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Precision evaluation of different taste qualities in Chinese plum (Prunus salicina
L.) germplasm
ZHAO Haijuan, ZHANG Yujun, ZHANG Yuping, LIU Ning, XU Ming, LIU Jiacheng, WANG Bijun,
LIU Weisheng, LIU Shuo*
(Liaoning Institute of Pomology, Xiongyue, Yingkou City, China 115009)
Abstract : [ Objective ] Chinese plum, as one of the important deciduous fruit trees in China, boasts a rich
cultivation history and abundant germplasm. As a native Chinese fruit, it is known for its beauty, fragrance,
juiciness, and nutritional richness. Chinese plums have played a crucial role in rural revitalization, agricultural
structural adjustment, cultivation model upgrades, and the development of fruit orchard industries in various
regions of China. China has placed significant emphasis on germplasm innovation and the breeding of new plum
varieties to expedite the breeding process. However, the effective utilization of excellent genetic resources is
contingent upon precise evaluations of germplasm. To further explore the genetic diversity of taste in Chinese plum
and unearth excellent taste germplasm, this study focused on different types of Chinese plum germplasm, including
their geographic origins, flesh colors, and sensory taste perceptions. We implemented nine taste parameters with an
electronic tongue, including freshness, saltiness, sourness, bitterness, astringency, sweetness, bitter aftertaste,
astringent aftertaste, and richness, to conduct precise quantitative assessments and comparative group studies. The
objective patterns of taste quality genetics in Chinese plum germplasm were unveiled. [ Methods 1 The test
materials of 50 mature plum fruits were carefully harvested from National Plum and Apricot Germplasm
Repository during the ripe season in July to August in 2022 and 2023. For the analysis, 50 g per fruit collected from

one or multiple samples was mixed with 150 mL of deionized water in a test tube and shaken at 3000 rpm/min for 5
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minutes. It used the electronic tongue instrument, which is SA-402B taste analysis system, to accurately identify
the taste richness of Chinese plums using six artificial lipid membrane sensors and three reference electrodes. It
repeat the sweetness test 5 times for each sample solution, and repeat the other taste tests 4 times. After the
measurement is completed, take the average of the last three data as the test result. The potential values obtained
from nine taste tests are converted into the final data through the analysis software provided by the electronic
tongue. In the data analysis phase, we used multiple analysis packages from R language, including factoextra,
cluster, FactoMineR, ggplot2, ggcorrplot and ggrepel. [Results] By investigating the taste characteristics of 50
Chinese plum germplasm, including variety origin, flesh color, and sensory taste, we found that plum varieties from
different ecological origins exhibited some differences in taste characteristics but were challenging to differentiate
overall. Conversely, there was a correlation between flesh color and taste perception, with different flesh colors
showing distinct distribution patterns in taste characteristics. The aftertaste-A exhibit a relatively scattered
distribution in orange yellow flesh and yellow flesh, while a dispersed distribution of acidity, sweetness, and
freshness in the red flesh. The faint yellow flesh is relatively concentrated in the taste sense of freshness and
bitterness. The description of acidity/sweetness also reflects a certain relationship with taste sense. Sourness
exhibited a higher median in the freshness taste parameter, while sweetness had a higher median in the sweetness
taste parameter. The high correlation between sourness and sweetness suggests that these tastes often coexist in
certain plums. Based on cluster analysis, it can be divided into six groups. There were analysis conducted on the
second, the third, and the sixth groups, which includes box diagram analysis and principal component analysis. In
the umami, and sweetness, the distribution of cluster2 cluster3 and cluster6 is similar and discrete relatively, while
cluster6 has higher values in the umami and sweetness than the other two groups. In PCA analysis, it can be seen
that cluster2 is mainly distributed in the second quadrant, cluster3 is mainly distributed in the fourth quadrant, and
cluster6 is mainly distributed in the second and third quadrant. In this study, taste specific germplasm resources
were objectively screened. 'Sanhuali' has the lowest sourness taste and also has the highest sweetness value, with
outstanding umami value. On the contrary, 'Changlidazili' shows the maximum value of sourness and the minimum
value of sweetness in taste, while 'Qiuwangli', 'Zhengzhouzaoli', and 'Zhenzhuli' have prominent saltness taste
characteristics, while 'Hongbaoshi' has the maximum bitterness taste characteristics and is accompanied by a large
astringency taste value, ° Jinxiqiyueli 'also showed the highest value in bitterness and aftertaste-A, while'
Qingzhouli' and' Jinxipingdingxiangli' showed a high degree of taste diversity. [Conclusion] Chinese plums can
be categorized into sour and astringent type, salty and tangy type, fresh and sweet type. This study also identified a
range of germplasm materials with outstanding taste attributes and others lacking in certain taste qualities. These
plums, along with their underlying genetic genes, will serve as the 'genetic toolkit' for plum breeding activities in
China. These findings provide a scientific basis for plum variety identification and classification, and are of
significant importance for plum quality improvement, geographic distribution, and ecological adaptation. This

