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The present study was conducted on five jujube (Ziziphus mauritiana Lamk.) cultivars
(Anokhi, Karela, Dill bahar, Ajooba and Dehli white) grown in two locations in Punjab,
Pakistan during seasons 2014-2015 and 2015-2016. The aim of the study was to
determine genetic diversity based on fruit properties fruit (weight, length, diameter), seed
(weight, length, diameter), pulp weight, juice pH, total soluble solids (TSS), titratable
acidity (TA), vitamin C, sugars (total, reducing, and non-reducing), antioxidant capacity
and total phenolics. All cultivars significantly differed from each other in their fruit
physico-chemical attributes. Dehli white cultivar had the highest fruit weight (22.90 g),
fruit diameter (37.58 mm), pulp weight (16.83 g) and seed diameter (10.33 mm) than
other cultivars. Dill bahar had the highest fruit length (43.75 mm), seed weight (2.69 g),
juice pH (4.98), vitamin C content (55.86 mg/100 mL juice) and total phenolic contents
(146.98 ug GAE per mL). Anokhi had the highest seed length (26.13 mm), non-reducing
sugars (37.81%), total sugars (47.23%) and antioxidant capacity (1016.8 mM trolox per
100 mL). In Bahawalpur and Faisalabad’s environmental conditions Dehli white and Dill
bahar cultivars were with better physical properties. However, according to biochemical
properties Ajooba and Anokhi cultivars were better in Bahawalpur.
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INTRODUCTION

Jujube (Ziziphus mauritiana Lamk) is also well-known as Chinese apple, ber and Indian
jujube belongs to genus Ziziphus and a buckthorn family Rahmnaceae (SHARMA and GUAR,
2013) and distributed between the latitudes of 34° south and 51° north in tropical and subtropical
areas of the world and at altitude up to 2800 meters above sea level. Z. mauritiana occurs in
almost every region of the world and native to Afghanistan, Australia, North Africa, North India,
Malaysia, and southern China. In India and Pakistan, Z. mauritiana is a prevailing component of
natural vegetation in deserts along with a great example of extremely drought-hardy species
(KAMILOGLU et al., 2009; RAzI et al., 2013).

In Pakistan, it is widely distributed in three provinces i.e. Khyber paktunkhwa (Banuu,
Karak and Kohat districts), Punjab (Attock, Chakwal and Mianwali districts) and Sindh province
(Karachi, Hyderabad and Nawabshah districts). In Pakistan, jujube is cultivated on an area
about5.425 ha with an annual production of 28.000 tones (QAMER et al., 2007).

Z. mauritiana is an evergreen species and drought resistant in nature (CHERRY, 1985). It
can also be grown magnificently in saline soil (MEENA et al., 2003). Different environmental
aspects such as rainfall, temperature, light and wind cause fruit loss. Fruit quality during fruit
growth and fruit ripening stage is affected by temperature (ARPAIA, 1994). Jujube requires little
rainfall and tolerates a wide range of temperature which varies from -5°C to 49°C. However, Z.
mauritiana does not tolerate frost (VON CARLOWITZ et al., 1991).

The fruit physico-chemical characteristics quite variable among cultivars, which varied
from 3.8 to 39.5 g in fruit weight, from 18.2 to 58.0 mm in fruit lenght, from 11 to 47 mm in
fruit diameter and pulp yield from 81 to 97% (CHOVATIA et al., 1993; JAWANDA and BAL, 1981;
GHOSH and MATHEW, 2002). Nutritionally the pulp of jujube fruits comprises total soluble solids
(12-23%), titratable acidity (0.13-1.42%), total sugars (3.1-14.5%), reducing sugars (1.4-9.7%),
sucrose (5.6%), glucose (1.5%), fructose (2.1%) and starch (1.0%) (BAL, 1990; GHOSH and
MATHEW, 2002). It is also a rich source of vitamin C. JAWANDA and BAL, (1978) stated that,
ascorbic acid content ranged from 39-166 mg/100 g of fruit pulp in different jujube cultivars.

There is lack of information regarding jujube cultivars in Pakistan. Indigenous cultivars
are missing and there is little research work available on their botanical classification (RAZI et
al.,, 2013). Fluctuation in yield and quality of jujube fruit is greatly affected by the soil
properties, climatic factors and cultivar selection (GAO et al., 2011). Fruit quality attributes
largely depend upon cultivar to be selected. Previously, variations in fruit weight (REICH, 1991),
juice content (COLLADO-GONZALEZ et al., 2013) and seed weight (ECEVIT et al., 2007) have been
recorded in jujube cultivars.

