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Analysis of fruit quality of two interspecific hybrid progenies between

Fragaria ananassa Duch. and Fragaria nilgerrensis Schlecht.

LI Rongfei, WANG Aihua, YANG Shipin, MA Hongye, QIAO Rong’, ZHONG Peilin’
(Institute of Horticulture, Guizhou Academy of Agricultural Sciences, Guizhou 550006, Guiyang, China)

Abstract: [Objective] In order to utilize two interspecific hybrid strawberry progenies, contents and
compositions of sugars, acids and amino acids, and the correlations between sugar, acid and fruit color
were analyzed. [Methods]The progenies of two interspecific hybrids of Fragaria nilgerrensis Schlecht.
were used as the materials to determine the fruit color, single fruit weight, total soluble solids and other
fruit quality traits. Meanwhile, gas chromatography-mass spectrometry (GC-MS) was used to identify
and compare the sugar, acid and amino acid metabolites in the fruit. [Results](1) Fruit weight of No. 1
was significantly higher than that of No.16, but the content of total soluble solids in No. 16 was 1.15
times that of No.1. The color brightness (L*), yellow index (b*) and hue angle (H) of the peel of No. 1
were significantly higher than that of No. 16, and the E*ab, CCI, a*/b* were significantly lower in No.
1, indicating that No. 1 fruit surface was more shiny, and that No. 16 fruit surface was more reddish. (2)
Among the two strawberry strains, 33 sugars were identified, of which xylose was the highest, account-
ing for 62.68% and 50.71% of the total sugar content, in No.l and No.16, respectively, followed by ino-
sitol (2.78%, 5.78%) and glucose (0.41%, 0.85%), and the contents of fructose (0.006 1%, 0.010 8%),
sucrose (0.013 0%, 0.097%) and galactose (0.075 5%, 0.108 4%) were all low. Fifty three organic acids
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were identified and citric acid was the highest, which was 57.42% and 46.61% in No. 1 and No. 16, re-
spectively, followed by malic acid (7.65%, 6.35%), succinic acid (0.33%, 0.26%), ascorbate (0.30%,
0.40%), quinic acid (0.11%, 0.10%), lactic acid, salicylic acid, tartaric acid, etc. Twenty-seven amino ac-
ids were identified. From high to low, they were oxyproline (5.36%, 4.47%), alanine (1.19%, 2.26%),
asparagine (1.15%, 0.62%), aspartic acid (0.26%, 0.17%), serine (0.26%, 0.17%), tryptophan (0.13%,
0.10%), and amino acids in micro amount including isoleucine, cycloleucine, methionine, cysteine, glu-
tamic acid amino acid, phenylalanine, etc. The results showed that carbohydrate metabolites in No. 16
fruit was higher than that in No. 1, among which xylose, glucose, fructose, galactose and sucrose were
1.22,2.09, 1.77, 1.44 and 1.34 times that of No. 16, respectively. The total relative contents of organic
acids and amino acids in the fruit were higher in No. 1 than in No. 16. citric acid, malic acid, palmitic
acid, stearic acid, oxyproline, asparagine and aspartic acid in No.1 was 1.23, 1.46, 2.28, 1.20, 1.85 and
1.53 times at of No.16, respectively, but alanine in No.16 was 1.90 times that of No. 1. The difference
in the metabolites in the mature fruits of the two strains was mainly due to the difference in sugars, indi-
cating that sugar may be one of the important reasons that affect the different flavors of the two. (3)
Through correlation analysis, it was found that organic acids such as malic acid, citric acid and pyruvic
acid, and amino acids such as serine, aspartic acid, methionine, glutamic acid and phenylalanine were
positively correlated with maltitol and fructose 6-phosphate, and negatively with such sugars as xylose,
glucose and fructose. Organic acids such as lactic acid, salicylic acid, and tartaric acid, and amino acids
such as alanine, cycloleucine, and citrulline were inversely related to maltitol and fructose 6-phosphate,
but positively correlated to sugar metabolites such as xylose, glucose, and fructose. The soluble solids
were extremely significantly positively correlated with £*ab, CCI, a*/b*, but negatively correlated with
b*, H, and L*. Metabolites such as xylose, glucose, fructose, lactic acid, salicylic acid, tartaric acid, ala-
nine, proline, and citrulline were positively correlated with a*, E*ab, CCI, and a*/b* with most of the
correlations being extremely significant levels, but negatively correlated with L*, b*, and H. However,
malic acid, citric acid, pyruvic acid, valine, serine, aspartic acid, methionine, glutamic acid and other
metabolites were positively correlated with L*, b*, H, and negatively with a*, E*ab, CCI, a*/b*.[Con-
clusion]Tt shows that the relations between sugars, organic acids, amino acids and fruit color were close
and complex, and the intrinsic quality of the fruit affects the appearance quality to some certain extent.
In summary, the fruit of No. 16 is high in sugars and low in acids, and its fruit surface is bright in color
and is carmine. The fruit of No. 1 is large, bright, pinkish, and high in amino acids.

