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Abstract

The proximate composition of five cultivars of Chinese jujube, along with mineral, vitamin and total phenolic contents were determined.
Investigations showed that Chinese jujube contained 80.86–85.63% carbohydrate, 57.61–77.93% reducing sugar, 0.57–2.79% soluble fibre,
5.24–7.18% insoluble fibre, 4.75–6.86% protein, 0.37–1.02% lipid, 17.38–22.52% moisture and 2.26–3.01% ash. The soluble sugars of
Chinese jujube included fructose, glucose, rhamnose, sorbitol and sucrose. Fructose and glucose were identified as the major sugars while
sorbitol was present in much lesser amounts. Potassium, phosphorus, calcium and manganese were the major mineral constituents in
Chinese jujube. Iron, sodium, zinc and copper were also detected in appreciable amounts. The contents of vitamin C, thiamine and ribo-
flavin were found to be 192–359, 0.04–0.08 and 0.05–0.09 mg/100 g, respectively. Total phenolic contents ranged from 5.18 to 8.53 mg/g.
No correlation between total phenolic contents and antioxidant capacities or antioxidant capacities and vitamin C contents of Chinese
jujube was found.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The jujube, which is mainly distributed in the subtropi-
cal and tropical regions of Asia and America, is a tree of
the Rhamnaceae family. It is commonly used in folklore
medicine for the curing of various diseases. Chinese jujube
(Zizyphus jujuba Miller) is indigenous to China with a his-
tory of over 4000 years. It has been widely planted in re-
forested areas within the Yellow River valley, and chosen
as a variety compatible with the present ecology and econ-
omy (Yan & Gao, 2002.). The fruit of Chinese jujube is a
favoured and profitable fruit, and is much admired for its
high nutritional value. It has been commonly used as a
crude drug in traditional Chinese medicine for the purpose
of analeptic, palliative, antibechic and also commonly used
as food, food additive and flavourant for thousands of
years. The Chinese share of the world jujube production
is about 90% and its production has increased in the last
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10 years due to the demands for food and pharmaceutical
applications (Yan & Gao, 2002). A steady rise in consumer
demand has been reflected by an expansion of Chinese pro-
duction that was 1.1 million tonnes in 1997, reaching 1.4
million tonnes in 2001. Much of the annual Chinese jujube
production has been consumed in fresh and dried forms,
therefore, there have been numerous studies focused on
the preservation and processing of Chinese jujube to
enhance quality (Lu, Li, & Lu, 1992; Wan, Tian, & Qin,
2003; Wang, Li, & Dan, 2003). Other reports are mainly
on characteristics of the shape and type of species. How-
ever, little information is available about the detailed chem-
ical composition of Chinese jujube, which plays an
important role in food processing and preservation.

Nowadays, five cultivars of Chinese jujube are com-
monly planted in China, including Zizyphus jujuba cv. Jin-

sixiaozao, Zizyphus jujuba cv. Jianzao, Zizyphus jujuba cv.
Yazao, Zizyphus jujuba cv. Junzao Zizyphus jujuba cv. San-

bianhong. In a previous paper, antioxidant activities of
extracts from five cultivars of Chinese jujube were com-
pared (Li, Ding, & Ding, 2005). In this study, the objective
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was to determine the detailed composition of five cultivars
of Chinese jujube, including their proximate composition
(total protein, total lipid, fibre and ash), soluble sugar, min-
eral, vitamin and total phenolic contents. The differences in
nutritional composition of five cultivars of Chinese jujube
were also compared.

2. Materials and methods

2.1. Materials

The five cultivars of Chinese jujube analyzed in this
paper were collected from September to October of 2003
in Jinan of Shandong Province, China. They were air dried
in the sun immediately after collection, and then botanically
identified at the Research Institute of Jujube (Shandong,
China). After drying, the five cultivars of Chinese jujube
analyzed in this paper were stored at �20 �C until all assays
were performed. All results represent averages of duplicate
determinations and are expressed on a dry weigh basis.