research contributes to the scientific support for the development of the Chinese plum industry.

Key words: Chinese plum; germplasm; taste sense quality; electronic tongue; precision evaluation
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Table 1 50 accessions of P. salicina germplasm and their subdivision
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Table 2 Electronic tongue sensors respond to different types of substances
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Fig. 1 Boxplots of taste perception attributes of plum from different origins

2. 1. 27 [E) SR A B & ZEF R SRR AR B IR

RIERABOAF, KhE2ZESNSA (B2, ik B S, R (40D, 3 (144,
W (T4 ML (10630, FETRABERIRGE T SR, B O R AR - 2B, HER
AR P AR BHReR e b oA, hhim s, HRA S A BUE R E RS . [, ORIk
IR AE A8 B (0 SR A A S 0 R A PR L O B UK Al o AR, 2D R AERRUR . H R AT i R 2 B H 2
M1 Ao RSO RIATESERR . SRR IR S b A A S rp o SR 2 B Rk v b Ao B, T
WL IR WAETRRIR S B I ERN. WA RN. HORAMLERAE DR 2
DIAFREEREEA. SHARKZE, mEaRANERRRD, SIS EONEEE KRRt (& 2).
HI T EE IR 58 0 BT 45 R AT R, 2023 SRS B (0 R IAEE B IR IR 08 Th AL 2022 SR NS, Hop s, R
R EL 0 AT BN R E -



4 ®
g , .
o 5k = o0 S
s o g7 il mB 2%y @
£ B i " = # Z s
g ot &= g
B e 8 w E ok
g B2 i =
© . Lo [ ]
T ° "2 ®
I i ; 0 o, i i o o°® ! ; ; ; i |
Al CH DH H HL RED Al CH DH H HL RED Al cH HL RED
R AgE RAHE RHHIE
Flesh color Flesh color Flesh color
2
. 1F @ - LIS ! . ®
= @
- g =2 op
m T ¥ s} ﬁ 7 !
= * 7
& 7 B g w®E
fn € = =
Z1r % & .
& % = +¢].ﬁ|“a -4].; 4 . -
0 " 1 1 1 L M 1
%li CH RED CH DH HL RJ:,D All CH DH H HL RED
%ﬁ!ﬁé %WP‘N@ E el e
Flesh color Flesh color Flesh color
oo e 2Fee se s e

15 p

i Fﬂ%Hﬁ

=]

& Bl B

Aftertaste-B value
$

-

TR E A
Aftertaste- A value

EEM
Richness value

g m=p
L ] ‘ . ®
-10 [ @ e®

e ®e & 00 b

e,0 M N 9,9 N ' L L

All CH DH H HL. RED All CH HL RED All LH DH
EREE %ﬁﬁé %Wﬁé
Flesh color Flesh color Flesh color

¥: CH. 3 th; DH. K th; HL. #%kt; RED. £,
Note: CH. orange yellow; DH. faint yellow; HL. yellow green; RED. red.
& 2 TREIRAHEFRERCHETE
Fig. 2 Boxplots of taste perception attributes of plum with different flesh colors

