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Effect of tomato juice storage on vitamin C and phenolic compounds and their
stability over one-year period
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The stability of bioactive components: vitamin C and phenols in thermally processed tomato juice for 12 months in
three different storage conditions was studied. The experiment was carried out on thermally treated tomato juice made
from a selected line of industrial tomatoes (SPO-109). Mashed tomato juice without skin and seeds was cooked for 7
min at 100oC. The samples were stored in the light at +20oC; in the dark at +20oC; and in the dark at +4oC. The
measurement of the changes of the bioactive components parameters during 12 months of storage was performed at 2
month-intervals. Degradation of phenols was not significant for 12 months of storage. Different ambient conditions
caused significant changes and loss of nutrients. Vitamin C was lost when stored in the light for the first two months of
storage (30.35%), and after one year from 41.56% for storage in the dark at +20oC (24.58%), and 25.51% at +4oC.
There was no difference in vitamin C content when stored in dark conditions at different temperatures, while
significantly important differences were found between storing in the light and storing in the dark at + 20oC and + 4oC,
respectively.
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INTRODUCTION
Tomato (Lycopersicon esculentum Mill.) is a
vegetable that is consumed fresh (in a salad) and
also processed: dried, in sauces, juices, etc.
Industrial processing usually includes thermal
treatment and/or homogenization and both ways
disrupt the cell matrix of tomato fruit [1].
Disruption of the cell wall structure during thermal
processing directly affects the availability of
different nutrients. Tomato fruits are a major part of
human diet since they are an important source of
substances with positive effects on health with its
vitamins, minerals and antioxidants [2]. Tomato is a
plant with antioxidative impact against wide spectra
of biotic and abiotic stresses people are exposed to
[3]. Furthermore, processed fruits when stored in an
adequate way can represent a significant source of
bioactive nutrients.
The level of ascorbic acid (vitamin C) in tomato
fruit varies from 10 to 88 mg/100 g of fresh weight.
Ascorbic acid has an important role in human diet
and its intake prevents different diseases [4]. This
range of variation appears as a consequence of
diversified tomato breeds, and differences among
cultivation procedures [5]. Vitamin C belongs to a
group of thermally labile and its degradation starts
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at 70oC. Significant losses of ascorbic acid can
appear in fruits after picking, during storage,
however the highest losses appear during
processing, when exposed to high temperatures.
This degradation appears as a consequence of
oxidation and impact of high temperatures [6]. Cold
treatment i.e. low temperatures better preserve
vitamin C during processing than high temperatures
[7]. Besides the climatic conditions the content of
vitamin C depends on genotype impact, crop
management, fertilizers, fruit development,
maturation, and senescence [8,9], which interacting
with one another give more or less quality raw
material (tomato fruit) used for processing.
Maintenance of vitamin C in processed products
mainly depends on the length of storage time. In
long-term storage conditions, maintenance depends
primarily on the influence of climate factors in the
warehouse [10]. Increasing the nutritive quality of
processed tomato fruit by increasing / preserving
the high content of ascorbic acid is always a
desirable goal [11].
There are only a few studies regarding the
research of phenol preservation in finished tomato
products during storage longer than 6 months.
Additional research is needed to determine the
nutritional quality and its changes during storage,
with an emphasis on the phenol changes in ketchup
and tomato juice [12]. The storage of tomato juice

