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Study on Contents of Phenolics, Organic Acids, Triterpene Acids,
Vitamin C of Red Jujube with Different Maturity and Their
Antioxidant Activities

CHANG Xiao—jie
Department of Life Science, Yuncheng University, Yuncheng 044000, China

Abstract: To explore the variation laws of nutritional quality and antioxidant activity of red jujube fruits during
ripening, the differences of phenolics, organic acids, triterpene acids, vitamin C contents and antioxidant activities
(DPPH free radical scavenging capacity, total reducing power) of Goutou jujube at four ripening stages (immature
green white fruit, 1/4 red maturity with about 25% red peel, half red maturity with about 50% red peel, red matu-
rity with completely red peel) were investigated. The results showed that a total of 8 phenolics, 4 organic acids
and 3 triterpenoid acids were detected in four maturity jujube fruits, among which catechins, ferulic acid and
chlorogenic acid were the main phenolics, citric acid and malic acid were the main organic acids, betulinic acid
and ursolic acid were the main triterpenic acids. The contents of total phenols, total flavonoids and vitamin C in
the jujubes were in the range of 556.7~963.7 mg/100 g, 412.7~866.7 mg/100 g and 335.5~665.5 mg/100 g, re-
spectively. The contents of all three substances were the highest at green maturity stage and decreased with the
increase of maturity, and the antioxidant activity of the jujube fruit showed the same change trend as well. Jujube fruit

at green maturity stage had the highest contents of vitamin C, total phenol and total flavonoids and the strongest an-
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tioxidant activity, which could be used as raw materials for natural antioxidant active compounds.

Key words: Ziziphus jujuba Mill.; different maturity stages; nutritional quality; antioxidant activity

:5665.1;S609

Ziziphus jujuba Mill.
VC -3
l4Jo
95% 13)
o Ziziphus jujuba Mill. cv.
Goutou jujube
[6]
. 71
N VC
N N VC
1
1.1
1.1.1
208.21%
I
0+1 C. 85%~90%

DOI:10.3969/}.1ssn.1009-6221.2021.02.005

1
Table 1  Grading standards for Goutou jujube at various
maturity stages

lg
13.1:02 d  0.6120.02 b
1/4 178203 ¢ 0.70:0.03 a
12 18502 b 0.72+0.03 a
19.6£02 a 0.75+0.05 a

P<0.05
N VC
1,1- -2- 1,1-diphenyl-2-
picrylhydrazyl DPPH (Trolox. Sigma
1.1.2
JD400-3
KQ-700DE
Waters 600E
Waters UV-1600
- RE-
52AA °
1.2
1.2.1
HPLC
[8]-
Waters Symmetry ODS Cjg
4.6 mmx150 mm 5 pm 30 C
5 pL 280 nm 0.8 mL/min
A B pH26 o
0~15 min 15% A 15~25 min 25% A
25~65min 75% A 65~70 min 15% A o
1.2.2
2¢g 100 mL
30 min 8 000 r/min
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15 min 3 4¢ 20 mL 80%
15 mL 30 min 6 000 r/min
0.45 pm o 20 min 3
HPLC Waters 80% 100 mL
2487 UV-Vis Symmetry Cig 5
4.6 mmx250 mm 5 pm 210 nm Kou ™M DPPH
30 C 20 pL 1 mL/min pH 2.6 FRAP
o DPPH Trolox
1.2.3 mmol TE/100 ¢ DW FRAP
2¢ 40 mL 80% VC
45 min 8 000 r/min mg AAE/100 g DW o
20 min 3 1.2.7
25 mL SPSS 19.0
0.45 pm o 3 +
HPLC °
[9] [2] R )
Symmetry Cig 4.6 mmx250 mm 5 wm
A 1:1 B 2.1
0.5% 0.4 mL/min 25 C
210 nm 5 nLo 8
0~2 min 76% A 2~12 min 77% A o ° 2 N N
1.24 VC
GB 5009.86—2016"" o N N 6.1~58.8.
1.2.5 N 3.3~42.5.3.6~32.9 mg/100 g DW 3
[11] N
1.2.6 N
[12] o N o
2
Table 2 Comparison of phenolics in jujube fruits at different ripening stages mg+ 100 ¢ DW
5.5+0.2 ¢ 6.1£0.3 ¢ 3.3+0.2 d 1.3+0.2 d 0.1+0.01d 03+0.01d 0.2+0.01 b 1.2+0.10 ¢
329+2.1a 58.8+09a 42.5+1.2a 12704 b 2.5+0.10b 3.9+0.20a 3.6£0.20a 8.3+0.30 a
26.842.4b 52.8+1.3b 355+1.7b 154403 a 3.4+020a 3.1+0.10b  3.4+0.10a 6.3x0.20 b
3.6£0.3 d 6.2+0.3 ¢ 4.6+0.1 ¢ 2.2+0.4 ¢ 0.2+0.01 ¢ 0.420.02c¢ 0.3£0.02b 0.8£0.03 d
2.2
3 4
N |I4|O
Gao ™ o
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115.4 mg/100 g DW 3

6.3 mg/100 g DW

4
3 Table 4  Triterpenic acids contents of jujube fruits at different
Table 3 Organic acids contents of jujube fruits at different ripening slages mg-100 g™ DW
ripening stages mg-100 g DW
56.1+4.7 d 84.3+54 d 10512 ¢
7.5£02 b 42.1£0.7b 2.3+0.1 ¢ 4.1+0.2 b 72.3+3.8 ¢ 102.5£2.8 ¢ 13.2+1.7 ¢
7.3£03 b 40.8+4.7b 1.9+0.2 ¢ 3.8+0.2 b 116.5+4.7a  148.843.4 a 358435 a
13.7£1.3 a 109.844.2 a 6.3+0.3 a 7.820.7 a 85.1+4.7 b 126.5+4.7 b 21.4+13 b
14.4£0.8 a 1154443 a 5503 b 8.2+0.4 a
2.4 VC. N
2.3
3 5 VC
N N 335.5~665.5 mg/100 ¢ DW
4 o N vC
56.1~116.5 mg/kg DW VC P<<0.05
84.3~148.8 mg/kg DW VC
10.5~35.8 mg/kg DW ., VC 49.6% .
5
Table 5 Comparison of nutrients and antioxidant activity of jujube at different ripening stages
vc/ / / DPPH / FRAP/
mg+ 100" ¢ DW mg+ 100" ¢ DW  mg-100" ¢ DW mmol TE-100 g DW mg AAE-100 ¢! DW
665.5£10.2 a 963.7+21.3 a 866.7£20.3 a 13.6+0.3 a 1 042.6+30.3 a
426.7+13.3 b 639.8+11.2 b 718.6+10.8 b 9.8+0.7 b 788.6+18.7 b
3427113 ¢ 593.4+£10.3 ¢ 512.3+8.7 ¢ 42404 ¢ 562.5+5.8 ¢
3355+11.2 ¢ 556.7+12.3 d 412.7+5.3 d 3.8+0.3 ¢ 525.6+4.3 d
5 N
P<<0.05
556.7~963.7 mg/100 g DW ° DPPH
412.7~866.7 mg/100 ¢ DW N DPPH
DPPH
N 57.8% - DPPH
47.6% el 3.58 P<<0.05
VC N N
° DPPH
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