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A B S T R A C T   

Ziziphus mauritiana is used as food and medicine. It is very nutritive and contains high amounts of 
calcium, phosphorus, iron, vitamin C, and beta-carotene. To choose an appropriate technique for 
fruit preservation, this study evaluated the effect of temperature and time on the nutritional and 
anti-nutritional qualities of Ziziphus mauritiana fruit harvested from Kobo Woreda in North- 
Eastern Ethiopia. This study assessed the impact of preservation parameters on the nutritional 
and anti-nutritional properties of Ziziphus mauritiana fruit, such as storage temperature and 
preservation day (time). Ziziphus mauritiana fruit was also analyzed to evaluate storage temper-
ature and preservation day on its nutritional and antinutritional composition and found moisture 
content (5.25–10.99%), ash content (4.74–10.70%), crude fiber (3.81–17.88), fat (0.49–2.16), 
nitrogen content (1.01–1.8%), protein content (6.33–11.27), phytate content (67.27–659.33 mg/ 
100 g m), and tannin content (3842.46–16577.80 mg/100 g m). The findings revealed that both 
individual and interaction effects were highly significant differences (p-value, 0.0001) in each 
nutritional and antinutritional content of the fruit. The results of this study showed that it was 
possible to store Ziziphus mauritiana fruit using plastic bags (High-Density Polyethylene Bags), and 
further deep-freezing the fruit had the best effect on preserving it in its fresh state (without 
damage) for up to 45 days.   

1. Introduction 

Globally, approximately one billion people derive livelihoods and food from forests [1], and over 300 million rely heavily on 
non-timber forest products (NTFPs) for their sustenance and livelihood. According to Refs. [2,3], NTFPs are widely used for nutritional 
and medical purposes in tropical and low-income countries. According to Ref. [4], one in six people worldwide relies on wild foods 
such as bushmeat, insects, honey, fungi, wild vegetables, and wild edible fruits (WEFs) for nourishment. The main NTFPs, either raw or 
processed, used to supplement daily calorie needs are WEFs [5,6]. 

Furthermore, there is strong evidence that wild fruits (food) play a significant role in the global food market and prevent 
malnutrition, which is a serious health concern in poor countries such as Ethiopia [7,8]. Because WEFs are accessible during the dry 
season, when many domestic fruits and vegetables are in short supply and expensive, they are essential for guaranteeing the security of 
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food and livelihoods for countless families and communities worldwide [9,10]. Additionally, WEFs are important for human nutrition, 
particularly as a source of carbohydrates, proteins, vitamins, minerals, and dietary fiber, and they have a vast array of therapeutic 
benefits [11,12]. For instance, edible wild plants have been reported to have higher fat, protein, mineral, and vitamin content than 
cultivated species [13]. 

Africa has abundant novel plant species that are known to be rich in health-promoting chemicals and compounds, many of which 
have yet to be explored or utilized. Sub-Saharan Africa is home to hundreds of different native fruit tree species one of the key WEFs, 
Ziziphus mauritiana is a multipurpose species with economic potential in the Sahel region and potential as an agroforestry candidate 
species [14]. There is a variety of Ziziphus species and cultivars. One of the most important species, Ziziphus mauritiana, is very 
nutritious and contains high levels of iron and vitamin C, beta (β)-carotene, calcium, and phosphorus [15]. The Jujube (Zizphus 
mauritiana Lam.) species is native to northern China, but today its geographic range occupied arid and semi-arid and was introduced in 
West Asia, Africa, and the West in the Mediterranean region, where it would eventually become naturalized [16,17]. 

Ziziphus mauritiana, also known as Jujube in English and Kurkura in Amharic, is a spiny tree or shrub that grows between 8 and 15 
m (m) and is a member of the Rhamnaceae family with a wide geographical spread. It grows in most semi-arid areas of Africa, where 
rainfall ranges from 200 to 1200 mm per year. This species is also common in the arid regions of South and Southeast Asia. Ziziphus 
mauritiana is tolerant of drought, water-logging, salinity, and a wide range of soil pH. It is common in Gonder, Gojam, Welo, Shewa, 
Arsi, Illubabor, GamoGofa, Bale, Sidamo, and Harerge, and widely dispersed in dry regions of tropical and South Africa, Madagascar, 
and Arabia [18]. Ziziphus mauritiana is a multi-purpose tree. It has a long history of use as a vital food and in traditional medicine. 
Various parts of the Ziziphus mauritiana plant, including roots, stems, leaves, flowers, and fruits, are used as pharmacological agents 
[19]. 

