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Abstract

Research to determine the ripening time of the fruit is the scientific basis for better harvesting and preservation. The results
showed that sour apple fruit reached its maximum size 11 to 12 weeks after anthesis (WAA). At this time, indicators such as
length, diameter, fresh weight, and volume changed little. The ratio of dry matter content and the ratio of seeds and pods decreased
until fruit ripening, while the water content and the ratio of pulps increased gradually from fruit formation to fruit ripening. The
starch content gradually increased and reached its maximum at 6 WAA, then decreased gradually and then decreased gradually.
Reducing sugars increased during the early stages and peaked at 12 WAA, then decreased gradually. The total organic acid
content reached its maximum when the fruit was 10 WAA and then decreased gradually. This result shows that sour apple fruit

should be harvested at physiological maturity (11-12 WAA) to ensure the highest nutritional value and quality of the fruit.
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Introduction

Ziziphus mauritiana is a tropical fruit tree belonging to the
Apple family (Rhamnaceae). The species is believed to have
originated in the Indo-Malaysian region of South-East Asia
(Janick, et al., 2008). It is now widely naturalized throughout
the old world tropics from Southern Africa through the Middle
East to the Indian Subcontinent and China, Indomalaya, and
into Australasia and the Pacific Islands. The fruit contains a lot
of water and has a sweet and sour taste. The fruits ripen at
different intervals even when on just one tree and are pale
green when green and pale yellow when ripe (Tran et al.,
2001). The size and shape of the fruit depth end on different
varieties in the wild as well as the type that is grown. The fruit
is eaten when ripe, soaked in wine, or used to make drinks. It
is a nutrient-rich fruit and contains a lot of vitamin C. The fruit
is used to treat stomach pain, anemia, hypertension,
neurasthenia and memory loss. Besides, the seeds of the sour
apples are also ground into powder to make medicine. Apple
juice has a pleasant taste and high concentration of phenolic

compounds, vitamins, minerals, dietary fiber, and antioxidant
capacity (Kalinowska et al., 2014; Liaudanskas et al., 2015).

In the world, there have been many studies on the
physiological and biochemical changes of apples. The medical
importance of Ziziphus mauritiana was reported by Rathore, et
al. (2012), the plant fruit compounds were extracted with
petroleum ether, chloroform, methanol, 95% ethanol, and
distilled water for 48 hours help of cold percolation method
and found different types of secondary metabolites as
flavonoids, glycosides, saponins, phenols, lignins, sterols and
tannins were presented. Unripeapple juice made from apples
harvested in July/august can be used to produce Sour apple
concentrate a food ingredient that provides acidity and flavor
and as an alternative to verjuice and pomegranate sauce in
salad dressings and other applications where it scored higher
than both. (Ossama et al., 2019). Many secondary metabolites
present inside Z. mauritiana such as alkaloid, flavonoid,
glycoside, phenol, saponin, steroid, sterol, tannin and
terpenoid but for the left part only the absence of saponin
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detected was reported by Saidatul, et al. (2017). The study
aimed to evaluate the effects of fruit thinning and fruit
wrapping materials on fruit size, fruit quality traits and fruit
loss rate due to insects and diseases infecting jujube fruit
variety 05 was reported by Phuong et al. (2020).

During the production process, fruit collection and
preservation steps are crucial and may have direct effects on
consumers (Pacheco et al., 2019). Therefore, it is necessary to
understand the physiological and biochemical indicators of
fruit from formation to fruit ripening to improve the quality
and storage of the fruit. This research aims to determine the
physiological ripening time of sour apples to help consumers
better use and preserve sour apple fruit.

Materials and methods
Research materials

Sour apple fruits were obtained from five-year-old plants
located in an orchard in Thach Thanh District (Thanh Hoa
province, Vietnam) from September to December 2022. A
total of 20 plants, selected based on the visual uniformity of
fully opened flowers in the middle part, were marked on a
single day at flowering time. The fruit samples from marked
inflorescences were harvested at ten development stages,
specifically, 2, 4, 6, 8, 10, 11, 12, and 13 weeks after anthesis
(WAA). At each stage, ten of the previously marked trees
were sampled and two fruits were collected from each tree
according to the method described previously (Nguyen et al.,
2021). The fruits were hand-picked in the morning and
immediately transported in a refrigerated container to the
Laboratory of Biology, Faculty of Natural Sciences, Hong
Duc University (Thanh Hoa, Vietnam).

Determination of fruit length and diameter

Fruit length and diameter were measured from randomly
selected fruit during the study. The length from the base of the
fruit to the base of the calyx and the diameter at the largest
bulge of fruit from both sides were measured with the help of
Palme calipers. The mean values of length and diameter are
presented in centimeters.

