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Abstract. This study investigates the biochemical changes occurring in Granny Smith apples after four
months of uncontrolled winter storage, with a focus on the influence of preharvest soil fertilization using a
0.025% aqueous solution of ascorbic acid. Key biochemical and physicochemical parameters — including
PH, electrical conductivity, total dissolved solids, sugars (glucose, fructose, total dissolved sugars), mineral
salts, specific gravity, redox potential, vitamin C content, and juice yield were measured. The results show
that uncontrolled storage leads to a decrease in fructose (3-6%), acidity (0.5), specific gravity (0.001), and
redox potential (1/3), while glucose levels increase markedly due to sugar conversion (2%). Juice yield
decreased (3%) in the control apples after storage but increased (3-20%) in most apples from the ascorbic-
acid-treated trees, suggesting improved water retention and enhanced technological quality. Treated apples
also exhibited slightly lower mineral salt content, higher electrical conductivity, and elevated vitamin C
concentrations (75 mg/l) compared to controls. Correlation analysis confirmed strong relationships among
key indicators such as Brix, pH, EC, TDS, and vitamin C. These results highlight the potential of vitamin
C fertilization as a practical approach to improving postharvest fruit quality under non-regulated storage
conditions.
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Introduction chosen because it is widely used as a standard in
the region for the production of the so-called ,green

The purpose of the study is to trace the  apple® fruit juice. The innovative element of the
change in some biochemical and physicochemical  study is determining of effectiveness of fertilizing
parameters of Granny Smith apples after staying  the soil with an aqueous solution of ascorbic acid
in a warehouse during the winter in which  for durability and preservation of the nutritional
conditions such as temperature, humidity, lighting,  value of the fruits. For this purpose, 2 control trees
gas release, etc. are not controlled. The topic is  and 3 experimental trees of 10 years old were
important for food security in local consumption.  used, planted in the same row next to each other,
Apples of own production in the region are usually ~ grown in integrated irrigation conditions in the
stored in uncontrolled premises during the winter ~ experimental fields of the Institute of Agriculture-
period from November to February. This variety was ~ Kyustendil, Bulgaria. The experimental trees were
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fertilized once a month from March to November
with an aqueous solution of ascorbic acid with a
concentration of 0.025%. The experience continued
covered three harvests in 2023, 2024 and 2025, but
the article used data for 2024, because the harvest
this year was the richest, with the largest quantity
and quality of fruits produced, while in 2025, due
to drought and early frosts, the harvest had no
representativeness.

The topic is developed in scientific literature:

Butkeviciute et al. (2021) present a closer look
at the current study on changes in the biochemical
composition and physicochemical properties
of apples stored under controlled atmospheric
conditions (a study of several varieties in 8 months
of storage) — they observed an increase in total
sugar and soluble solids, reductions in titrable
acidity and ascorbic acid (vitamin C), as well as
variety-dependent changes in hardness and other
quality indicators.

Ferreira et al. (2024) did a study on antioxidant
compounds and oxidation and the influence of
storage conditions on the phenolic composition,
vitamin C, and antioxidant activity of apples of
non-Granny Smith varieties, this study showed
a significant reduction in vitamin C relative to
storage (40-85% reduction in 5 months) and
variety-dependent and  treatment-dependent
losses of phenolic and antioxidant activity. Shyam
Narayan Jha et al. (2011) shifted the focus to
physicochemical quality parameters and total apple
quality index during storage — showing that total
dissolved solids (TDS) can increase with storage
time and acidity decreases. Toit et al. (2024)
published a study on the impact of cultivation
practices and storage conditions on the polyphenol
content and antioxidant activity of apples, including
the Granny Smith variety, finding that Granny
Smith ,retains the total amount of polyphenols®
during long-term commercial storage, while other
varieties lose polyphenols. Yun Shi et al. (2024)
described the structural and textural changes,
the so-called dynamic changes in proteins during
apple fruit ripening and storage — this study
tracked the expression of cell wall-related enzymes
(e.g. B-galactosidase) that break down cell wall
polysaccharides, correlating with loss of hardness

and skin/color changes. Data on ascorbic acid
and antioxidants in apples have been published
by Sotirov (2024), Azzeh et al. (2017), Celik et al.
(2017), Khan (2017).

