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Effects of modified atmosphere treatments on chilling injury and flavor

quality of peach fruit during storage
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Academy of Agricultural Science, Linyi 276012, Shandong, China)

Abstract: [Objective] Peach fruit is perishable and easy to deteriorate at room temperature, and cold
storage is an effective way to prolong storage life. Peach fruit is chilling-sensitive, and the loss of fruit
quality after postharvest cold storage caused by chilling injury (CI) reduces consumer satisfaction. Mod-
ified atmosphere (MA) has been extensively used to alleviate chilling injury (CI) of horticultural pro-
duces. However, in some cases, the flavor quality decreases due to excessive deficiency in oxygen and
accumulation of carbon dioxide in MA containers. In peach, the effects of MA treatment on fruit flavor
quality suffering from CI remain largely unknown. In this study, Hujingmilu and Zhonghuashoutao
peach fruits were used as materials to explore the effects of MA treatments with different O, concentra-

tions, on chilling injury and flavor quality of peach fruit during storage. Meanwhile, through analyzing
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the correlation between the gene expression of ADH and PDC, and accumulation of acetaldehyde and
ethanol, the study aimed to identify the critical members involved. Finally, the study was carried out to
determine the most suitable O, concentration for MA storage of peach fruits. [Methods] The peach
fruits were pre-cooled at 0 °C for 12 hours to dissipate the field heat, and then divided into four groups,
with final O, concentrations controlled at 1%, 3%, 5% and non-control for MA1, MA2, MA3 and con-
trol, respectively. Hujingmilu and Zhonghuashoutao fruits were stored at 0 °C for 40 d and 60 d, and
then put on 20 °C shelf for 3 d and 4 d, respectively. Firmness, ethylene production, internal browning
(IB) index, contents of soluble sugars, organic acids, ethanol and acetaldehyde were measured. The
ADH and PDC gene families were analyzed in silico, and the expression of main expressed members
PpPDCI and PpPDC?2 as well as PpADHI, PpADH2 and PpADH3 was determined by RT-qPCR. The
relationship between gene expression of PpPDCs and PpADHs, and contents of acetaldehyde and etha-
nol were analyzed. [Results] Hujingmilu and Zhonghuashoutao peach fruits suffered from serious 1B
on shelf following cold storage, with index as high as 0.53 and 0.69, respectively. All three MA treat-
ments effectively inhibited the IB of both cultivars, with indexes all below 0.1. With Hujingmilu, the
MA treatment also effectively alleviated the impairment of cold storage on fruit softening. With Zhong-
huashoutao, the ethylene production of the fruits with MA1 and MA3 treatments was significantly high-
er than that of control, indicating that MA treatment guaranteed the normal ripening of the fruit. The eth-
anol and acetaldehyde contents, however, varied greatly among different treatments. Compared with
control, ethanol and acetaldehyde significantly accumulated in fruits of MA1 and MA2, while there was
no marked difference in fruits treated with MA3 or control. During the shelf life, the accumulation of
ethanol in all treatments was reduced, while for acetaldehyde, no significant change was observed. A to-
tal of 5 PpPDCs and 33 PpADHs were identified from genome database of peach. PpPDCI and PpP-
DC2, as well as PpADHI, PpADH? and PpADH3 were identified as highly expressed members and
hence used for further analysis. The expression patterns of PpPDCs and PpADHs in the postharvest stor-
age of peach fruits were differential between fruits at cold storage and those on shelf. For example, the
expression of PpADH1 during cold storage was significantly higher than that on shelf, with maximum
difference being up to 17.19 times, while PpADH?2 and PpADH3 showed opposite trends. The expres-
sion of PpPDCs during cold storage was generally higher than that on shelf. The expression patterns of
PpPDCs and PpADHSs were also quite different under MA treatments with different O, concentrations.
Overall, the expression of PpPDCs and PpADHs in fruits of MA1 was highest, while that in fruit of
MA3 was lower. At the end of the cold storage period of Hujingmilu and Zhonghuashoutao (40 d and
60 d), the expression level of PpADH]I in fruit of MA3 was only 15.48% and 43.24% of MA1, and for
PpPDC2, only 15.11% and 66.93% in two cultivars, respectively. Correlation analysis showed that the
expression of PpPDC?2 and PpADH1 were significantly and positively correlated with the accumulation
of ethanol and acetaldehyde. [Conclusion] Compared with control, all MA treatments, with final O,
concentrations ranging from 1% to 5%, can effectively alleviate chilling injury. MA1 and MA2 treat-
ments led to significant accumulation of ethanol and acetaldehyde, while MA3 did not. Among the 5
PpPDCs and 33 PpADHs, PpADHI and PpPDC?2 played important roles in accumulation of acetalde-
hyde and ethanol during postharvest storage of peach fruit. MA3 treatment inhibited the expression of
PpPDCs and PpADHs, and prevented the excessive accumulation of ethanol and acetaldehyde. The MA
treatment for peach was optimal with final O, concentration controlled at 5%.