Fresh fruits and vegetables are perishable commodities because of their inherent tendency to spoilage for physiological reasons. 
Postharvest losses can occur at any stage of the marketing process between harvest and consumption. Post-harvest losses of fresh 
products range from 25 to 50% of the entire production in developing countries, depending on the commodity where there is a severe 
lack of infrastructure and marketing facilities. Because proper fruit handling increases the economic importance of WEFs and improves 
the production of value-added products from these widely available WEFs, it should be prioritized. Another objective for the devel-
opment of valuable fruit trees is to determine their nutrient availability and nutritional quality of fruit trees [20]. 

Therefore, there is a need to assess post-harvest handling, study fruit preservation techniques, and process the fruit and associated 
products of the Ziziphus mauritiana fruit tree to recommend for utilization. Therefore, the objective of this study was to determine the 
best storage conditions for Ziziphus mauritiana, including the preservation time, temperature, and packaging material. Furthermore, 
this study provides information that can be used by the local community, development partners, researchers, and individual farmers to 
design appropriate programs for improving income and food security in rural communities using the Ziziphus mauritiana tree, espe-
cially in Ethiopia. 

2. Materials and methods 

2.1. Study area description 

Physiologically mature wild edible Ziziphus mauritiana fruits were harvested from Kobo in the Amhara National Regional State in 
Ethiopia (12◦09′N, 39◦38′E with an elevation of 1468 m above sea level). 

Fig. 1. Picture of Ziziphus mauritiana fruit at the time of harvesting.  
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2.2. Sample collection and preparation 

A sample of Ziziphus mauritiana fruit was collected from Kobo in the Amhara National Regional State of Ethiopia in November 2021. 
During the harvesting period, mature (fully ripe) and undamaged (with a good appearance) fresh fruit, as shown in Fig. 1A, were 
collected, placed in a cooled icebox, and immediately transported to Addis Ababa, Forest Products Innovation Center’s laboratory for 
nutritional and anti-nutritional analysis. Sorting was performed by hand, and any moldy/rotting fruit, insect damage, mechanical 
damage, or foreign matter was removed. The fruits were washed with water, cleaned with a dry cloth, spread over a thickness of 4–6 
cm on an aluminum tray, and allowed to dry for 2 h at room temperature under shade. Furthermore, the Ziziphus mauritiana fruit was 
packed using a high-density polyethylene bag (HDPB) and preserved in a deep freezer. On 15, 30, and 45 days, the fruit samples were 
removed from the refrigerator and dried in an oven for 48 h at 60 ◦C. The dried fruit samples were manually crushed and ground using 
a mortar and pestle to a sieve size of approximately 2 mm. The powdered fruit was then placed in aluminum foil and refrigerated at 4 ◦C 
until nutritional and anti-nutritional analyses were performed. 

2.3. Nutritional and antinutrition composition analysis 

2.3.1. Determination of moisture content 
The moisture content of the samples was determined using the oven-drying method. Accordingly, three replicates of Ziziphus 

mauritiana fruit pulp samples were accurately weighed (2 g) from each preservation technique and dried in an oven overnight at 105 ◦C 
for 12 h. The moisture content of the fruit pulp is expressed as follows eqn: (1) [21]: 

Moisture (%)=
(W1 − W2)

W1
∗ 100 (1) 

Where: W1 is the weight (g) of the sample before drying, and W2 is the weight (g) of the sample after drying. 

2.3.2. Determination of ash 
Three replications of ground Ziziphus mauritiana fruit pulp samples (moisture-free) that accurately weighed 2 g were heated on a 

burner in the air to remove smoke. Each fruit pulp sample was then burned in a furnace at 550 ◦C for 4 h [22]. The ash content was 
expressed as indicated below, eqn. (2): 

Ash (%)=
(W1 − W2)

W1
∗ 100 (2)  

Where: W1 is the weight (g) of the moisture-free sample before burned, and W2 is the weight (g) of the sample after burned. 

2.3.3. Determination of total nitrogen and crude protein 
The Kjeldahl method was used for nitrogen determination taking 0.5 g of ground Ziziphus mauritiana fruit pulp sample was added to 

the digestion flask in three replicates for each preservation technique. The nitrogen content was then calculated [23]. As suggested by 
Ref. [24], a nitrogen conversion factor of 6.25 [24],was used to compute the protein content. 

