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Abstract: [Objective] The fruit quality of litchi varies among different production areas. However, few
literatures report the comprehensive evaluation of the fruit quality of the same cultivar from different or-
chards. Understanding the fruit quality traits can provide breeders with valuable information and assess-
ment tools. The composition and content of soluble sugars, organic acids and other quality indexes of
Baitangying fruit from 20 different orchards were analyzed from 2020 to 2021. The aim of this study
was to explore the comprehensive fruit quality traits and differences of Baitangying litchi in Maoming.
[Methods]A total of 28 litchi samples were collected from the demonstration orchards and some large
orchards in Maoming, Guangdong. To explore the fruit quality traits, we measured twenty parameters
including titratable acid, total soluble solid (TSS), average weight, flesh recovery, fructose, glucose, su-

crose, percentage of sucrose against total sugar, percentage of reducing sugar against total sugar, (fruc-
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tose +glucose)/ sucrose, ratio of fructose to glucose, ratio of TSS to titratable acid, ratio of total sugar to
total organic acid, and malic acid, citric acid, ascorbic acid, and total organic acid content. SPSS20.0 sta-
tistical software was used for coefficient of variation (CV) analysis, correlation analysis, principal com-
ponent analysis (PCA), stepwise regression analysis, and comprehensive score ranking to analyze and
evaluate the litchi fruit quality of different orchards. [Results] The results showed that the litchi fruit
quality traits of different orchards were different, with the CV ranging from 3.74% to 81.63%. The CV
of total soluble solid, average fruit weight, flesh recovery and soluble sugar of the 28 litchi samples
were smaller (3.74%-10.29%) than that of the rest fourteen indexes (12.81%-81.63%). Orchard cultiva-
tion and management practices, microclimate conditions, and other factors were the main reasons for
the differences. The correlation between different indexes was analyzed. Correlation analysis results
showed there were extremely significant or significant correlations among titratable acid content, sugar
to acid ratio, sweetness, ascorbic acid, and soluble sugar. There were extremely significant or signifi-
cant correlations between similar indexes (such as sugars, organic acids, etc.). It reflects the consistency
of genetic characters of Baitangying litchi in the same region, and also reflects that there are same differ-
ences in some of indicators such as fruit appearance due to different cultivation and management tech-
niques. Sucrose significant influenced the sweetness of Baitangying litchi; malic acid significantly influ-
enced the sourness. Climate, geographical conditions, phenology and cultivation management practices
of different producing areas affected sugar content, but did not change sugar composition. Twenty litchi
characters and nutritional components were analyzed by principal component analysis. Four principal
components with characteristic roots greater than 1 were extracted by PCA, and the cumulative contri-
bution rate was 85.226%. The first principal component explained 33.746% of the trait information
which had high correlations with total sugar, sweetness, sucrose, TSS, glucose, and fructose. The first
principal component was related to the total sugar content of fruit. The second principal component ex-
plained 27.996% of the trait information that had high a correlation with titratable acid. The third princi-
pal component showed high correlations with the ratio of fructose to total sugar and the ratio of fructose
to sucrose, and could explain 15.585% of the trait information. The fourth principal component ex-
plained 7.898% of the trait information related to total organic acid. Based on the component scoring co-
efficient matrix, the score of each sample on the corresponding principal component was obtained. The
four principal components reflected total sugar, titratable acid, reducing sugar, and fruit total organic ac-
id factors, respectively. The PCA method avoided subjective influence of artificial evaluation on evalua-
tion of fruit quality. Taking the comprehensive factor score of Baitangying litchi sample obtained by
principal component analysis as the dependent variable and the quality indexes involved in the four prin-
cipal components as the independent variables, stepwise regression analysis was carried out to establish
the theoretical prediction model of litchi quality, which was established with four effective indexes sort-
ed as sum of sweetness, malic acid, titratable acid, and ascorbic acid. [Conclusion]Sweetness, malic ac-
id, titratable acid, and ascorbic acid are important factors to evaluate the fruit quality of Baitangying li-
tchi. The contents of soluble sugar and various organic acids in litchi are an important factor affecting
the taste and flavor.
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Table 1 Variations of quality indexes in 28 samples of Baitangying litchi in Maoming

