FRE AN RS 2024,57(21):4328-4341

Scientia Agricultura Sinica doi: 10.3864/j.issn.0578-1752.2024.21.012

FRElE CGRIERRS) #xi2%% (0SID) :

ETHEF2FNH P EFEMHRFIRRELIIK

RELE, KEF, KREE, 2T, 7%, NExR, TEAE, WAL, M-

T8 FRRLEERT, 138 1 115009

BE: [BE] 2R BRER ZHWRMZ —, FEZ (Prunus salicina L.) RIFETHE, £W. F&. £itH
ERFEE, BATARBNRERREAREERZHE. HFK, MINEREARAEE BRERTHRE, FHH40
R AR E L o i S AR AR AR . REARAEARIN T EEFEFAEIRE L. WK ERE. BEZRAEXRE
FEF. Mhsh, 77 kG P B A A L B, o USRI EAR N, AT LR S R R T
LB & YA R T B HOR 3 8 B 2005 IR o Ak R TT R £ AR, A REZFMFRAA T SRR HEE O
WX [l BT T EEA, FA 10 Mok e REX 94 0 E 2 M H R R EFR ARSATE R, HRYE K-means
REZRHAATHUTN, [ER] BEREFRARBREZ AFAERRHZR, b, VIWHRKRERERA, T WIC HA%
WA AR/, BeAh, AT AR B A ek B B T E AT K I, WIW B A ko (B B s, WSS k=, WIC. W3C. WSC fum W3S
B 7 R U B B AT ARt S . 94 P R L AR BAE R T K-means BEPATERIO N 6 N, BAPARKT
AHBEARBMENERSE, I ABTEFTERERDINEMR, 242 AEE LB EMAANI RS OEMT, 24
SHBMZ AALBRANEMT, P4 REATEBELARINTERELRDWEMT, 24 5 A FFREL RS RENZ
B, a6 WRFRLAKRIEERBENEMR. XL UANFEZFRENAKRRIRE BRSSP HARRBETEE
LE. BQUETEAKGRAMEE. BONERME. PUREEREER. #—FHHEXEINEKI, HrAKAEES
BEMEMAXKAMRKR. RAZ RS (PCA). LMH B 24 (LDA). HERMEMAERE (MAP) 3 FJ7 iE Ak
HAEAATRE R TR, G R E X7 3 7 DUF R AR B K 25 R I 2 8 R K2 45 R, AR B A 43
AT EEASTEREN RS S S, REFEARDTERENAR, FEE T —HAOAERRENZRE, 48 1
Fa RRE R AP 1 FES (ER). [E0] RHRA R BT EEAR X3 B 2R TIR A kA i
AAHAT T 4T, B TREARF VIV, WIS Fo WSS tymm R4, XM T EmA A, FRERMAANDLEL
YRR, 6 AT EFEHLRGAKRSE, 246 5HMAZFNTFHELZREE, RWAL4 6 X g7 HAA
T A B AR

XEE: PEZE; MRKRIE; BTE; A% K-means K

Evaluation of Fruit Aroma in Chinese Plum Germplasm Based on
Electronic Nose Technology

ZHAO HaiJuan, ZHANG YuPing, ZHANG YulJun, LIU Ning, XU Ming, LIU JiaCheng, WANG BiJun,
LIU WeiSheng, LIU Shuo™

Liaoning Institute of Pomology, Yingkou 115009, Liaoning

Wis HER: 2024-03-11; $#EZ HHEA: 2024-07-31

EEWHE: L TAMRAHEAR TR LW (2023JH1/10200005)  [H FK @ ZAED R SRR ST & W H (NHGRC2023-NH10). Ay A5 g3 J5 1
PSS AP SE RS (19230698) MITHEA T (XLYC2203061). 7 AV A%l H - (YKSCIH2023-29)