The abbreviations EC (Electrical Conductivity)
and TDS (Total Dissolved Solids) are used
extremely frequently in scientific publications.
They are standard in fields such as agronomy, food
technology, water sciences and ecology (Rusydi,
2018; Biswas, 2025; Azad et al., 2025).

Similar studies on the impact of fertilization with
different fertilizers on fruit quality have been done
by Zdravkova and Krishkova (2023) and Krishkova
and Zdravkova (2023). Part of the same team has
studies on characteristics of apple cultivars suitable
for organic production (Krishkova and Serbezova,
2018; Dimitrova and Sotirov, 2024; Sotirov et al.,
2025).

Material and methods

Digital instrumental methods were used to
conduct the study, as follows: to determine the
total amount of dissolved sugars by (Brix, +0.2%)
- a digital refractometer “Milwaukee MA871”-
Romania, for determining the fructose content
(Fru, £0.2%) - a digital refractometer “Milwaukee
MA872”-Romania, for determining the glucose
content (Glu, +0.2%) - a digital refractometer
“Milwaukee MA873”-Romania . Additionally, ATC-
optical refractometer “Kambera” Ltd-China. with a
range of 0-90% with divisions of 0.5% was used
for study of the total dissolved sugars by Brix (%).

According to the legal basis for food studies,
combined digital instruments potentiometers,
combined with conductometers were used as
follows: apparatus “SensoDirect 150”-Lovibond,
England, tester “Waterproof-IP57” BLE-C600-
China, instrument “Hanna-8733”-Germany for
performing measurements for determining total
acidity (pH, +0.05), oxygen-redox potential ORP
(Eh, res.1mV), electrical conductivity EC (uS/cm,
+2%), total dissolved solids TDS (ppm, +2%), total
salt content (Salt, ppm, +2%), specific density (S.G.,
range 1.000-1.222), temperature (t°C, +0.5°C) of
plant fluids. The devices are automatically adjusted,
depending on the temperature of the solution, and
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have Bluetooth data transfer to a computer.

The juice for determining the yield was produced
by the cold pressing method, using a regular
fruit press, with pressure 2.5 atm. and working
temperature 20°C in normal air environment.

The amount of ascorbic acid was measured
by half-amount colorimetry with MQuantTM test
strips of “Merck” KGaA-Germany with a range of
0-25-50-100-200-300-500-700-1,000-2,000 mg/I
as ascorbic acid concentration was measured by
visually comparing the reaction zone of the test
strip with the fields of the color scale. Ascorbic
acid reduces yellow molybdophosphoric acid to
phosphomolybdenum blue.

The statistical processing of the databases was
carried out using the Excel and XLStat computer
programs (Lumovero, 2024 and XLSTAT-PRO,
2025).

For the purposes of the task: young plantations
of 5 years old from the apple plantations of Institute
of Agriculture-Kyustendil, Bulgaria were used,
presented in one row of 5 apple trees of the Granny
Smith variety, two control and 3 experimental trees
with two versions: Option 1 — control trees and
Option 2 - trees with experimental treatment with
water solution of 0.025% ascorbic acid.

Treatment plan: 1 time per month during the
period March-October 2024, inclusive. Irrigation
conditions, conventional breeding, plant protection
treatment and fertilization. Quantities used: 2 | of
aqueous solution (drinking water from the water
supply network) of L-ascorbic acid 0.025%,
licensed and approved for use in the food industry.
Duration minimum 3 years from 2023 till 2025. The
presented results are from three-year studies, but
crop of 2024 was used as the most representative
crop as amount and quantity of the fruits.