2.3.4. Determination of crude fiber 
The crude fiber content was determined by acid-base digestion or the Coarse Fiber method using 2 g of Ziziphus mauritiana fruit pulp 

sample (moisture-free). The crude fiber content was calculated as the difference between the weight of the residues and ash, and which 
then converted to a fraction and represented as a percentage loss in weight on ignition [22]. 

2.3.5. Determination of crude fat 
Two grams of moisture-free Ziziphus mauritiana fruit pulp sample in triplicate were weighed into a porous thimble, and its mouth 

was covered with cotton. The thimble was then placed in a Soxhlet apparatus. A dry pre-weighed flask was connected beneath the 
apparatus to which the required volume of solvent (hexane or petroleum ether) was added, which was then connected to the 
condenser. An adequate amount of hexane (boiling point of 40–60 ◦C) was added to the flask. To extract the crude fat, the flask was 
heated in a heating mantle for 8 h. After removing the thimble, the solvent was placed inside the apparatus. Excess solvent was 
evaporated from the flask in a hot water bath, and the flask was dried in an oven at 40–60 ◦C. The samples were then cooled in a 
desiccator and weighed [25]. 

2.3.6. Phytate determination 
The method described by Ref. [26] was used to determine phytate content. With three replications, an accurate 0.5 g of ground 

Ziziphus mauritiana fruit pulp sample was weighed into a 100 ml conical flask. A conical flask was filled with 10 ml of 0.2 normal 
hydrochloric acids (HCl). Subsequently, the sample was extracted using a mechanical shaker and soaked for 1 h at ambient tem-
perature before being filtered. Then, 3 ml of the filtered solution was mixed with 2 ml of the Wade reagent solution. After homoge-
nization, the mixture was centrifuged at 3000 rpm for 10 min. A UV-VIS spectrophotometer was used to measure the absorbance of the 
clear mixed solution (CECL 1021 Model, England) at 500 nm. 
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2.3.7. Tannin determination 
The dried fruit pulp of Ziziphus mauritiana (1 g) was extracted with 10 ml of 1% HCl in methanol using a mechanical shaker for 24 h 

at room temperature, followed by a 5-min centrifugation. After 1 ml of clear supernatant solution and 5 ml of Vanillin HCl reagent were 
mixed, the reaction was allowed to proceed for 20 min. The absorbance of the clear supernatant solution at 500 nm was measured 
using a UV-VIS spectrophotometer (CECL 1021, England). Finally, the amount of tannin was determined using the slope of the SPSS 
plot, the intercept of the standard curve, and Eq. (3) [26]. 

Tannin
(

mg
g

)

=(As − Ab) −
Intercept

(Slope ∗ d ∗ w)
(3) 

Where: As is Sample absorbance; Ab is Blank absorbance; d is Density of solution (0.791 g/ml); and w is Weight of sample in gram. 

2.3.8. Data analysis 
Design expert software version 13 was used to examine the effect of storage temperature and preservation time on the nutritional 

and antinutritional composition of Ziziphus mauritiana fruit. 

3. Results and discussion 

3.1. Variation in nutritional and antinutritional composition of Ziziphus mauritiana 

Analysis of variance (ANOVA) was used to test the significance of the developed models. The summary analysis of variance 
(ANOVA) in Table 1 shows that temperature and preservation time affect the nutritional and anti-nutritional composition of Ziziphus 
mauritiana fruit. In this study, for the response nutritional and antinutritional composition, the Model F-value of 11 implies that the 
model is significant. Values of p-value less than 0.05 showed model terms were significant. In this study, it was found that the indi-
vidual factors and their interaction effects were significant model terms. It shows that table temperature, preservation time, and their 
interaction affect the nutritional and antinutritional composition of Ziziphus mauritiana. 