 2019 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria

N. V. Pavlović et al.: Effect of tomato juice storage on vitamin C and phenolic compounds and their stability…

and ketchup results in a mild decrease of
polyphenols over time. Degradation of phenolic
compounds during storage is attributed to the
residual peroxidase activity involved in the
oxidative degradation of phenolic compounds.
Ketchup had greater stability during storage of
tomato juices after 9 months at +4oC [13].
However, Pérez-Vicente et al. [14] found slight
changes in the content of total phenolic compounds
in juices stored less than 6 months at room
temperature. Maintenance of total phenolic
compounds during storage could be due to the
inactivation of the enzymes responsible for their
degradation. Degradation of phenolic compounds
during storage was determined at +40°C and higher
[15]. Storage time has a significant effect on the
preservation of the phenol content and antioxidant
activity [16]. Temperature conditions and length of
storage are the basic factors of preservation of
phenolic compounds in products from thermally
processed tomatoes.
This experiment aimed to analyze and determine
the level of change of certain bioactive components
(vitamin C and total phenols) during long storage
(12 months) in thermally processed tomato juice.
During the long storage the experimental groups
were exposed to different temperatures in light and
in dark (which realistically reflects the conditions
of storage of tomato juices in markets) in order to
find the optimal conditions and length of storage
that could benefit human health.
MATERIALS AND METHODS
The experiment was conducted on thermally
processed tomato juice of a selected line of
industrial tomatoes (SPO). Juice from mashed
tomatoes without skin and seeds was cooked for 7
min at 100oC. Hot juice was poured in glass bottles
and hermetically sealed. The samples were stored
in glass packaging, in the light at +20oC; in the dark
at +20oC and in the dark at +4oC. The measurement
of changes of parameters of bioactive components
(vitamin C, total phenols and) during the year of
storage was performed every 2 months (totally 7
measurements during the experiment: 0-made juice,
2, 4, 6, 8, 10, 12 months storage).
Determination of vitamin C
Pale tomato juice was obtained by pressing 100
cm3 of tomato juice and mixed with equal quantity
(100 cm3) of a mixture of HPO3 and glacial
CH3COOH. Then, the mixture was filtered through
creased filter paper. The first 5-10 cm3 of filtered
mixture were thrown away and the aliquot part was
taken from the rest of the mixture for the further
investigation. If necessary, the investigated sample

was diluted with cooled boiled distilled water, so
the aliquot part contained about 2 mg of ascorbic
acid. The process of determining ascorbic acid in
the sample: 10 cm3 of filtered sample (containing 5
cm3 of juice and 5 cm3 of a mixture of HPO3 and
glacial CH3COOH) was applied to three
Erlenmeyer flasks using a pipette. Each sample was
titrated with Tillmans reagent (TR) solution until
pale pink, for about 5 sec. At the same time, the
solution of TR was titrated and blind tested until
pale pink [18].
The content of ascorbic acid (mg/cm3) = (V V1) × T × 100/g
where: V – cm3 of TR solution used for titration
in trial testing; V1 - cm3 of TR solution used in
blind testing; T– titer solution TR (mg C6H8O6 /1
cm3 TR solution); g – juice volume in cm3 in the
aliquot part of sample.
Total phenols content
Total phenols in the tomato ethanol extracts of
20 g tomato juice, 100 cm3 in ethanol were
estimated according to the Folin–Ciocalteu method
[27]. The extract was diluted to a concentration of 1
mg/mL, and aliquots of 0.5 mL were mixed with
2.5 mL of Folin–Ciocalteu reagent (previously 10fold diluted with distilled water) and 2 mL of
NaHCO3 (7.5%). Aliquots were left for 15 min at
450C, and then the absorbance was measured at 765
nm on a spectrophotometer against a blank sample.
Gallic acid (GA) was used to calculate the standard
curve. The assays were carried out in triplicate; the
results were the mean values ± standard deviations
expressed as mg of gallic acid equivalents per gram
of dry extract (mg of GA/g).
Data analysis
Genotype
differences
were
determined
according to ANOVA model for random block
system. Differences between the levels of bioactive
components in fresh fruits and products, ratio juice
storage: light, 20oC, dark, 20oC and dark, 4oC, were
shown according to significant differences by the
Tukey's test.
Storage in three ambient conditions was
followed by a trend line. This line represents the
average state of the observed phenomena through
time. Model of linear trend [19]) applied was:
yˆ=a+ bx,
where: b= ∑ xtyt – n · ẋ · ȳ /∑xt2 – n · ẋ2,
a= ȳ - ẋ · b
Multiple correlation and regression represents an
extended dependence of one parameter (storage in
conditions of light at +20oC) on impact of several
independent variables (storage in the dark at +20oC
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and +4oC, respectively) on individual maintenance
of bioactive components during long-term storage
[20].
RESULTS AND DISCUSSION

significant differences among storage in the dark at
both temperatures (Table 1). Similar results can be
confirmed based on correlation coefficients. All
three storage conditions showed high correlation
between each other (Table 2).
Percentage of loss of vitamin C in the first two
months was 30.35% and after one year 48.79%,
when stored at light at +20oC. However, when
stored in the dark the situation was clearly
different: in the first two months the loss was
7.08% (at +20oC), and when stored in a chilled
room at +4oC there were no losses during this
period (Table 3).
There were no statistically significant
differences in vitamin C content between tomato
juice containers kept in dark (20oC and 4oC ) while
significant differences were found among
containers stored in the light and in the dark (20oC
and 4oC, respectively), Table 1.

