2s Yo IS A, KRR AR AT i i
9 W2W X5 A3 R LB T U
10 W3S X e Rk, X HY e E U

151 23 [E A ZE B (HS-SPME ) F1AAH 4.3 - T ik
53T (GC-MS )R 51 ARG THE 0> 10 min
(10000 r/min) 7, Bt 8 mL B Fl 2.5 g NaCl T
15 mL TR%SH#RE N, & JH Thermo Triplus RSH H )it
R 28 B PEAT [ AH T4 ZE B M R34, £ AT 100 pm
PDMS #Hk; SAH A% 551 HP-INNOWAX {44
#E (30 mx20.25 mmx=0.25 um) ; 2% <.~ He, ¥
1 mL/min, A4 B 452k HE3EFTEE 280 °C, H
Bk EL B TEEE 200 °C, FREFNTER m/z
35~350; FEFETHE: 40 °C A58 3 min, X5 L) 4 °C/min

0d 15d

FFZ= 120 C £ 88 0 min, #-LL 5 °C/min = 210 C £
B 5 min. fEHIZIRALN 250 °C.
1.3 BEALE

BRI E E W RE 3 UK 2R Excel 2010 4T
BRI BAEER S 5347 . SPSS 19.0 #Ff 725 5 I 1k Sy
Br (P<0.05 7R 22 57 .35 ;s i T S B ] Win-
muster A4 PEAT 2814 H) B 43 7 (linear discriminant
analysis, LDA) F1Z& 4347 (loading analysis, LA); 7
SRS A RE T NIST/Wiley bRAETSZER 2R, PR
B B A1 85 -6 SCRR PR HE B, ¥E8EE R DCECRE R T
800 1M & W T A7 3T, FT AR —vk
MR A3 AR5
2 HEREZHR
2.1 CO, GEMNHEMGHREREFITRESENZMN

FH IR 1 AT, s B R Rk SR Y S S,
a5, CK 4H 45 d BF R4 SRS i I fb B 22,
PR PR AT A Y RE 1, AR S T i AR F AN EL . R
PIB NG . PORE N SR nEE; TR 20
45 d IR PBI A & A 2R, 60 d R B A % e E|
FEATAL, BB LR CO, ARG FREAR, FKMY
S BT RIIAE CO, W HHN 4.3%~5.0% A, “&
T— 5" BASRGAHR L BL CO, AAFEREIR, ST
SAEPL .

P23 2 SRy RO R AR SR S (o iy ER SR PR,
FEH SRR a FInFSEE b MR, R it
Mg R R A KA S R B Ak . R IR 2 AT, A A]
TR ZH ARG S 2 & B3R B R S i TR AR
PEEF, W7 15 d BF TR 44 38 & 548 CK 4@
4.17 mg/g, VLIRS RT N FAEE T CO, RER A
FFARFEIR SL 05 FERE A B M 2B CO, 153 m
5, REBE R A WAR, MR SR BT R, W
CK ZH PR SL S e, M4 2R B i fd A 55 60 d
I CK ZH 4% 38 &% & 2 35 (P<0.05) & T° TR 41, 1tk
A CK. TR HMER 25 E400°h 38.28. 22.09 mg/g,
CK 2l 0 TR ZHY 1.73 1%, S5ARERERIEIE] 1)
AL, TR 20 AT i sse R 5 -2 38 43 it e 2, R S8
KRR, W e FHTE I i
2.2 CO, E X E BRI 5 mm B B #2010

FRSAE A I R T PR BE AR | R S A S
FEMIT -G RS A, L5t e R SR S i XU
AR BT . PTVAT ETR ) R A  A  ABE | T A XL
BRIGEZIGIRZ —o IR 2 AT LUE Y, ZEN s E]

30d 45d 60d

Bl 1 CO, ti xR M B BRI
Fig.1 Sensory effect of CO, injury to Actinidia arguta
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Fig.2 Effects of CO, injury on chlorophyll content of Actinidia
arguta

TE: AR/NE SR 2 5 35 (P<0.05) .