Key words: Fragaria ananassa; F. nilgerrensis Schlecht.; Interspecific hybrids; Fruit quality; Sugar

metabolism; Organic acid; Amino acid
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Table 1 Differences in fruit quality of two strawberry strains
i A LS 3iig s R ROt P S|k ¢ SRS wCAT VPR T4
Strains Fruit mass/g  Longitudinal diameter/mm  Fruit diameter/mm  Fruit shape index  Fruit firmness/(kg-cm™) Total soluble solids/%
15 No. 1 14.36+0.84a 35.95+0.95a 31.70+£0.71 a 1.13+0.03 b 0.70+0.03 a 8.52+0.20 b
165 No. 16  12.56£0.34b 36.37+1.64a 30.18+1.40 a 1.21£0.04 a 0.68+0.05 a 9.79+0.25 a

W A= S AN NG FRERORAE 0.05 KF EZER . FIE.

Note: Different small letters in the same column indicate significant difference at p < 0.05. The same below.
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Fig. 1 Plants of No. 1 (left) and No. 16 (right)
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Fig. 2 Fruits of No. 1 (left) and No. 16 (right)
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Table 2 Compare in color values between strawberry hybrid strains

i &R Strains  L* a* b* E*ab C* H ccl a*/b*
15 No. 1 4424+1.55a 28.54+1.42a 18.95+0.74a 5.85+0.55b 34.284+1.06 a 33.59+1.50 a 3428+1.16 b 1.51+0.07 b
165 No. 16  38.86+1.71b  30.62+1.59a 14.79+1.00 b 10.55+0.56 a 34.01£2.27 a 25.89+0.93 b 53.74+£2.37a 2.07+0.13 a

2.3 REPRHFMERSI 3). 15116 5 B A R S S B R s 12 KB
231 HBRMEHEFSN 2ANRBERMEE (7.34%8.93% ), 77 7l 5 S OFE & B 1 62.68% .
BLAERNA] 2 JE AR s e e 33 R, R 1S 50.71%, & B K IRA < LEE (2.78%5.78%)
BEACH =0 &5 BN 11.71%, 16 5 17.61% (K Hl &I HE (0.41%-0.85%)  H #& 1% (0.28%10.63%) . D-
R3 2N EERARITPHEAHSYHENSE
Table 3 Relative contents of sugar metabolites in fruits between two strawberry hybrid strains

PREGRTTE 1SHX &R oSN ER A

&) RN pla

Compound Formula l.{etenti.on Relative Relative (long/G)* p-value ROC VIP
time/min  content/% content/% Multiple