Determination of the volume of the fruit

The volume is determined by measuring instruments: 5ml,
10ml, and 20ml depending on the time. Fill the cylinder with
water to a certain level, then drop the fruit in, the volume of
the flask increases to reflect the actual volume of the fruit.

Determination of fresh weight, dry matter and water
content of fruit

Use an electronic scale to weigh each fruit, each time
weighing 10 numbered balls, taking the average data.

Determination of the ratio of seeds, pods, and pulps in sour
apple

Weigh the 10 fruits, then separate the pods, seeds, and pulps.
The ratio of pods weight, seeds weight, and pulps was
determined by electronic balance with an accuracy of 10g.

Determination of reducing sugar and starch contents
(Pham et al., 1996; Nguyen, 2001) The experimental solution
was put in a 500 ml conical flask, and 10 ml of Fehling was
then added. The mixture was boiled for 3 minutes. The
precipitate was filtered into a Buchner vacuum filter. The
resulting sediment of Cu,O in the Buchner filter was
completely dissolved by using Fe2(SO4)z (5 ml) in H2SO4. The
resulting solution was titrated with KMnO41/30N until a light
pink color appeared within 20-30 seconds. A control
experiment was conducted at the same time in which the sugar
solution was replaced with distilled water. Calculated the
amount of KMnQ4 used for titration, and looked up the table
for an equivalent amount of reducing sugar and starch in the
sample.

Determination of the total organic acid content (Sinclair et
al., 1945) Five grams of pulp was crushed in a ceramic mortar
and the sample was transferred into a 250 ml Erlenmeyer
flask. Distilled water was added to increase the volume to
approximately 150 ml and the flask was heated in a water bath
at 80°C for 15 min. The solution was cooled and then it was
transferred to a 250 ml volumetric flask, topped with water,
shaken vigorously and allowed to settle. A volume of 25 ml of
the filtrate was pipetted into a 100 ml Erlenmeyer flask, 3
drops of 0.1% phenolphthalein were added and the solution
was titrated with 0.1 mol-1-1 NaOH until a faint pink color
persisted for 30 s. The total organic acids content was
determined by the titration value and calculated as previously
described.

Methods of data processing

Data were processed and analyzed by ANOVA with the
software IRRISTAT 5.0.

Results and discussion
Changes in length and diameter of sour apple fruit

Table 1 data showed that at week 2 the fruit length was 2.41
cm and the diameter was 1.58 cm. In the period from 2 to 10
WAA, the fruit length changes markedly, showing a
significant difference through statistical analysis. At this stage,
the fruit has a fast growth rate due to the strong division and
elongation of the cells (Heller et al., 1995). After that, the
length and diameter of the fruit continued to increase but at a
slower rate, when the fruit was 11 WAA, the length of the
fruit reached 3.51 cm and the diameter of the fruit reached
3.09 cm with little change. When the fruit was 13 WAA, the
fruit length still increased but not significantly, at this time the
values did not show a statistically significant difference. Thus,
the growth in length and diameter of sour apples are closely
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related, this relationship is controlled by metabolic processes
plus the regulation and control of complex endogenous
hormones in the cell (Quinet et al., 2019).

Table 1. Changes in length and diameter of sour apple

The results of Table 2 showed that the fresh weight of fruit
varies proportionally with the development of the fruit and this
change is consistent with the change in the volume, length,
and diameter of the fruit during the growth process. At week
2, the fruit weight reached 3.25 g, then the fruit weight
increased rapidly and reached 17.13g at 11 WAA, and at week
13 the weight reached 17.36 g.

Table 2. Change in fresh weight and volume in sour apple

fruit
Age of fruit | Length (cm) Diameter (cm)
(WAA)
2 2.418+0.02 1.58¢+0.01
4 2.97¢+0.03 2.36°+0.01
6 3.179+0.05 2.53%+ 0.02
8 3.35¢+0.01 2.76°+0.01
10 3.425+ 0.05 2.85° +0.04
11 3.51°+0.02 3.092 + 0.05
12 3.628+0.02 3.122+0.02
13 3.65%+0.05 3.132+0.01

Note: In the same data column, values with similar letters
represent non-significant differences, and values with different
letters represent significant differences (p < 0.05).

