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Changes in postharvest fruits quality from a superior line of Ziziphus ju-

juba ‘Tailihong’ seedling progeny at different maturity stages

ZENG Jianhui, XIANG Biao, WU Cuiyun, LIN Minjuan”

(College of Horticulture and Forestry, Tarim University/National and Local Joint Engineering Laboratory for High-efficiency and High-
quality Cultivation and Deep Processing Technology of Special Fruit Trees in Southern Xinjiang, Alar 843300, Xinjiang, China)

Abstract: [Objectivel Ziziphus jujuba Mill., a hallmark fruit crop in China, holds significant economic
and cultural value due to its dual utility for fresh consumption and drying. However, the rapid posthar-
vest quality deterioration of fresh jujube limits its market circulation and storage duration. The physio-
logical changes and nutrient retention in fruits postharvest are profoundly influenced by maturity stages,
making the determination of the optimal harvest period a critical issue for balancing fruit quality, stor-
ability, and commercial value. Tayou 12, a superior line derived from seedling progeny of the Tailihong
jujube, stands out for its stable yield, high productivity, intense sweetness, and large fruit size. Despite
its outstanding agronomic traits, systematic studies on the postharvest quality dynamics of its fruit at dif-
ferent maturity stages remain scarce. This research aims to elucidate quality changes during ambient
storage of Tayou 12 fruits at varying maturity stages, and to provide reference for precise harvest tim-
ing. [Methods] Fruits at three maturity stages, including white-ripe stage (<<5% reddening, green-
white peel, crisp texture), half-red stage (50%—70% reddening, transitional green-red coloration), and
full-red stage (>95% reddening, physiological maturity with complete sugar accumulation), were stud-
ied. For each stage, 20 kg of intact, undamaged, disease- free fruits were stored in ventilated plastic
crates at 25+1 °C and 75%+5% relative humidity. Daily sampling was conducted to assess water loss

(gravimetric method, %), firmness (TMS-PRO texture analyzer, N), total phenolics (Folin- Ciocalteu
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method, mg - g'"), flavonoids (aluminum nitrate-sodium nitrite colorimetry, mg - g"), vitamin C (2,6-di-
chloroindophenol titration, mg - 100 g"), malondialdehyde (spectrophotometry, pmol - 100 g''), respira-
tion rate (closed-system gas chromatography, mg-kg"'-h™"), decay rate (visual inspection, %), organic ac-
ids, and sugar profiles (HPLC, mg-g"). [Results] During storage, the sensory evaluation of fruits at dif-
ferent maturity stages showed significant differences. The total evaluation score of the white-ripe stage
was the highest at 25.3 points on the 4th day; the half-red stage (26.4 points) and the full-red stage (28.9
points) both had the highest total scores on the 1st day. After 9 days of storage, fruit at full-red stage
showed the best sensory evaluation during the storage period, making it suitable for fresh consumption.
After harvest, the white-ripe and half-red stage fruits increased in the red area of the peel with the in-
crease of storage time. The half-red stage fruits turned completely red on the 7th day, indicating that the
post-harvest ripening process of immature jujube fruits continued. During storage, the firmness of ju-
jube fruits at different maturity stages decreased. The white-ripe stage fruits had the highest initial firm-
ness (9.35 N) and the greatest degree of decline. The firmness of the full-red fruits decreased to 5.92 N
on the 7th day. The firmness of the half-red stage jujube fruits was between those of the white-ripe
fruits and full-red fruits. The full-red fruits had the highest initial respiration rate (35.50 mg-kg'-h™),
which was 2.24 times that of the white-ripe fruits (15.89 mg-kg"'-h"') and 1.67 times that of the half-red
fruits (21.28 mg-kg"'-h"), reflecting vigorous metabolic activities. However, during storage, the respira-
tion rate of the full-red fruits showed a significant downward trend, and became lower than that of the
half-red fruits from the 5th day. The white-ripe and half-red fruits both showed respiration peaks during
storage, and they had no significant difference in initial respiration rate and final respiration rate, indi-
cating that immature fruits could maintain metabolic vitality during post-harvest storage. The water loss
rate during storage increased with the increase of maturity: white-ripe stage (2.73% on the 9th day of
storage) <<half-red stage (3.57%) <<full-red stage (4.92%), which was related to the stomatal density and
cuticle thickness of the peel. The full-red fruits deteriorated rapidly, with a decay rate of 21.9% on the
4th day of storage, mainly due to peel softening and a decrease in the content of antibacterial substanc-
es. The white-ripe fruits had significantly higher initial contents of total phenols (7.63 mg - g™"), flavo-
noids (5.95 mg- g"), and vitamin C (286.59 mg- 100 g'), which might be related to the active synthesis
of phenolic substances in the early stage of maturity. The sugar composition in jujube fruits varies with
ripeness. In fruits at white-ripe stage, fructose and glucose accounted for a larger proportion, while in
the half-red and full-red fruits, sucrose was the dominant sugar component. The total sugar content in
the white-ripe fruits showed increased first and then decreased; in the half-red fruits total sugar present-
ed a trend of increasing first, then decreasing and increasing again; and in the full-red fruits displayed a
gradual increasing trend. The order of total sugar content among different stages was full-red stage >
half-red stage >white-ripe stage. Specifically, the total sugar content in the white-ripe fruits reached the
maximum on the 3th day (233.04 mg- g™"). In the half-red fruits, it increased significantly to 362.78 mg- g
on the 9th day. In the full-red fruits, the total sugar content rose significantly to 403.65 mg- g on the
8th day. The major acids in the fruit included citric acid, tartaric acid and malic acid. During storage,
the acid content in the full-red fruits showed constantly increased, and was generally higher than that in
the white-ripe and half-red fruits. [Conclusions] This study systematically reveals the postharvest quali-
ty changes in “Tayou 12” jujube at maturity stages during storage. The half-red fruits proved to be opti-
mal for harvest, balancing nutrient retention (high antioxidants, balanced sugars), acceptable firmness
(6.78 N at day 9), and moderate decay resistance (23.33% decay at day 9). White-ripe fruits are suitable

