BB 2 R 2024,41(4): 625-637

Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20240050

ETHFEMEFE AR ER

RF B IR IE R S oA

DAE ERT L REE KR B 4B,
WO FREE RAEZE

GLT8 R RARTFUIT, 1L T RS 115009)

# E[BHMRIUE &SRS RS0 IR AL A e, SR 0 S A o U S5 IR A 7 5 7 DA R sy 0
B S5 RS 119 00 785 5 B 95 110 SR i B EAT VPAN LS R YL T 511 WSS WIS WIW T W2 W 25 4 AL 25 06t
A5 7S LA 5 FL T I s RV FT R R 2 A 0 R B o AR DGR S A R I R - R R AR R A R [ A A
B oy 2 B B R IEARSE, SR S R E AU, M W Bos il 34 3 % 4 RE B &S IR SR ez
PERPMER AR H 73 & B R . 256 R F R 70T, W BMERGA S5 P 5 AE 2 AN B2 S 0 i Re 14 J TH R AR
S LEEIE Yt L5 b SR MR A7 A8 =2 3 (I8 AE AR 7 5 7 B R E 1o 1] DU A — R DROB AN O 156 e A A ORGPk
REEIE): A PR TR T T SRR

FE S :5662.2 XHRFRERS : A TEHRS :1009-9980(2024)04-0625-13

Genetic diversity analysis of fruit quality traits using electronic nose and

electronic tongue in apricot
MA Xiaoxue, ZHANG Qiuping’, ZHAO Haijuan, ZHANG Yuping, XU Ming, LIU Weisheng, LIU

Shuo, LIU Ning, ZHANG Yujun, LIU Jiacheng, WANG Bijun
(Liaoning Institute of Pomolgy, Xiongyue 115009, Liaoning, China)