Method of testing. All fruits from the
experimental trees were used for the research.
Presentable, technologically ripe fruits are selected
from each tree, suitable for direct consumption and
processing in the form of cold-pressed apple juice
or for drying. The fruits selected in this way from
each tree form a summary sample of the tree. Given
the young age of the trees, it can be said that all the
fruits born were used for the study. Each aggregated
sample is examined for the above parameters once,
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but it should be borne in mind that the devices for
physicochemical parameters automatically make
several measurements, after which they present on
the screen the average value of the measurement
and have options for automatic temperature
correction, as well as transfer the data to a mobile
device or computer. The research is duplicated
with several separate instruments. Statistical data
processing is shown in the following articles by
Sotirov A. (2025a, 2025b), where a correlation
coefficient Rr=0.98 and a low degree of variability
(standard deviations) of the data are determined
as follows: Brix (%)=1.061, Fru (%)=1.183, GLU,
(%)=0.000, EC (uS/cm)=0.061, TDS (%)=0.004,
Salt (%)=0.004, pH=0.126, Eh (V)=0.013, Specific
Gravity=0.000, vitamin C=0.020, Juice Yield
(%)=6.432 (XLSTAT-PRO, 2025; (Lumovero,
2024).

Results and discussion

The juice content of apples, which can be
separated by cold pressing, called yield, is higher
in control trees that have not been treated with
vitamin C. Juice yield in them is about 3% higher
in fresh apples and about 3% less after 4 months
in storage. In experimental trees, the opposite
trend is observed, i.e. the yield increases during
storage. This can give a good economic effect for
apples of our production, since the ability of apples
to produce juice increases by about 3 to 20% for
2/3 of the experimental trees. It should be noted,
however, that one of the experimental trees has a
reduced yield of juice in its apples by as much as
14% (Figure 1).

Juice yield: 1,2-control trees; 3,4,5-experimental
trees
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Figure 1. Juice yield of apples variety Granny Smith, after
4 months winter storing in uncontrolled environment.
1,2-control trees, 3,4,5-experimental trees, irrigated with
water solution of 0.025% ascorbic acid.



The total amount of dissolved sugars in apple
liquids, called juices, decreased or increased by
about 2% in both experimental and control trees,
without any significance being established, due
to the insufficient number of trees used in the
experiment, but as a result of many years of research
in fruit processing workshops, the authors found
an increase in the sugar content of apples, due to
ripening or due to a decrease in water content, due to
the evaporation of water from the juices of the fruits,
but also in many batches after storage the opposite
effect of reducing sugars due to their decomposition
and oxidation is observed (Figure 2).

Total Dissolved Sugars: 1,2-control trees; 3,4,5-
experimental trees
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Figure 2. Total Dissolved Sugars in apples variety Granny
Smith, after 4 months winter storing in uncontrolled
environment. 1,2-control trees, 3,4,5-experimental trees,
irrigated with water solution of 0.025% ascorbic acid.

The glucose content in apples after staying
in a warehouse for 4 months was significantly
increased, and in all samples the glucose content
exceeded the sensitivity of the instrument in both
experimental and control tree variants, while
during picking the glucose content was lower in
both experimental variants (Figure 3). The fact
that glucose concentration rises in stale apples
suggests that the total amount of dissolved sugars
discussed above most likely also decreases, since
glucose is formed at their expense.

Glucose: 1,2-control trees; 3,.4,5-experimental trees
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Figure 3. Glucose in apples variety Granny Smith, after
4 months winter storing in uncontrolled environment.
1,2-control trees, 3,4,5-experimental trees, irrigated with
water solution of 0.025% ascorbic acid.

The measured amount of fructose was higher
in all measured samples of fresh apples from both
variants and decreased in apples that had been in
storage for 4 months by between 3-6%. Therefore,
it can be said that the increase in glucose content in
all samples of all variants is due to the breakdown of
fructose during the storage of apples (Perimutter,
2024) (Figure 4).

Fructose: 1,2-control trees; 3,4,5-experimental trees
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Figure 4. Fructose in apples variety Granny Smith, after
4 months winter storing in uncontrolled environment.
1,2-control trees, 3,4,5-experimental trees, irrigated with
water solution of 0.025% ascorbic acid.

The total active acidity (pH) of the juices of the
examined apples is higher pH=3.42-3.77 in fresh
apples and decreases in stored apples pH=3.69-
3.96. Therefore, it can be said that when apples are
stored, acids are also subjected to oxidation and
decay, as is the case with sugars (Figure 5).