BEAR: R, E-mail: zhj20102330@126.com. A5/EE XA, E-mail: liushuo028@163.com



21 3 BRIFIRAE T B PP v R BB SR 4329

Abstract: [Background] The plum is one of the most widely distributed and cultivated fruit trees globally. The Chinese plum
(Prunus salicina L.), originating from China, is known for its beauty, fragrance, juiciness, and rich nutritional value. It exhibits
significant genetic heterogeneity and diversity in fruit traits. In recent years, there has been an increasing demand for the sensory
quality of plum fruit aroma, prompting breeders to place greater emphasis on identifying and selecting germplasm with unique
aromas. Those onventional methods for detecting fruit aroma involve complex preprocessing, high testing costs, and require high
technical skills for operation. Additionally, these methods lack the advantages of rapid response and high detection speed, making
non-destructive testing difficult and unable to accurately simulate consumer olfactory experiences. [Objective] The aim of this
study aimed to use electronic nose technology to evaluate the diversity of aroma composition in Chinese plum germplasm, so as to
provid essential materials and data support for plum breeding research and production practices in China. [Method] Using
electronic nose technology, ten odor sensors were employed to identify the different fruit fragrances of 94 Chinese plum germplasm
resources. The samples were then grouped and evaluated based on the results of K-means clustering. [Result] Overall, the average
values of different odors showed a normal distribution, but significant differences existed between different odor channels. The
WI1W channel exhibited the highest odor response value, while the WIC channel had the lowest value. Additionally, variance
analysis of different odor channels revealed that W1W had the highest degree of dispersion in odor response values, followed by
WSS, while W1C, W3C, W5C, and W3S showed lower dispersion and relatively concentrated distribution. The aroma data of 94
Chinese plum samples were divided into six groups using K-means clustering analysis, each representing plum fruits with specific
aroma characteristics. Group one included germplasm sensitive to aromatic hydrocarbons, Group two to ethanol and nitrogen
oxides, Group three to hydrogen, Group four to hydrogen and aromatic hydrocarbons, Group five showed low sensitivity to
aromatic hydrocarbons, and Group six to hydrogen sulfide. These groupings provided important insights for further research on the
aroma components and sensory quality of Chinese plum fruits. Significant differences in maximum, minimum, and median values
of different odors were observed between groups. Further correlation analysis revealed significant positive or negative relationships
between some odors. Principal component analysis (PCA), linear discriminant analysis (LDA), and uniform manifold
approximation and projection (UMAP) were used for dimensionality reduction and visualization of aroma data, and the results
indicated that these methods could distinguish the tested plum germplasm to varying degrees and correspond to their cluster
groupings, each with different advantages and disadvantages in feature extraction and data visualization. Particularly, the
independent use of LDA analysis had certain limitations and shortcomings. This study screened a batch of plum resources with
prominent aroma characteristics, including ‘Wuxiangli’ ‘Zaoshuli’ ‘Lishuihong’ ‘Longnanli’ and ‘Xiangjiaoli (Fuxian)’.

[ Conclusion] This study utilized electronic nose technology to analyze the aroma composition and distribution of Chinese plum
germplasm, revealing that the W1W, WIS, and WS5S channels had higher response values, primarily sensitive to volatile
compounds such as hydrogen sulfide, methane, and nitrogen oxides. Six Chinese plum groups had different distinct aroma
characteristics. In several response values, the mean difference between cluster 6 and the other five groups was significant,
indicating that cluster 6 had unique characteristics in these response values.

Key words: Chinese plum; germplasm resource; electronic nose; aroma analysis; K-means clustering
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Table 1 Names of 94 Chinese plum germplasm tested

e AR Fr5 AT R e AR Fr5 TR
No. Variety name No. Variety name No. Variety name No. Variety name
1 ARl 25 Rk 49 EJUbS o 73 HIHL 15
Honggangfeng Datouli Mishandazili Mudanjiang 1 hao
2 [H g 17 %5 26 RS 50 4 74 AL
Guofengl7 hao Jifeng Panli Mulili
3 [ R A 27 TEME T % 51 I CHRYED 75 VAP RTINS
Guosetianxiang Bingzhouhuangganhe Pingdingxiang (Jinxi) Shitouhezihongli
4 HAS 28 ARG 2L 52 Fii2 s 76 RHEZ
Qingdongli Changliwanhong Qishi 2 hao Tianmumili
5 J %= 29 ARALSEW 53 3G 77 e 3t 2
Lushanli Dongbeimeili Suili 3 hao Wanhuangli
6 Jfa£r 4= 30 R F K24 54 HEE (ZH 78 N s
Cuihongli Hengdaohezidahongli Xiangjiaoli (Fuxian) Wanshudazili
7 RS 31 AR &2 55 KRERPIE 79 R
Cuipingwannai Hongtaoli Dayusuoluoda Wanshuzili
8 RE 32 TSR 56 W 80 A
Heiwang Huangganheshisheng Qingpili Xiaohongli
9 WS 33 IRIRTY 57 HMNAE 81 B
Huangdongli Lelexiang Qinzhouli Aihuali
10 A2 34 Bk 58 EEpN o 82 ARBT
Yanhekongxinli Qiukong Wanfudazili Dongyanghong
11 %3 35 AT N1k 59 BT M A 4 83 [ 22 2
Kuifeng Shengmobingcuili Abazhoutaoli Guanmili
12 SR SLYVES 36 EITE 60 5 TEMBk 84 R
Changlijixinli Yaomenli Fangzhengwantao Jilinlimei
13 RER 37 ks 61 I# 22 Ak 2 85 LA
Dagingke Aitianli Guantaoli Lvkongxinli
14 WA (fi) 38 PRI 2 62 ARSI 86 FH HRR
Huangli (Jinxian) Bolihonglimei Hongmeili Tiankanmali
15 T2 39 KIRZE (fedD 63 TR 87 A e S
Wuxiangli Dafuli (Xiongyue) Huangganheaisheng Xiongyikongxinli
16 T A% 40 EEE R 64 kAL 88 JRELT CREBRD
Wuyueli Haichengpingguoli Jinqiuhong Yanzhihong (Zaoyang)
17 AEIN 41 LSRR 65 i 89 L
Hongmeiren Jilinhongganhe Jinshuai Zaoshuli
18 JIES 42 HHE T 66 Rtz 90 HHAAZE
Jiamile Jilinhuangganhe Kuaishili Jilinshirenli
19 b2 43 KIEH 67 EAUPNE S 91 IS
Jinshali Jiaquedan Kuandiandali Jiaqingzi
20 BN 44 R/RFE 68 A 92 KA
Lihexiaohuangli Kaersai Lihe 1 hao Lishuihong
21 M2 45 fLEEYE 69 Ztlg 93 W FAAE 5
Mudanjianghongli Konggiedanshisheng Limei ‘Wanshuhuanai
22 TaZE CRlD 46 ZEW 70 pAEES 94 IRBEFRHS
Wumingli (Leye) Kuili Longnanli Yongtaifurongli
23 T 47 w25 71 AT C o
Youli Lihe 2 hao Longyuanqiuli
24 =R 48 w45 72 AT &
Zaobaihua Lihe 4 hao Longyuantaoli
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Fig. 1 Radar plots of maximum, minimum, median, and mean values for 10 sensors
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Table 2  Statistical information on 94 Chinese plum germplasm