2. 1. 3 NEEL/FH IR Z= M B ZEIRAR 58 AN

AR (T B R Al R RS R AR ) (N'Y/T2924—2016) B R/ IR 73 AR, K E 4200
VU2l (3D, 2. B Q). B Q740 & (86D MEHIR (2343). BRWRWET, RRiR D%k
B Bm AR, IR IR A B BHORIRSE T, BRI A A B e, BRI A R Bk
BRIEH, BRI AR, HrpOruR s, SR AT B G WA b, BRI A i, Hrh A
By ERMRGE R, BRI R AT, BRAA AL H AR s BRI T, SR A A
B FREIR S, BRI AT G HoP LR A ek EIk e, BRI A AL B A BRI, R
RS T FEEVERSE T, BRI AT, SRR TR AT B . R A L VR R AT SR IR B A
FERL S IR TR, T JER IR [ R IR i b TR 1 3R U T R L L 2 3 (R B A o P (2 JU R e o, SRR I
BN R D, HRXA SR EE IR (B3). PR T8 R TR, BRVAHE IR 7E R IR IR 3
AN R IR B2 20235 (1) 73 A BE MR, ARt (H I B € -



A

EROR{E

Soumess value
<

HRME

Bitterness value

1

=05

EHREIRE

Aftertaste-B value

Xt T 50 47 rp 2Rl BRI il e i R (1 4-A0,

TR A 63.5%. 5 1 L4EE GE x Hika) R 7 BE8ER

-10 |

‘ 20224E 2022 E 20234F 2023

-l-u...%ﬁ!;l-[:I

S ST T TS
BRE i
Taste description

w%ﬁ

R B ik
Taste description

Hag

o el 3
= 9
w5 E |l e
B2 4l m £
s !ﬁ 7
£ 2 f WE of
2] =]
4L sl
' 'l il .I L 1 'l il L
All S ST it TS All S ST Ik TS All
T B Fe i B
Taste description Taste description
i e O 2
P ® ® " l
g = 0f
£ 73} % 5
2E |ef | ®E
5 ° &
< 2r # E 'I ! . I ﬁ 4L
T S Al S s T TS All
Fﬁk,c_?ﬁﬁ LSt
Taste description Taste description
®® 2F e ® O] (Y
L L = 2 20F @
ws | .
F E i g 15 °
B @l 1 =
°® & 2 # == g memm | i E
® ' B % oF ® e =
k=
® [ ] = N ' l e ® . . 05
oig Il | | ™= 0 | o0 o0
All S ST T TS All 3 ST T TS
Taste description Taste description
e S. R (FEIRD; STRRH (k) T.EF (Hik); TS. #g (ik

o J\}%ﬁ
Taste description

Note: S. sour (description); ST. sour and sweet (description); T. sweet (description); TS. sweet and sour (description).
E3 FERE XK R EFERE
Fig. 3 Boxplots of taste perception attributes of plum with different sensory flavors
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3iF it
3.1 AEISTAFZFH ThEFMHRERRITESF M E

AW FUEE R A AR R R 2 R P E DR W g s A e — B 2253 AN, bt X 2= f e
PR R AT 7 AR 5 T 0 AT AL v, SR 2R I IX ) 2 i R A SRR i b S BB 70 T 201, G e X ) 2 i R
1L NN N o8 E /17 5 411 7 F | 2 K0 e T i 17 NSl o 1 D 5/ =T 8 A e oo
FRAE RIR GE AR L. AR1, X LR TRy fAE M X 2 8] (22 A IR A& GERRIR 2K o Bit,
ABFFERBAEI X SR S X AR S A PR B, R R DR 2 i AR R Sk a1 5 oAt
XABKKZESE, R BT AR A RSB A ER . H2, RubXS5EIEmX . HihX 5
R 1 XAE R o3y BRI — 5 BRI, R K M XA 2 i R AR R A e B AL AL, AT RE T
R A L2 A BT o BISRUE,  AS R X R 2 A E R e 5 i I — B e AR A, (HAESET
b AFEIBIX 22 TE] R 5 22 S R IE BRE KT, AR UL, S SRR AN R IX ) o Al B 2 0 R
PEo X5 HAhAKIR, ] anp SRR ZLCOERE 5 24518 I A 8 A

AHIE FCHEFXF 50 Hr 2= PR BEUR AR B AL, AR N R 3 S A S A SRR B AT RE S
B P R R SRR 22 s (LA AN PR R D) 300 T 4 T X 23 AN [R] 45 R (R R S e RS AN R Ay
ZAFEI, AT IR ABE LT SR L M AFAE—E IR R, AP R R AR 54 i 2B A