Acidity (pH): 1,2-control trees; 3,4,5-experimental
trees
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Figure 5. Acidity of apples variety Granny Smith, after
4 months winter storing in uncontrolled environment.
1,2-control trees, 3,4,5-experimental trees, irrigated with
water solution of 0.025% ascorbic acid.

The sugars vs. acids - Brix/pH ratio of fresh
apples has higher values, which determines a
different taste when consuming apples from option
1 - controls. At a Brix/pH>4.5 ratio, apples have a
sweeter taste. In the case of apples from option 2 —
experimental, i.e. treated with an aqueous solution
of vitamin C, it can be said that the taste is close
to the optimal and most liked taste (Sotirov et al.,
2020) (Figure 6).

85



Ratio Brix/pH: 1,2-control trees; 3,4,5-experimental
trees

Total Dissolved Solids (TDS): 1,2-control trees; 3,4,5-
Experimental trees

¥ Ratio Brix/pH during the picking ® Ratio Brix/pH 4 months from picking

Figure 6. Ratio Brix/pH in apples variety Granny Smith,
after 4 months winter storing in uncontrolled environment.
1,2-control trees, 3,4,5-experimental trees, irrigated with
water solution of 0.025% ascorbic acid.

The electrical conductivity is higher in the
vitamin C treated trees of variant 2, i.e. these apples
contain more electrolytes in fresh apples than in the
control trees — untreated trees. With the exception
of the first tree of option 1, all the others have
almost the same electrical conductivity. Electrical
conductivity is due to mineral salts and dissolved
other substances in juices (Figure 7).

Conductivity (EC): 1,2-control trees; 3,4,5-
experimental trees

® Conductivity during the picking, EC (uS/cm)

= Conductivity 4 months from picking, EC (uS/cm)

Figure 7. Conductivity of apples variety Granny Smith,
after 4 months winter storing in uncontrolled environment.
1,2-control trees, 3,4,5-experimental trees, irrigated with
water solution of 0.025% ascorbic acid.

The picture of the measured amounts of total
solids (TDS) is analogous to that of electrical
conductivity. It is composed of the sum between
salts and dissolved solids or EC=TDS+Salt. In many
cases, they match, but there are samples in which
TDS>Salt or TDS<Salt. When EC<TDS+Salt, it
means that there are dissolved organic substances
that are not electrolytes and pour the electrical
conductivity of the solution. These are usually
undesirable products and are an indicator of the
breakdown of the biochemistry of apples, i.e. their
deterioration (Robinson and Stokes, 2021) and
(Zhang et al., 2020) (Figure 7).

86

® Total Dissolved Solids during the picking. TDS (ppm)

= Total Dissolved Solids 4 months from picking, TDS (ppm)

Figure 8. Total Dissolved Solids in apples variety Granny
Smith, after 4 months winter storing in uncontrolled
environment. 1,2-control trees, 3,4,5-experimental trees,
irrigated with water solution of 0.025% ascorbic acid.

One very important indicator of the quality of
the juice is the content of mineral salts in it. The
content of Salt in the apples studied was analogous
to the content of TDS in them. This shows that
both fresh apples and stored apples are in good
electrolyte balance because they comply with the
EC=TDS+Salt and TDS=Salt rule, with very few
exceptions. However, it can be seen that the salt
content of apples that have been treated with an
aqueous solution of vitamin C has slightly lower
mineral salt contents, corresponds to the higher
yield — water content, to which vitamin C obviously
contributes (Figure 9).

Salt: 1,2,-control trees; 3,4,5-experimental trees

= Salt during the picking, (ppm) = Salt 4 months from picking (ppm)

Figure 9. Salt in apples variety Granny Smith, after
4 months winter storing in uncontrolled environment.
1,2-control trees, 3,4,5-experimental trees, irrigated with
water solution of 0.025% ascorbic acid.

The specific gravity of apples of all variants is
S.G.=1.001 for fresh apples and S.G.=1.000 for
those stored in storage. This means that part of the
relative weight has decreased due to evaporation,
oxidation and breakdown of some of the nutrients

in apples (Figure 10).