2-flii S AR BERE R 2-Deoxyerythritol NA 10.86 0.001 4 0.054 0 -4.410 0.033 0903  2.056
FREEHE Erythrose C.H;0, 12.71 0.0010 0.0012 0.455 0.655 0514 2852
L-73¥# L-Threose NA 12.83 0.000 6 0.004 2 -1.995 0.028  0.833 1.141
F7FEEE Threitol CH,0. 13.53 0.004 6 0.003 9 0.916 0.086  0.750  0.633
HHE Lyxose NA 15.24 0.0118 0.0211 -0.108 0.409  0.611  0.130
AHE Xylose CsH 005 15.33 0.594 8 0.751 0 0.404 0227  0.694  0.246
[T b Allose CH,.04 15.37 0.006 4 0.016 4 -0.661 0.001 1.000  0.528
K HE Xylose CsH,005 15.43 6.5329 8.087 1 0.420 0330 0722 0277
AHE Xylose CsH,005 15.50 0.208 8 0.094 2 1.822 0.001 0972 1276
FZHE Ribose CsH,,05 15.67 0.1575 0.194 7 0.426 0.115  0.806  0.334
i WER EHE Levoglucosan [CH,OsIn  16.14 0.024 8 0.0512 -0.342 0212 0750  0.230
TZBEE Ribitol CH,.0; 16.20 0.008 1 0.006 1 0.932 0.621  0.528  0.692
15l 7K 4 % HE B 15-Anhydroglucitol NA 17.52 0.0114 0.022 9 -0.327 0.056  0.833  0.306
&A% 9% Tagatose CeH 1,06 17.54 0.006 2 0.0143 -0.711 0.856  0.556  0.309
B Fructose CeH 1,05 17.75 0.006 1 0.0108 -0.103 0.487  0.583  0.128
H # HE Mannose CH,O, 18.20 0.2770 0.628 5 -0.488 0.191 0722  0.645
AL b¥ Galactose CeH 1206 18.22 0.0755 0.108 4 0.147 0.827  0.556  0.173
D-E5¥ 8% D-Talose CeH 1,06 18.29 0.182 6 03724 -0.358 0.677  0.667  0.108
T B Glucose CeH,,06 18.35 0.407 4 0.851 1 -0.662 0276 0972  1.723
L FEE Sedoheptulose C.H,,0, 18.45 0.0356 0.084 9 -0.587 0.036  0.861  0.475
JLEE Inositol CeH 1206 19.95 27777 57821 -0.411 0.158 0750  0.328
d-71 %] BEFE D-Glucoheptose NA 20.35 0.019 4 0.0183 0.764 0235  0.694 0422
FE-6-1 2 Fructose-6-phosphate CH0,P 21.82 0.0212 0.007 1 2272 0.003 0972  1.696
] % BB -6-1 % Glucose-6-phosphate CH,;O,P 21.93 0.0350 0.0133 2.101 0.004 0944 1574
i %] B -6- 112 Glucose-6-phosphate CHO,P 22.09 0.007 9 0.003 0 2.077 0.005 0917  1.516
HEHE Sucrose CiuH00 24.47 0.013 0 0.009 7 1.142 0.034  0.861  0.790
FLHE Lactose CH»0, 24.94 0.0120 0.029 4 -0.614 0252  0.833  1.640
FLEPE Lactulose CH,,0, 24.95 0.002 7 0.006 7 -0.708 0.169 0750  3.775
1N Trehalose C/HNO;, 2527 0.050 2 0.092 3 -0.239 0418 0556 0317
2 LE B Maltose C,H»0, 25.32 0.038 1 0.064 5 -0.089 0.587  0.639 0312
JEJIH 4 Gentiobiose CiHz01 25.81 0.008 0 0.091 6 -2.839 0.003 0944  2.753
F LR Maltitol CH,0, 26.08 0.1312 0.062 4 1.660 0.041  0.889  1.210
S22 2K Isomaltose CH,,0 26.49 0.005 1 0.002 5 2.001 0.194 0736 1.237
L= FLBEE Galactinol C,H,0, 26.66 0.0127 0.0322 -0.629 0.044 0833 0473
6-T I M Trehalose-6-phosphate CuHxOuP 2836 0.002 2 0.006 0 -0.758 0270  0.667  0.759
Fikf B Raffinose CisHyO06 30.29 0.020 1 0.006 9 2.140 0.047 0833  1.160

