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Effects of ethephon on volatile metabolites in Shushanggan apricot fruit
Xu Min', Shi Lei’, Yang Pengbo', Wang Feng', Huang Linbin', Zhang Shikui’, Tang Zhanghu’, Zhou
Weiquan™

('College of Life Sciences, Xinjiang Agricultural University/Xinjiang Key Laboratory for Ecological Adaptation and Evolution of Ex-
treme Environment Organisms, Urumqi 830052, Xinjiang, China, *College of Horticulture, Xinjiang Agricultural University/Xinjiang En-
gineering Technology Research Center for Efficient Cultivation and High-value Utilization of Forest Fruits, Urumgqi 830052, Xinjiang,
China; *Luntai Fruit Tree Resource Nursery, Xinjiang Academy of Agricultural Sciences, Luntai 841600, Xinjiang, China)

Abstract: [Objective] Shushanggan apricot is a main cultivar with Xinjiang characteristics. It is popu-
lar with consumers because of its suitable sugar-acid ratio, unique flavor and rich nutrition. As one of
the key indicators to judge fruit quality, aroma has always been concerned. As the Shushanggan apricot
enters the mature stage, its internal aroma components undergo a series of complex changes over time,
which is directly related to its economic value. Ethephon is a synthetic plant growth regulator with high
quality, high efficiency and low toxicity. Studies have shown that it can improve fruit flavor, promote
aroma formation, and make fruits emit more intense aroma. This study focused on the effect of ethe-

phon treatment on the aroma changes of Shushanggan apricot, and analyzed the relationship between
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ethephon treatment and the aroma components, so as to screen out the best ethephon treatment concen-
tration to maintain the aroma of Shushanggan apricot fruit. [Methods]) In this experiment, Shushanggan
apricot was selected as the test material. In the late stage of the hard-core period, the ethephon solution
with a concentration of 100 mg-L" (ST1), 200 mg-L" (ST2) and 300 mg-L" (ST3) was evenly sprayed
on the fruit surface, and the spraying water was set as the control (SCK). When spraying, it was neces-
sary to ensure that the spraying site was completely wet until the liquid dropped naturally. Apricot fruits
were sampled when they reached maturity and stored in a refrigerator at —80 °C. Headspace solid-phase
microextraction (HS-SPME) and gas chromatography-mass spectrometry (GC-MS) were used to identi-
fy and analyze the volatile metabolites at maturity. The effects of ethephon treatment on volatile metabo-
lites of Shushanggan apricot fruits at maturity were comprehensively analyzed by cluster analysis, prin-
cipal component analysis (PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA).
[Results] In the detection of volatile metabolites at the mature stage of Shushanggan apricot fruit, a to-
tal of 16 categories of volatile metabolites were identified, including 691 volatile metabolites, of which
terpenoids, heterocyclic compounds and esters accounted for the highest proportion in the composition
of volatile metabolites. Under four treatments, there were 651 common volatile metabolites in the sam-
ples, and 656, 679, 689 and 685 volatile metabolites were identified in SCK, ST1, ST2 and ST3, respec-
tively. The relative contents of volatile metabolites were: 330.20 pug- g, 442.27 ug-g', 477.82 ug- g,
563.89 ug- g, which showed that compared with the control group, the fruit treated with ethephon was
not only more abundant in volatile metabolites, but also more abundant in relative content. Moreover,
the content of volatile metabolites showed an increasing trend with the increase of ethephon treatment
concentration. The relative odor activity value (rOAV) was calculated by combining the threshold val-
ue, and 124 components with rOAV greater than 1 were identified, which were identified as the key aro-
ma components of Shushanggan apricot fruit. Among them, there were 104, 117, 117 and 119 substanc-
es with rOAV greater than 1 in SCK, ST1, ST2 and ST3, respectively. Among them, 5-Ethyl-3-hydroxy-
4-methyl- 2(5H)- furanone, Benzenemethanethiol, 3-Mercapto-3-methylbutyl formate, Dodecanenitrile
and 2,2,6-Trimethyl-cyclohexanone had the highest content, which contributed greatly to the overall aro-
ma. Therefore, these aroma substances may be the key aroma components in the fruit of Shushanggan
apricot, and the rOAV of ST1, ST2 and ST3 in the ethephon treatment group was higher than that of
SCK. From high to low, it showed ST3>ST2>ST1>SCK. Due to the differences in key aroma com-
ponents, the aroma characteristics of the extracts under the four treatments were also different, each
showing a unique flavor, providing consumers with a richer choice. Based on OPLS-DA analysis, it was
found that there were robust separations between different ratio treatment groups, and 409 different aro-
ma components were screened. SCK, ST1, ST2, and ST3 contained 391, 400, 409 and 409 species, re-
spectively. With the increase of ethephon concentration, the contents of differential metabolites showed
a gradual upward trend. Among them, the number of different components of heterocyclic compounds,
terpenoids and esters metabolites was more, and there was no difference in halogenated hydrocarbons.
Components and the contents of differential metabolites showed a gradual increase with the increase of
ethephon concentration, among which (R)-3,7-Dimethyl-6-octen- 1-ol, 5-Ethyl-2(5H)- furanone, 2,2,4-
Trimethyl- 1,3- pentanediol diisobutyrate, E-2-Octenal, (E, E)-2,4- Undecadienal only existed in STI,
ST2 and ST3, and their rOAVs were all greater than 1. These were unique aroma components in
Shushanggan apricot fruit after ethephon treatment. [Conclusion] In summary, as a plant growth regula-
tor, ethephon can play an important role in the growth and development of Shushanggan apricot, and