2.2. Proximate composition analysis

Water content was determined by weight difference after
drying of sample, following the official method of AOAC
(1995). Lipid content was determined using a Soxhlet appa-
ratus according to the procedure described by Huang
(1989). Carbohydrate content was examined using phe-
nol–sulphuric acid colorimetric method (Dubois, Gilles,
Hamilton, Rebers, & Smith, 1956). Reducing sugar was
determined by the method of desulphurization-titration
(Huang, 1989). Insoluble and soluble fibre were measured
according to the procedures described by Huang (1989).
Protein content was calculated from the nitrogen content
(%N · 6.25) analyzed by Kjeldahl method. Ash was mea-
sured according to the standard procedures (AOAC, 1995).

2.3. Soluble sugar extraction and analysis

All samples were sliced and the seeds were removed
before comminuting. The finely powdered Chinese jujube
was defatted by extraction for 4 h with a mixture of petro-
leum ether and chloroform (1:1, v/v) at room temperature
according to the method described by Swamy, Rama-
krishnaiah, Kurien, and Salimath (1991). Defatted Chinese
jujube was first extracted twice with 80% ethanol, then by
four times extraction with 70% ethanol. The ethanolic
extracts were centrifuged and combined. The combined
extracts were concentrated at 40 �C under reduced pres-
sure. The aqueous extracts obtained were de-proteinated
with basic lead acetate, removing excess lead by addition
of sodium oxalate crystals. Then, the sample was again
extracted with ethanol (70%) and the ethanolic extracts
were air dried. Sugar composition of the extracts was deter-
mined using a gas chromatograph (GC-14A, Shimadzu,
Kyoto, Japan), in which oxime-trimethylsilyl derivatives
was measured (Munshi, Vats, Dhillon, & Sukhija, 1990).
Trimethylsilylated (TMS) oximes of sugar extracts were
prepared according to the method of Biermann and
McGinnis (1989). The sample (50 mg) was dissolved in pyr-
idine (2 ml). A 50 ml portion of the pyridine solution was
transferred to a vial for pyridine stock solution containing
3% (w/w) hydroxylamine hydrochloride. The sample solu-
tion was kept at 70 �C for 30 min. After cooling to room
temperature, hexamethyldisilizane (300 ll) and trimethyl-
chlorosilane (200 ll) were added for silylation. The silyla-
tion was allowed to reach completion at room
temperature for 30 min before analysis.

2.4. Mineral analysis

Potassium, calcium, magnesium, iron, sodium, zinc and
copper were determined using atomic absorption spectro-
photometer (Spectra-AA220, Varian Co., Palo Alto, CA,
USA) after digestion in mixed acids (nitric acid:perchloric
acid = 4:1). Phosphorus content was determined by the
molybdenum-blue method in the wavelength of 660 nm
according to the method described by Huang (1989). Sele-
nium content was determined using the fluorometric
method of Huang (1989).

2.5. Vitamin analysis

Thiamine and riboflavin were determined fluorometri-
cally using a F96 spectrofluorometer (Shanghai Second
Instrument Factory, Shanghai, China), following the
AOAC (1995, methods). The content of vitamin C was
measured by visual titration method of reduction of 2,6-
dichlorophenol-indophenol dye (Huang, 1989).

2.6. Extraction and determination of amount of total

phenolic compounds

The slices of Chinese jujube (10 g) were homogenized
with homogenizer (Shanghai Second Instrument Factory,
China) at 6000 rpm for 5 min with methanol–water (4:1,
v/v) at room temperature. The ratio of the slices and sol-
vent was 1:5 (w/v). The resulting slurries were extracted
in a Soxhlet apparatus. The extracts were filtered under
suction through Whatman No. 4 filter paper. The remain-
ing very fine particles in the filtrate were centrifuged at
5680g for 15 min. The supernatants were collected and
the solvent was evaporated in a rotary vacuum evaporator
at 60 �C. The residues were refrigerated and freeze dried.