10 WAA 11 WAA 12 WAA 13 WAA

Fig. 1 The growth and development of sour apple fruit

Change in fresh weight and volume in sour apple fruit

Corresponding to the growth in length and diameter, the
volume of sour apples increased from 2 to 13 WAA, which
increased rapidly from 2 to 10 WAA, when the fruit was 10
WAA, the volume of the fruit reached 16.11 ml, this is the
period of intense cell growth. Cells increase water uptake due
to rapidly increasing vacuole volume accompanied by primary
wall dilation. This wall expansion is due to the action of H*-
ATPase to break the hydrogen bonds between cellulose
microfibrils, this process is involved in the regulation of
phytohormone auxin (Nguyen et al., 2013). After 10 WAA the
volume of the fruit continued to increase but at a slow rate and
the fruit reached its peak volume at 11 to 13 WAA, at this
time the volume of the fruit increased but very slowly and the
results did not show any meaningful difference.

fruit
Age of fruit Fresh weight of The volume of the
(WAA) fruit (g) fruit (ml)
2 3.257+0.11 3.01¢+0.06
4 7.95¢+0.19 7.80¢+0.09
6 11.319+0.12 10.12°+0.14
8 13.05°+0.15 14.21°+0.15
10 15.17°+0.14 16.113+ 0.05
11 17.132 £0.25 17.252+0.12
12 17.282+0.14 17.522+£0.17
13 17.362 £ 0.17 17.652+0.11

Note: In the same data column, values with similar letters
represent non-significant differences, and values with different
letters represent significant differences (p < 0.05).

Changes in the contents of water and dry matter in sour
apple fruits

From the data of Table 3, it can be seen that the sour apple
fruit from the early stages contains a relatively large amount
of water, accounting for 70.46% (2 WAA). From 2 to 6 WAA,
the water content in the fruit increased rapidly from 70.46% to
86.47% and showed a statistically significant difference. The
water content continued to increase until 11 WAA, reaching
87.68%, after 11 WAA the water content increased slowly and
reached 87.79% at 13 WAA, at which time the difference was
not significant compared to the 11 WAA. In contrast to the
increase in water content, the dry matter content decreased
gradually. The amount of dry matter accounted for the highest
percentage at the time of 2 WAA and reached 29.54%, then
gradually decreased and decreased the most at the period from
2 to 6 WAA from 29.54% to 13.53%. The growth of cells
causes the water content in the fruit to increase rapidly from 2
to 6 WAA, leading to a decrease in the amount of dry matter
and by 13 WAA, the amount of dry matter is only 12.21%.

Table 3. Changes in the contents of water and dry matter in
sour apple fruit

Age of fruit | Water content (%) Dry matter
(WAA) content (%)

2 70.46' + 0.24 29.542+0.21

4 81.76°+ 0.26 18.24°+0.15

6 86.47¢+0.18 13.53°+0.12

8 87.13°+0.35 12.87%+ 0.16

10 87.54+ 0.14 12.469+0.11

11 87.68%+ 0.17 12.329+0.09

12 87.73*+0.21 12.279+0.06

13 87.79°+ 0.25 12.219+0.12
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Note: In the same data column, values with similar letters
represent non-significant differences, and values with different
letters represent significant differences (p < 0.05).

The change in the ratio of seeds, pods and pulps in sour apple
fruit

Data from Table 4 showed that, at 2 WAA, the ratio of seeds
accounted for 27.08%. This is the time when the new fruit is
formed, so the fruit size is still small, the flesh of the fruit is
small while the seeds have a relatively large weight. The ratio
of seeds decreased with the growth and development of the
fruit, which decreased sharply from the period of 2 to 6 WAA,
this is because according to the growth of the fruit, the ratio of
fruit pulp increased, accounting for a large proportion, leading
to a rapid decrease in the ratio of seeds. The ratio of seeds was
7.52% at 12 WAA and 7.49% at 13 WAA. At this point the
difference is not statistically significant, the fruit stops
growing and enters the ripening stage.

According to the change in rind thickness, the ratio of pods
and the ratio of pulps also changed. At week 2, the ratio of
pods reached 24.01% while the ratio of pulp accounted for
48.92%, this time due to the newly formed fruit, the ratio of
pulp was low. After 2 WAA, the pulp cells grew rapidly
leading to a high ratio of pulps and reaching 79.40% at 6
WAA, while the ratio of pods gradually decreased and reached
10.96% at 6 WAA. From 6 to 13 WAA, the ratio of pulps
continued to increase and the ratio of pods decreased, but at a
slower rate, by 13 WAA the ratio of pulps reached its
maximum and accounted for 84.39%, while the ratio of pods
reached the lowest value is 8.12%.