Abstract: [Objective] For a long time, the evaluation of fresh apricot fruit quality has been limited to
the limited traits with limited materials, while the evaluation methods are limited to chemical and instru-
mental methods. The overall and rapid evaluation of apricot fruit quality traits from different groups is
lacking. Therefore, we studied the genetic variation of aroma, taste and other fruit quality traits of a
large population of apricot using rapid evaluation methods to select specific germplasm resources and
provide theoretical basis for genetic improvement of fresh apricot. [Methods] In this study, 119 sam-
ples of apricot germplasm resources, which were sampled for two consecutive years, were used to mea-
sure fruit weight, soluble solid content, fruit firmness, the components of soluble sugar and organic ac-
ids, aroma and taste. The soluble sugars and organic acids were evaluated by High Performance Liquid
Chromatography (HPLC). The aroma of apricot germplasm resources was evaluated by electronic nose
technique (PEN3, AIRSENSE, Germany). The fruit taste of apricot was evaluated by electronic tongue
technique (SA-402B, INSENT, Japan). The variation coefficient analysis, principal component analysis,
correlation analysis and cluster analysis were carried out using Origin 2019 and SPSS 26 software. [Re-
sults] The coefficients of variation (CV) of 11 phenotypic traits ranged from 15.81% to 91.23%. The
traits included fruit weight (FW), soluble solid content (SSC), fruit firmness (F), soluble sugar contents
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including sucrose (SUC), glucose (GLU), fructose (FRU) and sorbitol (SOR) and organic acid compo-
nents, including citric acid (CIT), malic acid (MAL), quinic acid (QUI) and shikimic acid (SHI). The
CV of CIT content was the largest, and that of SSC was the smallest. The results of electronic nose mea-
surement showed that the volatile substances of apricot germplasm resources were sensitive to WSS,
WIS, WIW and W2W sensors, which indicated that the aroma substances of apricot mainly included
sulfide, terpenes and alkanes. The results of electronic tongue determination of flavor substances in apri-
cot germplasm resources showed that sour and sweet taste were the main tastes in apricot fruits.
Through correlation analysis, it was found that firmness was significantly correlated with the content of
sugar components, but not with the soluble solid content and the acid components content. The sweet-
ness value was positively correlated with soluble solids content, GLU content, FRU content and SOR
content, while negatively correlated with QUI, MAL and CIT content. Through principal component
analysis (PCA), the contribution rate of the first 7 principal components reached 79.86%. The first prin-
cipal component (PC1) represented the aroma characteristic of apricot, the second principal component
(PC2) represented fruit taste related traits, and the third principal component (PC3) represented acid
component content and fruit weight. The contribution rates of PC1, PC2 and PC3 were 28.36%, 17.36%
and 12.33%, separately, and the cumulative contribution ratio of them was 58.05%. According to the
principal component score table of each apricot variety, the varieties with high PC1 score had higher
aroma response value and special fragrance, and Caotanmeixing, Shizixing, Kezilang and Baisaimaiti
belonged to this group. A high PC2 score indicated varieties with high firmness, high sugar content,
high sweetness, high umami and low acidity, including Harlayne, Ribenxing, Soganci, Maolaxiao,
Kezikeximixi etc. A high PC3 score indicated a high content of acid components and a small fruit
weight, and Huaxianchibangzi, Yingtiao, Sundrop, Betinka and Wangshizhong belonged to this group.
According to the cluster analysis, when the genetic distance was 60, the remaining varieties except Cao-
tanmeixing could be divided into two groups: The first group mainly included North China varieties,
and the second group included other ecological group varieties. When the genetic distance was 40,
group I was further divided into 2 subgroups. The group II could be further divided into four sub-
groups. Germplasm screening by comprehensive score of principal factors was an important method for
objective evaluation on excellent germplasm resources. According to the proportion weight and contri-
bution rate of different traits in each principal component, the score of each principal component and
the comprehensive factor score of different varieties were calculated. Among 119 apricot germplasm re-
sources, the top 10 germplasm materials were Caotanmeixing, Kumanti, Guantingerhuang, Tuohutiku-
dayouxi, Mokeyouxi, Stela, Hacihaliloglu, Kezikeximixi, Kalayuliike and Soganci. [Conclusion] There
are abundant genetic variations in apricot fruit quality traits such as aroma and taste. Electronic nose
and electronic tongue can be used as a rapid evaluation method to identify aroma and taste characteris-
tics of apricot. Eight excellent germplasm resources, including Caotanmeixing, Tuohutikudayouxi,
Mokeyouxi, Stela, Hacihaliloglu, Kezikeximixi, Kalayuliikke and Soganci, were selected to be used as
parental materials for genetic improvement for fresh apricot.

Key words: Apricot; Germplasm resources; Electronic nose; Electronic tongue; Genetic diversity

1 (Prunus armeniaca L.) #&— PP 2 2L 1) A7 7K B e i SO A el R v A SRS o A 1 R A A K
R AE P E 2D 3000 aCF) BAREE TR, A Rilighmigm s HEAZR . BHATEEN T
RIS 370 Fi 1Y b A SO SRARAG TR, LA 8 ¢ o [ 305 A AT A
K RMEE L Bt ZHAT RIS T 8 EANGIBER SR S . IIRIET NIR I 4



o543

/N, A e T R S R T T ARG A A B VR B A% 2 R AT 627

P e b 7 i Ao R R RIS » fELRE R SR PR
HIULZE P AR RE (B RS M 22D, FE AP R b A
dn PRI R B A BT ZER Y. O 1 RE A AT DA
BT it M B R T R A BTN LA R A R
POEATRSAIPEOT , 9 B R B 22 1 T AL RO
AH R

