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In this study, the chemical compositions of fruits Nitraria roborowskii Kom., Nitraria sibirica Pall., Nitraria tangutorum Bobr. were
investigated. The highest total flavonoids content were observed in Nitraria sibirica, which had the highest crude protein content (6.60 %),
followed by Nitraria tangutorum (3.07%) and Nitraria roborowskii (2.65 %). The total sugar content of Nitraria species varied between
4.66 % and 5.31 %, total fat between 0.143 and 0.537 %, pH 3.81 and 4.29, respectively. Mineral compositions of the Nitraria species
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INTRODUCTION

The Nitraria belongs to genus Nitraria L. of the family
Zygophyllaceae. The genus has 11 species distributed in Asia,
Europe, Africa and Australia. China has six species including
Nitraria roborowskii Kom., Nitraria sibirica Pall., Nitraria
tangutorum Bobr. etc., which are widely spread through north-
west regions, mainly in Gansu, Inner Mongolia and other places
[1-4]. These plants are important populations for the endan-
gered desert vegetation which played a key role in improving
the ecological environment [5,6].

The fruits of Nitraria genus (Nitrariaceae) are desert rare
wild fruit, tatse sweet and sour, and their foliage is usually to
feed the livestock. On the other hand, it has also been effectively
used in folklore medicines to treat disease including indigestion,
neurasthenia, stomach, fever and cold [7-9]. In addition, the
products of Nitraria fruits have played an essential role in the
local soft drink market. The fresh fruits could be eaten directly
or used to produce marmalades, juices, vinegar, liquors and
flavour food which are popular in the north-west of China [10-12].

Nitraria Tangutorum Bobr. grows only in China, whose
fruits are rich in amino acids, vitamins and mineral elements
[13-16]. Meanwhile, V. sibirica and N. roborowskii also contains
various kinds of flavonoids, anthocyanins, crude proteins, sugars,
etc. [17-19]. Thus, it shows the fruits of Nitraria specis are of
great value for human health due to the content of flavonoids,
sugar and minerals.

A detailed research in the composition analysis of fatty
acids, alkaloids and flavonoids were conducted [20-24].
However, there are rather few study focused on the content of
total sugar, total flavonoids and mineral elements in Nitraria
roborowskii. In this paper, the comparative studies on the
chemical composition of Nitraria species, namely Nitraria
roborowskii, Nitraria sibirica and N. tangutorum, which grown
under the different ecological conditions, has been employed
to fulfill the aim of variability in chemical characteristics of
Nitraria species.

EXPERIMENTAL

Collection and preparation of Nitraria fruit samples:
Nitraria fruits were collected in Gansu and Inner Mongolia,
China in 2014. All the berries were picked at the commercially
ripe stage between July and August. The berries were selected
according to uniformity of shape and colour. Then the fruits
were juiced and separated the seed and sarcocarps, then stored
in bottles at -20 °C for further analyses. Three replicates were
used per analysis.

Fruit weight was measured by using a digital balance with
asensitivity of 0.001 g (Scaltec SPB31). The pH were measured
with a digital pH meter (WTW Inolab Level 1, Germany) calibrated
with pH 3 and 5 buffer. The crude protein were determined
according to the methods of National Standards of People's
Republic of China (GB1994) [25].
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The levels of total sugar and total fat were determined accor-
ding to the methods of National standards of People's Republic
of China (GB1994) [26]. Total flavonoid contents of Nitraria
fruits were determined using modified aluminum chloride
colorimetric method as described by Liu et al. [27], with some
modifications. An aliquot (2.0 mL) of extracts and standard
solution of rutin (10, 20, 30, 50, 60, 70, 80 and 100 mg/L) was
added to 10 mL volumetric flasks containing 4 mL of deionized
water followed by the addition of 5 % NaNO, (1.0 mL) to the
flask. After 5 min, 10 % AICI; (1.0 mL) was added. At 6th min,
1 mL of 10 % NaOH was added and the total volume was made
upto 10 mL with deionized water. The solution was mixed
well and the absorbance was measured against prepared blank
solution at 510 nm. The results were carried out in triplicate.

Determination of mineral contents: The modified liter-
ature methods [28] were employed to determinate the mineral
contents. About 0.5 g of weighed sample was placed in a PTFE
digestion vessel, then 8 mL of HNO; were added and left to
stand for about 2 h, before the vessel was sealed. Sample disso-
lution was carried out in a microwave digestion system. The
digest was transferred to a volumetric flask (50 mL) and made
up to the mark with deionized water. Blank experiments (n = 3)
were performed in the same way as for samples.The absor-
bance of the extract was measured by inductively coupled plasma
optical emission spectrometer (ICP-OES). The amounts of
minerals were calculated with a standard curve of each element.