The amount of total phenolic compounds of Chinese
jujube was determined according to the method described
by Singleton, Orthofer, and Ramuela-Raventios (1999).
Briefly, 0.1 ml of extraction solution was transferred to a
volumetric flask and the volume was adjusted to 46 ml by
addition of distilled water. Then 1 ml of Folin-Ciocalteu
reagent was added to this mixture. After 3 min, 3 ml of
sodium carbonate solution (20 g/L) were added to the vol-
umetric flask. Subsequently, the mixture was shaken
mechanically for 2 h at room temperature. The absorbance
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was measured at 760 nm using a 751-UV–VIS spectropho-
tometer (Shanghai analytical Instrument Factory, Shang-
hai, China). The contents of total phenolic compounds of
extracts from five cultivars of Chinese jujube were calcu-
lated using gallic acid as a standard.

2.7. Ferric-reducing antioxidant power analysis

The amount of total antioxidant capacity of Chinese
jujube was carried out according to a modified method of
FRAP described by Benzie and Szeto (1999).

2.8. Statistical analysis

All experiments were performed at least in duplicate,
and analyses of all samples were run in triplicate and mean
value repeated. Statistical analysis was done using the sta-
tistical analysis systems (SAS, version 8.1) software pack-
age. The results shown are presented as means of three
determinations ±SD (standard deviation). The results
obtained were analyzed using one-way analysis of variance
(ANOVA) for mean differences among five cultivars of
Chinese jujube. p-values of <0.05 were considered to be sta-
tistically significant.

3. Results and discussion

3.1. Proximate composition

The results of the proximate chemical analysis of the five
cultivars of Chinese jujube (Zizyphus jujuba cv. Jin-

sixiaozao, Zizyphus jujuba cv. Jianzao, Zizyphus jujuba cv.

Yazao, Zizyphus jujuba cv. Junzao, Zizyphus jujuba cv. San-

bianhong) are shown in Table 1. The carbohydrate contents
of the five cultivars of Chinese jujube were similar and ran-
ged from 80.86 (Zizyphus jujuba cv. Yazao) to 85.63% (Ziz-

yphus jujuba cv. Sanbianhong). No significant difference
(p > 0.05) existed in the carbohydrate contents among the
five cultivars of Chinese jujube. Reducing sugar contents
of Chinese jujube studied varied from 57.61% to 77.93%.

The soluble fibre contents for five cultivars of Chinese
jujube followed the order: Zizyphus jujuba cv. Jinsixiaozao
Table 1
Chemical component of five cultivars of Chinese jujube (% of dry weight basi

Component Zizyphus jujuba cv.

Jinsixiaozao Yazao

Carbohydrate 81.62 ± 3.12a 80.86 ± 3.55a
Reducing sugar 57.61 ± 2.71c 60.24 ± 2.56c
Soluble fibre 2.79 ± 0.24a 1.46 ± 0.19b
Insoluble fibre 6.11 ± 0.30a 7.18 ± 0.16a
Lipid 0.37 ± 0.01c 1.02 ± 0.05a
Protein 5.01 ± 0.05d 6.86 ± 0.02a
Moisture 18.99 ± 1.23ab 20.98 ± 1.12ab
Ash 2.26 ± 0.03e 2.78 ± 0.05b

Each value is expressed as means ± standard deviation (n = 3). Means with diff
t-test.
> Zizyphus jujuba cv. Jianzao > Zizyphus jujuba cv. Yazao

> Zizyphus jujuba cv. Junzao > Zizyphus jujuba cv. Sanbian-

hong and were 2.79%, 1.51%, 1.46%, 1.07% and 0.57%,
respectively. The soluble fibre contents of different Chinese
jujube exhibited significant differences (p<0.05) except for
Zizyphus jujuba cv. Jianzao and Zizyphus jujuba cv. Yazao.
The insoluble fibre contents of Chinese jujubes ranged
from 5.24% to 7.18%. Zizyphus jujuba cv. Jinsixiaozao

and Zizyphus jujuba cv. Yazao had higher insoluble fibre
contents than those of the other three Chinese jujubes
(p < 0.05).