0 15

WAL TSS & S ESE TS FREEEF, )
W& N 6.88%, 60 d B} CK. TR 23 TSS & &34
A 13.27% F1 11.58%; CK £HAR W] TSS &0, ik
SR R, TR 4H EFHIEBERN, B CO, 13T
TSR SE TSS ST hEr, BEAS nl a1
AT RE R o B S SR TR VTR G, [RIR AT
LIVE R i) R 2 BTSSR Atge o, diak 2 T
LIE H, HORRRIERE TA S B2 80 F a3y, (BT
60 d Bf TR ZH & A A HE 0, 3% 45 d FH 0.03%,
Al BRI R S A M pH T RS Y, 8
151 TA & N; 60 d B CK. TR ZH 45 IV 5% 477 3
TA S8BT RHET 0.54%. 0.29%, T FEilRE CK 2H

>TR 2H. %% I, CK 40 TA S EMAEHE R, TR H
251 60 d & /INERE M T &, PTREXT SR S =4
Ui Al

Vo B B e Al B S S ) R AR AR —, H
14 AR A AT AR Sk 4] BRI I 0 o 5 ) EE AR R T
I3 15 d BF CK. TR 41 Vi & 5g(E 53518 90.72.
89.39 mg/100 g, {Y:REE I A A RE R S 2T IR T
B, A S5 5 P2 36.84., 30.66 mg/100 g,
CK 21 % 35 (P<0.05) = 1 TR 4, $il] CO, 13
SR SE Ve B TR

AR AR G A b AR ok, R X H
SRR SZ I Ay R, AR 2 AT, IR 1Y
A R s I, A it 25 7 e ST T %) i K A R R R [
60 d I} CK 4RI G e Ry BH i, S PRS- 240 i )
Sk 72.89 g, A} TR 4H°M 93.72 g %8 CK #H75 20.83 g,
ZHA) 22 7 3 (P<0.05) . TR £H A 3 £% 5 Py il BE 1Y
T RE, TTRESE DR R BRIk AZ 2] CO, 475 F AR
7 BHE B, EASSES (i ot e B, SE SR A 22 5]
CO, BT SZAE R AN .
23 CO, EXNHERIEHER F 24N 5347

LDA At )& —Fp 5, il it IroRAE IR
PR I 43 A A 25 8] R A o AT RS S i =2
V] 14 B 285 0 2 B R i AR I A AR 00T | 1B 3A
A4, LD1 B STk N 55.61%, LD2 By 51 ik 2Ky
31.47%, M TTHLE K 87.08%, KEAS AT LI AL M5

K2 CO, UrE X AR IR ot T (2]

Table 2 Effects of CO, injury on storage quality of Actinidia arguta
- I 3R [E] (d)
FEbR g
0 15 30 45 60
CK 6.88+0.48" 10.08+0.04° 11.75+0.05° 13.58+0.08° 13.27+0.14°
TSSE (%) . . b b
TR 6.88+0.48" 12.28+0.08" 11.98+0.13* 12.93+0.58 11.58+0.08
e CK 1.28+0.04* 1.17+0.04* 1.12+0.02* 0.92+0.01° 0.74+0.01°
TAE (%) ) b ;
TR 1.28+0.04° 1.24+0.04° 1.05+0.02 0.960.01° 0.99+0.01°
45.51+0.76" 90.7243.02* 75.3843.97* 74.37+1.80" 36.84+1.00°
Vi i (mg/100 g) cK
TR 45.51+0.76° 89.39+1.32° 77.54+0.76" 68.54+1.53° 30.66+0.58°
CK 256.71£19.37 188.97+21.88° 114.28+6.18° 108.91+4.17° 72.89+6.31°
SN ()
TR 256.71+19.37 180.70+6.43* 125.47+8.84° 118.831.45° 93.72+10.24"
1 AF/NG PR R R —FNEAE R B 125 57 (P<0.05) .
—340 FA 0.8 B
CK-30d _ 07} wismw2s
—_— L X
g 304 g & 5 060
S 50l CK-15d CK-45d S g-i i
o =3 L oslwic
=BT & TRI5d CK60d = 02| "mW3cC
= 0d bt = W5C
& 360} TR-45 d &) o Olr gwés  =wiw
S £ ool ® w2
= =365} TR-60 d g 01t W
= —02 W5S =
-370 -0.3

