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Comprehensive evaluation of fruit quality traits of six new Elaeagnus

moorcroftii varieties based on factor analysis
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Abstract: [Objective] The purpose of this study is to provide a scientific basis for the breeding and in-
dustrial development of superior large-fruit jujube (Ziziphus jujuba) varieties in Xinjiang and to explore
a suitable method for evaluating the fruit quality of large-fruit jujubes. [Methods) Six new large-fruit
jujube varieties were used as experimental materials to measure 30 fruit quality indicators (individual
fruit weight, flesh recovery, moisture content, soluble solids, total acid, total sugars, reducing sugars,
glucose, fructose, starch, polysaccharides, total amino acids, vitamin C, protein, fat, crude fiber, tannin,
total flavonoids, total phenols, proanthocyanidins, total alkaloids, ash, Na, K, Ca, Mg, Fe, Mn, Zn and
Cu). Subordinate function method, factor analysis, and principal component analysis were used for com-
prehensive evaluation. [Results] The coefficient of variation for the 30 fruit quality traits of the six new
Xinjiang large-fruit jujube varieties ranged from 2.656% to 97.165%. The highest variability was in pro-
anthocyanidins (97.165%) and calcium (67.785%), indicating significant differences among varieties in
these two components. The variation was less than 10% for moisture content, soluble solids, total sug-
ars, reducing sugars, fructose, starch, polysaccharides, total alkaloids, and copper, indicating low disper-
sion and relatively consistency of these parameters among varieties. The smallest coefficient of varia-
tion was found in flesh recovery (2.656%). The 30 fruit quality traits showed varying degrees of posi-

tive and negative correlations. Among them, reducing sugars and total sugars had a very significant posi-
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tive correlation; starch and individual fruit weight had a significant negative correlation; polysaccha-
rides and total acids had a significant positive correlation; total amino acids had a significant negative
correlation with moisture content and significant positive correlations with total acids, total sugars, and
reducing sugars; proteins had a significant positive correlation with total acids, a very significant posi-
tive correlation with total amino acids, and a very significant negative correlation with moisture con-
tent; fat had a very significant negative correlation with polysaccharides; crude fiber had significant pos-
itive correlations with total acids and proteins, a very significant positive correlation with total amino
acids, and a significant negative correlation with moisture content; tannins had significant negative cor-
relations with reducing sugars, total amino acids, and proteins, and a very significant negative correla-
tion with soluble solids; total flavonoids had a significant positive correlation with tannin; total phenols
had significant negative correlations with soluble solids, total amino acids, and proteins, a significant
positive correlation with total flavonoids, and a very significant positive correlation with tannins; proan-
thocyanidins had a significant positive correlation with total flavonoids, a very significant positive cor-
relation with tannins and total phenols, and a significant negative correlation; potassium had significant
positive correlations with soluble solids, total amino acids, and proteins, a very significant positive cor-
relation with crude fiber, and a very significant negative correlation with moisture content; magnesium
had significant positive correlations with total acids, total amino acids, proteins, and total phosphorus;
manganese had a significant positive correlation with calcium; zinc had a very significant positive corre-
lation with starch; copper had a very significant positive correlation with fat and a significant negative
correlation with polysaccharides. In the comprehensive evaluation of jujube fruit quality, which is better
as the sensory indicators, such as individual fruit weight, flesh recovery, moisture content, and nutrition-
al indicators, such as total sugars, reducing sugars, glucose, fructose, starch, polysaccharides, total ami-
no acids, vitamin C, proteins, fat, total flavonoids, proanthocyanidins, total alkaloids, ash, total phospho-
rus, potassium, calcium, magnesium, iron, manganese, zinc, and copper become higher values and total
acids, crude fiber, tannins, and total phenols become lower, the subordinate function method was used
to standardize the data for factor analysis. Principal component analysis was employed to simplify the
plethora of raw information into a few synthetic variables for comprehensive evaluation, and five com-
mon factors with eigenvalues greater than 1.0 were extracted through factor analysis, accounting for
10% of the cumulative contribution rate, representing the 30 fruit quality indicators of the six types of
large-fruit jujube, which can be used as indicators for the comprehensive evaluation of the fruit quality.
Within the first principal component (F1) synthesized from 16 indicators (moisture content, soluble sol-
ids, total acid, total sugars, reducing sugars, polysaccharides, total amino acids, protein, fat, crude cellu-
lose, tannins, total phenols, total phosphorus, potassium, magnesium, and copper), moisture content, fat,
and copper had the greatest weight. The second principal component (F2) was synthesized from 7 indi-
cators: individual fruit weight, fresh recovery rate, glucose, fructose, vitamin C, calcium, and iron, with
individual fruit weight and fresh recovery having the greatest weight. The third principal component
(F3) included 4 indicators: starch, total flavonoids, proanthocyanidins, and zinc, with starch and proan-
thocyanidins and weight having the greatest weight. [Conclusion] The results of the study show that
the quality of large-fruit jujube can be comprehensively evaluated with a set of factors, including exter-
nal sensory indicators and nutritional indicators. The use of subordinate function method and principal
component analysis provides a systematic approach to the evaluation of fruit quality traits, allowing for
the identification of superior varieties and the improvement of breeding programs. The study also high-