T W/ME H}j:ﬁ ¥IfE PR 2 E%%iﬁ
Quality index Minimum Maximum Average Star'ld%rd Cogfﬁ.ment of
value value value deviation variation/%
A3 52 2 Titratable acid/% 0.07 0.58 0.19 0.16 81.63
AL PEE FEY) Total soluble solid/% 14.30 18.20 16.58 1.13 6.82
ST Average single fruit weight/g 19.90 33.00 2521 2.55 10.12
&% Edible rate/% 70.20 82.40 76.20 2.85 3.74
HH¥ Fructose/(g-L") 22.20 37.70 31.30 401 12.81
il % B Glucose/(g-L™ 19.00 35.20 27.50 4.44 16.15
JHEFE Sucrose/(g L™ 60.70 105.10 86.80 13.30 15.32
J4B% Total sugars/(g-L") 104.10 174.10 145.60 20.30 13.94
LB AN 476 Sum of fructose and glucose/(g-L™) 43.40 72.90 58.80 8.30 14.12
R/ S Ratio of sucrose to total sugars 0.53 0.64 0.60 0.03 5.00
CRPEHT D /S hk 0.36 0.47 0.40 0.03 7.50
Ratio of reducing sugar to sum of fructose and glucose
CRBE+8] &1 FED/FERE Fructose +Glucose/Sucroses 0.55 0.89 0.68 0.07 10.29
L/ 7 # Ratio of fructose to glucose 1.09 1.40 1.18 0.07 5.93
[ /% Lb Ratio of TSS to titratable acid 29.49 268.50 126.40 65.40 51.74
FEFR LL Ratio of total sugars to total organic acids 80.50 204.20 139.80 33.30 23.82
3 BB Malic acid/(mg-L™) 52.20 980.00 381.80 232.80 60.97
Fr##2 Citric acid/(mg-L™) 27.10 164.60 78.50 37.90 48.28
PR IMLEZ Ascorbic acid/(mg-L ™) 112.30 271.70 180.60 38.90 21.54
B HLER Total organic acids/(mg-L™") 876.80 1 623.00 1 184.00 199.40 16.84
Tt FE Sweetness/(g- L") 115.40 193.50 162.10 22.10 13.63
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Table 3 The dose-over-threshold value of main taste

compounds

s AR bR SR B E
B8, Quality index and its threshold/(mmol- L")

o= 3 GO BRI R
i R R R @E@z ii@& EiR7 Eﬁz ﬁ%ﬁx
Sample Tartaric Malic ~ Ascorbic Citric
Fructose Glucose Sucrose . R R .
number acid acid acid acid

52 90 24 0.70  0.75 0.70 0.70

1 3.68 1.94 11.74  0.02 9.74 1.98 1.22
2 3.48 1.74 11.11 0.06  4.37 2.02 0.75
3 3.27 1.70 11.78 0.05  7.12 1.94 0.76
4 3.50 1.69 9.70  0.08  4.05 1.78 0.73
5 2.98 1.46 9.85 0.04 5.63 22 0.77
6
7
8
9

2.86 1.37 889 0.05 447 1.48 0.75

3.93 1.89 10.77 0.02 391 1.18 0.75

3.06 1.46 11.54  0.01 4.05 1.60 0.75

3.41 1.62 10.60 0.02  4.50 1.18 0.75
10 2.83 1.17 813 0.04 528 1.62 0.75
11 3.17 1.61 7.67 0.05  3.67 1.33 0.76
12 2.98 1.47 9.02 0.05 5.68 1.6 0.76
13 3.11 1.47 10.74 0.02  3.38 1.44 0.75
14 3.49 1.78 1239 0.04 5.17 1.64 0.76
15 3.87 1.96 12.06 0.05 575 1.44 0.76
16 3.28 1.61 990 0.04 5.63 1.54 0.75
17 3.48 1.74 12.10 0.06  6.27 1.67 0.75
18 3.66 1.84 1279 0.04 555 1.42 0.75
19 4.02 2.17 1232 0.03 0.81 1.42 0.20
20 3.47 1.79 12.64 0.04 0.62 1.32 0.20
21 2.74 1.39 9.07 0.03 0.2 1.06 0.20
22 3.94 2.16 10.89 0.02 0.73 1.25 0.23
23 3.71 2.09 12.27 0.03 1.32 1.18 0.31
24 3.74 2.14 11.95 0.02 1.24 1.24 0.25
25 2.76 1.48 920 0.02 1.89 0091 0.23
26 3.73 1.97 11.05 0.02  1.46 1.09 0.22
27 2.37 1.31 7.39 0.03 1.77 1.37 0.24
28 2.94 1.51 8.13 0.01 1.73 1.14 0.23
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Table 4 Eigenvalues, variance contribution, and