JAT Sum 11.710 9 17.606 2
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Table 4 Relative contents of organic acid metabolites in fruits between two strawberry hybrid strains
57 1 T 2R A SN AR [k
ke DIE Rmon Reine - Roame | dogror 2B roc v
time/min content/% content/% Multiple
PIBAER Pyruvic acid C;H.0; 7.41 0.008 6 0.004 5 1.585 0.006 0.944 1.252
L% Lactic acid C:H,0; 7.55 0.0243 0.0423 -0.070 0.731 0.528  0.047
2-fifi T 2 2-Ketobutyric acid C.H,0; 7.66 0.063 0 0.106 6 -0.066 0.306 0.639  0.050
2B Glycollic acid C.H.O; 7.79 0.033 4 0.0613 -0.169 0.038 0.861  0.133
3-FJE L 3-Hydroxypropionic acid C,H,0; 8.78 0.001 4 0.002 2 -0.053 0.885 0.542  0.065
3-$23L T 1% 3-Hydroxybutyric acid NA 9.00 0.009 4 0.020 8 -0.416 0.924 0.500  0.633
P4 —- 1% Malonic acid C;H.0, 9.53 0.004 5 0.008 3 -0.137 0.951 0.667  0.055
I Benzoic acid CH,0; 10.33 0.004 4 0.006 6 0.148 0.202 0.611  0.098
2-EL#2 2-Ketocaproic acid CeH,00; 10.41 0.007 8 0.0173 -0.403 0.301 0.639  0.345
kR Maleic acid C.H.O, 11.04 0.003 4 0.003 4 0.690 0.002 1.000 0.514
BEIIFL Succinic acid C.HO, 11.19 0.3303 0.260 1 1.035 0.000 1.000 0.761
D-HHIf2 D-Glyceric acid C;H,0, 11.36 0.066 4 0.106 2 0.031 0.721 0.556  0.020
A B Ttaconic acid CsH,0, 11.57 0.0149 0.0188 0.341 0.083 0.778  0.244
B % Fumaric acid C.H.0, 11.69 0.020 8 0.0218 0.624 0.005 0.944  0.448
F-# Pelargonic acid CH,;0, 11.85 0.002 2 0.002 8 0.280 0.158 0.750  0.211
¥ BER2 Citraconic acid CsH,0, 12.02 0.000 7 0.001 0 0.189 0.611 0.583  0.161
%~ Glutaric acid CsH,0, 12.30 0.000 4 0.000 6 0.172 0.912 0.500 0.204
6-#235E CL% Hexanoic acid C¢H,,0; 12.62 0.009 0 0.0155 -0.075 0.287 0.722  0.070
3-% 3L 5 T 1% 3- Aminoisobutyric acid C.HNO, 13.11 0.0160 0.0275 -0.067 0.140 0.833  0.068
S HE 7§ R Aminomalonic acid C;H,NO, 13.23 0.007 4 0.010 4 0.245 0.278 0.694  0.391
¥7 3| Citramalic acid CsH:O0s 13.32 0.018 7 0.042 7 -0.471 0.028 0917  0.359
3 HLEL Malic acid C.H,Os 13.45 0.0210 0.029 3 0.203 0.317 0.639  0.166
3B Malic acid C.H,Os 13.49 7.6338 6.3212 0.958 0.007 0972  0.725
. % Adipic acid CeH,,0,4 13.72 0.009 3 0.0132 0.158 0.824 0.722  0.189
KM Salicylic acid CH,0; 13.77 0.000 4 0.002 1 -1.830 0.014 0.889  1.259
4-% 3T 4-Aminobutyric acid CHNO, 14.00 0.112 4 0.108 7 0.674 0.031 0.889  0.554
3-$ 32 R 3-Hydroxybenzoic acid CH,0; 14.47 0.001 4 0.002 8 -0.370 0.198 0.694  0.380
2-FRHE 3R AT C:H..0, 14.52 0.0858 0.238 0 -0.726 0.032 0.861 0.474