Statistical analysis: The experiment was a completely rando-
mized design with three replications. All statistical calculations
were performed by SPSS 18.0 software package for Windows
(SPSS Inc., Chicago, IL, USA). The studies of significant differ-
ences were carried out by T-test with significant p-level below
0.05.

RESULTS AND DISCUSSION

The juice yield, crude protein and pH of Nitraria species
are given in Table-1, where statistical differences in the amounts
of these components, both within three Nitraria species can also
be interpreted. Fruit juice yield of Nitraria species was found to
be in the range from 73.9 to 44.1 %. The average crude protein

TABLE-1
FRUIT WEIGHT, COLOUR, FRUIT JUICE
YIELD, pH OF NITRARIA SPECIES

Species Samples Crpde pH _Juice
protein (%) yield (%)
N. tangutorum K1 2.65 4.29 73.9
N. sibirica S1 4.69 4.41 64.5
S2 13.94 4.40 30.0
S3 3.44 4.21 52.9
S4 4.32 3.64 50.2
Mean value 6.60a 4.17a 49.4a
N. roborowskii R1 2.33 3.64 16.40
R2 291 3.75 60.50
R3 2.70 391 42.70
R4 441 4.10 43.50
RS 3.12 4.02 57.23
R6 2.96 345 44.10
Mean value 3.07a 3.81a 44.10a

Values in the same column with different lower case letters are
significantly different at p < 0.05.

of Nitraria species ranged between 2.65 % (N. tangutorum)
and 6.60 % (N. sibirica). The pH were ranged between 4.17
(N. roborowskii) and 4.29 (N. tangutorum); juice yield ranged
are found to be in between 44.1 % (N. roborowskii) and 73.9
% (N. tangutorum). Due to higher juice yield, N. tangutorum
fruits may be recommended for processing used as fresh fruit
production.

The pH of N. sibirica and N. Tangutorum were found to be
1.19-2.76 [29]. Present pH results in general were within the
limits of these studies. Previous studies had shown that different
regions crude protein in N. sibirica and N. tangutorum was
between 1.86 and 2.07 % [30], respectively, which is lower
than present results.

Total flavonoid, total sugar and total fat contents in
Nitraria fruits: The total sugar, total flavonoid and total fat
contents of Nitraria species are shown in Table-2. The total
flavonoid content of Nitraria species were found to range from
0.07 % (N. Tangutorum) to 0.49 % (N. sibirica). The total sugar
contents of Nitraria species were between 4.66 (N. Tangutorum)
and 5.31 % (N. roborowskii), while N. sibirica had the highest
content of total fat (0.537 %), followed by N. roborowskii
(0.172 %) and N. tangutorum (0.143 %).

TABLE-2
TOTAL SUGAR, TOTAL FLAVONOID AND
TOTAL FAT OF NITRARIA SPECIES

Species Samples Tot:dl Total Total
flavonoid (%) sugar (%) fat (%)
N. tangutorum K1 0.072 4.66 0.143
N. sibirica S1 0.300 4.18 0.598
S2 0.910 1.88 0.892
S3 0.180 7.50 0.443
S4 0.540 6.29 0.213
Mean value 0.480a 4.96a 0.537a
N. roborowskii R1 0.21 7.35 0.132
R2 0.28 6.60 0.121
R3 0.71 6.56 0.149
R4 0.14 3.12 0.142
RS 0.62 2.96 0411
R6 0.33 5.27 0.074
Mean value 0.38a 5.31a 0.172b

Shu et al. [30] reported that the content of total flavonoid
in stems, leaves, flowers of N. roborowskii were 0.66, 1.24 and
1.43 %, respectively. The total content of flavonoid of N. tangutorum
in stems was 1.444 % while in leaves 4.243 % [31]. However,
present results of the total flavonoid contents of Nitraria species
fruits juices are found to be lower than the reported literatures
[31]. The total sugar contents of Nitraria species were found
to be lower as compared to Nitraria of Qinghai origin (6.81-
7.06 %). A higher total fat range (3.86-4.12 %) was reported
previously [32]. The overall results showed that the fruit could
be a potential source of sugar, flavonoid and total fat. The results
are in good agreement with the reported literature [33,34].

