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Abstract: [Objectivel Akebia trifoliata (Thunb.) Koidz is an underutilized fruit crop attracting growing
interest due to its considerable nutritional and potential economic value. However, its commercial devel-
opment is severely hampered by rapid postharvest deterioration, primarily caused by pronounced cli-
macteric respiration and the characteristic ventral suture dehiscence, coupled with its usual maturity in
hot and rainy seasons. The convergence of these biotic and abiotic factors typically limits its marketable
shelf-life to a mere 3-5 days under ambient conditions. Although existing preservation technologies can
mitigate this issue to some extent, their practical application is often constrained by safety concerns and
cost-effectiveness considerations. Given that melatonin (Mt), a potent natural signaling molecule, has
been proven effective in regulating postharvest physiological processes in various fruits, and consider-
ing that its application in 4. trifoliata remains unexplored, this study aimed to establish a scientifically
grounded postharvest protocol. We systematically evaluated the impact of exogenous Mt on critical
quality parameters, including physiological stability, nutritional retention, and volatile flavor compound
profiles throughout storage. [Methods] A sufficient quantity of A. rifoliata fruits were harvested from

the Chongzhou Germplasm Nursery at Sichuan Agricultural University at a physiological maturity
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stage, indicated by a ventral suture color transition from gray to white. Fruits exhibiting uniform size,
freedom from mechanical injury or pathological symptoms, and consistent maturity were selected. Fol-
lowing immediate transport to the laboratory, the fruits were randomized into two groups: an untreated
control group (CK) and a treatment group subjected to immersion in a 0.5 mmol - L' aqueous Mt solu-
tion for 30 min. Subsequently, all fruits underwent air- drying under ambient laboratory conditions to
eliminate surface moisture. Both groups were then stored under identical, rigorously maintained envi-
ronmental conditions: (25+1) °C and 90%-95% relative humidity. Destructive sampling for comprehen-
sive analysis was performed at 0 (day of treatment), 3, 7, 10, and 15 days of storage. Physicochemical
parameters were measured as follows: weight loss was determined gravimetrically by measuring the re-
duction in fruit mass at each sampling time point relative to the initial mass. pH and total soluble solids
(TSS) were measured using a pH meter and sugar meter, respectively. Reducing sugars were quantified
by Fehling’ s reagent titration with the blue color disappearance as an endpoint. Total protein was as-
sayed using a kit: fruit tissue was homogenized in 0.9% NaCl, centrifuged at 2500 r- min' for 10 min,
supernatant absorbance was read at 595 nm after Coomassie Brilliant Blue staining. Free amino acids
were separated by high- performance liquid chromatography (HPLC) using a Hitachi L-8900 system
equipped with a Hitachi 855-4507 column and detected at 570/440 nm. Vitamin C content was deter-
mined by 2,6-dichlorophenolindophenol titration: 5 g tissue was extracted in 2% HCI, filtered, diluted
to 20 mL, and titrated to faint pink endpoint that persisted for at least 30 seconds. Total flavonoids were
quantified at 510 nm using rutin as a standard. Volatile flavor compounds were analyzed using HS-GC-
IMS, and compounds were identified by comparing their retention indices and drift times to standards
in the NIST/IMS database. All statistical analysis were performed using SPSS 25.0 software. Data were
subjected to one-way analysis of variance (ANOVA). [Results] Exogenous Mt treatment significantly
enhanced the postharvest quality of A. trifoliata fruits by modulating key physiological, nutritional, and
sensory attributes. Physiologically, Mt application significantly attenuated the rate of water loss, result-
ing in a 33% lower cumulative weight loss compared to the CK group by the end of storage (day 15).
Furthermore, Mt-treated fruits exhibited a significantly attenuated decline in both pH and TSS content
than the control group at the end of the storage period. Regarding nutritional quality, the Mt treatment
enhanced the retention of total flavonoid, which were 109.68% higher than CK on day 15, and main-
tained elevated vitamin C levels throughout the storage period. Analysis of free amino acid profiles re-
vealed that exogenous Mt regulated the accumulation of aromatic amino acids. The combined concentra-
tions of phenylalanine (Phe) and tyrosine (Tyr) accounted for 13.73% of total amino acids in the Mt
group by day 15, representing a 14.32% increase over the CK group at the same time point. Volatile or-
ganic compound analysis identified 71 compounds, where the Mt treatment inhibited the generation of
harmful volatile substances during the later stages of storage and delays flavor deterioration, in contrast
to the CK group that showed significant divergence in volatile composition by day 15. [Conclusion]
Our results demonstrate that postharvest application of 0.5 mmol - L' exogenous Mt effectively inhibit-
ed the increase in weight loss rate of A. trifoliata fruits during storage, maintained the stability of pH
and TSS, and enhanced nutritional quality by promoting the accumulation of aromatic amino acids, vita-
min C, and total flavonoids. Additionally, Mt treatment inhibits the generation of harmful volatile sub-
stances in the later stages of storage and delays the process of flavor deterioration. This systematic in-
vestigation conclusively demonstrates that postharvest application of 0.5 mmol - L'' exogenous melato-
nin constitutes a highly effective strategy for extending the shelf-life and preserving the quality of 4. tri-