2-Hydroxy-3-isopropylbutanedioic acid
- ¥, — Alpha-ketoglutaric acid CsH,O; 14.54 0.003 6 0.002 1 1.401 0.019 0.861 1.304
I 24T Toluenesulfonic acid CH,0:S 15.19 0.198 9 0.1717 0.905 0.042 0.861 0.757
471 Tartaric acid C.H,0, 15.23 0.009 6 0.0192 -0.301 0.021 0.889  0.249
&R Acetol C;H,0; 16.00 0.028 1 0.0433 0.102 0.751 0.556  0.223
19 3% Aconitic acid C4H.0, 16.52 0.0255 0.024 5 0.719 0.004 0.944  0.535
ZE R Shikimic acid CH,,0; 17.17 0.004 2 0.007 0 -0.020 0.723 0.458  0.270
FFEIR Citric acid CH;0; 17.24 0.0252 0.062 8 -0.634 0.107 0.750  0.443
FFER Citric acid CH,0, 17.29 57.399 4 46.551 1 0.953 0.003 1.000  0.724
Mt S PUIRMLELZ Dehydroascorbic acid CH,O 17.58 0.1177 0.2399 -0.328 0.088 0.750  0.239
25 7% Quinic acid CH,,0, 17.65 0.1149 0.104 1 0.890 0.012 0.889  0.639
2 3L~k v R CH,,0, 18.01 23233 43356 -0.171 0.601 0.639  0.368
2-Keto-L-gulonic acid
A BERS R Galacturonic acid CH10, 18.48 0.0320 0.027 8 0.790 0.090 0.778  0.590
PR ILER Ascorbate C4H;0, 18.51 0.297 4 0.397 5 0.239 0.258 0.722  0.159
4-¥5 3 A FERR 4-Hydroxycinnamic acid C,H, 05 18.63 0.005 8 0.003 0 1.639 0.005 0.944 1350
% TR Gallic acid CH,Os 18.68 0.0059 0.005 6 0.739 0.249 0.722  0.486
T S Alpha lipoic acid CH.0.S, 1877 0.0570 0.078 3 0.182 0.757 0472  0.087
L FLBERL Galactonic acid CH,,0, 19.02 0.002 4 0.003 9 -0.061 0.637 0.556  0.121
72 % Pantothenic acid CH:NOs  19.16 0.006 4 0.007 8 0.413 0.012 0.944  0.304
1 %) BERE B2 Glucuronic acid C¢H,,0, 19.20 0.009 1 0.0123 0.276 0.404 0.667 0.171
Fi% Mucic acid C¢H,,O4 19.48 0.006 7 0.005 3 1.074 0.053 0.806  1.149
KEHA R Palmitic acid CiH»0, 19.60 1.2977 0.888 9 1.264 0.023 0.889 0.817
iR Glucoheptonic acid NA 20.30 0.0115 0.0130 0.494 0.307 0.694 0.268
MR Oleic acid Ci:H,:0, 21.16 0.0359 0.011 1 2.575 0.056 0.833  1.290
Sk Elaidic acid Ci:H5:0, 21.32 0.0215 0.0125 1.484 0.033 0.875  1.280
fifi i5 182 Stearic acid CisH;0, 21.39 0.982 4 0.4332 1.892 0.000 1.000  1.394
164 R Arachidic acid CxH100, 23.06 0.003 2 0.006 9 -0.423 0.786 0417 2313
FLBERR Lactobionic acid CpH»0n 2539 0.027 2 0.016 4 1.444 0.041 0.833  0.862
JAF Sum 71.563 4 60.981 2
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Table S Relative contents of amino acid metabolites in fruits between two strawberry hybrid strains
BAI SR A e oy
e NI iiﬁﬂ:ﬁﬁﬁhi g@ﬁ?nigﬁimy piE ROC  VIP