Key words: Peach; Modified atmosphere (MA); O, concentration; Chilling injury; Acetaldehyde; Etha-
nol; PDC; ADH
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Fig. 1 Effects of MA treatment on internal browning in Hujingmilu and Zhonghuashoutao fruits

35 - a W5t % #% Hujingmilu 0 - 7Bk Zhonghuashoutao
A B
30 ‘I‘ 50 F a a
Zm 25 + z 40 + a
t 4 r 177]
é( 5 20 2% 50 |
Eosy BE |
10 [+
5 L 10
0 ) 0 | I U N BRI S S S —
XtHE Control  MAL XI#® Control  MAL MA2 MA3
Kb # Treatment KbFH Treatment
C :ﬂ 4 . a 5% & Hujingmilu D *; 35 H4E75 8k Zhonghuashoutao
2 nt W 30 | .
w = a R
@g 10 f w25 | "
XE 87 a a BT 20 ¢
%5 F=IRS)
JE 4t £2 ot °
N 2 NI :
g ot 2 05 | I—I
5 5
E\‘ 0 L J 1 L J 1 L J 1 L J J ._>4\. 0.0 L J 1 L J 1 L J 1 L J J
m X8 Control  MAL1 MA2 MA3 5 X} Control  MAL MA2 MA3
Kb Treatment Kb FE Treatment

El2 BASALEIMNAREZMHEERRSEENZHRBERNIE

Fig. 2 Effects of MA treatment on firmness and ethylene production in Hujingmilu and Zhonghuashoutao fruits
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Fig.3 Effect of MA treatment on soluble sugars and organic acids in Hujingmilu and Zhonghuashoutao fruits
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Table 2 Evaluation of off-flavor in peach fruits treated with different O, content of MA
it Fof T g ) (1] Xt
Cultivar Time after harvest/d Control MAl MA2 MA3
5% #% Hujingmilu 40+3 0.00+0.00 b 1.60+0.34 a 1.50£0.31 a 0.90+£0.31 a
H 75k Zhonghuashoutao 60+4 0.000.00 ¢ 2.80+0.20 a 1.30£0.15b 1.10£0.23 b

W FAT AN FEERORAE 0.05 KPAFAERE 25

Note:The different small letters in the same row indicate significant differente at 0.05 level.

