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Odor change of Akebia trifoliata ssp. australis pulp at different
ripening stages based on widely targeted metabolomics
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Abstract: [ Objective] This study aimed to investigate change patterns of aroma substances of Akebia trifoliata ssp.
australis pulp during ripening, providing reference for fruit quality regulation and development and utilization of aroma
substances of Akebia trifoliata ssp. australis. [ Method ] Fruits at hard ripening (Y0) , softening (R0), cracking (K0),
and ripening (Y3) stages of the variety Yemutong I of Akebia trifoliata ssp. australis were taken as test materials. Widely
targeted metabolomic analysis and relative odor activity value (ROAV) analysis were performed, and KEGG metabolic
pathway enrichment and sensory flavor were analyzed based on differential volatile metabolites. [Result] A total of 448
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volatile metabolites were detected in pulp of Yemutong I at the four stages, with terpenoids and heterocyclic compounds
being the most abundant. During the whole tree ripening process of YO—>R0—>KO0, the differential volatile metabolites
were mainly up-regulated; the differential volatile metabolites were mainly down-regulated during the process of YO—>Y3
at room temperature. In YO vs RO, the significantly enriched pathway of differential volatile metabolites was biosynthesis
of cofactor (P<0.05, the same below) , while in YO vs KO and YO vs Y3, the significantly different metabolic pathway
was sesquiterpenoid and triterpenoid biosynthesis, followed by biosynthesis of cofactor. A total of 70 key odor compo-
nents with ROAV > 1 were identified, among which benzyl mercaptan, 3,6-nonadienal, 5-ethyl-3-hydroxy-4-methyl-2
(5H)-furanone, phenylethyl isovalerate, and other substances showed great influence on shaping pulp odor of Yemutong 1.
ROAV analysis results showed that the odor characteristics of pulp at each ripening stage were relatively consistent: sweet
odor type was dominant, with a contribution rate of 84.40%-89.89%, followed by spicy and floral odor types, with
contribution rates of 2.89%-5.02% and 2.71%-3.35% respectively. Fruity and green odor types were the common sensory
flavor characteristics annotated to the differential volatile metabolites across all comparison groups. [ Conclusion]Pulp of
Yemutong I exhibits a complex odor type covering green, fruity, and sweet odors, forming a distinctive flavor characteri-
zed by sweet and refreshing, tender and smooth, with rich fruity odor and a subtle hint of coconut substances. During the
two ripening processes of tree-ripening and post-harvest ripening at room temperature, the overall pulp odor exhibits rela-
tively minor changes. Therefore, fruits harvested at the softening stage are suitable for fresh consumption or short distance
transportation, while those at the hard-ripening stage are more appropriate for storage and long distance transportation.

Key words: Akebia trifoliata ssp. australis; Yemutong I; pulp; ripening stage; widely targeted metabolomics; odor
substances
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Fig. 1 Appearance traits of fruits at different ripening stages
of Yemutong I
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Fig. 2 Total ion overlay chromatogram of quality control samples in mass spectrometry detection
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Relative contents of volatile metabolites in pulp at different ripening stages of Yemutong I

LES K AHXT 5 & (ng/kg) Relative content

Class Count YO0 RO KO Y3

fit>% Ether 1 1.84+0.43 3.23+0.29 4.27+0.70 3.53+0.32
JeJE Amine 7 81.12+15.93 98.57+3.06 105.54+5.01 99.94+16.23
2% Phenol 10 168.70+3.17 221.37+6.27 230.57+7.59 209.39+5.76
2k Acid 6 180.08+14.50 238.10+30.05 251.67+11.85 234.48+11.47
F542% Aromatics 27 325.30+23.38 453.22+15.75 471.24+63.10 418.14434.32
FEE2 Alcohol 41 1263.13+£99.74 1663.19+135.68 1724.25+55.63 1640.61+£65.98
$22% Hydrocarbon 52 2343.02+557.56 4375.86+685.17 4664.84+308.43 4430.90+66.79
2% Aldehyde 38 2904.42+334.83 4133.49+202.47 4263.22+102.84 3945.66+248.91
2% Ketone 27 3590.47+66.10 4142.81+278.44 4258.30+70.99 4064.81+113.73
fis2k Ester 68 4187.86+445.31 6642.87+411.73 6489.43+209.53 6582.59+159.03
K {8235 Halogenated hydrocarbon 3 31.58+9.15 53.15+11.63 54.62+2.37 46.44+0.88
2 Terpenoid 79 10001.46+284.38  15224.60+682.80  15855.32+813.39  14262.65+698.05
FHALAD) Sulfur compound 2 527.33+18.12 608.88+32.46 638.71+26.45 568.08+35.36
S EAEY) Nitrogen compound 4 619.71+7.07 719.06+41.38 773.26+92.45 695.73+46.56
ZL b5 Heterocyclic compound 77 8486.31+308.89 12063.34+392.29 12623.02+278.77 11711.65+470.14
HiAth Others 6 98.92+24.61 162.27+8.06 179.41+28.01 145.21+4.54
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Fig. 4 Cluster heatmap of volatile metabolite contents in pulp at different ripening stages of Yemutong I
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Table 2 Classes and counts of differential volatile metabolites
in pulp at different ripening stages of Yemutong I