Compound Formula time/min  content/%  content/% Multiple 773U
&R Alanine C:H/NO:; 8.18 1.185 1 22551 -0.226 0.980  0.583  0.146
N-H %£-DL- 5% N-Methyl-dl-alanine C.H,NO; 9.17 0.004 2 0.013 1 -0.965 0.076  0.778  0.596
4% BR Valine CsH,NO, 9.79 0.108 8 0.0533 1.669 0.002  1.000 1310
2251 Serine C:H-NOs 10.40 0.030 6 0.0321 0.635 0.012 0917 0.481
AR TR E R O-methylthreonine CsHuNO; 10.88 0.0153 0.021 1 0.230 0.049 0833 0.158
LR Tsoleucine CH:NO, 10.88 0.045 4 0.022 4 1.609 0.005 0944  1.190
JHi% 2 Proline CsH,NO; 10.97 0.007 4 0.1213 -3.508 0.195 0722 1.397
H%# Glycine C.HNO, 11.07 0.097 7 0.106 5 0.622 0.048 0778  0.617
245 % Serine C:H-NOs 11.78 02333 0.135 8 1.446 0.001  1.000 1.130
3-FRBEIESE IR 3-Hydroxynorvaline CsH\NO;s 11.82 0.004 8 0.009 3 -0.198 0.396  0.500  3.160
WFEE M Cycloleucine CHuNO; 11.89 0.005 0 0.068 8 -3.048 0.000  1.000 2.170
3-HIE A& 3-Cyanoalanine CHN-0, 11.96 0.093 8 0.083 8 0.835 0.052 0833 0.743
RITEZ IR Aspartic acid CH-NO, 12.67 0.0116 0.015 4 0.253 0380  0.583  0.435
p-H A Beta-alanine C:H/NO:; 12.71 0.0132 0.027 1 -0.288 0359  0.639 0212
L-5 225 % L-homoserine C.H,NO; 12.96 0.001 4 0.004 1 -0.829 0219  0.639 0.636
BRIkl Maleamidic acid C.H;NO, 13.55 0.100 6 0.138 1 0.257 0.020  0.889  0.189
RITA M Asparagine CHN-Os 13.70 0.499 5 0.303 0 1.379 0.025 0889 1.277
RITEE IR Aspartic acid C.H,NO. 13.86 0.2472 0.1554 1.258 0011 0917 1.047
HE R Methionine C:H,uNO,S 13.88 0.019 1 0.011 4 1.409 0.124 0792  1.012
FALIHEER Oxoproline CHNO, 13.93 53578 44719 0.924 0.022 0917  0.697
B AW Glutamine CsH 10N> O, 14.11 0.0817 0.130 8 0.022 0.817  0.611  0.017
AR L-cysteine C:H/NO:S 14.39 0.004 1 0.003 4 0.998 0.053  0.889  0.935
B AR Glutamic acid CsH,O:N 15.06 0.0370 0.0215 1399 0.010  1.000 1.181
RN R Phenylalanine CHNO, 15.17 0.054 1 0.027 3 1.592 0.005 0944 1.238
K I V4% Asparagine CHNO; 15.65 0.645 5 0.312 4 1.742 0.021  0.889  1.693
JREE Citrulline C4H NSO, 16.55 0.050 8 0.078 4 0.072 0.447  0.639  0.065
AR IR 22 Z ik O-Phosphoserine C;HNOP 17.32 0.0013 0.0013 0.761 0.568 0514 0.501
Fi% &2 Tyrosine C,H,NO; 18.56 0.040 8 0.048 5 0.427 0.191  0.694 0.522
NN- H £} 24 NN-dimethylarginine CHN,O, 20.03 0.0156 0.020 1 0.411 0.754  0.583  0.101
% /R Tryptophan CuH:NO, 21.11 0.126 4 0.100 5 1.066 0.008 0944 0.797
ST Sum 9.139 3 8.7932
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Fig.3 Principal component analysis of the glucose