Jujube fruit quality in terms of nutritive value and phytochemical compounds is gaining
importance and quality is affected by environment (ARPAIA, 1994), cultivars (GAO et al., 2011),
and water availability (KUMAR, 2012). Therefore, the present study was conducted to assess the
variation in physico-chemical characteristics of promising jujube (Ziziphus mauritiana) cultivars
grown under different agro-climatic conditions in Faisalabad and Bahawalpur, Pakistan.

MATERIALS AND METHODS
Plant material
The current study was conducted to evaluate the physico-chemical characters of five
jujube (Ziziphus mauritiana) cultivars in postgraduate laboratory of Department of Horticulture,
Faculty of Agricultural Sciences and Technology, Bahauddin Zakariya University, Multan,
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Pakistan during 2015-2016. The cultivars were Anokhi, Karela, Dill bahar, Ajooba and Dehli
white. The age of trees were between 15-20 years and selected from fruit orchards of
Horticultural Research Institute AARI, Faisalabad, Punjab (31.4310° N, & 73.0695° E, 183 m
altitude) and Horticultural Research Station Bahawalpur, Punjab (71.3866 °E & 29.2272 °N,
100.28 m altitude) (Table 1). Cultural and management practices were adopted for the trees.
Climate of both locations falls in arid to semi-arid range. Data for temperature and rainfall
pattern for both locations are given in Figure 1.
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Figure 1. Daily maximum and minimum temperatures (a, c), rainfall and solar radiation (b, d) at
Bahawalpur (a, b; unfilled symbols) and Faisalabad (c, d; filled symbols) during both seasons.

Table 1. Geographical and meteorological data of Bahawalpur and Faisalabad location

Location Bahawalpur Faisalabad
Latitude 29.2272 °N 31.4310°N
Longitude 71.3866 °E 73.0695° E
Altitude (m) 100.28 183

Mean maximum temperature °C 35.6 33

Mean minimum temperature °C 134 115
Average rainfall (mm) 143 300
Methods

For each cultivar, three trees were selected randomly for fruit collection. Each cultivar
was considered as a treatment and each tree as a replication. For measuring physico-chemical
attributes, a randomly sample of 10 fruits was harvested from each selected tree. Fruits were
harvested at the start of March when the specific gravity of the fruit reaches below 1.00. Fruit
length, weight and diameter were determined through digital vernier caliper (IKKEGOL).
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Average fruit weight was determined using electronic weighing balance (WT6002-D). Fruits
were peeled and seeds were removed to measure pulp weight and seed weight separately. For
chemical analysis 10 fruits were randomly selected from each treatment unit. These fruits were
washed and dried at room temperature and electrical juicer was used to extract the juice. Juice
weight of ten fruits was taken with the help of weighing balance. Juice pH was recorded using
pH meter (MI 180, Hungary). For determining total soluble solids (TSS), digital refractometer
(PAL-1, Atago, Japan) was used. Titratable acidity was determined through titration with NaoH
and expressed as %. Vitamin C content was determined through Indophenol’s titration method as
developed by RUCK (1963). Sugars (reducing, non-reducing and total) were determined by
following the procedure of HORTWITZ (1960). Trolox equivalent antioxidant capacity (TEAC)
and total phenolic contents were determined by following the modified method of 0zGEN et al.,
(2010).

Statistical analysis

The experiment was a completely randomized design. Data were subjected to analysis
of variance and means were separated by Duncan multiple range test at P<0.01 significant level
(sAs, 2005).

RESULTS AND DISCUSSION
The two year data regarding physico-chemical analysis of jujube cultivars were
statistically analyzed. Initially year was considered as a factor. However, the most parameters
were not significantly affected by the year. Therefore, the data of both years were pooled
together and then analysis of variance was performed and LSD values of five cultivars and
locations are shown in Table 2.