The five cultivars of Chinese jujube had lower lipid con-
tents and the values ranged from 0.37% to 1.02%. The lipid
contents observed were lower than those of jujube reported
by others (Danthu et al., 2002; Kwon et al., 1997). The
lower lipid contents may be that some bound lipids were
not extracted by ether (Ranhotra, Gelroth, & Vetter, 1996).

Protein contents of the five cultivars of Chinese jujube
varied from 4.75% to 6.86% and ash contents varied from
2.26% to 3.01%. The cultivars appeared to significantly
affect protein contents and ash contents (p < 0.05). The
moisture contents of five cultivars of Chinese jujube ranged
from 17.38% (Zizyphus jujuba cv. Jianzao) to 22.52% (Ziz-

yphus jujuba cv. Sanbianhong).

3.2. Soluble sugars contents

The results of soluble sugars analysis are presented in
Table 2. The soluble sugars identified in the five cultivars
of Chinese jujube were fructose, glucose, rhamnose, sorbi-
tol and sucrose. Fructose and glucose were identified as the
major sugars while sorbitol was present in much lesser
amounts. Other study has also shown that glucose and
fructose were the main sugars present (Sakamura & Suga,
1987). The content of sucrose was found to be lower than
the contents of fructose and glucose. Our result is in agree-
ment with the findings of Beruter (1985). The explanation
may be that sucrose, synthesized in the leaves, is hydro-
lyzed to glucose and fructose with the enzyme invertase
when translocated to the flesh of the fruit, which is known
to happen during ripening of fruits (DeVilliers, Meynhardt,
& Debruyn, 1974).
s)

Jianzao Junzao Sanbianhong

84.85 ± 1.83a 82.17 ± 1.94a 85.63 ± 0.96a
77.93 ± 0.61a 58.73 ± 1.13c 67.32 ± 0.64b
1.51 ± 0.11b 1.07 ± 0.22c 0.57 ± 0.03d
5.24 ± 0.13b 5.83 ± 0.49b 5.56 ± 0.28b
0.39 ± 0.02c 0.71 ± 0.07b 0.65 ± 0.03b
4.75 ± 0.03e 6.43 ± 0.02c 6.60 ± 0.04b

17.38 ± 1.21b 21.09 ± 1.39ab 22.52 ± 1.43a
2.41 ± 0.09d 3.01 ± 0.06a 2.56 ± 0.02c

erent letters within a row are significantly different (p < 0.05) by Bonferroni



Table 2
Sugar contents of five cultivars of Chinese jujube (% of dry weight basis)

Zizyphus jujuba cv. Fructose Glucose Rhamnose Sorbitol Sucrose

Jinsixiaozao 19.1 ± 0.15d 22.5 ± 0.41c 12.2 ± 0.24b 2.1 ± 0.19c 14.1 ± 0.15b
Yazao 18.6 ± 0.09d 26.3 ± 0.12b 12.5 ± 0.21b 0.3 ± 0.17d 11.5 ± 0.02c
Jianzao 42.9 ± 0.26a 19.2 ± 0.27d 14.1 ± 0.35a 1.9 ± 0.15c 0.21 ± 0.05d
Junzao 25.1 ± 0.11b 19.6 ± 0.09d 10.5 ± 0.12c 2.6 ± 0.09b 17.4 ± 0.12a
Sanbianhong 22.8 ± 0.24c 27.2 ± 0.31a 14.7 ± 0.14a 3.5 ± 0.21a 11.3 ± 0.21c

Each value is expressed as means ± standard deviation (n = 3). Means with different letters within a column are significantly different (p < 0.05) by
Bonferroni t-test.

J.-W. Li et al. / Food Chemistry 103 (2007) 454–460 457
The content of fructose was 42.9% in Zizyphus jujuba cv.

Jianzao and was the highest among Chinese jujube studied.
This relatively high content of fructose makes Zizyphus

jujuba cv. Jianzao useful for diabetics. Therefore, it can
be said that the best cultivar for sugar quality is Zizyphus

jujuba cv. Jianzao. The sugar content and composition in
plants are known to differ greatly among cultivars accord-
ing to their habitats. Samples used in this work were col-
lected from the same area, therefore, our results can aid
in the selection of cultivars for special food processing.