3.2. Effect of independent factors on the nutritional and anti-nutritional composition of Ziziphus mauritiana 

Figs. 2(A)–3(A) show the effects of temperature and preservation time on moisture content, respectively. As shown in Fig. 2A, the 
moisture content of the fruit ranged from 5.8 to 10.6%, depending on temperature. It decreased as the temperature increased; 
however, the graph shows that above 5 ◦C, the moisture content become constant. Lower moisture contents of 6.08% and higher 9.77% 
were observed at 10 ◦C and below − 1 ◦C (deep freezer), respectively. On the other hand, the effect of preservation time on moisture 
content showed a decreasing pattern until 30 days and then started to increase until 45 days of preservation time, as shown in Fig. 3A. 
With 10.46 and 5.16% moisture contents after 45- and 30-days of preservation time respectively. This fluctuating change can be 
attributed to the storage duration, owing to the ingress of moisture through the packaging material and environmental conditions [27]. 

The ash content of Ziziphus mauritiana fluctuated from 15 to 45 days of preservation. It slightly increased from 4.81 to 4.98% until 
30 days of preservation time and started to decrease to 4.60% when it reached 45 days of preservation time, as illustrated in Fig. 3B. As 

Table 1 
Summary of variance analysis for Ziziphus mauritiana fruit nutritional and antinutritional composition.  

MC Ash CF F 

Source DF Sum of 
Squares 

Mean 
Square 

F- 
value 

p-value Sum of 
Squares 

Mean 
Square 

F-value p-value Sum of 
Squares 

Mean 
Square 

F- 
value 

p-value Sum of 
Squares 

Mean 
Square 

F-value p-value 

M 11 151.60 13.78 166.72 < 
0.0001 

117.54 10.69 1149.31 < 
0.0001 

645.05 58.64 348.24 < 
0.0001 

8.81 0.8005 1455.47 < 
0.0001 

A 3 27.13 9.04 109.39 < 
0.0001 

93.49 31.16 3351.89 < 
0.0001 

145.94 48.65 288.88 < 
0.0001 

7.09 2.36 4298.40 < 
0.0001 

B 2 6.26 3.13 37.86 < 
0.0001 

7.06 3.53 379.47 < 
0.0001 

182.15 91.08 540.86 < 
0.0001 

0.5106 0.2553 464.16 < 
0.0001 

AB 6 118.21 19.70 238.34 < 
0.0001 

16.99 2.83 304.63 < 
0.0001 

316.96 52.83 313.71 < 
0.0001 

1.20 0.2004 364.43 < 
0.0001 

PE 24 1.98 0.0827   0.2231 0.0093   4.04 0.1684   0.0132 0.0005    

CT 35 153.59    117.76     649.09    8.82    

* = Significant at p < 0.05, ns = Non-significant at p > 0.05. 
MC=Moisture content, CF=Crude fiber, F=Fat, N= Crude nitrogen, P= Crude protein; PHY= Phytate content, TAN= Tannin, M = Model. A =
Temperature, B=Preservation time, AB= Interaction of Temperature and Preservation time, PE=Pure Error, and CT=Cor Total. 

M. Tsegaye et al.                                                                                                                                                                                                       



Heliyon 9 (2023) e17380

5

shown in Fig. 2B, the ash content sharply increases from 4.81 to 7.52% as the temperature increased from below 0 ◦C–5 ◦C, and it 
increased at a constant rate after 5 ◦C until it reached 7.88% at 10 ◦C. This may be due to the increase in moisture content with an 
increase in storage period [27]. 

Fig. 3C illustrates that the crude fiber content of Ziziphus mauritiana increases from 4.60 to 7.61% until day 30 of preservation and 
thereafter decreased to 3.86% after 45 days. Similar to the preservation time, temperature also showed a similar effect on the crude 
fiber (Fig. 2C). The crude fiber content of Ziziphus mauritiana increased from 4.6 to 7.20% as the temperature increased and reached 
5 ◦C. After that, the crude fiber content started to decrease from 7.20 to 4.03% as the temperature increased from 5 to 10 ◦C. The 
reduction in crude fiber may be a result of the conversion of cellulose to carbohydrates and due to the fluctuation of moisture [28]. 

As shown in Figs. 3D and 2D, the fat content of Ziziphus mauritiana was affected by the preservation time and temperature, 
respectively. The fat content of Ziziphus mauritiana increased from 0.88 to 2.17% as the temperature increased from deep-freezing to 
10 ◦C. This result may be due to the increase in moisture content with increasing storage temperature. Whereas the Ziziphus mauritiana 
fat content in this study increases from 0.88 to 0.97% as the preservation time was prolonged from 15 to 45 days. 