Table 2. Analysis of variance and LSD values of five Ber varieties grown in two different agro-climatic

conditions
Parameter Variety Location Variety x location
Fruit weight (g) 0.6706 ** 0.4241 ** 0.9483 **
Fruit diameter (mm) 1.2667 ** 0.8011 ** 1.7913 **
Fruit length (mm) 1.1360 ** 0.7185 ** 1.6066 **
Seed weight (g) 0.0970 ** 0.1534 ** 0.2170 **
Seed length (mm) 0.6939 ** 0.4388 ** 0.9813 **
Seed diameter (mm) 0.2996 ** 0.1895 ** 0.4237 *
Fruit juice (%) 3.2337 ** 2.0452 ** 45731 **
Fruit Juice (pH) 0.1805 ns 0.1142 ** 0.2553 *
Titratable acidity (%) 0.0380 * 0.0240 ** 0.0537 *
TSS (° Brix) 0.2426 ** 0.1534 ** 0.3431 **
Pulp weight (g) 0.4525 ** 0.2862 ** 0.6399 **
Vitamin-C (mg/100 ml juice) 1.6369 ** 1.0352 ** 2.3149 **
Total sugars (%) 1.2052 ** 0.7622 * 1.7044 **
Reducing sugars (%) 0.2014 ** 0.1274 * 0.2848 **
Non-reducing sugars (%) 1.1959 ** 0.7564 ns 1.6913 **
Total phenolics (ng/GE ml) 4.8635 ** 3.0759 ** 6.8780 **
Antioxidant capacity (mM trolox/ 100 ml) 141.47 * 89.472 ns 200.07 **

Antioxidant activity (%) 3.6138 * 2.2856 ns 5.1107 **
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Physical attributes

Physical characteristics were significantly affected by the interactive effect of cultivars
and locations. The maximum fruit weight was recorded in cultivar Dehli white at Faisalabad
location (22.90 g) followed by Dill bahar at Bahawalpur location (22.40 g) (Figure 2A).
Regarding fruit diameter, Dehli white showed maximum value at Bahawalpur (37.58 mm),
followed by Dill bahar at Bahawalpur (34.37 mm) and Dehli white at Faisalabad (34.13 mm).
The two parameters were significantly differed between cultivars and locations (Figure 2B).
Fruit length was maximum in Dill bahar at Bahawalpur (43.75 mm), followed by Karela at
Bahawalpur (43.32 mm) and Karela at Faisalabad (42.16 mm). Fruit length were significantly
differed between cultivars and locations (Figure 2C). Concerning seed characteristics of the
jujube cultivars, the maximum seed weight was recorded in Dill bahar at Bahawalpur (2.69 g),
followed by Anoknhi at Bahawalpur (2.09 g) and Dehli white harvested from Bahawalpur (2.09 g)
(Figure 2D). The seed length was found maximum in Anokhi at Bahawalpur (26.13 mm),
followed by Karela at Bahawalpur (24.03 mm) and Anokhi at Faisalabad (24.01 mm). The two
parameters were statistically significantly differed between cultivars and locations (Figure 2E).
The maximum seed diameter was observed at Bahawalpur location in Dehli white (10.33 mm)
followed by Dill bahar (10.12 mm) and Ajooba (10.12 mm). These three cultivars were
statistically similar with each other (Figure 2F).
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Figure 2. A) fruit weight, B) fruit diameter, C) fruit length, D) seed weight, E) seed length, F) seed diameter
of five Ber varieties (Anokhi, Karela, Dill bahar, Ajooba and Delhi white) grown in two different
agro-climatic conditions (Bahawalpur and Faisalbad). N=20
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In the current study physical characteristics of jujube fruit varied among cultivars and
our findings are in accordance with GAO et al. (2011) who also reported that cultivar is the main
factor affecting fruit physical characteristics in jujube. GobplI et al., (2016) also obsreved
significant differences among the physical attributes of jujube genotypes. These attributes
depends upon various genetic factors (DHUIQUE-MAYER et al ., 2009; FANCIULLINO et al., 2006;
GOLDENBERG et al., 2014). In addition with genetics, different environmental aspects such as
rainfall, temperature, light also influence physico-chemical attributes (SHELLIE and MANGAN,
1994; ISHFAQ et al., 1999).

In our study, physical parameters were also affected by the locations. The same
cultivars at two different locations exhibited significant differences in fruit characteristics. Fruit
weight was maximal at Faisalabad location and other parameters viz. fruit length and width, seed
weight, length and diameter were maximal at Bahawalpur location. This might be due to the
environmental factors, which varied between locations.as seen in Figure 1, the average of
maximum temperature is higher at Bahawalpur location than Faisalabad. Regarding rainfall
pattern, intensity as well as frequency was higher at Faisalabad location as compared with
Bahawalpur. Solar radiation has a great influence on fruit physical as well as chemical
properties. In Bahawalpur location average solar radiation was low than Faisalabad and WASEEM
et al., (2002) also reported that light conditions can affect fruit physical characteristics.