lights the importance of obtaining a wide range of quality traits, as they are interrelated and can affect
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the overall quality of the fruit. The findings can guide the selection of large-fruit jujube varieties with

high fruit quality for consumers and the industry, and support the development of new varieties with bet-

ter quality traits.
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Table 1 The fruit quality determination results of E. moorcroftii
~ e . 4 5 ; . P bR A H A
b Bt ew i ST g gy TR bR ORRERR
Quality index Yafen, Jinsha Honglin Golden Baishatian Hongyu Average  Standard  Coefficient of
¥ S ghng Queen EYY alue deviation  variation/%
L8 Sjisss 2.060 2340 1.730 1.850 2.190 2500 2.110 0.290  13.820
Single fruit mass/g
CIRSES 84.067  79.700 85.165 83.165 84.330 86.109  83.756 2.225 2.656
Edible rate/%
w(IK4)) Water content/% 13.000  16.000 18.000 16.000 14.000 15.000 15.333 1.751 11.421
wATETE BT 76400 71900 69.600  75.400 73.500 72500 73217 2462 3.363
Soluble solids content/%
wCRR) 9.810 9.750  7.580 9.210 12.400 10.500  9.875 1.581 16.009
Total acid content/(g-kg™")
wCRHE 57.700  56.400 52.300 61.100 58.700 60.400 57.767 3.183 5.511
Total sugar content/%
wOEJFEHE 48.700  46.000 44.000 52.100 50.000 49.600  48.400 2.929 6.052
Reducing sugar content/%
wCHEHED 21400  21.500 28.000  25.400 20.400 26.600 23.883 3.181  13.321
Glucose content/(g-100 g™
wC B 32.000 31.700 28.000 30.800 29.700 25.800 29.667 2.391 8.061
Fructose content/(g- 100 g")
wER) 43900  44.400 46.000 47.700 43.400 42.100 44.583 1.989 4.462
Starch content/(g-100 g")
w(Z ) 45900  43.500 41.700 44.400 48.200 49.100 45.467 2.830 6.225
Polysaccharide content/%
wC B B 2984 2515 1.818 2.994 3.285 2911 2.751 0.519  18.881
Total amino acids content/(g-100 g")
w(EER O 7.200 7.380  7.320 7.510 7.150 12.000  8.093 1918  23.701
Vitamin C content/(mg-100 g")
w(EE D 5.600 4160  2.710 4.740 5.910 4450 4595 1.142  24.859
Protein content/(g-100 g
w(Ig D 17.500  18.700 18.900 16.900 15.000 14.900  16.983 1.742  10.256
Fat content/(g- 100 g")
wCH£F48) 4.290 4.060  2.960 4.030 4.340 4240  3.987 0.518 12.997
Crude fiber content/%
wCHLT) 6.670  12.200 17.100 5.680 6.480 11.600  9.955 4471 44910
Tannin content/(g-kg")
wCREEERD 3.680 5.090 4.890 3.750 3.360 5260  4.338 0.831 19.162
Total flavonoids content/(mg-g™)
wCE ) 0.766 1.390 1.810 0.656 0.743 1.470 1.139 0.480  42.137
Total phenols content(g-100 g")
wURIEF ) 0416  1.694 0577 0.119 0.091 1706 0.767 0.745  97.165
Procyanidine content/(g- 100 g')
wCR AP 17.300 15900 15.500 16.300 14.800 14.800 15.767 0.958 6.079
Total alkaloids content/(mg-g™)
w(IRS) 4.500 3.300  4.600 4.000 3.700 2.600  3.783 0.757  20.020
Ash content/(g-100 g
w(4P) 3.080 2320 1.010 3.144 4.080 3.030  2.777 1.031  37.138
Total P content /(mg-kg")
w(K)/(mg-kg") 0915 0.811  0.626 0.796 0.831 0.806  0.798 0.094 11.842
w(Ca)/(mg-kg™") 124.000 136.000 143.000  436.000 94.900 179.000 185.483 125.730  67.785
w(Mg)/(mg-kg") 254.000 247.000 181.000  295.000 378.000 248.000 267.167  65.469  24.505
w(Fe)/(mg-kg") 38.600  37.400 50.900 56.100 47.200 47.900 46.350 7.198 15.530
w(Mn)/(mg-kg") 10.600 9.680  9.180 12.800 8.560 8.850  9.945 1.572 15.805
w(Zn)/(mg-kg" 10.000  11.100 11.400 13.200 9.900 9.100 10.783 1452 13.470
w(Cw)/(mg-kg" 5.960 6.590  6.480 5.730 5.270 5220  5.880 0.580 9.927
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Table 3 Data normalization of 16 quality indicators of E. moorcrofftii