metabolism products between two strawberry hybrid strains
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Table 6 Correlation analysis between sugar and organic acid metabolites
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Fig. 4 Principal component analysis of differential metabolites of organic acids (left) and amino acids (right) of two

AW CHOEEE DIEEE WA 2 e s owm QUL REECHE .
Xylose =~ Mannose D-talose Glucose i}f@? Ribose Fructose Inositol —}'—L*J?iﬁ Fructose-6- Sucrose
altitol Galactinol phosphate

2-fii T R 2-Ketobutyric acid 0.465 0.905%% 0.809%*  0.940%* -0.784%* 0395  0.935%* (.847%* 0.764%* -0.645% -0.438
D-H i & D-glyceric acid 0.499 0.915%% 0.841%% 0.903**-0.816%* 0.454  0.945%% 0.802%* 0.723** -0.656* -0.390
SRR Malic acid -0.720%% -0.720%* -0.670*  -0.700% 0.670% -0.639% -0.764%* -0.692% -0.865%* 0.612%* 0.514
PR3- RN T R 0.729%*  0.858** 0.740%*  0.818%*-0.769%* 0.676* 0.908** 0.803** 0.838** -0.711%*  -0.483
2-Hydroxy-3-
isopropylbutanedioic acid
715 Citric acid S0.657%  -0.784%* -0.677%  -0.770%* 0.657* -0.548 -0.912%% -0.652% -0.724%*  0.555 0.375
B AR LR Dehydroascorbic acid 0.609*  0.850%* 0.899%*  0.829%* -0.749%* 0.353  0.789** 0.686* 0.735%* -0.662* -0.453
2l B -L - 15 WETR 0.742%*%  0.862%* 0.854**%  (.789%* -0.741%* 0.527  0.899%* 0.740%* 0.769%* -0.678* -0.572
2-Keto-L-gulonic acid
FEAE 2 Palmitic acid -0.297  -0.589* -0.530  -0.583* 0.695* -0.478 -0.404  -0.691* -0.686*  0.717**  0.383
fiff HE TR Stearic acid 20259  -0.664* -0.593*%  -0.677* 0.710%* -0.553 -0.526  -0.627* -0.649*  0.795**  0.305
FLHZ Lactic acid 0.558 0.767** 0.612%  0.785**-0.685* 0.472  0.911** 0.669* 0.700% -0.524 -0.437
JK# R Salicylic acid 0.548 0.763** 0.593*  0.698* -0.689* 0.545  0.807** 0.710** 0.618*  -0.635* -0.376
5 1R Tartaric acid 0.447 0.917%% 0.793%*  0.976** -0.824** 0.568  0.918** 0.911%* 0.807** -0.790%*  -0.544
PIBATR Pyruvic acid -0.460  -0.769%* -0.781%* -0.753%* 0.663* -0.326 -0.770** -0.769%%-0.702%*  0.436 0.424
2T Glycollic acid 0.579%  0.925%* 0.842%%  (0.949%* -0.853%* (0.524  0.944%* (.822%* (0.855%* -0.722%*  -0.460
a-Fif [¥. . Alpha-ketoglutaric acid -0.484  -0.745%* -0.760%* -0.742%* 0.704% -0.182 -0.744%* -0.723%%-0.726**  (0.422 0.515
- FLBERR Galactonic acid 0.511 0.698%  0.739%*  0.690% -0.435 0325 0.716%* 0.760** 0.608*  -0.440 -0.489
F73E 1R Citramalic acid 0.731%%  0.850%* 0.764%*  0.835%* -0.815%* 0.658% 0.898%* (.725%* 0.904** -0.657* -0.377
%% Alanine 0.461 0.574  0.448 0.638% -0402  0.537  0.721** 0.631* 0.602% -0.470 -0.561
45 Valine -0.607*  -0.657* -0.731%* -0.619% 0.529 -0.727%*-0.592* -0.596* -0.630*  0.525 0.257
JHi % Proline 0.606%  0.959%*% 0.858%*  0.904**-0.830** 0.636* 0.925%*% 0.953** 0.761** -0.838**  -0.576*
22 5 IR Serine -0.520  -0.617% -0.702*  -0.573 0491 -0.678* -0.469  -0.553 -0.595%  0.694* 0.185
TSRk I Maleamidic acid 0.339 0.837%% 0.785%*  0.842%*.0.678* 0.315  0.868** 0.709** 0.539  -0.553 -0.289
RITEE R Aspartic acid 0515 -0.846%% -0.901%* -0.765%* 0.788%* -0.299 -0.697*  -0.820%*-0.728%*  0.679* 0.461
WA Cycloleucine 0.759%*  0.883%* 0.822%*  0.840%* -0.789%* 0.706% 0.913%** 0.787** 0.888** -0.745%*  -0.465
HE 2 Methionine 0511 -0.634% -0.579%  -0.646* 0.674* -0.421 -0.612*% -0.639* -0.744**  0.379 0.284
A& Glutamic acid S0.736%%  0.835%% -0.734%* _0.732%* 0.712%% -0.596* -0.866** -0.819%*%-0.666%  0.693* 0.622%*
2K &% Phenylalanine -0.547  -0.611% -0.706*  -0.644* 0453 -0.433 -0.623* -00.524 -0.630*  0.316 0.303
JRZ R Citrulline 0.447 0.877*% 0.830%*  0.859%* -0.778%* 0.365  0.905%* 0.760** 0.682*  -0.570 -0.438

T BFEM K (p < 0.05), L EZE A K (p <0.01). T
Note: * Significantly correlation (p < 0.05),** Very significantly correlation (p < 0.01). The same below.
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Table 7 Correlation analysis between fruit intrinsic quality trains and color values
L* a* b* E*ab C* H ccr a*/b*