for long-distance transportation or long-term storage; however, their low sugar content and rapid loss of
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nutrients restrict the fresh-eating quality. Full-red stage is ideal for immediate consumption or process-

ing but requires strict logistics due to poor storage performance. These findings provide a scientific

framework for precision harvesting tailored to end-use purposes. Future research should explore con-

trolled atmosphere storage technologies to extend the shelf life of fruit at half-red stage, so as to maxi-

mize commercial benefits and consumer satisfaction.
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Table 1 Sensory evaluation criteria and scores

iH A bR vES
Project Valuation indicator Score
ARULC1043) T SEHE A, (OB [, JEARTCHUIE Fresh and tender fruit,excellent color,basically free of defects 7~10
Appearance (10 POINS) sy il (e o 21T MR 4-6

Slight browning of the fruit,dull color,minor defects on the fruit surface

TR, (PR 2, B % Wilted fruit,poor color,numerous defects 1~3
KR C1043) ' Very sweet 7~10
Flavor (10 points) FRHE H Well-balanced sweet and sour 4~6

i Slightly sweet 1~3
BA05) SR HG , 4IMIC 7 The flesh is very crisp,tender and residue-free 7~10
Flesh (10 points) S L R, W 7 46

The flesh is relatively crisp and tender, with a slight residue

R4, H1 ¥ The flesh is soft and fluffy, coarse with residues 1~3
V1043 7K 43 #:% High moisture content 7~10
Juice (10 points) JK 4y "4 Moderate moisture content 4~6

JK4> £ /0 Low moisture content 1~3
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Fig. 1 Sensory evaluation of jujube fruits of different maturity stages



398 3 L)