S BT ELAE SRR i 5T ) ERR AR D RE IR
52 B R 5 L A EE Ry AT BRI Ay
SRS CE i o 2 SR SRR AR AR
POET . RSLBER I BN RHER R , T2 B P 1 R
BEANBRZH 73 s SRS A ER A 1 O RN 5 7
PoJsi> s T, VPO A RS A AR 3 N T A
oAU IR e RO B X = Aer I 7
S TR IO 450 P e S8R B i 00 5 5 A i
BEANER , 7 48 57 A F AR BEH] (GC-MS) BAR RS
WS S A A MUR SER B IR b A IR K
HAFAE 2> BEAT T VRO, IR EE T VA AR AE B AR VA8
I B S BR r o JT IR L B A IR E AR i BL 1
N HF 5 AT BOR BE R PR PP RS2 i &
AR R o FLT S M HL T A p A% IR A T AL B
RGAETRA R G =M . 7 5 TR R
BRI SR IE Y A A% A R T, AR AR 11
HLS 3, AT AR AN R 54 s 100 B0 AR SR 2
2 IR A% 8 1L S 5 R Al LR TP I AT S ke
M A5 2 2205 50 HL S A R 3 R K R i
PR E BB CA I8 IR SR R LT S 74
3 AN [ it e B R SR S 57 A o BEAT VAT, i 2k
AFORARE ) Ao 2R KR AE R R T Sx 36 4
AT b o B[R] — AR AN R A 7 I A e R SR R
JRBEAT VP, WA R AT DX A [ A B e
S, R W R SR R B IR A S . T BOR
WL I AEARHAR) 3 2 B 50 A AR it T X
WRPFOY Lo BE 2 B SR 3 AT M AT HE T e
AR D AS [R] R A R S ) L R R R O I
R RN EIRAC &) . (A H AT, FEROKHE
PRA BEERE ARPP AT L R S R T NP AT R
8, FEVEAN AR T S 4 AR R BB TR T
B BT S BOR 5 HPLC J 0 B S5 R 1
HHRAE ARG .

RGP AT RS it B PEIR B 38 1% 22 REVE
R SR BT BERS PR AL fr A AL U R ERE . —E
oK, A5 B ET it 5T R PPN A — LR IR AE D & BRI

A BRYEIR B PR 7 10, B4 75 7% R IR AE AL 22 T
AR &7 15 » 5 Z AN [RI A AT SR S e R DR PR B A
PRIZEPEAT o S5 08 [ 58 2 105 A it 9% 8 ] f 4 el D
AR B A SNSRI IX R 119 473 A5 R ot B P kAT
T ARG E VT, FF IR L S M 5 PR AR
D7) ) FEVE , 0328 Hh AR S A5 ARl R ) S D s i o
B At 7 ORI A 5 L S O P SR A

1 PR

1.1 IR

119 473 25 Fh o 2 5 (3R 1D ¥k [ [H K 2= 145 Fh i
BV [ (it BB, AT S AOREEE 20 a, B BLLLAY S AR
BN o Redh 5 A S BRI — 8. ki
BEHLIZE L 2~4 BRARS , B 7t A1 BB IR SE kAT T 2T
1.2 MRIEE
121 A AMKIAE W50 T 2022 412023 FH
Z QLS R B B AT, TS 2 a T AR ST A U
(SR SR 10 ) 2 B R 70 B, ZE 8 e 41 BE AL
30 MR R H T RFRREF
B B (FW) , il PAL-BX/ACID F5 % i #E % it
CH 4% Atago 2> w42 7)) Wl 5 A] ¥ 1 [ T2 ) & &
(SSC), 1l AGROSTA ff &£ 1l 52 2R SEAF 52 (F) .
122 #EBR A5 R AM 2 FRECEA 20 g, i
NFBAEK , FHSIIRHLAT BUA) 9 J5 To i3 N 200 mL 25
I E R, 20 mLIEB A E T 24 10 mL &0
B o T RERERA & &E . R Di-
onex Ultimate 3000 %Y 15 2 AH €4 15 4 (3 D %) 4
R 2H 7y st AT g , ol S AN WL R S ek
REEER RIS, AR 3 IRE R .
123 2 FEAN &0 A PR AR R 10 AR
S, BUS0 g M AR TN BREENL , AN 150 mL 2518 7K J5
BEAT HLA S 3R, B S 5 K508 & OB 3 0o L (B
Eppendorf, Centrifuge 5804R) , LA 3000 r - min™ [ i#
FEBS0 5 mine B0 5 B EIE S IE , B yE kAT
L1 DU E