fn T FE A2 Quality index M Yafeng  4:75 Jinsha  404% Hongling  4: %2 )5 Golden Queen [1¥)ifif Baishatian £ & Hongyu
HLE B i Single fruit mass 0.429 0.792 0.000 0.156 0.597 1.000
7K 53 £ Water content 0.000 0.600 1.000 0.600 0.200 0.400
SR £ & Total acid content 0.537 0.550 1.000 0.662 0.000 0.394
JSBE & Total sugar content 0.614 0.466 0.000 1.000 0.727 0.920
14 J5UE 4 & Reducing sugar content 0.580 0.247 0.000 1.000 0.741 0.691
Z ¥4 & Polysaccharide content 0.568 0.243 0.000 0.365 0.878 1.000
JE IR 5 & Total amino acids content  0.795 0.475 0.000 0.801 1.000 0.745
R A i & & Protein content 0.903 0.453 0.000 0.634 1.000 0.544

5 i £ & Fat content 0.650 0.950 1.000 0.500 0.025 0.000
HL4F 4 & B Crude fiber content 0.036 0.203 1.000 0.225 0.000 0.072
B34 & Tannin content 0.913 0.429 0.000 1.000 0.930 0.482
R34 & Total flavonoids content 0.168 0.911 0.805 0.205 0.000 1.000
ST ¥ & Total phenols content 0.905 0.364 0.000 1.000 0.925 0.295
4: P4 1 Total P content 0.674 0.427 0.000 0.695 1.000 0.658
Ca % & Ca content 0.085 0.120 0.141 1.000 0.000 0.247
Cu & 5 Cu content 0.540 1.000 0.920 0.372 0.036 0.000

F4 REBWETFREAEREMSGERBE #*5 RKRIVERILMFBHREQAEFEIMERES
Table 4 Rotated factor loading matrix and variance Table 5 Comparison and ranking of scores of common
contribution rate factors and overall scores of E. moorcroftii

b Index F1 F2 F3 u%ﬁ’ Fl HEF e 3 He 7
B 5L Bt Single fruit mass 0859  -0.146  -0.297 Variety Rank Rank Rank Rank
7K 53£ 5 Water content 0.776 0.501  -0.199 fﬁ?;g 0815 3 0841 3 0429 2 0.766 3
SR # Total acid content 0.518 0.566 0.641 e 0260 5 0269 5 0539 5 0.140 5
JaWE4 & Total sugar content 0.940 0.260  -0.006 Jinsha
I8 JFUHE & B Reducing sugar content 0.668 0.713 0.203 144 -0.241 6 -0249 6  -0.583 6 0297 6