Biochemical characteristics

The juice percentage was found maximum in fruits of Ajooba cultivar at Faisalabad
location (44.28%), followed by Dehli white at Bahawalpur (41.76%) and Karela at Faisalabad
(38.23%). This parameter was significantly differed both cultivars and locations (Figure 3A).
Juice percentage varied among cultivars and also due to the environmental conditions. Our
results are supported by MOHAR et al. (2011), NAWAZ et al. (2012) who concluded that juice
percentage in jujube cultivars varied at different agro-climatic conditions. The jujube fruits
showed maximum juice pH in Dill bahar at Faisalabad location (4.98), followed by Anokhi at
Faisalabad (4.86) and Dehli white collected from Faisalabad (4.71). This parameter was
significantly differed both cultivars and locations (Figure 3B). Juice titratable acidity was
recorded maximum in Karela (0.52%) followed by the cultivar Ajooba (0.51%) and Dehli white
(0.50%). This parameter was significantly differed between cultivars and locations (Figure 3C).
Total soluble solids (TSS) was recorded maximum in cultivar Ajooba at Bahawalpur (13.58
°Brix), followed by Karela at Bahawalpur (13.16°Brix) and this patrameter was dissimilar with
cultivar Anokhi at Faisalabad location (12.83°Brix) as shown in Figure 3D. TSS depends on
fruit maturity (GUNDUZ and SARACOGLU, 2014) and it is also affected by the cultivars (CHEN et
al., 2006; Gao et al., 2003; JIANG et al., 2006). The maximum pulp weight was recorded in Dehli
white at Faisalabad location (16.83 g) followed by Dill bahar at Bahawalpur (15.31 g) and Dehli
white taken from Bahawalpur (15.24 g) (Figure 3E). Vitamin C content was found maximum in
cultivar Dill bahar at Bahawalpur (55.86 mg/100 mL juice) followed by Ajooba at Bahawalpur
(44.75 mg/100 mL juice) and Dill bahar at Faisalabad location (42.28 mg/100 mL juice).
Vitamin C was significantly differed between cultivars and locations all these were statistically
different from each other (Figure 3F). Jujube fruit is rich in vitamin C and in our study, it
significantly varied among cultivars and locations. BERMEJO et al. (2011) also reported the effect
of cultivars on various biochemical content in citrus cultivars.
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Sugars (total, reducing and non-reducing) were significantly affected by jujube cultivars
and also the locations. The total sugars were recorded maximum in cultivar Anokhi at
Bahawalpur (47.23%), followed by Dill bahar at Faisalabad (43.45%) and Karela at Bahawalpur
(43.18%) (Figure 4A). The maximum percentage of reducing sugars were found in cultivar Dehli
white at Bahawalpur (8.09%), followed by Ajooba at Faisalabad (7.80%) and Ajooba at
Bahawalpur (7.65%). This parameter was significantly differed between cultivars and locations
(Figure 4b). Anokhi at Bahawalpur location produced maximum non-reducing sugars (37.81%),
followed by cultivar Karela at Bahawalpur (35.61%) (Figure 4C). Our results elaborated that
cultivars as well as locations influenced the different types of sugars in jujube. Similarly, HULME
(1971) and MARSH et al., (2000) concluded that organic acids and sugars are affected by the
ecological conditions, management practices such as irrigation, rootstock, species as well as
cultivar to be studied. Light conditions also affect acidity and sugars. Low light increases total
sugars and reducing sugars in litchi fruits (WASEEM et al., 2002).
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Figure 3. A) fruit juice, B) fruit juice pH, C) titratable acidity, D) TSS, E) pulp weight, F) vitamin-C of five
Ber varieties (Anokhi, Karela, Dill bahar, Ajooba and Delhi white) grown in two different agro-
climatic conditions (Bahawalpur and Faisalbad). N=20
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Regarding total phenolic content, the maximum values were recorded in jujube cultivar
Dill bahar at Bahawalpur location (146.98 pg GAE/mL), followed by Ajooba at Bahawalpur
(142.77 pg GAE/mL) and Karela at Bahawalpur location (138.56 ug GAE/mL); this parameter
was statistically significantly differed both cultivars and locations (Figure 4D). Our results
indicated that total phenolic contents significantly varied among different jujube cultivars and
also among locations. The important factors affecting total phenolic contents include climatic
factors, cultivars and harvest stage (MOULY et al., 1997; RAPISARDA et al., 1998).
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Figure 4. A) total sugars, B) reducing sugars, C) non-reducing sugars, D) total phenolics, E) antioxidant
capacity, F) antioxidant activity of five Ber varieties (Anokhi, Karela, Dill bahar, Ajooba and Delhi
white) grown in two different agro-climatic conditions (Bahawalpur and Faisalbad). N=20