R oA . A8 2 (SR PFE R R IR 3 b R IR P o0 A, P B R 7= 3 A T €2 1) SR PAJ 7 X R i A s b AR
BONRW . EORATERRER . BORAEER 2 I - B0 A0, IX ROE 206 R IAE R s i AR £
FEAG, TTRE IR BBV BTRRFIEE R FRE Ao IR B (0 R TE SR . 7 BRI ROV R o0 b7 A AR B v, )
RE A7~ X Fh I € (1) SR P TE RO« SRR R 7 TR R o B B0 B PAE 7 R O b 0 AL B, X AT e
WA S AR ATEE R T TR A — 2SR, st R NTERRKSE E BRI, TR R R g
MR PITERR TR H . S50 SRR ERS, B0 S5 K SR A 7T 45 AT o

W2 /FH R 25 BRI R Sl t S5 R 2 (B AAAE —TE IR Re B 5G, BRIEIR AR SRR i r 2 I Hh 850 1 v iz
K, IXRTRE R BRI TE 4 IR AR A R R SR o X AR BRI T A AT BN R AR S . SR
AW TG B BT 1) 2 RS A AT, BRI T A R SRR T BRUR R B A & T R S L R A A, FE SR
FREE b, D T AT 4 B M ZIAR ED R o e Ah,  BR A IR E v Wk [l W R AL RS R 6 8, X vl e
ANZE IR R R AE [ WK 7 THIAE X 55, RUBRIARAS 22 7E 11 B N BT IR 1 ik o Lok, R TE E Rk 3 h 22 IR
MBI LA, X AT BE RS AR A R AR X R0 . X 5 AR A R — R S K R S S
HERMARZ, FROREEER ., S ORRNE SRR A — R, XA RER R 25 R WRLE AN 5 FR ok 58 77 T
H—EMZER. Mo, FRRRRTE Z AR A —E oA, 31X 5 55 SR 1 2= 5 S [m] i 2L A R A 11
RERURERFA . SR, RS ANE R HAH O¢ REUR &1, X W] B R RRN i E i 8 2 vh il o 2 R AETE . 2R
M, T R BRERR AR AE) (NY/T2924—2016) Bl g/t ithid 70 2452 WAL i K,
ANTE N A ) 7K S PRI RTE A AN R B AN PPN, NS 5 4 et BRSPS F H o SR T
JR R i 4 58 VRN AEAE ] 2 L5
3.2 FEFMRRFER TN ENSTEMESR

ARHFFES BEIR ) 50 63 b 22 B Uk BEAR S0 A, s i AR50 =R RIE R A S R A
XFPREA 25 1 ALK [ R AR R X SR Ccluster2) o HRIE R ANPH T L5 R, XA
R AR A [l _E R ERAR, ARAE BUR IR 5 I BUE R S X BIRAE IR 282 A BON R U R SR i, A
SRb T, HOUBH R X AT B A AT AR M X A A R A O, T X1 A A R K U
B, TWIReA BN T2 R E 7RI 20 TR RIS o BRAR AR, B X MRE s
(AR RN AR Rl P BB AR 0 R0, HUORFRIR AL X PRSI 2 E B AR H AR AL HIX
i F Celuster3) o MRAERESHAN T H TR, REBIERRANEIR G BER & . R ERE XL R
ARRER . IRWIRGEARE o XA BT AR AL X AN 3 2 A, DA RO B8 R R AL 1 5 38U . BR
AR AR, B XM S BRI A IE A M RS MR T TR B SR PTIE TR
AR S E R T T, L TRRIMMEFEIE, HHL 35.56%, SHETHETH T~
ROV A BUR, A IRIR . R R R SR X P S A 1 2 2 LA SR B T 0 DR A AR X
(cluster6) o HRHEIE MRS AL P HTEE R, X LCALE IR, FHEOR A O W (R B 28 =, 17 7E BRWR T R
R B BUR . IR R X L2 B SR IR SERE AL, X T BE 5 PG S X AN LR G, Ik L
X SARARS 08, AT REE BT 2R SR i R R o BRASTE SR R, FAT SRRy 20 1) 7 50t s v
e X R B A EEMPER X E A S (DRECNEER .