HLF S SA-402B MR 43T 2 48 (H A IN-
SENT A #)), 3K FH 6 Filt N LG B AL J& 25 1 3 Fh 2t
FAR AT A 5 L P B0 45 B R Cumami) « R (sweet-
ness) \ Ji Pk (saltiness) « 2 Bk (sourness) . 7 Bk (bitter-
ness) « {2 Wk Castringency) LA & =F & £ (richness) . ¥
I [5] Bk Caftertaste-B) Al Bk [1] B Caftertaste-A) o il
E TTEZ AR HUR SR T8 R R E



628 E S I Ha41E
Fz1 119 PEMRBFENERNER
Table 1 Basic information of 119 accessions of apricot
' B b/ SV U SR b/ S P B P S/
No. Name Origin No. Name Origin No. Name Origin
1 iy HRr == 28 By et & 55 iR AT LI 7R i
Jinmama Lanzhou, Gansu Shanhuangxing Changping, Beijing Qufubaixing Qufu, Shandong
2 JRK T2 29 HRY S5 L S6 TR W
Zhupishui Lanzhou, Gansu Huangjianzui Fangshan, Beijing Pingduhaitanghong Tai’an, Shandong
3 EMRE LM 30 iRy Jemtps 57 RA L R 2Rz
Lanzhoudajiexing Lanzhou, Gansu Fangshandahongxing Fangshan, Beijing Zaomaihuang Tai” an, Shandong
4 HiKA TH 31 prili bk et 58 4k IR Fz %2
Xinshuixing Ningxia Fangshanbaitao Fangshan, Beijing Yangjiyuan Tai’an, Shandong
5 RN EA TEE) 32 KEEEE et 59 Al IWZR I &
Yinchuanjidanxing Yinchuan, Ningxia Dabaiyubada Haidian, Beijing Bairen Yantai, Shandong
6 HIBEA TEAR 33 JbzER A eI 60 M IERIE
Yinchuantaoxing  Yinchuan, Ningxia Beianhepingguobai  Haidian, Beijing Guanyinlian Yantai, Shandong
7 WEA [ 34 ILPRFETE JETTRE R 61 i IR M &
Yinxiangbai Shaanxi Yanqgingmaihuang  Yanqing, Beijing Yanziban Yantai, Shandong
8 skl Iofe 75 M 35 HEHIBEZA JbataE 62 SRR IR MG
Zhanggongyuan Caotan, Shaanxi Guajiayukuhebai Yanqing, Beijing Pingguoxing Yantai, Shandong
9 RIMEMFAT e VG M 36 WRDEL eI RR 63 KB IR
Caotanmeixing Caotan, Shaanxi Yanqingshajinhong  Yanqing, Beijing Taigushajinhong Taigu, Shanxi
10 EjEE A Ik 1 37 BEKA E|A=E < 64 KREHEK PR A
Caotancaoxing Caotan, Shaanxi Changlishuibai Changli, Hebei Taigubaishui Taigu, Shanxi
11 R 3PN 38 BHEIZ CEIA=E 65 HiHEAEH PN R
Dalimaihong Dali, Shaanxi Huangtianhe Changli, Hebei Jixianxiangbai Jixian, Tianjin
12 kKA BV K7 39 LLiEdE AL EE 66 H1H BRI KA
Touwodajiexing ~ Dali, Shaanxi Honghuajie Changli, Hebei Zhongbai Youyi Farm, Hei-
e N longjian,
13 S e AT 40 Tk EA=E ‘ e
Machuanling Dali, Shaanxi Yingtiao Changli, Hebei 67 EIKEA i ARAE I
. ) . ) . o Yanbiandabaixing Yanbian, Jilin
14 Rz PPN 41 MiFHF CI AR s o
Dalitaoxing Dali, Shaanxi Shizixing Guangzong, Hebei 68 EﬁL/J\ ’J;@ JIT:“Z%E o