3.3. Mineral contents

The results of the analysis of the mineral contents of
Chinese jujube are summarized in Table 3. The data indi-
cated that potassium, phosphorus, calcium and manganese
were the major mineral constituents in the five cultivars of
Chinese jujube tested. Iron, sodium, zinc and copper were
also detected in appreciable amounts. The nutritionally sig-
nificant element selenium was not detected in any of the
five cultivars of Chinese jujube examined.

Potassium was the predominant mineral in the five cul-
tivars of Chinese jujube. The potassium contents ranged
from 79.2 to 458 mg/100 g. The richest source of potassium
in this study was Zizyphus jujuba cv Yazao. From the sta-
tistical analysis, the potassium contents of five cultivars
of Chinese jujube were significantly different (p < 0.05).

Regarding phosphorus contents the highest value was
found in Zizyphus jujuba cv. Jinsixiaozao (110 mg/100 g)
followed by Zizyphus jujuba cv. Junzao (105 mg/100 g),
Zizyphus jujuba cv. Sanbianhong (79.7 mg/100 g) Zizyphus
Table 3
Mineral contents of five cultivars of Chinese jujube (mg/100 g)

Minerals ZiZyphus jujuba cv.

Jinsixiaozao Yazao

Potassium 79.2 ± 5.2a 458 ± 5.0e
Phosphorus 110 ± 2.3e 59.3 ± 1.5a
Calcium 65.2 ± 3.2b 91.0 ± 2.2d
Manganese 39.7 ± 4.1bc 36.5 ± 1.1b
Iron 4.68 ± 0.11a 6.93 ± 0.22d
Sodium 6.34 ± 0.31c 7.61 ± 0.28d
Zinc 0.55 ± 0.04d 0.63 ± 0.03c
Copper 0.26 ± 0.04b 0.27 ± 0.01b
Selenium nd nd

Each value is expressed as means ± standard deviation (n = 3). Means with diff
t-test.
jujuba cv. Jianzao (72.3 mg/100 g) and Zizyphus jujuba cv.

Yazao (59.3 mg/100 g).
The calcium contents ranged from 45.6 to 118 mg/100 g.

Calcium is one of the most preponderant minerals in Chi-
nese jujube, which may also be helpful in lowering blood
pressure. Several clinical and other studies have also shown
calcium to be effective pressure lowering agents (Osborne
et al., 1996; Zemel, 1997). Of course, the human bioavail-
ability of the calcium in these calcium-rich plants is not
known and could be compromised by the co-presence of
natural components such as oxalates and phytates that
can chelate calcium, rendering this critical divalent cation
unavailable for absorption in the intestine. Thereby further
research must be conducted to determine the contents of
inhibitory components for some minerals analyzed.

The richest source of magnesium was Zizyphus jujuba cv.
Jianzao (51.2 mg/100 g). Chinese jujube with the lowest
magnesium content was Zizyphus jujuba cv. Junzao

(24.6 mg/100 g). Magnesium is required by many enzymes,
especially the sugar and protein kinase families of enzymes
that catalyse ATP-dependent phosphorylation reactions.

The iron contents ranged from 4.68 to 7.90 mg/100 g.
Zizyphus jujuba cv. Yazao and Zizyphus jujuba cv. Junzao

were higher in iron. Statistical analysis showed the five cul-
tivars of Chinese jujube were significantly different in their
iron contents (p < 0.05). These iron contents presented here
were higher than those reported in jujube in Senegal (Dan-
thu et al., 2002).