Table 4. The change in the ratio of seeds, pods, and pulps in
sour apple fruit

Age of fruit | Ratio of seeds | Ratio of pods Ratio of pulps
(WAA) (%) (%) (%)

2 27.082+0.26 24.01+0.24 48.929+0.18
4 13.21°+0.18 14.84°+ 0.21 71.95°+0.16
6 9.64°+£0.12 10.96°+ 0.14 79.40° +0.09
8 9.58°+ 0.16 9.73%+0.11 80.69°+0.11
10 8.37%+ 0.05 8.70Y+ 0.05 82.93%+0.17
11 7.539+0.07 8.179+0.09 84.308+0.13
12 7.529+0.09 8.169+ 0.07 84.322+£0.22
13 7.499+ 0.05 8.129+0.02 84.392 £ 0.27

Note: In the same data column, values with similar letters
represent non-significant differences, and values with different
letters represent significant differences (p < 0.05).

Changes in the contents of reducing sugar, starch, and
total organic acid in sour apple fruit

The results in Table 5 showed that in the early period of sour
apple fruit development (first 2 weeks), the reducing sugar
content was relatively low, reaching 1.13% of the weight of
fresh fruit. From 2 to 6 WAA, the content of reducing sugars
increased slowly and reached 1.47% when the fruit was 6
WAA. During the fruit development period from 6 to 12
WAA, the content of reducing sugar increased rapidly and
reached 6.14% when the fruit was 12 WAA. These research
results are consistent with research on total sugar, which
increases rapidly in the later stages of fruit development (Patel
etal., 2011). At week 13, the reducing sugar content decreased
to 6.12% of the fresh fruit weight, indicating a decrease in
fruit quality.

Table 5. Changes in the contents of reducing sugar, starch, and total organic acid in sour apple fruit

Age of fruit Reducing sugar Starch content The total

(WAA) content (%) (%0) organic acid content
(mg/100g fresh fruit)

2 1.13¢+0.05 5.12°+£0.09 18.179+0.11

4 1.25¢+0.07 6.28°+0.17 22.357+0.24

6 1.47¢+0.02 7.258 £0.12 34.21°+0.18

8 2.054+0.04 6.42°+0.21 55.29°+0.41

10 3.18°+ 0.05 5.34c+ 0.25 67.322+0.34

11 5.02°+0.11 5.09°+ 0.19 60.62° +0.15

12 6.142+ 0.09 4369+ 0.14 58.93*+0.18

13 6.122+0.12 3.16¢+0.15 52.41°+ 0.36

Note: In the same data column, values with similar letters represent non-significant differences, and values with different letters

represent significant differences (p < 0.05).

When the fruit had just formed, the starch content reached
5.12% of the weight of fresh fruit (2 WAA). The highest
starch content was 7.25% at 6 WAA (Table 5). This is the
time when fruits tend to accumulate nutrients in preparation
for the ripening process. After 6 WAA, the content of starch in
the fruit decreased due to the strong metabolism in the fruit.
At week 13, the content of starch decreased to 3.16% of the
weight of fresh fruit. During this period, the activity of the a-
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amylase enzyme also increased. Due to increased a-amylase
enzyme activity, starch converts into the sugar required for
respiration. From the unripe stage to the ripe stage, the starch
content declined. When the fruit enters the ripening period,
starch decomposes into sugar to increase the amount of
reducing sugar to create sweetness in the fruit (Yashoda et al.,
2005).
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Organic acids are of increasing interest because of their role in
plant physiology as co-factors, buffers and mediators of the
most important metabolic pathways of carbohydrates, lipids
and proteins (Poonam et al., 2021). Therefore, organic acids
play a role in maintaining the quality and nutritional value of
the fruit. At 2 WAA, fruit accumulated a large amount of total
organic acids of 18.17 (mg/100g) (Table 5). From 2 to 10
WAA, the total organic acids content gradually increased,
reaching a maximum of 67.32 (mg/100g) at 10 WAA. From
10 to 13 WAA, the total organic acids content decreased,
presumably because organic acids are used in respiration to
provide energy for starch synthesis (Brummell, 2013). During
ripening, energy continues to be needed for the biosynthesis of
substances specific to the ripening period of the fruit, such as
hydrolytic enzymes that give the fruit a sweet taste, leading to
a gradual decrease in the content of total organic acids
(Prasanna et al., 2007).

Conclusion

Sour apples at 11 to 12 WAA reach almost maximum size in
terms of length, diameter, fresh weight, and volume. At this
time, the fruit skin is thinner, and the fruit has a great value in
some parameters such as the ratio of pulps, water content, and
reducing sugars, while other components such as the dry
matter, starch content, and total organic acids vary with fruit
growth and ripening. After 12 WAA, some important
components of the fruit such as reducing sugars decreased.
Therefore, the time of 11 to 12 WAA is the most appropriate
time to harvest, if picking earlier or later will affect the quality
of the fruit.
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