i b, NATTXF 2R A 4 28 3 B SR S H A A R €0 25 AR AE o ARTTT,  IX LU A1 BB S B Ve T
SRR R R o IS T E ORI R, 283 T USE N PP AN 25 AR S0 RE 1, D2 1 o 4 5
SR RIRBE T R INERRE . AFERRERA N FRRERE A, REREANFR R WG S T AN
AT TR B, BRVEZY (2 T R S A H T A R BB R, TR R A A U S R S A D i R AR
(Bldn, PHRIHLIX AR PR R, AR R 4R I S ), IR T 2RI B e R AL B B 1R 3 5
W TR AR A B T LA R T R R AL E, SRS LRI e T
TP 0285 D b LA ) 568 5 0 23 4R 1 b2 HE
3. 3 HEFER LR MR MR

JURPBRBELE 50 43 b 2R ()2 40 A0, B 0 R 0RTE H — BRI R PR SR AT AR RE =
LR o e /ME (BSOS, RIS RAA SRR, SERERE . MR, HACHIX S5 R
ZRAERGE I s R R PR B KA RN B AR ) e M, X 5283 I RUR VT A — B0 3 7 b ok o 45 1 e
BEFE VR B A 5250 . AT T R I 23 45 P, ST b DXRK 45 VAT R DX 40 ] 2 R AR e X 7K
RE RS BA R B BRR SR, IR0 Rk 120k H LR AR AE, A 78 AR TEHLER AR BF IR VR . b
b, BB EWEZNLRME LF A D BABRMEREWREE CRIDVERD , A BRI R IR B AH -
(I, 32 i DR G -6 25 i R [ R R A [ R 7 T R I e R GRS HIR) o 3 4h, T ZR X 754
BRL T X AR PGP I 2RI T e B IR 2 AR

FEFMTAES, EEMIRTE I SR AA B T3 M 2 S SR AR AL 0 3%, BETTSE 5 5 55 A L s ) it o
R T R SR S IR TS S RGO AR R, R AT AR RS IR L SEaR CRIBKAR” JE
M SRR . RE T ZMMRARERMK T2, a5a2. WL H 2. MR ERE D0
BRI AR>S T B IR B R E S T
4 25 2

AT R EL T RS 50473 H [ 4 B YRR AT AN [F) 23 75 Y O UR S RE HEPPANY, 2 ARSI R B /b Bk
WAL, EEARTE AR R B R R, (RS RABE ., BRETRR I AAE — €A S FER,
AT 6 R A [ 2 (R b 2 BT PSR BRI A L IR B AN AL, X — A U A AR AR P 4
G RERAE T RELARHE, X T 2000 R SR . BT A A& B B R . [FIRT, AW 7007
— R AR R BHRWERZ R FUMRL, SRR T 5 8 AL SR o B E 2 RS S T
RS R T, BABORM R SCRR FANME, i B 2= b i R AN S 43t 7 RS0 HE

B

2EHL References:

(1] xUgtE, BAKCF, B/NE, SREM, UK, sREHR, X, X7, R Hrd B RMEEETT R 709 ZE[)]. R,
2019, 36(10): 1320-1338.

LIU Weisheng, ZHANG Qiuping, MA Xiaoxue, ZHANG Yuping, LIU Jiacheng, ZHANG Yujun, LIU Shuo, LIU Ning, XU
Ming. Fruit scientific research in New China in the past 70 years: Plum[J]. Journal of Fruit Science, 2019, 36(10): 1320-
1338.

(2] FE, AREE, XUFK, WP, /NG, X7, SKRERE, KR, BUEE, MR R E R b E AR R,



2023, 56(9): 1744-1759.

LIU Shuo, XU Ming, LIU Jiacheng, ZHANG Qiuping, MA Xiaoxue, LIU Ning, ZHANG Yuping, ZHANG Yujun, ZHAO
Haijuan, LIU Weisheng. An overview of the worldwide plum breeding[J]. Scientia Agricultura Sinica, 2023, 56(9): 1744-
1759.

Bl ARV %®: XIEAEAEERE+NKREEEEYRTRE AN 24 %
http://biz.ifeng.com/c/8QD8cnv0SKS.

2

5 H [Z]. [2023-05-23].

—

Phoenix Interview: Dr. Liu Weisheng's discussion on why the 18th national Li Xing academic exchange meeting met with Xinyi[Z].
[2023-05-23]. http://biz.ifeng.com/c/8QD8cnv0OSKS.

[4] BEE E AR 20 250305 2 [OL]. 2020. https://www.fao.org/home/en/.

Food and Agriculture Organization of the United Nations Database (FAOSTAT)[OL]. 2020. https://www.fao.org’/home/en/.