il G —_— bk Tianrenxiaohongpao  Beizhen, Liaoning
15 &2 LN 42 Mok # LR ol o
T Z
Jinsitianren Dali, Shaanxi Huailaimaihuang Huailai, Hebei 69 i -,I?ﬂ Ji.?jt%‘ .
Kurenxiaohongpao Beizhen, Liaoning
4T A i T £ RSz N FRS .
16 EIEHEIVI = ) @%ﬁ—fﬁg ) 43 W%/&WVI /ﬂ:”: Wﬂ% ) 70 "E/I{:l\ E?;F\(%
Yanzhihongxing  Huaxian, Shaanxi Huailaihaitanghong  Huailai, Hebei . N
Gaxing Donggang, Liaoning
15 ELIR SATiTkE BT EE|RYS: NN
(7 BBBAT BER ) 44 BT PACRR ) s LR
Huaxianchibangzi Huaxian, Shaanxi Guantingerhuang Huailai, Hebei X . R
Gushanxingmei Donggang, Liaoning
e s y IR NEUN N
18 %¥ﬁ‘§ @Txﬁ”m@Sh ‘ 45 ﬁ}#ﬁ'ﬁh /ﬂiblﬁﬂé el 72 Ve TR
Maizihuang Lintong, Shaanxi ipianhuang Huailai, Hebei Shajinhong Donggang, Liaoning
19 WWIRE Bl | 46 A MERE | 7 s T
Lintongyinxing Lintong, Shaanxi Momoxing Jingxian, Hebei Fakuyinbai Faku, Liaoning
20 IfiEE SR 3 e PG i v 47 BRI bR 74 BRTEORAT IR LT M
Lintongcaizihuang Lintong, Shaanxi Yuxiandajiexing Yuxian, Hebei Chentunguanyelian Gaizhou, Liaoning
21 WRAY Bevh K2z 48 2L kMY TG AE PR 75 KE LT R
Haidongxing Chang’an, Shaanxi Honghuomeizi Yanqing, Hebei Shuizhenhe Heishan, Liaoning
22 AR Btk 2z 49 RE1S R T 76 HRPEETA LT B
Niujiaohuang Chang’an, Shaanxi Lingbaolhao Lingbao, Henan Jinxilizixing Huludao, Liaoning
23 ALRAY [ 50 FIHAKE AR A 77 KER TR
Baotianxing Shaanxi Zhengzhoushuibai ~ Zhengzhou, Henan Shuilixing Jinxi, Liaoning
24 BR)\ik dent 51 &% ]k 78 Aty ILTIL A
Tiebada Beijing Jingangquan Huabei Boxing Liaoyang, Liaoning
25 dbEiK & Jbxg 52 &t e 79 KEFA LTI
Beijingshuijing Beijing Jinxing Inner Mongo Shuilizixing Liaoyang, Liaoning
26 40)\ik k(978 53 XU~ e 80 LPHZETH AL
Hongbada Beijing Shuangren Inner Mongo Liaoyanglizixing Liaoyang, Liaoning
27 WA HA Jemt 54 R L R i & 81 Fi-A& LT R
Yingtiaojingxing  Beijing Qufuerhuang Qufu, Shandong Lourenxing Lingyuan, Liaoning
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%1 (4 Tablel (Continued)
G AR R G AR K s AR K
No. Name Origin No. Name Origin No. Name Origin

82 NET LT MR 95 ALK WriEi G 108 HEHEA Bt
Xiaoquanxing Liishun, Liaoning Kezikeximixi Luntai, Xinjiang Huiyangbaixing North Korea

83 KA LRI 96 N HraEse & 109 @EEEA L] o
Daquanxing Liishun, Liaoning Jianali Luntai, Xinjiang Chaoxianbaixing North Korea

84 #ilIxHA U A1 97 .9 SHTEE IR 110  Harlayne JIIEWN
Panshanyunbai Panshan, Liaoning Wu-9 Yecheng, Xinjiang Canada