S 4

43 %

gy BT AR, 2 4 RIT 5 B (25.30
G50 BT RVPAr 0 2 BRI 2L AN 2 3 R B
Rt 1RV B (26.40 73D , 55 9 ATy 5 4 5
LB 1T R T T 3.90 40 &0 WA 2 R
B9 RV (26.80 730 1 R (28.90 73) NF& T
2,155 AR 9 K, 3 NI AVE S KM R 4 4L
HI> P > . RIEEE IR, B 12 5%
TSNP o3 e i, THRVP A0 SIS, 4D R s 5
2 L 2T LU AR VAN e e SR S T R
22 AEIMFAEERREREINIENSTL
WK 2 FIER 2 FiTR , LB S B Bh A A B R
B 7 AR S AE U A AR A . A IR S
R R S @ (B R L E R o (E AR . Bl AL ST
N ) B4 A K, ) 3o R e 0 B A SR S 0 U
2L, PSR R S LA T JE IR, 25 6 RS
LB (43.21) 32 35 PG S R I 20 T AR B R 38 0 5 e
HAESE 6 RiGE BT+~ 8.03, 5 8 K NI4%£5.29, 5
SRAR AR FE Uk /) s b E AR B R PR 1 RN
56.56, 559 K N49.59, FFF 1 12.32%. fEH 1~6 K,
AT W AR S L*{E 7 28.43~34.52 2 (A1 A5k, 55 7 R
RSz L TN 40.05, ELES 6 K B TF T 37.43%; [

=0 0 00
U

SR
White-ripe stage

B, R A AR N AL, e ETE S 1~6 R IMAR L
REGK, 57 R ETHE 17.20, J5 4 258 5% THE
HopHEMER G BIRE TIEES, 1R N34.79, 5
9K N26.22, NI4T 24.63%. 440 HIA RSz L*{EAE
T B 3 R0 3 AR, o (ELAE 28 2 R BTt &, b*ME.
AR 2, B RSN
23 AEIMAERRELREEENNSEL
WL 3-A Bt , A [R] R R SR S (1 R i it i o
PR 2R RS, BRI RO TR , 5% B 3 5 S i
PRI I > P2 0 > 20 . SR sk
THEEAER G 5 2 R E TR, LAIHES I REE T
B, AR SR T R T IE. W EH IR, B
WL A 2D R EE 533 09 7.10 N 6.78 N\ 5.95
N, B 1 RAPHIFEAK T 23.99%-10.66%+12.10%
24 AERFHRERRLREERIREREMRNSEL
W1 3-B BT , A0S SIS B R sy, WP Tl e
B KJEH 1R, FIHGH A A AR RS g
W 3% 2243 531 9 15.89 mg - kg -h'.21.28 mg-kg'-h'.
3550 mg-kg'-h'e R R R SIS 3 K (21.99
mg-kg'-h")AIEE 7 K (18.26 mg-kg"-h™) H FUIFIR I ;
AT AR SIAE 5 3 K (30.81 mg- kg -h) I 6 K

) @

)
S’
S

S @

\
O 000 0
1 1
Half-red stage \\
O 900 0@ 0 0 @
A2
Full-red stag @ ' ' @ @ {/.\\ @ @ ;\;
1d 2d 3d 4d 5d 6d 7d 8d 9d

2 ANERFAEFERIINHENSEN

Fig.2 Dynamic changes in the external appearance of jujube fruits at different maturity stages
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Table 2 Dynamic changes in color parameters of jujube fruits at different maturity stages

[ i 1 T8k B 18] Storage time/d

Colour P - d

and lustre o '© 1 2 3 4 5 6 7 8 9

L* SRR 64.62+ 70.29+ 68.85+ 70.62+ 76.69+ 4321+ 53.64+ 46.82+ 42.93+
White-ripe stage 6.41 ab 10.60 a 10.99 ab 12.63 a 8.62a 1232 ¢ 6.04 be 5.80 ¢ 7.45¢
R i 32.60+ 34.52+ 28.43+ 33.74+ 30.96+ 29.14+ 40.05+ 31.45+ 35.36+
Half-red stage 16.54 a 1426 a 14.14 a 1583 a 20.08 a 15.48 a 2093 a 17.41 a 2031 a
EoaAn i 35.13+ 31.49+ 27.84+ 27.68+ 31.50+ 31.85+ 30.43+ 30.55+ 28.13+
Full-red stage 325a 2.70 ab 5.08b 5.80b 1.44 ab 1.49 ab 2.34 ab 3.56 ab 3.83b