[S] AR AT, XA, 2R T BT IR R VS AN B AR v M. bt P AR B AR, 2006.

YU Xianghe, LIU Weisheng. Descriptors and data standard for plum[M]. Beijing: China Agriculture Press, 2006.

(6] H AN RSEAN FE AW A, A ARl 5T BRI 46 5 BORURE 25: NY/T 1308—2007[S]. Abat: R EAL H AAE, 2007

Ministry of Agriculture of the People’ s Republic of China. Technical code for evaluating germplasm resources plum (Prunus) :
NY/T 1308—2007[S]. Beijing: China Agriculture Press, 2007.

(7] T N RSN A OA. AAE DAL A B BT PP AR 2% NY/T 2027—2011(S]. dbxt: PEARL HAAE, 2011,

Ministry of Agriculture of the People’ s Republic of China. Evaluation standards of elite and rare germplasm resources-Plum (Prunus
Subgenus. Prunus Mill.): NY/T 2027—2011[S]. Beijing: China Agriculture Press, 2011.

(8] RESCiR, ZERiM], RIT =, BfE, EATMG, &, BRER, XIFE, 4RF. TS B F BRI DG i R A
] R4, 2022, 39(7): 1281-1294.

CHENG Wengiang, GONG Bangchu, WU Kaiyun, YANG Xu, WANG Yanpeng, FAN Jingen, TENG Guoxin, LIU Cuiyu,
XU Yang. Comprehensive evaluation of taste quality of non-astringent persimmon based on texture analyzer and electronic
tongue[J]. Journal of Fruit Science, 2022, 39(7): 1281-1294.

(9] %, HWHOW, DF, SO, EH, M BRSO R RN E SR AN E AR R[], TR,
2022, 44(11): 3549-3554.

LI Jianjun, CHANG Xiaopei, MA Jingxiao, HE Jingyin, DONG Shike, YANG Mei. Discrimination of different cultivars and
habitats of raw Rehmannia glutinosa with electronic eye, electronic nose and electronic tongue[J]. Chinese Traditional Patent
Medicine, 2022, 44(11): 3549-3554.

[10] M, w0 DREDCRHEA M fo 7 S I E PRI RME AT 0], B db BT FE 50T, 2018, 39(3): 184-188.

WANG Peng, HAN Ying. Research on the correlation between electronic tongue analysis and sensory evaluation of beverages[J].
Food Research and Development, 2018, 39(3): 184-188.

(3B, 5%, VTARTE, soeiil. il e R B ). 26 A%, 2016, 36(6): 621-630.

PAN Yucheng , YE Naixing , JIANG Fuying , HUANG Xianzhou. Application of electronic tongue in tea detection and
identification[J]. Journal of Tea Science, 2016, 36(6): 621-630.

[12] RERVE, Zerefd, 2408, RN T, Bo0%, & im P, SPhI R E R 70 S 2 R K S R (] B AR, 2023,
44(8): 62-70.

WU lJinyuan, LIANG Zijian, LI Shenghua, FU Shuyong, YANG Wen’an, GAO Xiangyang. Effect of five functional sweeteners
on the quality of lotus paste filling[J]. Food Science, 2023, 44(8): 62-70.

(318 S, BREF, A, M7, k. 2T i1 AS R O AS [F] S AP Bk vk b o st 22 53 B [0]. op R RS, 2023,
43(2): 66-71.

REN Xinle, LI Changchun, SUN Fei, FU Maorun, HAN Cong. Analysis on flavor and texture difference of different cherry


https://www.fao.org/home/en/

varieties based on electronic tongue technology and texture analyzer[J]. China Fruit & Vegetable, 2023, 43(2): 66-71.

[14] iz, BRABESE, SSGH, @R, s, 0, BEE. LT H7 S0l 75 R ASR] il o 21 A ORI R 1) 22
M. PEERE, 2022, 41(12): 178-182.

XIE Yun, CHEN Shaodegang, CAI Wenchao, GAO Jun, SHAN Chunhui, GUO Zhuang, ZHAO Huijun. Aroma and taste
differences analysis of different varieties of jujubes based on electronic nose and electronic tongue technology[J]. China
Brewing, 2022, 41(12): 178-182.