85 fipfLbk L7 RedE 98 Ffl & HraE 111 Stela )
Hebaozhen Xiongyue, Liaoning Mokeyouxi Yecheng, Xinjiang Czech

86 B I ] 99 K4 Ll 112 4KP KIH
Xiemaxing Zhuanghe, Liaoning Dahu’anna Yecheng, Xinjiang Sungold USA

87 Zhmimk R AN 100 K L3R HrsE I 113 Katy ESE
Anjiana Hotan, Xinjiang Dakumaiti Yecheng, Xinjiang USA

88 REL KV HrsEeE AL 101 FI%EL4R SHTEE Ik 114 Sundrop EH
Kabakeximixi Kashgar, Xinjiang Baisaimaiti Yecheng, Xinjiang USA

89 T HraE 102 FETRERMAR  FraEmn 115 fFilik HA
Kezilang Keping, Xinjiang Tuohutikudayouxi  Yecheng, Xinjiang Xinshanwan Japan

90 &R HraE T 103 FHEAR B a2y e HAA HA
Kumanti Keping, Xinjiang Kalayuliike 1li, Xinjiang Ribenxing Japan

91 EHLH HTEE AT 104 KR hyb SN BRH 117 Soganci +THK
Maolaxiao Keping, Xinjiang Dahongzhongsha Guiyang, Guizhou Turkey

92 FEFE1Y R 105 Fithrp a )iy E 118  Hacihaliloglu THH
Kuche No.1 Kuche, Xinjiang Wangshizhong Luding, Sichuan Turkey

93 FEE3G a7 106 W =i 119 Betinka 5T
Kuche No.3 Kuche, Xinjiang Wantianxing Yunnan Czech

94 SEIFTIG o 4 107 JEARA WL
Keziaqia Kuche, Xinjiang Yuandongxing Jinhua, Zhejiang
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Fig. 1 Box plots of aroma and taste perception attributes of 119 accessions of apricot
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Table 2 Analysis of coefficient of variation of fruit quality related traits in 119 accessions of apricot
KRN FEME b i e i RME = ONI<1 A R A
Trait Mean SD Skewness  Kurtosis Min. Max. CVI%
LT & Fruit mass (FW)/g 77.24 30.40 0.28 -0.74 19.20 153.20 39.36
wCHEPEETEY)) Soluble solid content (SSC)/% 14.09 2.23 0.54 0.09 9.70 20.32 15.81
RS Firmness (F)/(kg-em™) 2.07 0.88 1.02 1.23 0.73 5.27 42.43
wERE) Sucrose content (SUC)/(mg-g™") 38.48 14.56 -0.04 1.15 1.23 91.43 37.83
wHI &%) Glucose content (GLU)/(mg-g") 24.51 10.74 0.69 0.30 3.50 58.98 43.82
w(HHE) Fructose content (FRU)/(mg-g™") 14.16 7.10 0.99 0.42 2.63 33.62 50.15
w124 Sorbitol content (SOR)/(mg-g") 7.51 6.28 1.57 2.53 0.91 34.15 83.62
wERER) Malic acid content (MAL)/(mg-g™") 7.96 4.16 0.85 0.80 1.41 20.90 52.34
w(FFHEER) Citric acid content (CIT)/(mg-g™) 7.24 6.61 1.64 2.98 1.15 32.55 91.23
w(ZEJEE&) Quinic acid content (QUD/(mg-g") 1.04 0.48 1.30 3.52 0.26 3.21 45.88
w(ZEH L) Shikimic acid content (SHD/(mg-g") 0.02 0.01 0.94 0.64 0.00 0.06 51.49
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Fig.2 A heat map of fruit quality traits in 119 accessions of apricot
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Fig. 3 Segregation of 119 accessions of apricot according to their quality traits determined by principal

component analysis (PCA)
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Fig.4 Dendrogram of cluster analysis based on the

phenotype characters in apricot
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