a* 1 2.86+ 2.28+ 2.52+ 1.68+ 6.82+ 8.03+ 2.73+ 5.29+ 5.79+
White-ripe stage 6.51 ab 5.17 ab 5.73 ab 390b 4.74 ab 7.56 a 5.84 ab 5.66 ab 5.26 ab
RN i 16.18+ 5.08+ 10.40+ 16.78+ 14.09+ 16.39+ 17.20+ 19.09+ 19.44+
Half-red stage 6.27 ab 7.01¢ 6.49 be 4.60 ab 7.54 ab 4.41 ab 4.04 ab 238a 249 a
Esan il 20.75+ 24.56+ 24.26+ 23.07+ 21.63+ 24.89+ 24.07+ 22.85+ 23.62+
Full-red stage 1.06 ¢ 14l a 233a 2.52 abe 1.58 be 232a 0.66 ab 2.19 abe 0.84 ab

b* SRS 56.56 55.00=  49.14= 50.89+ 4423+  44.59+ 51.68=  48.85% 49.59+
White-ripe stage 883 a 4.79 ab 8.95ab 7.17 ab 6.32b 10.81b 7.52 ab 12.84 ab 491 ab
ESARiL] 34.79+ 49.37+ 39.53+ 30.12+ 3230+ 27.07+ 24.52+ 23.09+ 26.22+
Half-red stage 7.36 be 11.94 a 12.84 ab 7.04 be 8.95 be 6.88 ¢ 7.81c¢ 4.11c¢ 6.16 ¢
R 18.56+ 18.83+ 18.92+ 18.63+ 20.83+ 23.35+ 2261+ 20.72+ 21.36+
Full-red stage 2.06 a 576 a 1.56a 144 a 2.67a 3.63a 583a 4.28a 2.19a

VE AN/ E R R R RS — A A R RS E 7 B (P<<0.05) . FA

Note: Different small letters indicate significant differences in jujube fruits at the same maturity stage across different days (P<<0.05). The same be-

low.
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Fig. 3 Dynamic changes in firmness and respiration rate of jujube fruits at different maturity stages
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Fig. 4 Dynamic changes in water loss rate and decay incidence of jujube fruits at different maturity stages
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Table 3 The changes in water loss rate and rot rate of jujube fruits at different maturity stages

fabr WA TP 8] Storage time/d

Index  Period 1 2 3 4

5 6 7 8 9

FKFE A
Water ~ White-ripe stage
loss rate/ SOTHA

% Half-red stage

EeAR i
Full-red stage
JEEE AR
Rot rate/ White-ripe stage
%
Half-red stage
AN i
Full-red stage

0.00+0.00 a 0.22+0.02b 0.68+£0.07b 0.84+0.10b 1.18+0.12¢ 1.58+£0.07b 1.95+0.06b 2.36+0.09b 2.73+0.13 b

0.00+0.00 a 0.40+0.05a 0.85+0.06 ab 1.33+0.1 ab 1.73+£0.23 b 2.18+0.33b 2.62+0.45b 3.15+0.54b 3.57+0.47b

0.00£0.00 a 0.44+0.11a 1.08+0.17a 1.76£0.39a 2.49+0.17a 3.15£0.30a 3.86+0.32a 4.23£0.49a 4.92+0.74 a

0.00+0.00a 1.11£1.92ab 2.22+3.85b 3.33+5.77b 4.44+5.09b 6.67+5.77b 8.89+1.92 ¢ 17.78+3.85b22.22+5.09 b

0.00+£0.00 a 0.00+0.00b 2.22+1.92b 6.67+0.00 b 11.11+3.85b 13.33+£3.33 b 17.78+1.92 b 21.11£1.92 b 23.33+0.00 b

0.00+£0.00 a 5.71+2.86 a 15.24+1.65a 21.90+1.65 a 25.71+2.86 a 33.33+4.36 a 41.90+4.36 a 49.52+5.95 a 57.14+2.86 a

T ANEVNG R IR AN F B E AR YA [F] — R 22 5 2. 35 (P<<0.05)

Note: Different small letters indicate significant differences in jujube fruits at different maturity stages on the same day (P<<0.05).
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Fig. 5 Dynamic changes in flavonoid, total phenolic, vitamin C, and malondialdehyde content in jujube fruit at different

maturation stages
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Fig. 6 Dynamic changes in sugar components content in jujube fruits at different maturity stages
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