(w7 lES Hekie
Metabolite class Comparison group
Y0 vs RO ROvs KO YO vs KO YO vs Y3

2% Amine 1 0 2 2

fi#2% Alcohol 8 0 17 15
F 452 Aromatics 7 0 7 3

32 Phenol 2 0 4 1

THERAEY 1 0 2 0
Nitrogen compound

2k Aldehyde 9 0 9 9

iiiJ& Terpenoid 25 0 39 19
J%2% Hydrocarbon 17 0 24 13
fili2& Ketone 5 1 9 6

A 22 0 27 21
Heterocyclic compound

B2 Ether 0 0 1 1

lw=Es 0 0 2 2

Halogenated hydrocarbon

fi2& Ester 24 2 26 22
HiAth Others 1 0 1 0
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YO0 vs RO
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Jii-B-35WEH cis-beta.-Farnesene

1- T/ L5 Butanoic acid, 1-methyloctyl ester
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Distribution of top 20 volatile metabolites in terms of fold change in pulp at different ripening stages of Yemutong I
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Fig. 7 KEGG metabolic pathway enrichment analysis results of differential volatile metabolites in pulp at different ripening stages of
Yemutong |



- 1868 - Mo R k¥R 57%
WA, 2025) X FOKCRAYNIBROE T BEAREE W0, T e ) A R A AR A i (RLKGE S

RSB, B AT A JE SR FH YR
BRI A Rk E 2L (2012) R GC-MS H R
M TR = ATE ) S50 36 5 3] 42 P S I
ARHFFER 12 ¥0 1A QI 2 AR A A A T Rl
TSN ) 8 18 SR PR LG 521 448 B AR 37
Yy, e EH S TR AR 4 R (R AR E 2,
2012) o ACRELE TR SR AL E Y R
i AFAEE RAVE FOR 5 A RS 2 R Z A
YEHIIEE SR . SR LABRIS Ry AR S 2 43, AT TR
T HAR R A SR (SRS 55, 2019) s FAE LU -2-2
WS ST R SR AN O b B U G T R

2021) ; T AT SRR D7 R AR R
BHEALA P T HARAT ARG A (R DO 45, 2021) .
HPHCEETS 41 AR PR Aol 28] i 4 R A
(ORI MBI N I LY/ I 8 SN B SN S S P AR
), 4 A I AR RV AE AR TR A /)N, 2K F R L 3,6-T-
W\ 5- 6 -3-F2 KL -4-F 32 (SH) -WR M R | 5 TG AR
K OTRFN(Z)-6-T- [ 55 7 4 o 1Y) ROAV=1000, Xt
P A 38 S 512 4 A ol T R A A DR, ax g
APV RRE R B ESESAMERMERE
[P S 1 e Y [ 7 5 2 S I E 1 B I
R AT S A IRIR I T B SRR KU

®3 HHEISARMABRAROAVMESLE
Table 3 ROAV and odor type in pulp at different ripening stages of Yemutong |