cumulative contribution rates of four principal components

g”u}ziﬁyi dex PCl  PC2 PC3 PC4
A 5E R Titratable acid -0.367 -0.702 -0.335 0.134
ALV TSS 0.721 -0.309 -0.333 0.164
P B R Average weight 0.102  0.664 0.337 0.213
A2 % Edible rate -0.071  0.555 —0.031 —0.400
B Fructose 0.895 -0.139  0.349 —0.045
% B Glucose 0.883 -0.362 0.280 0.044
HEBE Sucrose 0.946  0.156 -0.208 0.154
J2 Total sugars 0.989 -0.004 -0.007 0.102
FLpE-+H = B 0.905 -0.262 0.318 0.002
Sum of fructose and glucose

ERE S 0.180  0.582 -0.766 0.188
Ratio of sucrose to total sugars

R+ 208D /0 -0.180 -0.582 0.766 —0.188

Ratio of reducing sugar to total sug-
ars

CRBE+ 28D /b 0215 -0.572  0.758 —0.217
(Fructose +glucose)/ Sucrose

B Tk Kb -0.419  0.613 0.011 -0.159
Ratio of fructose to glucose

[ % L 0.260  0.730 0.314 -0.252
Ratio of TSS to titratable acid

piiiicdae 0.654  0.193 -0.286 —0.652
Ratio of total sugars and total organic

acids

32 R Malic acid 0.044 0.834 0317 0.094
¥y B Citric acid 0.029  0.852 0.369 -0.073
PR IR Ascorbic acid 0.086 0.777 0.244 0.123
S5 HLUER Total organic acids -0.193  0.208 0.459 0.789
¥ Sweetness 0.988 -0.004 0.027 0.086
FFHE{H Eigenvalues 6.749 5599 3.117 1.580
77 ZE TR Variance contribution/% 33.746  27.996 15.585 7.898
RFATTHRE 33.746  61.742 77.328 85.226

Cumulative contribution rates/%
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KB IR L RERE STSS AT B SR 2 6
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TG RERE EI B VTSS RERE 55 1F [ i 51 4 b 1R {E 1
K AR A — Pl B e K S, 2 5 i A R
FEREAN U, SOBE S B, IR R R B R
EREIR TS B R RN B AR Y. BEE R AR
XF 756 K5 N AE i BT RS A B RS ), PC R] FR A Sk
SPEER. B2 ENSBEE THRBEEEM
27.996% , 1] ¥ 7€ FRA UK I 7 R EUE, X PC2 7= 4=
1] 206, PC2 W] Bk 2R SR FE 48 b 5 H8 SC R
T, F5 A R E IR S DK R B & 2 [A] [
AKX RIL B EE KT, 2EVIMELIEMG. 5
3EWASEE TIRMGE B &M 15.585%, Hd, (R

R+ 2 B ) 5 RORE AR IR+ 7 B 5 RERE B
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SR 5 JREHE 5 SR LU AR A 8 I BUFE 2 R 3 X PC3
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50%LA o 4 PC3 3K, CREE+HEATHD 5 2 pE Lt
B CHUWE 76 25 40D 5 00 LU B S 1K, RE B 5 b
(1) EUARL BRI , 7% A0 HP AR e it = B2 ey SR 0 0 ] 25
R, FRE A H bRk R BE S RE bR LU B R 0.55~
0.88, Ul W 0% 25 2 LAAR B RERE O 1 7 B
PC3 AR AR SR fabr . 26 4 BB T IR 1S
81 7.898%, A LR & &H BRI IEREE,
XF PC4 P2 IE [A) 821, PC4 n] FR N RS2 HLER & &
E{EL