% Wi & Polysaccharide content -0.312 -0.883  -0.330 Hongling
BRI R Total aminoacids content 0077  ~0.941  —0.143 (/%i%fl 0.786 4 0811 4 0324 4 0.725 4
71 J5i & i Protein content 0.678 0.708 0.146 Queen
JIg 15 £ & Fat content -0.160 0.066 0.969 HybEt 1363 2 1.407 2 0.837 1 1.299 2
FHZT4E £ Crude fiber content -0.805  -0.286 0312 Baishatian
¥ 5* 5 Tannin content 0.859  -0.146  -0.297 A% 1.562 1 1613 1 0.426 3 1.407 1
S BT 75 & Total flavonoids content  —0.542 -0.734 0.241 Hongyu
arakmromm . oss  oms am BB TIE. SIS RME 26504
Ca %7 Ca content -0.876  -023  —0219 97.165% - A2 5t A HUI K W R AL & & &
Cu % Cu content 0678 0708  0.146 (97.165%) » 22 5 F Kb /NI A B 3 (2.656%)
A Eigenvalue 6516 6114 2313 P ST I, 48 ANV AL SR IR R AR bR R, 4
pEE 078 B4 444 EFCHRAERREMK, N351%. EH LA
P s woal s LRIV R R CH R R RHCH
Accumulated contribution rate/% 23.701%, }L&ﬁﬁ j\ E(] ﬁﬂi 3”'1‘_"{ )Hilﬂ { EE , A ﬁé 5 Y//I\ 35 Fll:él *:P j:j }{q
NHFEI(EKS), BUDH R AES T RS A AT R AR
3 W AT SR SI2 it JBT 48 B B B AN — B, FEREAT B

SRS 5 A RE KRV S AL B AT e S
JIHI R , 3 AR AT TE X 6 A dh A 30 TR S

BT B 75 BEAT 1 b b vEE AL AL RS, 2 2 A AT T PR
PSR R BB AN A 7 7 B o 6 S KSR Vb AL A (50
16 TR S i AR AT L35 VRO S5 SRR, HE
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AT 3 AL AR AL & AV E RIS o R A s
PN 515, B R R PR SO O A, &7
TN 2 RSB RGP 45 R B A F ik
JAHE M o TR PR BRI S TV 75 b
PR AR AT [F) - 25 3 o W, 3 o o AT ke 2 A
Fa bl ok 2 PR A e i D R B PR E A
R 09, 22 N T 2 i Z R i T 2R
e VT = e 12 b T L S TR TR T (R L
I EBU 2 is . EHEEART T HIRAR
FEFERE/INT 5% FHAH PR 1 S ST S e A, i
K723 BT 2 B Tl IR A 2 AN R , TR
FATE] BRI 3 A R, A 16 KR
WA S R bR, BAR T ZE TTER A 93.396% , HH
AT WL, 3 AN 2 B A3 BE A T A TR AR A5 A b R )
CEETRERTER HEZ B 0 45 R E AR MEH . A
IY BT T34 S ok R SR S R T SR VR AR
L I E R R =N M Sy U S S R (S
o AR RIS ML B i S 2 R s AR
g AN G AIE AT FE 52 5 TR B 45 A VP AR, 1T 3R 15 T
TOHER I EE 1R BRI Ah, f R 4000 1 | 1
=R A 5 TR DR 2000 SRV & P I 256 DPAN
T B, B DA R IR 00 AR SRS VR A
(LR I, 254 Hoph A 2RI TR, T 0
16 H O BRT SR A AR R R

4 #& w

I 6 AR FEVD AR R 30 TR S T AR AR
HEAT I AE 5 K FAH S 23 A R R 5 2 A i A7 275 F
P, BRELEN 3 AN F sy, FEAR R 2 &K
SE AR e R R B TR BE 2R SRR
HAEREEEE APV BRI B 16 MR
b, BFATTHR R AT K 93.396% X K v o Fob B
WLEE MR B HAT LR ER HT L B RS
CRe AR s, O B RS 3. W
g5 RO iR R RV AR R A ik B ANHEST R
BT SERE
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