foliata fruit, which provides a theoretical reference for the application of Mt in post-harvest storage of
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A. trifoliata fruits.
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Fig. 5 GC-IMS principal component score of volatile

compounds in the storage period of A. trifoliata fruit
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HE s 4E Pyrrolidine
2-F LT 2-Methylbutanal
#E2K Benzene, propyl-
(2)-%¥h)f (2)-Ocimene
TR T I Butanoic acid butyl ester
T ¥ Butanol
2,5- FFLNE R 2,5-Dimethylpyrazine
X% Benzaldehyde
T 29K Benzene, butyl-
2-3 i 2-Octanone
1-2J#5-3-l 1-Octen-3-one
6-3-% i 6-3-carene
L FR-3-HHE T IS 1-Butanol, 3-methyl-, acetate
L FR-2-HHE TG 2-methyl-1-propyl acetate
1- L% 1-hexanol
3-C4fii 3-Hexanone
T2 S Methyl propanoate
1,1- = 5 HE 2 8¢ 1,1-diethoxy ethane
1-TAEE 1-Propanol
% Propylamine
3-F%E-1-Tl¥ 1-Butanol, 3-methyl
(E)-2-CJfil% (E)-2-hexen-1-al
(E)-2-P##4 (E)-2-Heptenal
1EJX % n-Pentanal
] Butanal
F 2 Formic acid
2-C4fi 2-Hexanone
2-FAJE-1-PHEE 1-Propanol, 2-methyl
U Tl Butyl hexanoate
1-TA ¥ 1-Propanol
% H g Methyl acetate
1-3£/f 1-octene
THRJKIEE Pentyl butanoate
(E)-2-J%Jfil% (E)-2-Pentenal
1-3 % 1-octanal

2-F HE I IR -2- F HE A G 2-methylpropyl 2-meth-
ylpropanoate

a-JR)%-D a-Pinene-D
a-JR)%-M a-Pinene-M

CL#%-D Hexanal-D

b d Ci%-M Hexanal-M

1904 H W 2 H 43 %
A B
0d 34
— VRV
1-J% /% 1-Pentanol U0 ===
R .

3-F1%E-1- T A% 1-Butanol, 3-methyl
2-HE T % 2-Methylbutanal
42K Benzene, propyl-
(2)-% §)# (Z)-Ocimene

UL TR Dimethyl disulfide
3-CUHH 3-Hexanone

AT H iiE Methyl propanoate
1,1- = 2583, 2.%% 1,1-diethoxy ethane
1-PAEE 1-Propanol
2-JRIEIRIH 2-Pentylfuran

T llE Propylamine
2,4,5- = FHBEWEME 2 4 5-trimethylthiazole
2- W F % 2-furaldehyde
(E)-2-CU % (E)-2-hexen-1-al
(E)-2-BE)dil (E)-2-Heptenal

T-% nonanal

IE K% n-Pentanal

T 1% Butanal

1-J% 1-Pentanol

FA Formic acid
2- Ui 2-Hexanone
2-FA2E-1-TA [ 1-Propanol, 2-methyl
CUR T I Butyl hexanoate

1-3FM% 1-octanal
BEfE-D Heptaldehyde-D

- 1-Propanol

Z.TR 1 Methyl acetate

1-2£J7-D 1-octene-D

TR )% Pentyl butanoate
(E)-2-1% % 8% (E)-2-Pentenal
1-F4fi-M 1-octene-M

JE% Heptaldehyde

BEl%-M Heptaldehyde-M

2- LDy IR -2- H ZE A T 2-methylpropyl 2-meth-
ylpropanoate

a-JR )% o-Pinene
CLfi%-D Hexanal-D

C BB -] CLf%-M Hexanal-M

ARE NV NP N Rl Ao Ny A N [ L R4 N N e S UL EE Y X A=
Red, black, blue, purple, yellow, and green dots represent volatile compounds of pleasant, unpleasant, fruity, fermented, herbal, and green aroma
types, respectively.
El6 ZF&MRIKLEYIRIIESETE(A~E) FOFLE (F)
Fig. 6 The fingerprint (A-E) and heatmap (F) of volatile flavor compounds
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BEME Thiazole
M [ 557K Benzene, propyl-
1-J% % 1-Pentanol
1-C.F# 1 -hexanol
' AR F s Methyl propanoate