DA 853 AR 77 22 DT R 2R AL R, XA 44>
TR 45 53 FUAH LA EE AT B2 A A SR A, 1) 32 5
2 W BE A 7 SR S R SR A VA R B, B

F £:=(0.337 46 PC1+0.279 96 PC2+0.155 85
PC3+0.078 98 PC4)/ 0.852 26
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Table 5 Principal componentscores, comprehensive scores and ranking the fruit quality of 28 samples of Baitangying in Maoming

2 gp raHE
g:nu;ﬁ? PCl1 ﬁﬂ? PC2 i PC3 iy PC4 i F a)}jrtlfehensive
umber ank Rank Rank Rank score rank
1 5.21 8 6.64 4 4.47 2 2.43 2 5.28 1
2 3.77 13 4.56 7 0.77 10 -0.93 20 3.05 7
3 3.79 12 8.51 1 0.09 14 1.58 6 4.46 2
4 -1.24 18 1.40 14 3.94 3 -1.69 24 0.53 16
5 -3.28 19 7.81 2 0.33 13 -0.50 16 1.28 11
6 -6.86 24 3.81 9 -0.48 17 -2.89 28 -1.82 21
7 4.61 9 -1.29 17 3.31 4 -1.84 26 1.83 8
8 -0.63 16 5.03 6 -4.36 26 2.07 3 0.80 13
9 -0.25 15 0.74 16 -0.50 18 -0.73 18 -0.01 18
10 -13.09 28 6.85 3 1.34 9 1.65 5 -2.54 23
11 -9.19 26 -3.37 19 8.25 1 0.06 14 -3.23 24
12 -6.82 23 3.31 13 1.87 7 0.29 13 -1.25 20
13 -1.00 17 3.73 11 -4.50 27 -2.74 27 -0.25 19
14 6.56 7 3.69 12 -2.81 23 -1.31 22 3.18 6
15 7.26 5 1.38 15 1.37 8 -0.62 17 3.52 4
16 -3.79 20 4.56 8 3.10 6 2.05 4 0.75 14
17 4.29 10 5.70 5 -1.14 20 0.93 8 345 5
18 7.99 2 3.76 10 -2.69 22 -1.70 25 3.75 3
19 8.90 1 -6.85 23 0.52 12 0.83 11 1.45 9
20 4.18 11 -1.83 18 -3.98 24 3.18 1 0.62 15
21 -6.28 21 -4.66 20 -4.63 28 -0.84 19 -4.94 25
22 6.76 6 -9.51 27 3.13 5 -1.18 21 0.02 17
23 7.50 3 -4.87 21 -0.38 16 0.92 9 1.39 10
24 7.33 4 -5.87 22 0.68 11 0.51 12 1.15 12
25 -6.66 22 -7.35 25 -4.30 25 1.05 7 -5.74 26
26 3.04 14 -9.67 28 -0.51 19 -0.03 15 -2.07 22
27 -12.95 27 -7.11 24 -2.55 21 0.92 10 -7.84 28
28 -9.16 25 -9.12 26 -0.33 15 -1.45 23 -6.82 27
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Table 6 Regression coefficients of quality prediction model for Baitangying litchi

JEbR#ELL 2 50 Nonstandard coefficient

FrifE 22 % Standard coefficient

F5 7 — - TEE i AH
Model B bRz B R ‘ Sig. Partial correlation
Standard error Trial version
W] 3§ %2 R Titratable acid -0.921 0.117 -0.272 -7.877 0.000 -0.892
3SR Malic acid 1.132 0.250 0.334 4.528 0.000 0.749
PR IMLER ascorbic acid 0.568 0.089 0.168 6.368 0.000 0.847
fH % Sweetness 1.676 1.012 0.495 1.656 0.117 0.383
3 W @ SR ) B FE AR AT J S 5 22 R e . AR S HERR
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