According to the results of storing tomato juice
for 12 months in different conditions, the loss of
vitamin C was determined. The highest loss in this
experiment was at storage in light at +20oC, where
the degradation process was the fastest. Trend of
vitamin C loss was in linear shape in all followed
parameters in the experiment; the determination
coefficient at storage at +20oC in light had the
lowest value R2=0.66, while for storage in the dark
at +20oC this coefficient was R2=0.9759 and R2=
0.974 at +4oC, which confirms the linear shape of
vitamin C loss (Fig. 1).
There were significant differences between
storage conditions in the dark at both temperatures
(+20oC and +4oC) and storage in light, proven by
Tukey's test, with 95% accuracy. There were no

A

B

C

Figure 1. The average values and tendency of vitamin C depletion during storage for 12 months in different
conditions (A- light +20oC, B- dark +20oC, C- dark +4oC).
Table 1. Tukey's multiple comparison test for differences in vitamin C content during storage time in different
conditions
Tukey's Multiple Comparison Test

Mean difference

q

Summary

p=95%

Light, +20C : Dark, +20oC

-1.023

4.107

*

-1.922 to -0.124

Light, +20C : Dark, +4oC

-1.080

4.336

*

-1.979 to -0.181

Dark, +20oC : Dark, +4oC

-0.057

0.229

ns

-0.956 to 0.842

*p<0.05; ns not significant
Table 2. Partial correlation coefficient of vitamin C content in different storage conditions

Light, +20oC
Dark, +20oC
Dark, +4oC
*p<0.05: **p<0.01; ns not significant
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Dark, +20oC

Dark, +4oC

0.923**

0.783 **
0.958**
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Table 3. Percentage of vitamin C depletion during 12 months of storage of pasteurized tomato juice
Storage time
(months)

Light,
+20oC

0m

5.37
3.74

2m
4m
6m
8m
10m
12m

3.64
3.45
3.25
3.05
2.75

% loss

Dark,
+20oC

30.35

5.37
4.99

32.22

4.85

35.75

4.55

39.48
43.20
48.79

4.35

Temperature and type of processing affect the
vitamin C loss during storage. During thermal
treatment vitamin C is destroyed usually by
reactions of oxidation at high temperatures in
presence of air [21]. The losses of vitamin C were
higher than 50% in juices pasteurized at high
temperatures during 21 days of storage, and there
was 50% decrease of vitamin C in the tomato juice
sample in the first 30 days of storage [22].
Significant decrease of vitamin C during the first
month of storage was due to oxygen presence in the
package and it is probably responsible for most of
the loss during long-time storage, according to Min
and Zhang [22].
Odriozola-Serrano et al. [17] found significantly
higher level of vitamin C in tomato juice obtained
by pasteurization at low temperatures compared to
high temperatures. In their research they proved
that during the first week of storage the
concentration of vitamin C was higher in tomato
juice treated by light pasteurization. They also
found no significant difference in vitamin C content
between the 7th and 21st day of storage, although
this time of storage is considered to be short, which
cannot be projected at maximal length of tomato
juice storage (one year). The level of phenols in
tomato juice during 12 months varied depending on
storage conditions (Fig. 2). When stored in the light