R K K - 1-Propanol
Ll BRR- 7/ Propylamine
Rl L1 ] (5)-2-Cff (E)-2-hexen-1-al
LI (F)-2-Pifil% (E)-2-Heptenal
[l ) I/ n-Pentanal

' . ’ 2- LM 2-Hexanone
LR 0 5L 1A 1-Propanol, 2-methyl
S |- [%-D 1-octanal-D

2-F R IR-2-F 3L TN IS 2-meth, - -
pari.lil);teﬁm FR LTS 2-methylpropyl 2-methylpro
a-JRMi-D o-Pinene-D

10d

M4 Thiazole

2-FUEL T % 2-Methylbutanal
LK Benzene, propyl-

T 37K Benzene, butyl-
2-2fil 2-Octanone

0-3-15 )5 6-3-carene

3-C.fH 3-Hexanone
(H)-F71 M (+)-limonene
AT S Methyl propanoate
1-AEE 1-Propanol

A% Propylamine

(E)-2-CU )il (E)-2-hexen-1-al
(E)-2-PEH#iME (E)-2-Heptenal
1EJX % n-Pentanal

T Butanal

FFZ Formic acid

2-Lfiil 2-Hexanone
2-HIJE-1-PFE 1-Propanol, 2-methyl
CZ T Bi5 Butyl hexanoate
1-TA T 1-Propanol

L% FfiG Methyl acetate
1-4#-D 1-octene-D
THRJKIEE Pentyl butanoate
1-4#5-M 1-octene-M

FEli% Heptaldehyde

1-2F % 1-octanal

a-JR)%-D a-Pinene-D
a-JR)-M o-Pinene-M

P CLf%-D Hexanal-D

CL%-M Hexanal-M

Ee6 (4 Fig.6
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b
0
.
0
L
g

1-/%-D 1-Pentanol-D

2-FIE TR 8 2-Methyl butanoic acid ethyl ester
Mt k¢ Pyrrolidine

2- 5 5k . BF 2-Ethoxyethanol

2-FEL T 1% 2-Methylbutanal

T2 T T8 Butanoic acid butyl ester

Tl Butanol

2,5- - HJEIEEE 2,5-Dimethylpyrazine

2K % Benzaldehyde

d-F5 b d-camphor

AT Propanoic acid

THE TRE Dimethyl disulfide

2-2ffi 2-Octanone

1-3¢Ji-3-Bd 1-Octen-3-one

2-F# i 2-Heptanone

1-J%/£-M 1-Pentanol-M

1-CEZ-D 1 -hexanol-D

2- H 5234 [ J#i-1-H 2-Methyl-2-cyclopenten-1-one
(2)-4-DENTE (Z)-4-heptenal

LR O Acetic acid hexyl ester

1-H3E-4- 57 N E 2K 1-(1-methylethyl)-4-methylbenzene
6-3-%& i 6-3-carene

L %-3-F T HE-D 1-Butanol, 3-methyl-, acetate-D
2-J% % 2-Pentanol

LR T Acetic acid butyl ester

2-F LR .1 Ethyl 2-methy Ipropionate

4-F 3L 2- 1%l 4-Methyl-2-pentanone

%A Acetic acid propyl ester

2-T'i% 2-butanol

LR-2-F A B 2-methyl-1-propyl acetate
ZTR-3-HFE T fiE-M 1-Butanol, 3-methyl-, acetate-M
(H)-F71 4D (+)-limonene-D

