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Abstract: [Objective] The purpose of this study is to provide a scientific theoretical basis for
the breeding and industrial 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 jujube.
[Methods] Six new large-fruit jujube varieties were used as experimental materials to measure 30
fruit quality indicators (individual fruit weight, edible rate, moisture content, soluble solids
content, total acid, total sugar, reducing sugar, glucose, fructose, starch, polysaccharides, total

amino acids, vitamin C, protein, fat, crude fiber, tannin, total flavonoids, total phenols,
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proanthocyanidins, total alkaloids, ash content, Na, K, Ca, Mg, Fe, Mn, Zn, Cu). Subordinate
function method, factor analysis, and principal component analysis were used for comprehensive
evaluation. [Results] The coefficient of variation for the 30 fruit quality traits of six new Xinjiang
large-fruit jujube varieties ranged from 2.656% to 97.165%. The highest variability was in
proanthocyanidins (97.165%), followed by calcium (67.785%), indicating significant differences
among varieties in these two components. The variation was less than 10% for moisture content,
soluble solids, total sugar, reducing sugar, fructose, starch, polysaccharides, total alkaloids, and
copper, indicating low dispersion and more consistent distribution among varieties, with the
smallest coefficient of variation for edible rate (2.656%). Correlation analysis was performed on
30 different fruit quality traits, and the indicators showed varying degrees of positive and negative
correlations. Among them, reducing sugar and total sugar had a very significant positive
correlation; starch and individual fruit weight had a significant negative correlation;
polysaccharides and total acid had a significant positive correlation; total amino acids had a
significant negative correlation with moisture content and significant positive correlations with
total acid, total sugar, and reducing sugar; protein had a significant positive correlation with total
acid, a very significant positive correlation with total amino acids, and a very significant negative
correlation with moisture content; fat had a very significant negative correlation with
polysaccharides; crude fiber had significant positive correlations with total acid and protein, a very
significant positive correlation with total amino acids, and a significant negative correlation with
moisture content; tannin had significant negative correlations with reducing sugar, total amino
acids, and protein, and a very significant negative correlation 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 protein, a significant positive correlation
with total flavonoids, and a very significant positive correlation with tannin; proanthocyanidins
had a significant positive correlation with total flavonoids, a very significant positive correlation
with tannin and total phenols, and a significant negative correlation; potassium had significant
positive correlations with soluble solids, total amino acids, and protein, a very significant positive
correlation with crude fiber, and a very significant negative correlation with moisture content;
magnesium had significant positive correlations with total acid, total amino acids, protein, and
total phosphorus; manganese had a significant positive correlation with calcium; zinc had a very
significant positive correlation 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, considering the inconsistency of the dimensions of the quality indicators,
external sensory indicators (individual fruit weight, edible rate, moisture content), and nutritional
indicators (total sugar, reducing sugar, glucose, fructose, starch, polysaccharides, total amino acids,
vitamin C, protein, fat, total flavonoids, proanthocyanidins, total alkaloids, ash, total phosphorus,
potassium, calcium, magnesium, iron, manganese, zinc, copper) are all better with higher values;
total acid, crude fiber, tannin, and total phenols are better with lower values. Therefore, before
factor analysis, the subordinate function method was used to standardize the data. Principal
component analysis was employed to simplify the plethora of raw information into a few synthetic
variables for a comprehensive evaluation method, and five common factors with eigenvalues
greater than 1 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 of large-fruit



jujube. The first principal component (f1) synthesized information from 16 indicators: moisture
content, soluble solids, total acid, total sugar, reducing sugar, polysaccharides, total amino acids,
protein, fat, crude cellulose, tannin, total phenols, total phosphorus, potassium, magnesium, and
copper. Of these, moisture content, fat, and copper had the greatest weight. The second principal
component (f2) synthesized information from 7 indicators: individual fruit weight, edible rate,
glucose, fructose, vitamin C, calcium, and iron, with individual fruit weight and edible rate having
the greatest weight. The third principal component (f3) synthesized information from 4 indicators:
starch, total flavonoids, proanthocyanidins, and zinc, with starch and proanthocyanidins having
the greatest weight. with manganese having the greater weight.[Conclusion] The results of the
study show that the quality of large-fruit jujube can be comprehensively evaluated by considering
a set of factors, including external 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 highlights the importance of considering a
wide range of quality traits, as they are interrelated and can affect 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 optimal quality

traits.
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Table 1 The fruit quality determination results of Elaeagnus moorcroftii
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Table 2 Correlation analysis of different quality traits of Elaeagnus moorcrofftii
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1-30 represents single fruit weight, edible rate, water rate, soluble content, total acid content, total sugar
content, reducing sugar content, glucose content, fructose content, starch content, polysaccharide content, total
amino acids content, Vitamin C content, protein content, fat content, crude fiber content, tannin content, total
flavonoids content,total phenols content, procyanidine content, total alkaloids content,ash content content, total P,
K, Ca, Mg, Fe, Mn, Zn, Cu,respectively.
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Table 3 Data normalization of 16 quality indicators of Elaeagnus moorcroftii
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Water rate
SR
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Total acid content
Sl 0.614 0.466 0.000 1.000 0.727 0.920
Total sugar content
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Reducing sugar content
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Ca 0.085 0.120 0.141 1.000 0.000 0.247