ha=2 i FW CAS % EOEiiiby FAEE ROAV
Number Odor Odor CAS Odor (ng/kg) YO0 RO KO Y3
type substance number description Odor threshold
1 Jilsgeglil S -2,4-28 ZIRmE 25152-84-5  JYPANRIAK 0.07 37.13 32.43 35.96 33.41
2 (Z)-28-2- )1 2497-25-8 ENIEIUS 50 2.99 3.72 3.88 3.54
3 S -2- 23 3913-81-3 IRIRAE TS 5 1.44 2.36 2.40 2.29
4 (E.E)-2,4-+—Jais 30361-29-6 THIE 1 2.14 2.92 3.30 3.03
5 A RREE 123-35-3 WIS BRSOk 15 1.05 0.91 0.93 0.90
6 RS via e 527-84-4 TR 11.44 1.04 1.59 1.45 1.29
7 IR 100-53-8 K% KR AR 0.0035 9288.23 10792.59 11225.99 8650.02
8 5-2.3-2(SH)-PR IR il 2407-43-4 A 9.7 52.75 58.6 54.38 54.16
9 A E-2-2 )T 2548-87-0 BN g iR 3 10.83 8.93 9.23 8.38
10 2 -2- B 18829-55-5 A< i 2 (6 55 Sk 13 1.26 0.41 0.40 0.36
11 S-FH L 620-02-0 FHF WAFE 500 1.18 1.19 1.10 1.11
12 (Z)-3-C\ Jis i 928-96-1  Hrfitht+ HRERF 50 7.98 8.77 8.82 9.08
13 1-Bifs 111-70-6 FHERS 3 12.56 9.91 9.35 9.21
14 3,6-T IR 21944-83-2 iR SN S 0.05 2936.61 3675.73 377628 3533.82
15 2-5 T HLIgEmE 18640-74-9 LT FE AR 35 3.55 4.80 5.03 4.48
16 AT 0 i T 586-62-9  IAKRFEA I 200 0.99 1.27 1.20 1.22
AR
17 6,6- - H1 L BUIR[3.1.1]P8-2- 515-00-4 KA B A 7 1.67 2.75 2.85 233
Ji-2-F B
18 iRt 5—&%—3—%%—4—$%—2(5H )-  698-10-2 A 0.002 156948.07 300962.90 351158.02 263931.10
DRUEL
19 L 112-30-1  BSAEEA E A 23 1.57 3.04 3.29 3.09
20 A I 106-24-1 A BORAET 6.6 34.56 43.48 45.59 41.50
21 A= TR 104-50-7 i HEER 17.9 5.87 11.25 11.31 11.26
22 2-F43-3 4- I I 2-FR TS -1-F 21835-00-7 A S 20 12.43 12.20 12.35 11.60
23 pizegiil A 112-31-2 A AR 0.1 78.70 147.72  163.50  142.95
24 S -4-Z$ N T 65405-70-1  HrfepEHRE LR 25 0.68 1.10 1.20 1.11
25 S22 6-F- —Ji s 28069-72-9 vt 1 3.65 5.40 7.13 4.80
26 2-F LK R 529-20-4 AR AR 9.6 0.75 0.96 0.97 1.04
27 37,11-=H3E-1,6,10-F 8% 7212-44-4  EUBIAEE SERFE 10 0.30 1.15 1.30 1.16
=31
28 AR AR R 24851-98-7 FEAMERMEH R 13 0.51 1.32 1.75 1.16
29 6-1—hifE 23708-56-7 IRFEHNEHE A BB 8.6 2.23 4.06 438 4.13
1
30 Ty 78-70-6 AT 6 18.91 24.29 25.09 23.46
31 24 F % Y i 93-58-3 AR 0.52 36.39 45.75 46.73 4381
32 (28-)i50) -y & fb-4-H J-2- 3033-23-6 B B A 0.2 987.53  981.37  1092.79 1007.62
(2-H J-1-P s 2k ) -2 H- ik g
33 DU -4-F JE-2-(2-F JE- 1- P72 ) - 16409-43-1 it By & 0.2 987.53  981.37  1092.79  1007.62
2H-MH IR
34 SRR LT 140-26-1 BT 0.01 440523 7837.82 8149.16 7367.95




64 R AT iz ded Rl 5 o0 & Kl R P\ R F R 6 & 2B AL - 1869 -

HR3 HREISAEMAHRILROAV MESLER
Continued Table 3 ROAV and odor type in pulp at different ripening stages of Yemutong I