has a significant effect on the increase of volatile metabolite content, so that the aroma in the fruit is
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more intense, and the overall quality of the fruit is improved from the perspective of aroma quality.

Among them, the promotion effect of 300 mg- L™ ethephon treatment is the most ideal. The findings pro-

vide a scientific strategy for staggered harvesting, shelf-life extension, and flavor regulation. Ethephon

likely activates enzymatic pathways (e.g., LOX, HPL or AAT) involved in aroma biosynthesis.

Key words: Shushanggan apricot; Ethephon; Volatile metabolites; Characteristic aroma
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Fig. 1 Category composition of volatile metabolites in Shushanggan apricot fruit
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Table 1 Composition and content of volatile metabolites in Shushanggan apricot fruit under different

concentrations of ethephon treatment

SCK ST1 ST2 ST3
B . NN N A B . A . A
Category Fix zﬁoxripiiive N zﬁoxripiiive ik iﬁoxripiiive firk zﬁoxripaaiive
Types content/(pg-g") Types content/(pg-g") Types content/(pg-g") Types content/(pg-g")
i 2% Terpenoids 118 133.08 121 171.80 122 185.30 122 225.63
ML EY) 117 47.59 118 64.04 121 70.82 121 81.93
Heterocyclic compound
fi Ester 110 23.81 117 31.92 119 33.62 118 38.27
J&2% Hydrocarbons 72 25.24 73 32.72 73 34.90 71 40.11
i Alcohol 50 21.72 53 30.22 53 31.51 53 38.37
fili Ketone 48 11.43 52 16.52 52 17.68 52 19.27
77 )& Aromatics 42 31.17 42 40.24 45 44.12 45 50.66
fi& Aldehyde 38 16.79 40 27.47 40 29.48 39 35.78
Ji¢ Amine 16 1.66 17 2.78 17 3.37 17 3.07
) Phenol 15 8.61 16 12.40 16 13.71 16 15.02
2 Acid 12 4.22 12 5.51 12 6.76 12 7.94
HRAEY) 5 1.45 5 1.99 6 1.85 6 1.87
Nitrogen compounds
HA Y 5 2.54 5 3.48 5 3.41 5 447
Sulfur compounds
R 4 0.29 4 0.39 4 0.38 4 0.38
Halogenated hydrocarbons
A2 Others 3 0.24 3 0.30 3 0.30 3 0.30
fiif Ether 1 0.35 1 0.48 1 0.61 1 0.85
S i Total 656 330.20 ¢ 679 442.27b 689 477.82b 685 563.89 a

R PAFE NG FRRIR Z R B E KT (P<0.05),
Note: Different small letters in the table indicate a significant level of difference (P<<0.05).

STI ST2

SCK ST3

2 FREIREZHFILETH EFERIELEREDFEEE
Fig.2 Venn diagram of volatile metabolites in Shushanggan apricot fruit under different concentrations
of ethephon treatments

FERIE RGN - - 7B B-TR M s byl BN 4- AR R (5-1R ) - 2K 5 3 E 15
Wi (H)-FrE IR T EM ML A N2- SR BN T IR T IR P ER R BRI S
P 3L -3- FESEIE R (1,3-2R JF M-S ; EEMTT R WNINER-2,6- - H 3E-2,6-F 45 .8,8- I FE-9-1F
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Fig. 3 Cluster heat map of volatile metabolites of Shushanggan apricot fruit under different concentrations of ethephon
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Fig.4 PCA score plots of volatile metabolites in Shushanggan apricot fruits treated with different concentrations of ethephon
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Table 3 Parameters of OPLS-DA

¥ i Samples R% R% Q

SCK vs ST1 vs ST2 vs ST3 0.826 0.994 0.979

Scores OPLS-DA Plot

ZH5 Group
= SCK
e ST1
10 AST2
+ ST3

214> 2(17.8%) Component2(17.8%)

o A
-20 0 20
24> 1(64.8%) Component1(64.8%)

El5 AEREZHEFLETH ETFERSE OPLS-DA #HEIS 5 E
Fig. 5 The OPLS-DA model score diagram of Shushanggan apricot fruit under different concentrations

of ethephon treatment
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Fig. 6 Statistical analysis of volatile metabolites in Shushanggan apricot fruit under different concentrations

of ethephon treatment
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Fig. 7 Cluster heat map of volatile metabolites in Shushanggan apricot fruit under different concentrations

of ethephon treatment
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