Figs. 3E–2E illustrate how preservation time and temperature affected nitrogen, respectively. On the other hand, Figs. 2F and 3F 
show how temperature and preservation time affected the crude protein content of Ziziphus mauritiana in this study. Nitrogen content 
increased with the shelf life of Ziziphus mauritiana fruit increasing from 1.00 to 1.22% when the preservation time was prolonged from 
15 to 30 days and slightly decreases to 1.21% when the preservation time increased from 30 to 45 days. The same trend was observed 
for preservation temperature. 

The nitrogen content increases from 0.99 to 1.67% when the temperature increases from deep freezing (which is less than − 1 ◦C) to 
5 ◦C and drops to 1.57% when the temperature rises to 10 ◦C, which is the preservation temperature. 

The same result was also observed for the protein content of Ziziphus mauritiana, which is shown in Figs. 2F and 3F for both 
preservation temperature and time, respectively. The protein content of this fruit increases from 6.19 to 10.14% when the temperature 
increased and from 6.19 to 7.63% when the preservation time was prolonged. 

The effect of preservation parameters on the antinutritional composition of Ziziphus mauritiana, mainly the phytate and tannin 
content, was analyzed. Fig. 2G shows that the phytate content increases until the temperature reaches 0 ◦C from 84.00 to 647.67 mg/ 
100 g m and starts to decrease to 294.77 mg/100 g m when the temperature increases to 5 ◦C. However, in the case of preservation 
time, the amount of phytate in Ziziphus mauritiana decreases from 84.00 to 67.27 mg/100 g m when the preservation time was pro-
longed from 15 to 30 days, and started to increase to 95.80 mg/100 g m when the time was prolonged from 30 to 45 days (Fig. 3G). In 
contrast, the tannin content of Ziziphus mauritiana increases from 7738.26 to 16357.90 mg/100 g m when the until the temperature 
reached 0 ◦C and started to decrease, as shown in Fig. 2H. It is also increased as the preservation time is prolonged from 15 to 30 days 
and starts to decrease when the preservation time is prolonged to 45 days with a lower of 7270.20 mg/100 g m and a higher 11371.80 
mg/100 g m tannin content (Fig. 3H). The decrease in phytate content may be due to the gradual action of the phytase enzyme, which 
hydrolyzes a portion of the phosphate ester groups [29]. 

3.3. Interaction effect of storage temperature and preservation time on the nutritional and anti-nutritional composition of Ziziphus 
mauritiana 

The interaction effect of preservation time and temperature on the moisture content is shown in Fig. 4A. A maximum moisture 
content of 10.99% was observed for Ziziphus mauritiana preserved in a deep refrigerator (less than − 1 ◦C) after 45 days of preservation. 
In this study, a low moisture content (5.25%) was observed at a temperature of − 1 after 30 days of preservation. 

The interaction effect of preservation time and temperature on the composition of Ziziphus mauritiana is shown in Fig. 4B. After 30 

N P TAN PHY 

Sum of 
Squares 

Mean 
Square 

F- 
value 

p-value Sum of 
Squares 

Mean 
Square 

F- 
value 

p-value Sum of 
Squares 

Mean 
Square 

F-value p-value Sum of 
Squares 

Mean 
Square 

F-value p-value 

2.35 0.2135 19.36 < 
0.0001 

92.06 8.37 19.34 < 
0.0001 

5.201 
E+08 

4.728 
E+07 

1029.78 < 
0.0001 

8.192 
E+05 

74474.88 5022.79 < 
0.0001 

1.34 0.4455 40.40 < 
0.0001 

52.37 17.46 40.35 < 
0.0001 

1.378 
E+08 

4.593 
E+07 

1000.35 < 
0.0001 

3.470 
E+05 

1.157 
E+05 

7801.08 < 
0.0001 

0.2193 0.1097 9.94 < 
0.0007 

8.59 4.30 9.93 < 
0.0007 

1.088 
E+08 

5.440 
E+07 

1184.76 < 
0.0001 

2.204 
E+05 

1.102 
E+05 

7430.68 < 
0.0001 

0.7928 0.1321 11.98 < 
0.0001 

31.09 5.18 11.97 < 
0.0001 

2.735 
E+08 

4.559 
E+07 

992.84 < 
0.0001 

2.519 
E+05 

41976.52 2831.01 < 
0.0001 

0.2647 0.0110   10.39 0.4327   1.102 
E+06 

45917.01   355.86 14.83   

2.61    102.44    5.212 
E+08    

8.196 
E+05     
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Fig. 2a. Effect of Temperature on A) Moisture content, B) Ash content, C) Crude fiber content, D) Fat Content, E) Nitrogen content, F) Pro-
tein content. 
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days of storage at 10 ◦C, a maximum ash content of 10.70% in Ziziphus mauritiana. The lowest ash content (4.74%) was observed after 
45 days of preservation at a lower temperature (deep freezing). 