[ISJKIM C, KIMSJ, LEEYJ, NGUYENTM, LEEJM, MOONJS, HAND W, OHJ W. A phage- and colorimetric
sensor-based artificial nose model for banana ripening analysis[J]. Sensors and Actuators B: Chemical, 2022, 362: 131763.

[16] VITALIS F, TJANDRA NUGRAHA D, AOUADI B, AGUINAGA BOSQUEZ J P, BODOR Z, ZAUKUU JL Z,
KOCSIS T, ZSOM-MUHA V, GILLAY Z, KOVACS Z. Detection of Monilia contamination in plum and plum juice with
NIR spectroscopy and electronic tongue[J]. Chemosensors, 2021, 9(12): 355.

[17] KASSAMBARA A, MUNDT F. Package ‘Factoextra’: Extract and visualize the results of multivariate data analyses[CP].
[2023-11-17]. 2017, https://CRAN.R-project.org/package=factoextra.

[18] MAECHLER M, ROUSSEEUW P, STRUYF A, HUBERT M, HORNIK K. Package ‘Cluster: Dosegljivo na[CP]. [2023-
11-17]. 2013. https://cran.r-project.org/package=cluster.

[19]LE S, JOSSEJ, HUSSON F. FactoMineR: An R Package for multivariate analysis[J]. Journal of Statistical Software, 2008,
25(1): 1-18.

[20] WICKHAM H. ggplot2[J]. WIREs Computational Statistics, 2011, 3(2): 180-185.

[21] KASSAMBARA A, KASSAMBARA M A. Package ‘ggcorrplot’ : R package version 0.1[CP]. [2023-11-17]. 2019,
http://mirrors.cqu.edu.cn/CRAN/web/packages/ggcorrplot/index.html.

[22] SLOWIKOWSKIK, SCHEP A, HUGHES S, DANG T K, LUKAUSKAS S, IRISSONJ, KAMVAR ZN, RYANT,
CHRISTOPHE D, HIROAKIY, GRAMME P, ABDOL A M, BARRETT M, CANNOODT R, KRASSOWSKI M,
CHIRICO M, APHALO P, BARTON F. Package ggrepel: Automatically position non-overlapping text labels with ‘ggplot2’
[CP]. [2023-11-17]. 2018. https://CRAN.R-project.org/package=ggrepel.

(23] E %, Fdkzm, e, B, AW EARMX &SR] B EARLAREE, 2020, 53 (11): 2253-
2263.

KUANG Lixue, NIE Jiyun, LI Yinping, CHENG Yang, SHEN Youming. Quality evaluation of ‘Fuji’ apples cultivated in
different regions of China[J]. Scientia Agricultura Sinica, 2020, 53(11): 2253-2263.

[24] A, BAIE, KOO, AREEZ. SN I X RIZLR 435 fh SO EL e BT (0], BARER R, 2021, 37(9): 169-178.

YU Lu, ZHAO Zhi, ZHANG Wenxin, REN Tingyuan. Comparative comprehensive quality analysis of Rosa roxburghii fruit from
different regions in Guizhou Province[J]. Modern Food Science and Technology, 2021, 37(9): 169-178.

(251 23, fidE, BN, BBeoc, GG, MEE, KK ARBUER B E I5 M BRI ELE )], &R, 2012,
37(7): 47-48.

LI Wensheng, SHI Lei, WANG Baogang, FENG Xiaoyuan, HOU Yuru, YANG Junjun, ZHANG Changsong. Comparison of
nutritional qualities of different flesh kiwifruit[J]. Food Science and Technology, 2012, 37(7): 47-48.

[26] XV, FKok¥E, BB, BIE, HEZE, X EL A E B SR TN TR VR 2 0], REE S, 2023,
23(6): 34-40.

LIU Xueping, ZHANG Yongtao, CUI Xiaomei, GU Zhaoshuai, CUI Aihua, LIU Yunguo. Evaluation and analysis of qualities
and processing characteristics of different peach varieties[J]. Storage and Process, 2023, 23(6): 34-40.

[27] TKHEI, BREE, ARJE, EE EME AR B S SR IR (I]. AETT R, 2018(1): 14-17.

ZHANG Yanbo, CHEN Lei, CUI Long, LI Feng. Identification and evaluation of fruit main characters of plum varieties in



Jilin Province[J]. Northern Fruits, 2018(1): 14-17.