-935 —930 —925 —920 —915 —910 —905
LDI (BTifik#: 55.61%)

0 0.1 02 03 04 05 0.6 0.7 08 0.9
Loadingl (FT#k%: 99.54%)

K3 CO, 15 T AR R T I S0 Hr (A) FN28fi 7341 (B)

Fig.3

Linear discriminant analysis (A) and loading analysis (B) of volatile components of Actinidia arguta with CO, injury
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Hoo MR X BRE R FE RS, 15 d BF CK. TR £k
TR R UG AR B S, DARH IS 4H a9 4 1
AATARIL; 30 d LUJS 2 4 IR G s 20 1 e, AR A
S, ANKRAETES, IR H 60 d 1Y TR LA R B CK
ZHA [ BE B e, S84 X 43, U TR 41X SR8 HRAp
W R A S A AR A B AE o AR (5] DX Sl B s ]
W53 ALEE, CK HAEN T 0~45 d B LD1 iE
J7 18] 284k, 45~60 d I LD2 11 J5 6] 484k, TR 4H7E
738k 0~30 d Bt 5 CK 207284k J7 Ml AH[A], 30~60 d A
Wy LD2 iy ARk LB, CK 4R 45 d S48k
BRI P IO A AR Ak g B ] R Ay S e
BERY P A, M TR 2H7E 30 d Bf st th Bz s 2% I,
TR HAEN 7 30 d B35 & Ao ih & AE AR fk, IV
ARG BCIE] . ST RURAS 6™

LA Sy TR X L EES TR R T4 4T, PR BT JRA
AL IRRER 11 2 S B, WAL R RS AR
KIEWINE R, I 2ZAE R /INAT DL Z PO
El 3B "I A, 55— A DT 99.54%, 5502
JRAFIITTRREE A 0.29%, S TTHAE N 99.83%, AL
TR AERRRIE . A 3B AT, WSS AR
AR X5 — Tl A Tk o, Hak S W1w (f
WAL HURR) , WS O JE 080 X 85— 32 il o3 filt
8%, Hk Tl W2S )
24 CO, EHEMMGEHE GC-MS 1M+

RATFRAAI AL LA W g A [R] HeAG I 30 P
FAERST, GC-MS XAE 5 B FENTIAITE 94% DL L, AT
ARFEAEANFE LB, 2545 R o FAR AR AT 5 UL
%3,

T2 ) S SR BRI, X A48 4 P DT ik
K, Hop C~Cq MBS AT T A . KR RRFH
KRR, 3 3 A, TN 2- VAT (59.75%~
80.19%) AT (6.16%~12.27%), FSJiZ I M5 21 N
SRR VAT 1] 2- 2 A EE AR XS ol 80.19%,
A RS 6] P18 FE -1 25 2H HAR G S it iy 1 e, H:
F1 TR 4H FRENBRERR, 45 d ARS8 59.75%,
AT BEAGINE, LT CK 2HIZ4% &R HR A4
B ARVR 75.14%; CLIREVE A g fif SRS 00 22 SR
Yy W TR, (R PE R AR g H,
{H 60 d B:f TR 2H[FIFEARGERM 2455