1-CLEE-M 1 -hexanol-M

3-CUHf 3-Hexanone

(H)-F7145-M (+)-limonene-M

2-J% MK 2-Pentylfuran

3-¥23£-2-T i 2-Butanone, 3-hydroxy

Pil% Propylamine

3-F%E-1- Tl 1-Butanol, 3-methyl

7% Butanal

2- i 2-Hexanone

2-H FE-1-PAE 1-Propanol, 2-methyl
L T I Butyl hexanoate

Jf%-D Heptaldehyde-D

1-TNEE 1-Propanol

1% H'TiE Methyl acetate

1-4#5-D 1-octene-D

THJXIEE Pentyl butanoate
(E)-2-J%)fiM#% (E)-2-Pentenal
1-2F#%-M 1-octene-M

Ji%-M Heptaldehyde-M

- 1-3¢ % 1-octanal

2-FA B R-2- F BL T i 2-methylpropyl 2-methylpropanoate
a-JEH5-D a-Pinene-D

a-JR)%-M o-Pinene-M

. CLfi%-D Hexanal-D

C./%-M Hexanal-M

(Continued)
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- @ EM: Thiazole
- @ Nt Pyrrolidine
- @ A i% Propylamine
- - @ A& Propanoic acid
@ 1% Formic acid
- @ ML T RiK Dimethyl disulfide
@ d-1%[i¥ d-camphor
® [MFE2K Benzene, propyl-
- @ T %K Benzene,butyl-
- @ 2- ALK 2-Pentylfuran
@ 2,5- - HIJENE IR 2,5-Dimethylpyrazine
- @ 2,4,5- = HIJEMEM: 2.4 5-trimethylthiazole
- @ 1-2£J7-M 1-octene-M
@ 1-°-/#-D 1-octene-D
-@ 1,1- L5 4 FE 1,1-diethoxy ethane
- @ 1-F3E4-FPHEH 1-(1-methylethyl)-4-methylbenzene
- @ §-3-5)fi 5-3-carene
- 0-JRJ#-M a-Pinene-M
- a-JEM-D a-Pinene-D
- @ (H)-FrHEJ#-M(+)-limonene-M
- @ (+)-Fr B /-D(+)-limonene-D
(2)-% 1} (Z)-Ocimene
- @ | [RJX[E Pentyl butanoate
@ N H g Methyl propanoate
- @ LB Methylacetate
- @ 2-FIL AR 41 Ethyl 2-methylpropionate
- @ L8 T T Butyl hexanoate
- @ 1% 1 i Butanoic acid butyl ester
-@ LTRTAME Acetic acid propyl ester
-@ LIRS Acetic acid hexyl ester
-@ LR T Acetic acid butyl ester
- @ 2-HIIENR-2- 3L A E 2-methylpropyl 2-methylpropanoate
-@ LJR-2-H A E 2-methyl-1-propyl acetate
-@ 2-FIE TR £, 2-Methyl butanoic acid ethyl ester
-@ LFR-3-FHE T HE-M 1-Butanol, 3-methyl,acetate-M
-@ LJR-3-F T EE-D 1-Butanol, 3-methyl-,acetate-D
- © 4-F 321K 4-Methyl-2-pentanone
- @ 3-H 3-Hexanone
- @ 2-ii 2-Octanone
@ 2-FJE-2-FR 1 J%-1-[ 2-Methyl-2-cyclopenten-1-one
- @ 2-C\fif] 2-Hexanone
- @ 2-JF i 2-Heptanone
- @ 3-¥£3£-2- T 2-Butanone, 3-hydroxy
- @ 1-2¢)7-3-1i 1-Octen-3-one
® IEJ%FE n-Pentanal
- @ % nonanal
C.J#%-M Hexanal-M
CLJ%-D Hexanal-D
JiE%-M Heptaldehyde-M
JEfE-D Heptaldehyde-D
@ | /% Butanal
- @ K H % Benzaldehyde
@ 2-F13E T % 2-Methylbutanal
- @ 2-MW I HH % 2-furaldehyde
- @ 1-¢%-M 1-octanal-M
] - @ 1-%[#%-D l-octanal-D
- © (E)-2-/%J#Ml% (E)-2-Pentenal
(E)-2-CU 7% (E)-2-hexen-1-al
(E)-2-B#)dili (E)-2-Heptenal
- © (2)-4-PEJ7E (2)-4-heptenal
- @ 2- A ¢ 2-Ethoxyethanol
-® T Butanol
- @ 2-J% ¥ 2-Pentanol
- @ 2-TE£ 2-butanol
-@ 2-F1 - 1-PfE 1-Propanol, 2-methyl
-@ 1-[AEE 1-Propanol
- ® 1-/%HE-M 1-Pentanol-M
-® 1-JX[E-D 1-Pentanol-D
- @ 3-F5:-1- T 1-Butanol, 3-methyl
1-E4%-M 1-hexanol-M
1-E.-D 1-hexanol-D

I [~

HAth Others

fi52% E

0d-

~
=
o
=

3-CK -
3-Mt -
7-CK -
7-Mt -
10-CK -

g =
boon

() Fig. 6 (Continued)
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2K H %R Weight loss rate {‘{ -0.96

-0.29

-0.68| -0.31| 0.38|-0.63|-0.07

M 0.09

pH {# pH value —‘

AP R & & TSS content

0.5

& JFUBE & Reducing sugar content -

g3

VR

1 & Total protein content -
V2 LR & & Total amino acids content -

#iE & C &= Vitamin C content -

JFHE R & Total flavonoids content -

- 0.0

R FIR G AR ARG (3 P<<0.05 F1 P<<0.01).
* and ** indicate statistically significant correlations (P<<0.05 or P<<0.01, respectively).

7 HEXMS

Fig. 7 Correlation analysis
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