The highest level of sodium was 7.61 mg/100 g (Zizy-

phus jujuba cv. Yazao) and the lowest 3.22 mg/100 g (Zizy-

phus jujuba cv. Sanbianhong). The sodium contents of
Jianzao Junzao Sanbianhong

375 ± 6.3d 201 ± 2.7b 244 ± 3.2c
72.3 ± 2.7b 105 ± 1.8d 79.7 ± 1.4c
45.6 ± 2.1a 118 ± 3.1e 76.9 ± 1.9c
51.2 ± 2.8d 24.6 ± 2.5a 42.1 ± 1.6c
6.42 ± 0.12c 7.90 ± 0.13e 6.01 ± 0.21b
6.21 ± 0.24c 5.96 ± 0.23b 3.22 ± 0.11a
0.47 ± 0.06b 0.42 ± 0.01b 0.35 ± 0.02a
0.42 ± 0.02c 0.31 ± 0.05b 0.19 ± 0.02a

nd nd nd

erent letters within a row are significantly different (p < 0.05) by Bonferroni
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different Chinese jujube exhibited significant differences
(p < 0.05) except for Zizyphus jujuba cv. Jinsixiaozao and
Zizyphus jujuba cv. Jianzao.

Zizyphus jujuba cv. Jinsixiaozao and Zizyphus jujuba cv.

Yazao contained relatively high amounts of zinc (0.65 and
0.63 mg/100 g, respectively). Zinc is nutritionally essential
for all organisms for several reasons, among them being
its role in the immune system, the secretion of insulin
(Chausmer, 1998), the release of vitamin A from liver
stores (Hwang et al., 2002) and key enzymes such as super-
oxide dismutase (Boron et al., 1988; Hwang et al., 2002).
As recommended by the Food and Nutrition Board,
National Research Council (1989), its daily need is 16 mg.

The five cultivars of Chinese jujube contained relatively
low amounts of copper (0.19–0.42 mg/100 g) that is impor-
tant because it participates in numerous enzyme-catalysed
oxidation–reduction reactions and processes, including cer-
tain components of the mitochondrial electron transport
(Takahashi et al., 2002), and lysyl oxidase that is involved
in collagen biosynthesis (Pereira, Gomes, & Teixeira, 2002).

In total, the mineral contents could be affected by cli-
mate, soil nutrient content, time of harvest and landraces
used. It is noteworthy that minerals are important not only
for human nutrition, but for plant nutrition as well. In
addition, mineral-efficient varieties of plants are more
drought resistant and require less irrigation (Bouis, 1996).

3.4. Vitamin contents

The vitamin contents of Chinese jujube are given in
Table 4. According to the results, the amounts of thiamine
(B1) and riboflavin (B2) were low in the five cultivars of
Chinese jujube. Large amounts of vitamin C whose con-
tents ranged from 192 to 359 mg/100 g were present. There-
fore, it appears that Chinese jujube studied is a good source
of vitamin C in the diet. On the average, a 20 g portion of
Chinese jujube studied would provide about all of an
adult’s daily need of vitamin C recommended by Food
and Nutrition Board, National Research Council (1989).
As for vitamins, some plant components may inhibit vita-
min absorption. However, their impact is often difficult
to assess in the context of a total diet, particularly since
some inhibitors such as fibre and phytates may also be
effective health-promoting components.
Table 4
Vitamin, total phenolic contents and antioxidant capacity of five cultivars of

Zizyphus jujuba cv. Thiamine
(mg/100 g)

Riboflavin
(mg /100 g)

Jinsixiaozao 0.05 ± 0.01c 0.07 ± 0.02b
Yazao 0.04 ± 0.01c 0.07 ± 0.01b
Jianzao 0.09 ± 0.01b 0.05 ± 0.01b
Junzao 0.06 ± 0.02bc 0.09 ± 0.02b
Sanbianhong 0.05 ± 0.01c 0.05 ± 0.01b

Expressed on dry weight basis. Each value is expressed as means ± standard d
Means with different letters b, c, d, e and f within a column are significantly d

A Taken from a previous paper written by Li et al., 2005.
3.5. Total phenolic contents