IR . 456500 s O IR SRR B R A
FE I RNA-Seq ¥di , L2 i A FPKM BUH 171
TE IR , iSRSk R S b i %A 1 ADH
HPDC 5 K] S0 1% 7 A D Jim 2 6 DR 2k 43 A i hk
Fo WKHE ADHFERFERE S S RN A-Seq 4k 2 ik
3 1 = AR 4K IR Ay 4 N PpADHI~PpADH33. 1E
PDCH: A 1, PpPDC1 H1 PpPDC?2 [ iy % % % NC-
BI #5045 FE , 6 A% (1) 3 A WK H8 PDC Jk R 7E Bk R
52 RNA-Seq ##5 FE 338 =F B2 1) s AR 4K I i 44
N PpPDC3~PpPDC5. ., PpADHI . PpADH2 Al
PpADH3 W) 15 & 2 Al &5 PpADHs 1] 70% LA I,
PpPDCI M1 PpPDC2 3R ik & 2 1 5 PpPDCs ] 95%
DA o 208 B 7 JE R 20 (1 2 5 A0 e € pd 58
A7« FF ] 1324 Copen reading frame , ORF) & | 4
T HE A R AR R E L P A S R E R

WK 3 s
2.5 HERSEIGEEAE PDC I ADH B EFIL DT
RT-qPCR JE & 7 B 45 2R &7 5 2 N Bk b Fh i1
PpPDC2 & [K ¥) 18 & 35 15 T PpPDCI £ K], If H.
PpPDCs 3 K 7E Hp 42 F5 kb (1) R I8 B T 1 5t
#i . PpPDCI F1 PpPDC2 FE K 1E 2 ANk ity Fl AN [A] I
Y B (1) R IA AR A7 AE 22 57, 1 550 2 B VAR 40 d N
PpPDCs B: R 1255 5 B 2. 5 T D2 22 1 , 1 Ah A6 75 Bk
KPP AN TS . B3 B MA AL BT F , MAT I
MA2 &b B () S sz PpPDC1 A PpPDC2 R K () 2% ik
B, 1T MA3 AEBE AR, HA5 % AT (B 5) .
PpADHs JE K| (1) 3 15 5 7£ 9 Fh bk SR SR 5 258
MAFEMBRFERKREZR. £ REERET,
PpADH 1 55 PR 75 AR I3 07 5 0 ¢ 0k 5 0 0 o 1 0 48
W, B K 2 9K 17.19 £% s PpADH2 A1 PpADH3 F: A
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Table 3 The information of two PpPDCs and three PpADHs highly expressed in peach fruit

R AR HEH D etk FRRRERE R SRR R A AL AR SFHL R

Gene Gene ID Chromosome ORF length/bp Amino acid residue number/aa Molecular mass/ku Isoelectric point
PpPDCI 18779199 4 1722 573 62.05 5.73

PpPDC2 18775031 6 1818 605 65.39 5.74

PpADH1 18767780 8 1140 379 41.14 5.92

PpADH? 18767368 8 1074 357 38.75 5.43

PpADH3 18787602 2 1104 367 39.15 6.46

() IR A AFAE 22 57, %o R 20 SR8 S A ARGt D ek 4 1)
RIEER G, M MA L F R SCE R RIEE
B, 25 R W PpADHI IR (1) 32 15 7] fE 22K O, 15
S, 1M PpADH2 F1 PpADH3 3[R 11 3 35 ) 52 363 & O\
IR % 2= TR 28 IR 75 5« AE AR IR I3, MA &b 22
'~ PpADHI %: A i) 3% ik & % i = T PpADH2 Fll
PpADH3 FE R, £ TR B2 H B, 1 AH S R A2 AL a5
16 3 Ff MA A 2 B, MAT A1 MA2 &b BE 3 52

PpADHI R F2 15 5 5 T X I, 43 0 % HE ) 11.84
1477 £, T MA3 AL BN 5% AR . ek
PpADHs JE K )35 1 05 1 5t B B 2R (B 6)
Pearson #H I 70Mr 45 IR , 40 & &= BEIE L
{65 PpADHI 3R 1301k 2 S AT 2 IEAHOG, AH R R
5 71N 0.756 F10.834 (p<<0.01) . PpPDC2 3L [K 1]
Tk Ol G R R EARDS AR 0.621
(p<<0.0D), 5 2B & & 2 B E %, H PpADHI F
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