Jujube cultivar Anokhi possessed the maximum antioxidant capacity when collected
from Bahawalpur (1016.8 mM trolox/100 mL), followed by Dill bahar at Bahawalpur (879.2
mM trolox/100 mL) and Karela at Faisalabad location (749.3 mM trolox/100 mL) (Figure 4E).
This parameter was statistically significantly differed both cultivars and locations (Figure 4F).
Antioxidants activity is dependent on cultivar, climatic and edaphic factors, maturity stage and
also postharvest treatments (KALT, 2005; OZGEN et al., 2008; CANAN et al., 2016; SARIDAS et al.,
2016). zozio et al., (2014) also observed the different antioxidants activity among jujube
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cultivars. Antioxidant activity is also related with vitamin C content and total phenols (zvAIGZNE
et al., 2009). Cultivars, environmental conditions and fruit maturity are the factors that influence
the phenolic profile (MOULY et al., 1997; RAPISARDA et al., 1998; ZORENC et al., 2016); therefore
antioxidant profile varies accordingly. zvAIGZNE et al., (2009) examined antioxidant activity of
fruits the results showing that response of fruit juices towards antioxidant activity depends on
vitamin C and total phenol content present in them. KALT (2005) and OzGEN et al., (2008)
reported that antioxidant capacity is affected by variety, genotype and characteristics of fruit,
maturity stage of fruit, growing conditions, postharvest duration and treatments of fruit.

CONCLUSION
Results of present research showed that all cultivars significantly differed with each
other in their physico-chemical attributes. As concerning with the physical properties in
Bahawalpur and Faisalabad’s environmental conditions, Dehli white performed better than all
others cultivars. However, among biochemical properties Ajooba and Anokhi performed better
in Bahawalpur’s environmental condition. Moreover, Dehli white was also better in overall
acceptability.
Received, October 22", 2017
Accepted February 18", 2018
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Izvod

Ovo istrazivanje je sprovedeno na pet kultivara Ziziphus mauritiana Lamk. Anokhi, Karela, Dill
bahar, Ajooba i Dehli white, koji su gajeni na dve lokacije u PendZabu, Pakistan u toku sezona
2014-2015 i 2015-2016. Cilj je bio utvrdivanje geneticke raznovrsnosti zasnovane na voénim
osobinama ploda (tezina, duzina, precnika), semena (tezina, duzine, precnika), teZini pulpe, pH
sokova, ukupnih rastvorljivih ¢vrstih materija (TSS), vitaminu C, Secerima (ukupni, redukujuci i
neredukujuci), antioksidativnom kapacitetu i ukupnim fenolima. Svi kultivari znacajno su se
razlikovali jedni od drugih po svojim fizi¢ko-hemijskim osobinama. Dehli white kultivar imao je
najvisu tezinu ploda (22,90 g), precnika voca (37,58 mm), tezinu pulpe (16,83 g) i precnik
semena (10,33 mm) u odnosu na druge sorte. Dill bahar je imao najvisu duzinu ploda (43,75
mm), tezinu semena (2,69 g), pH sokova (4,98), sadrzaj vitamina C (55,86 mg / 100 mL sok) i
ukupan sadrzaj fenola (146,98 mg GAE po ml). Anokhi je imao najveéu duzinu semena (26,13
mm), neredukujuée Secere (37,81%), ukupne Secere (47,23%) i antioksidativni kapacitet (1016,8
mM troloka na 100 mL). U uslovima zivotne sredine Bahavalpura i Faisalabada Dehli white i
Dill bahar su imale bolje fizicke osobine. Medutim, sorte Ajooba i Anokhi su bile bolje u
Bahavalpuru na oshovu biohemijskih svojstava.
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