WS A A S S AU ) o 1) T B2 21 5B 40,
FLRTAARY) S5 22 A A R IE D R 2 1 1) He Ay ) H
5 FPBESEY) T, Hoh S5 R s (BRSSO AAE 0 d K
F] 0.12%, BbAh 2 ¢H Yk i 2 BAG B 2k & FE &
1-E075-3-E . A THR A EIR ALY 2- 2 I BELL K
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Table 3 Changes of relative volatile components in Actinidia arguta during storage by CO, injury
CKAARXS 5 (%) TRAFR 1 (%)
e hs
0d 15d 30d 45d 60 d 0d 15d 30d 45d 60 d
1 LB - - - - - - - - 1171 37.68
2 -3 4-3- P 0.32 1.14 0.56 0.27 0.39 0.32 0.85 0.40 0.31 2.36
fis ks 3 3- ¥R 0.57 1.06 0.82 0.51 0.75 0.57 0.95 0.95 0.54 1.67
4 2-Z.FEC B 0.91 1.81 1.29 0.76 2.17 0.91 0.90 0.64 0.81 2.03
5 pagiait 0.12 - - - - 0.12 - - - -
/Nt 1.92 4.01 2.67 1.54 331 1.92 2.70 1.99 1337 43.74
1 L 6.16 8.41 9.23 10.61 11.00 6.16 9.12 10.64 1227 -
2 2-CLAE 80.19 7883 7856  79.64  75.14 80.19 7872 7173 59.75 -
3 (E,E)-2,4-C Ik 1.41 138 1.39 0.97 1.39 1.41 1.53 1.25 0.73 -
4 2- P - 0.24 0.51 0.17 0.25 - 0.17 0.36 - 0.55
- 5 KEFLY%X - 1.90 - - - - 1.46 - - -
6 (B)-2-JiE - 0.24 - - - - 0.21 0.16 - -
7 T 0.25 - 0.25 0.16 0.26 0.25 0.24 0.27 0.24 1.48
8 (Z,B)-2,6-T- Itk - - - - - - - - - 0.52
9 A 0.18 - 0.21 0.14 - 0.18 - 0.18 - -
10 (Z2)-28-2-JfiltE - - - - - - - - - 0.50
/it 88.19  91.00  90.15  91.69  88.04 88.19 9145 9059  72.99 3.05
1 TR - - - - - - - - - 0.81
2 R IR - - - - - - - - - 0.49
3 (Z)-2-I%Maits £ BT - - - - - - - - - 0.63
_— 4 R R - 1.00 0.46 - 0.33 - 0.30 0.29 0.98 1.02
5 ZHRC R - 1.59 0.85 0.34 0.78 - 0.93 0.85 0.62 0.75
6 KR g - - - - 0.77 - - - 0.40 0.69
7 T VYRR S TR - - - - 0.66 - - - - -
8 AR W T e - - 0.18 1.62 0.66 - - - 1.68 0.86
/N 0 2.59 1.49 1.96 3.20 0 1.23 1.14 3.68 5.25
ik 1 3-FRH-2- TR - - - - - - - - 1.54 15.39
2 34-FRE-3-25E-2- T - - - - - - - - - 445
/Nt 0 0 0 0 0 0 0 0 1.54 19.84
o 1 Eﬁ FS 1.12 - - - - 1.12 - - - -
RN 3.88 0.56 0.57 - - 3.88 0.16 - - -
/Nt 5.00 0.56 0.57 0 0 5.00 0.16 0 0 0
1 GIB- =i 0.19 0.34 0.60 0.99 - 0.19 0.41 - - -
HoAth 2 2- I NI - - - - - - - - 475 21.11
G0 S S - 0.94 1.09 0.80 0.81 0.70 0.97 0.69 1.59
/Nt 0.19 1.28 1.69 1.79 0.81 0.19 1.11 0.97 5.44 2270
it 9530  99.44 9657 9698 9536 9530  96.65 9469  97.02  94.58
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Fig.4 Effects of CO, injury on the relative contents of volatile components in Actinidia arguta
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