Specific Gravity: 1,2,-control trees; 3,4,5-
experimental trees
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Figurel10. Specific Gravity of apples variety Granny Smith,
after 4 months winter storing in uncontrolled environment.
1,2-control trees, 3,4,5-experimental trees, irrigated with
water solution of 0.025% ascorbic acid.

The redox potential of plant liquids in apple fruits
is higher in fresh fruits and significantly decreases
during storage, decreasing by approximately 1/3 in
4 months. However, when it comes to Eh, a lower
value is sought, so in this respect the apples in stock
have better indicators, regardless of the variant and
the values are almost completely equalized (Figure
11).

Redox-potential (Eh): 1,2,-control trees; 3,4,5-
experimental trees
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Figure 11. Redox-potential of apples variety Granny Smith,
after 4 months winter storing in uncontrolled environment.
1,2-control trees, 3,4,5-experimental trees, irrigated with
water solution of 0.025% ascorbic acid.

Apples with an increased amount of vitamin C
were found in variant 2 — experimental trees that
were treated with a 0.025% aqueous solution of
vitamin C. The content of vitamin C in apples stored
in storage is higher than that of apples that have
just been picked from the tree, probably again due
to the processes of evaporation and degradation of
other substances, the concentration of vitamin C
increases.

Vitamin C, mg/l: 1,2-control trees; 3,4,5-experimental

trees
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Figure 12. Vitamin C in apples variety Granny Smith,
after 4 months winter storing in uncontrolled environment.
1,2-control trees, 3,4,5-experimental trees, irrigated with
water solution of 0.025% ascorbic acid.

Loses after 4 moths winter storing of apples Granny

Smith
WEIGHT WEIGHT LOSSES LOSSES
EXPERIMENTAL CONTROL TREES, EXPERIMENTAL CONTROL TREES,
TREES, % % TREES, % %

Figure 13. Losses after winter storing uncontrolled
environment of apples Granny Smith

Finally, the losses of the total fruit weight, result
of the storage is given on Figure 13. The losses of
fruits is about 58-59% as the experimental trees
have about 1% more losses of fruit mass than the
control trees.

Conclusion

Thepresentstudydemonstratesthatuncontrolled
winter storage leads to notable biochemical and
technological changes in Granny Smith apples,
with distinct differences observed between control
trees and those treated with a 0.025% aqueous
solution of ascorbic acid. Storage for four months
resulted in common postharvest trends, including
decreased fructose, reduced acidity, lower redox
potential, and shifts in sugar composition due to the
breakdown of complex carbohydrates. Inall variants,
glucose concentrations increased substantially,
suggesting intensified sugar conversion processes
during storage. Apples from vitamin C—treated
trees showed several characteristic responses.
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First, their juice yield increased during storage
- contrary to the control trees - indicating better
water retention and potentially improved economic
value for increased juice production. These apples
also demonstrated slightly lower mineral salt
concentrations and higher electrical conductivity,
reflecting a modified electrolyte balance that
remained within physiologically stable limits.
Importantly, the treated apples retained or even
concentrated higher levels of vitamin C after
storage, suggesting that preharvest ascorbic acid
application can enhance the nutritional profile of
stored fruit. The biochemical indicators (EC, TDS,
salts, pH, Brix/pH ratio, Eh) generally showed
consistent relationships supported by statistical
correlations, confirming the interconnected nature
of sugar degradation, acid reduction, electrolyte
balance, and oxidative processes during storage.
The specific gravity and redox potential decreased
in all apples after storage, reflecting mass loss and
metabolic decline typical of non-controlled storage
environments. Overall, the findings confirm that
uncontrolled winter storage induces measurable
biochemical deterioration in Granny Smith apples,
but preharvest treatment with ascorbic acid
moderates some of these changes. Vitamin C
fertilization appears to improve juice yield, maintain
more favorable taste characteristics, and increase
the final vitamin C content of the fruit. These results
support the potential economic and technological
benefits of integrating ascorbic acid into orchard
management practices, while also highlighting
the need for broader studies with larger sample
sizes and controlled storage comparisons to fully
validate these trends.
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