As shown in Fig. 4C, preserving Ziziphus mauritiana at 5 ◦C for more than 45 days resulted in a higher crude fiber content of 17.88%. 
However, prolonged storage of Ziziphus mauritiana for 45 days at a low temperature (less than − 1 ◦C) decreased the fruit’s crude fiber 
content to 3.81%. 

The study showed that the maximum fat content of 2.16% of Ziziphus mauritiana was observed at 10 ◦C after 15 days of preser-
vation. Preserving Ziziphus mauritiana at 5 ◦C temperature and after 30 days of preservation time on the other hand shows a lower 
amount (0.49%) of fat content as shown in Fig. 4D. 

As shown in Fig. 4E, the maximum nitrogen content (1.8%) of Ziziphus mauritiana was observed at 0 ◦C after 45 days of preser-
vation, followed by 5 ◦C after 45 days. A lower nitrogen content (1.01%) was observed in the deep refrigerator (less than − 1 ◦C) after 
15 days of preservation. 

The same trend as the nitrogen content of Ziziphus mauritiana was also observed in Fig. 4F for the crude protein content of Ziziphus 
mauritiana. The lower content (6.33%) of crude protein was observed with a preserving Ziziphus mauritiana for 15 days at deep 
freezing whereas preserving Ziziphus mauritiana for 45 days at 0 ◦C shows higher protein content (11.27%). 

A high amount (659.33 mg/100 g m) of phytate content of Ziziphus mauritiana was observed after 15 days of preservation at 0 ◦C 
(Fig. 4G). Preserving Ziziphus mauritiana in a deep refrigerator (which is less than − 1 ◦C) for 30 days of preservation time on the other 
hand decreases the phytate content of Ziziphus mauritiana to 67.27 mg/100 g m. 

The interaction effect of temperature and preservation time on the tannin content is shown in Fig. 4H. The maximum tannin content 
(16577.80 mg/100 g m) was observed at 0 ◦C after 15 days of preservation. A lower tannin content (3842.46 mg/100 g m) of Ziziphus 
mauritiana was observed after 30 days of preservation at 10 ◦C. 

The findings cannot be directly compared to those of other similar studies conducted in the country because there is no literature 
specifically relevant to this topic. However, it makes sense to compare the findings to existing studies conducted on Ziziphus ssp. Fruit. 
A considerable number of papers have been published on Ziziphus ssp. Fruit, however, much of the literature has focused on the 
diversification, variation, growth, nutritional and anti-nutritional value, processing, and application of the fruit [30–37]. Most studies 
have reported Ziziphus mauritiana as an underutilized, less known, and perishable fruit [38]. To increase the commercial value and 
shelf life of Ziziphus mauritiana fruit, fruit drying using different techniques has been suggested [39]. In their study, they investigated 
the effect of different drying methods on the physicochemical properties and sensory analysis of various Indian jujube (Zizyphus 
mauritiana) and found higher vitamin C, phenol content, antioxidant activity using oven and sun drying; but lower antioxidant ac-
tivity, and higher antioxidant activity for oven and sun drying respectively [39]. 

A study on the effect of freeze drying, conventional oven drying, and sun drying on total phenolic content, proanthocyanidins, 
vitamin C content, cyclic adenosine monophosphate, and antioxidant activities of different cultivars of Ziziphus jujuba Mill was also 
conducted by Sapkota et al. [40]. The results indicate that most of the proanthocyanidins and vitamin C content of Ziziphus jujuba Mill. 
Lost in sun and oven drying than in freeze drying; however, antioxidant activities showed a higher retention rate in the oven drying 
than in sun drying. The results also show that oven drying is temperature dependent and that increasing the temperature affects the 
total phenolic content, proanthocyanidins, vitamin C content, cyclic adenosine monophosphate, and antioxidant activities [40]. 
Tembo et al. [40] reported the effect of storage on the Zizyphus mauritiana fruit. In their first study, they evaluated the effect of storage 