Total phenolic contents of Chinese jujube are given in
Table 4. Among five cultivars of Chinese jujube tested,
total phenolic contents decreased in the order ofZizyphus

jujuba cv. Yazao, Zizyphus jujuba cv. Jianzao, Zizyphus
jujuba cv. Jinsixiaozao, Zizyphus jujuba cv. Junzao, Zizy-

phus jujuba cv. Sanbianhong. Total phenolic contents of dif-
ferent Chinese jujube studied exhibited significant
differences (p < 0.05) except for Zizyphus jujuba cv. Jianzao

and Zizyphus jujuba cv. Yazao.
It has long been recognized that naturally occurring sub-

stances in fruits and vegetables have antioxidant activity.
Among those substances, the phenolic compounds widely
distributed in fruits and vegetables have the ability to scav-
enge free radicals, superoxide and hydroxyl radicals, by
single-electron transfer. There is a consensus that the anti-
oxidant capacity is directly correlated with phenolic com-
pounds (Connor, Luby, Hancock, Berkheimer, &
Hanson, 2002; Robards, Prenzler, Tucker, Swatsitang, &
Glover, 1999; Yang, Lin, & Mau, 2002). However, Ismail,
Marjan, and Foong (2004) reported no correlation between
total phenolic contents and antioxidant capacities of
extracts from five types of vegetables, nor were any rela-
tionships between antioxidant capacities and phenolic com-
position found in fruit berry, fruit wines (Heinonen, Meyer,
& Frankel, 1998) or in plant extracts (Kahkonen et al.,
1999). The previous study has also shown that antioxidant
capacities of Chinese jujube followed the order: Zizyphus

jujuba cv. Jinsixiaozao > Zizyphus jujuba cv. Yazao > Zizy-
phus jujuba cv. Jianzao > Zizyphus jujuba cv. Junzao > Ziz-

yphus jujuba cv. Sanbianhong (Li et al., 2005). In this study,
Pearson correlation analysis does not show any relation-
ship between total phenolic contents and antioxidant
capacities or antioxidant capacities and vitamin C contents
of Chinese jujube (p > 0.05). For example, Zizyphus jujuba

cv. Jinsixiaozao had lower total phenolic content, whereas
its antioxidant capacity was a bit higher than those of ZiZ-
yphus jujuba cv. Yazao and Zizyphus jujuba cv. Jianzao that
had higher total phenolic contents (Table 4). Therefore,
phenolic compounds may contribute to the antioxidant
capacity because of their ability to scavenge free radicals,
superoxide and hydroxyl radicals. However, it is not the
unique factor influencing the antioxidant capacity, there
Chinese jujube

Vitamin C
(mg/100 g)

Phenolic content
GAE (mg/g)

Antioxidant capacity
FRAPA (lmol/g)

359 ± 27b 7.42 ± 0.53c 1173 ± 112b
192 ± 31c 8.53 ± 0.47b 1025 ± 125c
203 ± 19c 8.36 ± 0.33b 794 ± 52.1d
296 ± 38b 7.01 ± 0.42d 563 ± 74.3e
315 ± 24b 5.18 ± 0.29e 342 ± 45.8f

eviation (n = 3).
ifferent (p < 0.05) by Bonferroni t-test.
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are other phytochemicals such as vitamin C and pigments
as well as the synergistic effects among them, which also
contribute to the total antioxidant capacity. On the other
hand, total phenolic contents, determined according to
the Folin-Ciocalteau method, are not an absolute measure-
ment of the amount of phenolic materials. Different type of
phenolic compounds have different antioxidant capacities,
which are dependent on their structure. Five cultivars of
Chinese jujube possibly contain different types of phenolic
compounds with different antioxidant capacities.

4. Conclusions

The present study reveals the difference in nutritional
composition of five cultivars of Chinese jujube that may
lead to their different applications. Zizyphus jujuba cv. Jian-

zao, owing to its high content of fructose, may be useful for
diabetics. Zizyphus jujuba cv. Yazao, due to its abundance
in total phenolic compounds, zinc and potassium, may
contribute to reducing the risk of heart disease, cancer,
arthritis, and aging process. Zizyphus jujuba cv. Junzao,
with its high contents of vitamin and sucrose, is favorably
consumed as fresh fruit. Zizyphus jujuba cv. Jinsixiaozao is
rich in non-reducing sugar, and contains much less protein
and ash than that of other cultivars; therefore it is a favor-
able material for polysaccharides extraction. In summary,
Chinese jujube may be exploited for development of vari-
ous functional foods.
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