Mineral elements: Differences among the Nitraria species
are observed based on the mineral compositions (Table-3). So
far, the mineral elements content of N. roborowskii was deter-
mined for the first time. In this study, 10 elements were determined
in all Nitraria species, Na was predominant, followed by K,
Ca, Mg, P, Fe, B, Sr, Cr and Co. It was previously showed that
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TABLE-3
CONTENTS OF MINERAL ELEMENTS PRESENT IN DIFFERENT NITRARIA SPECIES
Species Samples Na B Fe Mg P Co Cr Sr K Ca
N. tangutorum K1 2042.3 14 4.6 372.0 176.6 0.3 0.5 3.0 2108.0 846.8
N. sibirica S1 5158.4 10.8 15.7 667.1 484.6 0.3 0.6 7.3 3736.5 1459.5
S2 10819.6 8.3 41.7 646.9 936.7 0.3 0.7 4.5 5111.5 876.9
S3 5743.7 9.6 52.0 4473 294.5 0.2 1.2 34 3928.3 838.6
S4 6616.4 3.0 46.8 178.7 222.4 0.2 0.7 1.4 4254.6 487.7
Mean value 7084.5a 7.9a 39.0a 485.0a 484.6a 0.2a 0.8a 4.2a 4257.7a 915.7a
N. roborowskii R1 3210.6 2.5 37.3 434.5 199.6 0.3 0.8 4.3 2447.1 683.7
R2 1791.1 2.6 6.3 200.9 255.1 0.2 0.5 1.0 4033.6 358.5
R3 3478.0 2.6 26.6 177.5 240.7 9.8 0.4 0.1 3894.4 587.5
R4 5227.3 2.0 12.1 297.8 178.1 0.5 0.2 2.5 3727.2 755.1
R5 2514.2 22 14.0 255.1 158.5 0.2 0.5 0.7 3965.5 317.2
R6 3230.2 22 19.9 160.9 172.4 0.2 0.6 0.5 4361.5 280.0
Mean value 3241.9b 2.3b 19.4b 254.4a 200.7a 1.9a 0.5a 1.5a 3738.2a  497.0a
Values in the same column with different lower case letters are significantly different at p < 0.05.
the mineral composition of fruits influenced, not only on the ACKNOWLEDGEMENTS

species or varieties, but also on the growing environment, such
as soil, climate and geographical conditions [35].

The concentrations of Na, B and Fe in fruits of different
Nitraria species were significantly different (p <0.05). The sodium
values of Nitraria species varied from 10819.6 mg/kg (V. Sibirica)
to 1791.1 mg/kg (N. roborowskii). In previous studies, it was
found that Na contents of N. Sibirica and N. tangutorum was
8700 mg/kg and 1800 mg/kg [36,37], which are within present
results limitation. The boron values were in the range of 10.8
mg/kg to 1.4 mg/kg (Table-3). The highest value was found
for N. sibirica and the lowest was for N. Tangutorum. The Fe
contents of Nitraria species were between 52.0 mg/kg (N. sibirica)
and 24.6 mg/kg (N. tangutorum). Gao et al. [37] reported that
Fe contents of different Nitraria species were 216.00-18.55
mg/kg. Present Fe results are also within these limits.

According to present analyses of Nitraria species, Mg and P
contents of species varied between 254.4 mg/kg (N. roborowskii)
and 485.0 mg/kg (N. sibirica); and 176.6 mg/kg (N. tangutorum)
and 484.6 mg/kg (N. sibirica) (Table-3). Compared to the previous
study, the values for Mg in N. sibirica and N. Tangutorum, are
found to be lower than the results of present study.

The cobalt, chromium and stronium contents were found
to be 0.2-1.9 mg/kg, 0.5-0.8 mg/kg, 1.5-4.2 mg/kg, respectively
(Table-3). The contents of chromium in N. tangutorum and N.
sibirica were close to the results of Suo ez al. [9]. The potassium
and calcium contents of Nitraria species were 4257.7 mg/kg
(N. sibirica)-2108.0 mg/kg (N. tangutorum), 497.0 mg/kg (V.
roborowskii)-915.7 mg/kg (N. sibirica). Geng et al. [38] also
reported that potassium and calcium contents of fruits in
different Nitraria species were 2895.4-5255.6 mg/kg and
517.4-967.7 mg/kg.

Conclusion

In conclusion, it can be said that Nitraria fruits are of great
value, based on their rich and beneficial nutrient composition.
The weight, pH, total fat content, total sugar content, mineral
elements contents were significantly different among Nitraria
species fruits. The results of the study also demonstrated that
Nitraria species fruits are full of nutrients and the further investi-
gation would be meaningful and valuable.

This project received financial support from the Develop-
ment Project of Qinghai Key Laboratory (No. 2017-ZJ-Y'10).
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