Cu 0.540 1.000 0.920 0.372 0.036 0.000
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Table 4 Rotated factor loading matrix and variance contribution rate
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Crude fiber content 0.805 0.286 0.312
.i? 0.859 -0.146 -0.297
Tannin content
ISy _ _
Total flavonoids content 0.542 0.734 0.241
By _
Total phenols content 0.776 0.501 0.199
4P
Total P 0.668 0.713 0.203
Ca -0.876 -0.23 -0.219
Cu 0.678 0.708 0.146
RPAL(E 6.516 6.114 2313
Eigenvalue
. biﬂﬁkﬁ 40.728 38.214 14.454
Variance contributionrate/%
I TR 2R
RBUHR 40.728 78.941 93.396

Accumulated contribution rate/%
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£i=0.337Zx1-0.212Zx2+0.304Zx3+0.266Zx4+0.203 Zx5+0.368Zx6+0.262Zx7—0.201 Zxs~0.343Z
x91+0.285Zx10-0.122Zx11+0.030Zx12-0.062Zx13+0.266Zx14~0.063Zx15-0.315Zx16

£=0.347Zx1-0.219Zx,+0.314Zx3+0.275 Zx4+0.209Zx5+0.380Zx6+0.270Zx7+0.207Zx5-0.354Z
x91+0.294Z:x100.126Zx11+0.03 1 Zx1,-0.064Zx13+0.274Zx14-0.065Zx15-0.326 Zx16

f==0.096Zx1-0.483Zx2+0.329Zx3+0.256Zx4+0.372Zx5+0.171 Zx6+0.469Zx7+0.563Zx5—0.151
Zx9+0.386Zx10-0.581Zx11-0.619Zx12-0.641Zx13+0.466Zx14+0.043 Zx15-0.188Zx16

FARFEAE B AT E R R 2 A, 0] DL R G VRN BB f= Alfi + Aofs+ Asfs, H
HA=h/ (daids) 5 A= ho/(ihaidsy, As=hs/ Ouidaids) o AL oy A3 030 3 AN
(REAEAR -

CEAKRE, KRR fAETEEN-0.297-1.407. F52 5 5 e bndE & 005 8T = 15 5 84T
T AVEAEE, G550 0508 1.407. 1.299. 0.766. 40 K BSELE £ F1 f HEA K55
1, M7Ef; FHEREE 35 AIVDEHRSLAE AR FHERIESS 2, fHIESE 1, S50 HR N
2. MEFIRSEN fiv LHAES 3, fHHES 2, SRR HF N 3.
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Table S5 Comparison and ranking of scores of common factors and overall scores of Elaeagnus

moorcrofftii
. Hee Hep Herr Herr
=}
fifl Variety f Order 2 Order fi Order fz Order
M 0.815 3 0.841 3 0.429 2 0.766 3
Yafeng
&b
- 0.260 5 0.269 5 -0.539 5 0.140 5
Jinsha
A
ﬁ% -0.241 6 -0.249 6 -0.583 6 -0.297 6
Hongling
IS
el 0.786 4 0.811 4 0.324 4 0.725 4
Golden queen
N
E.W/EE 1.363 2 1.407 2 0.837 1 1.299 2
Baishatian
RS
e 1.562 1 1.613 1 0.426 3 1.407 1
Hongyu
3 iR

SRS TR g KR VD A SRR B AT 58 4 IR G, AW FURS 6 il 30 TR SE
i JRFRAR AT T, SRR R RETE 2.656%~97.165% . LR REEKIRIELE R
(97.165%) , 7 REB/NFINTTEFE (2.656%) o REFRIHTLRKIM 48 AV 251 &
JFARRR, 4EA R C AL R BmOR, N 35.1%. ABFFR IR RYEE RS BINR R R
HON 23.701%, BTN FEMAR, wIRE S SRR R D, 54 5 RS2 i o P el ok
FEIANIDE oo
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PRNES,  H AT CAE BRI A1 B2, Ml BB JEPPT B4R LU s . ASHETEAI R
SRR /NT 5% RAR SR BRI R S b R b, B 7ty R ks 5 A 1) 2 A
b, TIONAREA R RS EIRRILN 3 Aok, B 16 NIRIER S G bs, 2itTs
Z TR L 93.396%, HIBLAT WL 3 A3 ey A AT 4w 4R &4 S AP SR SRR PEIR, HE4
IO RENEIEE . ARSI, X RS T R HEAPEN I B AT AN
A Ja R R Fp RS TAF R, nERARR ik Bt 2 MOrisM B4 &
AN UEEAT RSE A R ERE VT, BT SAS EMAER IS5 18 . BRILZAh, dhRh Py mi
P S A5 5 TR R R R VD R SRR 23S PP 0 B, BT DADC R A R 10 07 28 I A R
SE A PP (A B, A5 AR ZVEIREE TS HHAFA VPO, G770 WIS BB SE AR AL R
At

Pl
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O

4 25

ARHF TR 6 A K FVD AT A 30 TUR S S B FR AR AT I E , SR B AE S 2 A 1 B
ST RV, SRINE) 3 Ay, FEARER R, SUKE, B AR, B,
B EJRME. 2R REER. EAMR. BN, &P #l. SR el a Rt 16 ME,
BT DT TT 1L 93.396% HAS K IRIDR WA R L LR T IR BHAT LR AR 0 e, WHFis
FRAERRELLE S R, PO, TEESE 3, b KR 2R R S AL E
AIHET B HI SR Bt 225 Ak 4
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