Al PEE A TSS -0.754* 0.598 -0.832%%  0.902%*  -0.092  -0.876%*  0.905%*  (.855%*
A HE Xylose -0.715%* 0.273 -0.694* 0.705* 0.019  -0.722%%  0.711%*  0.724%*
H # i Mannose -0.834%* 0.745%%  -0.881**  0.933%*  -0.03 -0.896%%  0.936%*  (.889%*
D-359#% H D-talose -0.840%* 0.649% -0.934%%  0911%* 0236  -0.863**  0.917%%  (.852%*
% % Glucose -0.789%* 0.864%*  -0.777%%  0.878*%*  0.163  -0.862*%*  (0.890**  (.884**
FLEREIRE Maltitol 0.818%* -0.680* 0.765%*  -0.874**  -0.047 0.816%*  -0.849%* -0.816%*
T HE Ribose -0.797%* 0.335 -0.693* 0.709**  0.180  -0.765%*  0.707*  0.738%*
JLHE Fructose -0.759%* 0.791%%  -0.739%%  0.835%% 0200  -0.814%%  (0.852%%  (.837%*
ILEE Inositol -0.757** 0.607*  -0.845%%  0.874**  _0.127  -0.854%*  (0.892%*%  (.836%*
WLEE - FLFETF Galactinol -0.924%* 0.650%  -0.772%%  0.886**  0.189  -0.886%*  0.896%*  (.942%*
FHE-6-T12 Fructose-6-phosphate 0.740%* -0.661%* 0.778**  -0.885**  -0.011 0.823%%  -0.842%*  -0.809%*
HEHE Sucrose 0.297 -0.487 0.399 -0.515 -0.051 0.443 -0.488 -0.459
2-ifl T Ji% 2-Ketobutyric acid -0.719%* 0.764%*  -0.690% 0.793**  0.138  -0.771%%  (0.825%%  (.809**
D-H . D-glyceric acid -0.744%* 0.766%*  -0.694* 0.792%*  0.180  -0.756%*  0.814%*  (.789%*
3 L Malic acid 0.805%* -0.550 0.688%  -0.794**  -0.160 0.780%*  -0.807** -0.839%*
2-FRIL3- RN T IR -0.797*%* 0.609%* -0.726%%  0.838**  0.196  -0.836**  0.861**  (0.868%*
2-Hydroxy-3-isopropylbutanedioic acid
Fr 5 Citric acid 0.677* -0.642% 0.567 -0.696*  -0.334 0.680%  -0.728%*  -0.739%*
Bt A PUIA MLER Dehydroascorbic acid -0.762%* 0.759%*  -0.800**  0.828**  -0.031 -0.789%*  0.828%*  0.800%*
2- - Lt 1% B 2 2-K eto-L-gulonic acid -0.777%* 0.639%  -0.743%%  0.825%*  0.078  -0.762%*  (0.839%%  (.8]15%*
FEAE 2 Palmitic acid 0.681%* -0.427 0.670%  -0.731**  0.127 0.724%%  -0.706*  -0.709%*
fifi HE 1R Stearic acid 0.689* -0.703* 0.667%  -0.750%*  -0.042 0.738%*  -0.700%  -0.719%*
FLFR Lactic acid -0.631%* 0.687*  -0.492 0.655* 0432 -0.648* 0.681%  0.704*
7KW1 Salicylic acid -0.565 0.521 -0.572 0.662%* 0.122  -0.674* 0.675%  0.666%
947 1R Tartaric acid -0.822%* 0.826%*  -0.755%%  0.886** 0253  -0.876%*  0.895%%  0.901%*
IR Pyruvic acid 0.681%* -0.563 0.703* -0.702* 0.145 0.691%  -0.736%* -0.712%*
T Glycollic acid -0.839%* 0.836%*  -0.753**  0.876** 0247  -0.857%*  (0.890%*  (.895%*
a-fii 1% 1% Alpha-ketoglutaric acid 0.659* -0.578* 0.638%  -0.684* 0.064 0.646%  -0.715%*  -0.692%
2 #LBE L Galactonic acid -0.590% 0.348 -0.685% 0.659*  -0.264  -0.627* 0.722%%  0.673*
F¥¥3#; Citramalic acid -0.866%* 0.727%%  -0.729%*  0.850** 0300  -0.855%%  0.864%*%  (.894%*
&R Alanine -0.554 0.491 -0.449 0.577* 0327  -0.582% 0.604*  0.645%
45 Valine 0.829%* -0.509 0.833%%  -0.767**  -0.013 0.823%%  -0.765%* -0.775%*
Jii & 2 Proline -0.798** 0.653*  -0.850%*  0.909%*  -0.011  -0.898**  0.921%*  (.887**
2251 Serine 0.760%* -0.430 0.808%*  -0.768**  0.145 0.760%%  -0.758%**  -0.740%*
SRR Maleamidic acid -0.591% 0.734%*  -0.603* 0.662* 0.117  -0.627* 0.687%  0.645*
KI 1A% Aspartic acid 0.724%* -0.527 0.847**  -0.826%*  0.405 0.767%*  -0.839%*  -0.769**
WA Cycloleucine -0.874%* 0.675%  -0.793%%  0.895%*  0.161  -0.872%%  0.909%%  0.917**
HE R Methionine 0.705* -0.494 0.629%  -0.660*  -0.107 0.727%%  -0.681*  -0.711%*
A& Glutamic acid 0.685* -0.451 0.713%%  -0.778**  -0.056 0.764%*  -0.800%* -0.765%*
7 & 2 Phenylalanine 0.717%* -0.597* 0.707%  -0.656*  -0.047 0.706%  -0.671*  -0.695*
JREFZ Citrulline -0.690%* 0.717%%  -0.653* 0.731%%  0.099  -0.686* 0.761%%  0.725%*
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AW TR I, nLEYERETEY S E*ab CCL a*/b* 2 1%
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