A

B

4.25
4.05

% loss

Dark,
+4oC

% loss

7.08

5.37
5.37

0.00

9.68

5.1

5.03

15.27

4.65

13.41

18.99
20.86
24.58

4.25

20.86
24.58
25.51

4.05
4.00

at +20oC losses were slow, while after 10 and 12
months the loss of phenols in tomato juice was fast
(Fig. 2 A), unlike vitamin C which was lost the
most in the first months of storage and later had a
slow trend (Fig. 1 A).
Losses in phenol content during storage in the
dark on both experimental temperatures had similar
dynamic and line tendency, which was proved by
the high values of determination coefficient (R2)
close to 1 (Fig. 1 B and C). Loss of phenol content
at light at +20oC was 80.49% while in dark it was
33.90 and 29.79%, in dark at +20oC and +4oC
respectively (Table 4). It is interesting that the level
of phenols did not differ in dynamics of loss in the
first eight months of storage regardless of different
experimental conditions. A critical point is
particularly noticeable, where the percentage of loss
after 8 months was 25.62%, while after 10 months
it increased to 77.14% when stored in the light at +
20oC (Table 4). There were no statistically
significant differences of loss of phenol at different
storage conditions, as shown in Table 5.
Generally, thermal treatment of tomato fruits
causes loss of total phenol content [23]. Thermally
treated tomato products displayed a significant loss
of phenol components (chlorogenic acid) from 4.4
to 3.5- 3.8 mg/100 ml FV after 56 days at 4oC [16].

C

Figure 2. The average value and tendency of phenols loss during 12 months of storage in different conditions A)
light +20oC, B) dark +20oC, C) dark +4oC.
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Table 4. Percentage of phenol loss in pasteurized tomato juice during 12 months of storage
Storage time (months)
0m
2m
4m
6m
8m
10m
12m

Light,
+20oC

% loss

Dark,
+20oC

% loss

Dark,
+4oC

% loss

17.02
15.55
13.80
12.89
12.66
3.89
3.32

8.64
18.92
24.27
25.62
77.14
80.49

17.02
16.05
15.85
14.05
13.55
13.05
11.25

5.70
6.87
17.45
20.39
23.33
33.90

17.02
16.98
15.41
14.25
14.05
13.25
11.95

0.24
9.46
16.27
17.45
22.15
29.79

Table 5. Tukey's multiple comparison test of differences in phenols content during storage time at different conditions
Tukey's multiple comparison test
Light 20oC : Dark, +20oC

Mean difference

q

Summary

95%

-3.099

2.315

ns

-7.928 to 1.731

Light 20oC : Dark, +4oC

-3.397

2.544

ns

-8.227 to 1.433

Dark, 20oC : Dark, +4oC

-0.299

0.224

ns

-5.128 to 4.531

ns not significant

A) x=0.143+0.844x2-0.09 x3
p=0.003**, p= 0.0372**

B) x=1.369+2.695x2-1.953x3
p=0.0067**, p=0.0058**

Figure 3. Regression dependence of tomato juice storage at +20 oC and storage in the dark at +20oC and +4oC,
respectively.

The highest significant loss of phenols was
found by Klimczak et al. [24] in storage from 0-6
months, while the loss of phenol was stable and in
linear tendency when stored for 4 months at +4 and
+20oC [25,26]. Parallel analysis of polyphenols
degradation
and
decrease
of
hydrophile
antioxidative capacity proved the significant loss of
polyphenols during storage from 0-6 months (712%), while the antioxidative capacity dropped
after 9 months of storage (10-12%) [12]. Although,
differently from these studies of phenol content
during the storage period, Pérez-Vicente et al. [14]
found slight changes in total phenolic compounds
in tomato juices stored for 4 months at + 18 ° C.
The analysis of the regression dependence
between the investigated methods of storage
(storage in light as a dependent variable compared
to independent variables related to storage in dark
conditions and at different temperatures), and
404

partial regression coefficient, proved the statistical
significance of storage conditions in which tomato
juice was kept (Fig. 3 A, B). Regardless to
comparison tests performed for the whole storage
stream (Tukey's Multiple Comparison Test) partial
coefficients of regression determined more
specifically the changes after 12 months of storage
in function of dynamics of loss of certain bioactive
nutrients. This analysis of degradation during
storage explains that the best way of storage was
storage in the dark. The significance was in
dynamics of degradation which was in function of
way storage of tomato juice (Fig. 3 A, B).
Degradation according to a simple comparison test
(Tukey's test) for phenol content was not significant
for long-time storage for 12 months.
However, ambient conditions caused a
significant loss of these components, especially
when stored in light, compared to storage in the
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