Wi1C W5S W3C W6S W5C W18 WIW w2Ss W2W W3S
YJ{H Mean 0.886 3.481 0.959 1.041 0.957 2381 9.077 1.632 2367 1.097
P4 % Median 0.927 2.550 0.978 1.036 0.979 1.573 7.579 1.276 2.010 1.093
btz 0.133 3.240 0.076 0.047 0.091 3275 6.684 1316 1.655 0.056
Standard deviation
dpe /N R AE. 0.283 1.540 0.535 0.986 0.405 1.109 2.593 1.045 1.381 0.971
Minimum response value
5 KM A 0.999 21.581 1.004 1.382 1.007 23.183 42.190 10.427 12.381 1.271

Maximum response value
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Attached table 4  Significance analysis of odor signals between different groups

RECIERIERTE i

Significance of the difference in mean values

wiC AN w3C W6S W5C WIS WIW  W2S W2W W3S

M1 434 2 Group 2 <0.001  <0.001  0.060 0799 0137 0273  0.031 0.087  0.143 0.008

Group 1 434 3 Group 3 0.305 0.825  0.126  <0.001  0.305 0.882 0552 078  0.692  <0.001
434 4 Group 4 0.782 0329 0482  0.180  0.681 0.922  0.168  0.822 0473  <0.001

434 5 Group 5 0.514  0.899  0.136  0.005  0.305 0.721 0.809 0590 0906  <0.001

434 6 Group 6 <0.001  <0.001  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001  0.545

42 4341 Group 1 <0.001  <0.001 0060 0799  0.137 0273  0.031 0.087  0.143 0.008

Group2 43413 Group 3 <0.001  0.001 0.001  <0.001 0012 0213  0.117  0.048 0285  <0.001
434 4 Group 4 <0.001  0.003 0006 0275 0042  0.195 0330 0036 0379  0.001

43415 Group 5 <0.001  <0.001  0.001 0.009 0009 0126 0038 0018  0.147  <0.001

4341 6 Group 6 <0.001  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001  0.010

413 4341 Group 1 0.305 0.825  0.126  <0.001  0.305 0.882 0552 078  0.692  <0.001

Group3 434 2 Group 2 <0.001  0.001 0.001  <0.001 0012 0213  0.117  0.048 0285  <0.001
434 4 Group 4 0399  0.461 0.331 0.001 0478 0948 0462 0943 0775  <0.001

4341 5 Group 5 0.082 0913  0.885 0087 0942 0842  0.693  0.804 0760  <0.001

4341 6 Group 6 <0.001  <0.001  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

44 4341 Group 1 0.782 0329 0482  0.180  0.681 0922  0.168  0.822 0473  <0.001

Group4 43412 Group 2 <0.001  0.003  0.006 0275  0.042  0.195 0330 003 0379  0.001
4341 3 Group 3 0399  0.461 0.331 0.001 0478 0948 0462 0943 0775  <0.001

43415 Group 5 0308 0358 0371 0.084  0.491 0.772 0218 0724 0518  <0.001

434 6 Group 6 <0.001  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Y45 4341 Group 1 0514 0899 0136  0.005  0.305 0.721 0.809  0.590  0.906  <0.001

GroupS /%412 Group2) ~ <0.001  <0.001  0.001 0.009 0009 0126 0038 0018  0.147  <0.001
4341 3 Group 3 0.082 0913  0.885 0087 0942 0842  0.693  0.804 0760  <0.001

4341 4 Group 4 0308 0358 0371 0.084  0.491 0.772 0218 0724 0518  <0.001

434 6 Group 6 <0.001  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

3206 434 1 Group 1 <0.001  <0.001  <0.001  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.545

Group6 4341 2 Group 2 <0.001  <0.001  <0.001  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001  0.010
4341 3 Group 3 <0.001  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

4341 4 Group 4 <0.001  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

43405 Group 5 <0.001  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
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