2= i} LW CAS & AR FAEE ROAV
Number  Odor Odor substance CAS Odor (ng/kg) YO RO KO Y3
type number description Odor threshold
35 RAEM 3-Fi A 2 LR 136954-20-6 PR SRR 0.02 287.98 363.05 356.45 344.69
36 PU % -6- F -2 H-AH i -2- ) 823-22-3 Rk M 26.83 3.84 801 845 898
37 3-Z3 N 705-86-2 R TR 66 0.81 1.91 2.11 2.06
38 (Z)-2-Bs 57266-86-1 fiFeensy 13 126 041 040 036
39 S -2-F AT 20407-84-5 A ATk 7.3 0.64 1.82  2.04 1.94
40 -2 -1 18409-17-1 AR 20 148 197 208 191
41 4 —PilR 14476-37-0 s 41 1.08  2.01 224 1.91
42 2-HEE T RO R 2601-13-0 SRS K R 32 1.80 217 244 207
43 2- I HL ok iRg 3777-69-3 REEE 6 1253 270  3.09 267
44 ZETR R 110-42-9 B AT 43 389 445 395 549
45 ST TR 2-F 2 T TR 2445-69-4 THEREF 14 434 577 6.09 553
46 Bz 4.1 106-30-9 AR 2 427 10.04 10.64 11.28
47 ST R BHR 2349-13-5 SRR R AR 12 1098 1278 1335 1215
48 TR C. TR 2445-76-3 RIS 8 1023 1411 1470 13.63
49 (E)-4-F-% 2277-16-9 R 2.2 1945 2271 2190 22.18
50 T ZhE 2437-25-4 G R 0.09 738.66 1319.78 1417.72 1287.87
51 T 2 19700-21-1  HrfifaE < UG & 021 449 1293 1406 13.17
52 (2)-6-F-% 2277-19-2 e I INUS 0.14 3700.79 5200.08 5450.19 5020.40
53 AR LSk A 2371-42-8 FURETRSWEN 0.48 290.00 503.59 536.46 486.56
54 JNGt-7-5% S 21661-97-2 RN 22 3.14 711 7.61 7.00
55 1,3,8-%f - i i 4 18368-95-1  FATTIMA S FEN & 15 130 1.69  1.60  1.32
56 BT 99-49-0 i fur  H 67 264 333 348  3.18
57 L TERT 6485-40-1 A AT 85 542 639 639  6.02
58 (S)-4-(1-HFE LR ) -1-3 18031-40-8  JHfif 5 B i ATIR 30 924 1931 20.60 18.17
CL-1-F s

59 A B- R R 116-26-7 TR SR R 3 26427 335.53 35322 319.28
60 (E.E)-3,5-2¢ —J#%-2-Tl 30086-02-3 HHA A 0.5 883.98 1161.73 1201.44 1103.66
61 HoAh A 5L -2 g Y A 59303-05-8 Tihit K5k g 0.05 1984.23 1978.18 2218.12 1940.12
62 +=k 629-50-5 Rk Sk 42 076 174 177 152
63 Bfilili 496-11-7 AR 10 0.88 095 091 121
64 A1 FF Ty 95-48-7 NS 3.9 1.30 1.64 1.43 1.29
65 14-T 0 HE 105-05-5 Vv aiUN 2.1 1.02 1.86 1.57 1.36
66 2- F AR -3 FY Lt s 2847-30-5 ET - BT 3 219 221 228 218
67 2-FH3E-3-(HI AR ) -mik 2882-20-4 IR L AR 1 410 899 930 826
68 2- LT HEEW) 88-15-3 P ik 1 3075 4472 4626 4479
69 2-L A FE-3-H SR 32737-14-7 IORETF AR 0.8 7376 7772 78.64 7731
70 5-H1 Jk-2-BE-4-fifi 102322-83-8 [ RN U 0.05 1752.51 2016.47 1951.10 2059.42

TR IR 2% 3k (van Gemert, 2011 ;Zhu et al., 2021 ; Yang et al.,2022)
Odor description and odor threshold were from references (van Gemert,2011; Zhu et al.,2021; Yang et al.,2022)

A K7 Fatty B B R Fatty B 7R Spicy B 7 Green
46 B AT Woody B A Sweet B 7% Floral
HAlh Y Others —— Y0 100.00 - B RLFH R Fruity B iR Grassy B A7 Others
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k { \ V3 N 80.00 r
/ / AN B3 7000¢
WEMGrassy L J T #2828 6000r
00500 R = £ 5000 F
S
Eg < 4000+
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=1
20.00 r
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000 B Sow w: = Hm L. =T L m T
N YO0 RO KO Y3
AL Floral FHA 8 Sweet mHEA Stage

B8 HHEISARMAHRATESHELE(A)RREHZEB)
Fig. 8 Radar chart (A) and contribution rate (B) of odor type distribution in pulp at different ripening stages of Yemutong I
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Fig. 9 Flavor analysis results of pulp in different comparison groups
dre PRy U 3 45 2 VB i MU e 2 S R AT TE R R R BT 10 Fh KU EC i e 22 (BT RAAE , 3355 R BT RR R B8 B R IE /Y
e HE RN 5 SN 3R 28 R R M) , A T R B B KUSRARIE 11 22 S R PR 10, MJRZR VIP S K IK AT 10 b2
SRR
The innermost ring represented the comparison group; the second ring showed the top 10 sensory characteristics with the most annotated differential
volatile metabolites in each comparison group, with the numbers in parentheses indicating the count of differential volatile metabolites annotated to
each sensory characteristic; the outermost ring represented the differential volatile metabolites, and when more than 10 differential volatile metabo-
lites were annotated to a given sensory characteristic, only the top 10 differential volatile metabolites with the largest VIP values were shown
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