Fig. 2b. Effect of temperature on G) phytate, and H) tannin.  
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temperature and duration (3–12 weeks) on the weight loss, color, vitamin C, reducing sugars, and titratable acids of Zizyphus 
mauritiana; the results showed that fruit preserved at low temperature (5 ◦C) lost only 48% of their weight compared to others stored at 
ambient (22 ◦C) and intermediate (15 ◦C) temperatures. The above trend also works for color change in fruits stored at lower tem-
peratures to maintain their color than in fruits stored at ambient and intermediate temperatures. In contrast, vitamin C, reducing sugar, 
and titratable acid are significantly affected by the temperature and duration of storage of Zizyphus mauritiana fruit [41]. Their second 
report determined the effect of pre-drying treatment, drying method, and duration on the quality and vitamin C content of Zizyphus 
mauritiana and found that both quality and vitamin C were affected by the drying method and duration [42]. 

In another study, improved crop storage and polypropylene bags as controls were used, and the findings showed that the improved 
crop storage bags showed comparable pest infections and damages as the initial stage after four-month. There was no significant 
difference in sugar content after four months of treatment using both improved crop storage and polypropylene bags, but a change in 
organoleptic properties was observed in Zizyphus mauritiana preserved using polypropylene bags [43]. Cold atmospheric plasma was 
used to treat Zizyphus jujuba Mill. In order to preserve postharvest quality and lengthen storage time [44]. This treatment delayed 
ripening and preserved weight loss, moisture content, and bacterial growth. However, the report shows that cold atmospheric plasma 
treatment is dependent on exposure time. 

In recent years, studies on the coating of Ziziphus ssp. With edible films have been reported from edible materials and their 
mixtures, such as gums, proteins, and lipids, to extend the post-harvest shelf life [45]. A study by Ref. [46] using chitosan (0, 1, and 
2%) as a coating film followed by packing in polyethylene bags for four weeks showed that Ziziphus fruit treated with 2% chitosan had 
the highest concentration of vitamin C and low-weight loss. A similar study [47] on the effect of chitosan coating (0, 0.5, and 1%), 
storage temperature (5 and 25 ◦C), and 28 days on the physicochemical properties of Zizyphus mauritiana revealed that chitosan 
coating at low temperature had a positive effect on the physicochemical quality and prolonged shelf life. Overall, result differences 
could be attributed to differences in experimental protocol and conditions or setup, drying method, and duration, environmental 
conditions where the species are grown, and type of subspecies. However, all the above study shows that postharvest handling affects 
the nutritional and antinutritional content of Zizyphus ssp. 

4. Conclusion and recommendation 

The results of the investigation demonstrated that the preservation method used in this study had a substantial impact on the 
nutritional composition of Ziziphus mauritiana fruits, as well as their antinutritional content (preservation time and temperature). The 
nutritional composition of Ziziphus mauritiana fruit that was preserved with different preservations techniques was not comparable 
(not the same) to the nutritional composition of the fresh fruit. The study shows that there is a significant effect of the individual and 
interaction effect of preservation parameters on the nutritional value. When compared to fresh fruit, Ziziphus mauritiana fruit’s anti- 
nutritional composition, namely, its Tannin and Phytate values, were typically the least for deep-freeze preservation techniques. 

Fig. 3a. Effect of Preservation time on A) Moisture content, B) Ash content.  

Fig. 3b. Effect of Preservation time on C) Crude fiber content, D) Fat Content, E) Nitrogen content, F) Protein content, G) Phytate, and H) Tannin.  
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Moreover, when the temperature at which the fruit was stored increased, the amount of tannin and phytate in Ziziphus mauritiana fruit 
increased continually. Increased phytate and tannin contents will affect (decrease) the disease-resistance capacity of the human body 
and growth. Storage time and temperature are factors that influence the nutritional and anti-nutritional content of the fruit, reducing 
or increasing their value as a function of time and temperature. Therefore, it is clear that storage of deep-frozen fruit is essential. Fruits 
should be packed in plastic bags (HDPB), and the fruit can be preserved for up to 45 days. 

This study shows that Ziziphus mauritiana can be preserved for a long time without significant decay, damage, or loss of its 
nutritional and anti-nutritional composition. This makes it a valuable wild fruit in rural livelihoods to supplement food, ensure food 
security, and generate household income. However, the study does not cover the social, economic, and livelihood impacts of the 
Ziziphus mauritiana fruit. 
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