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SUMMARY: The aim of this study was to observe the 
effect of foliar fertilization with organic products on the 
nutritional quality of fruits stored. The time between har-
vest and consumption of fruits and vegetables, may be up 
to several weeks. In this regard, the storage capacity of 
tomato fruits at three hybrids has been studied: Antalya, 
Chocolat and Tiger. The culture was founded in a gre-
enhouse in the south-west of Romania. The fruits were 
stored at a temperature of 15°C ± 0.5°C and a relative 
atmospheric humidity of 82% for a period of 42 days. In 
order to assess the nutritional fruit value during storage, 
biochemical analyzes were carried out at 7, 21, 35 and 42 
days. Experimental results have shown that the best va-
riants of organic manure and storage time, which positive 
influenced the content of carotene and vitamin C were 
variants with humic acids + Vitis vinifera seeds extract 
and humic acids + extract from the seeds of Vitis vinifera 
+ Boro.
Key words: Tomatoes, vitamin C, total carotenes, titra-
table acidity.

RESUMEN: El efecto de la fertilización foliar con 
productos orgánicos sobre el valor nutricional du-
rante el almacenamiento post-cosecha de los tomates 
(Lycopersicon esculentum Mill). El objetivo de este es-
tudio fue observar el efecto de la fertilización foliar con 
productos orgánicos sobre la calidad nutricional en los 
frutos almacenados. En este sentido, la capacidad de al-
macenamiento de los frutos de tomates ha sido sometida a 
tres híbridos: Antalya, Chocolat y Tiger. Los tomates han 
sido cultivados en un invernadero, en la parte sur-oeste de  
Rumanía. Los frutos se han guardado a una temperatura 
de 15°C ± 0.5°C y a una humedad atmosférica relativa de 
82%, durante un período de 42 días. Para la evaluación 
nutricional de los frutos durante el periodo de almacena-
miento, se realizaron análisis bioquímicos a los 7, 21, 35 
y 42 días. Los resultados de los experimentos mostraron 
que las mejores fórmulas empleadas en la fertilización 
orgánica, así como el tiempo de almacenamiento, que han 
influido positívamente en el contenido de carotenos y vi-
tamina C, han sido: la fórmula con ácidos húmicos + ex-
tracto de semillas de Vitis vinifera y la fórmula con ácidos 
húmicos + extracto de semillas de Vitis vinifera + Boro.
Palabras clave: Tomates, vitamina C, carotenos totales, 
acidez titulable.

INTRODUCTION

 The tomatoes (Lycopersicon  esculentum 
Mill.) are one of the vegetable most consumed 
worldwide because they are the main supplier of 
several phytonutrients that provide important nu-
tritional value for the human diet (1). An average 
consume of tomatoes provides 40% of the recom-
mended daily allowance of vitamin C (ascorbic 
acid), 20% of the RDA of vitamin A, substantial 
amounts of potassium, dietary fibbers, calcium, 
and smaller amounts of iron, magnesium, thia-

mine, riboflavin, niacin, and it contains only 
about 35 calories.

 The regular consumption of fruits and vege-
tables was associated with the maintenance of 
health and prevention of diseases. The tomatoes 
are an important species due to the major contri-
bution of carotenoids, phenols, vitamin C, vita-
min E that come in daily ration of nutrition of the 
world population .

 The results of different studies showed that 
tomatoes and products obtained from tomatoes 



may have a protective effect against various 
diseases such as prostate, cancer and cardio-
vascular diseases (2). Several studies have 
shown that during ripening important chan-
ges occur in the synthesis of pigments (e.g. of 
lycopene). Some authors like (3), reported an 
increase in the content of ascorbic acid during 
ripening, and argue that the main antioxidants 
in tomatoes are the carotenoids, ascorbic acid 
and phenolic compounds. 

 The entire antioxidant activity of tomatoes 
varies considerably depending on the variety, 
on genetic information, maturing stage and 
growing conditions (4). There is a wide varia-
tion in the content of vitamin C among toma-
toes varieties. The carotene content is greatly 
influenced by the type of culture (5) and by the 
fertilization that is made during vegetation.

 Humic acids in combination with other pro-
ducts represent an important source of natural 
organic matter in agricultural fertilization. The 
action of polyphenols in plants is distinguis-
hed by their role in the formation of pigments, 
in growth, for their the resistance to pathogens 
and for UV protection (6).

 Studies in scientific literature show a va-
ried effect of applications of humic acids sim-
ple or in combination with other stimulators. 
Fertilizer applications based on humic acids 
on tomatoes grown in greenhouses positively 
influence the qualitative and quantitative cha-
racteristics of the fruit (7). Other studies show 
that humic acids applied both on the root and 
foliar on a crop of peppers, determine a higher 
yield and better quality fruit that can signifi-
cantly increase the content of capsaicin (8).

 An important role in the development of 
plants plays also the boron influencing the 
synthesis of aromatic compounds, the per-
meability of protoplasmic membrans, translo-
cation of carbohydrates, division of cells, fruit 

maturation, accumulation of free auxin and 
biosynthesis of nucleic acids (9, 2).

 A deficit of boron in plants and soil leads 
to a decline in plant vascularization, root elon-
gation, slowdown in the metabolism of carbo-
hydrates, reduction of the synthesis of nucleic 
acids etc. (2). In its absence leaves become 
vulnerable, begin to twist inward, flowers fall 
and fruits start to smudge (starts tissue dama-
ge).

 The tomatoes metabolism continues even 
after the removal of fruits from the plant when 
fruits are red, then reaching a point where they 
become devoid of nutritional value . To extend 
the life of fruits and vegetables, on the shelf, 
and to slow down the respiratory metabolism 
during storage, these are stored at low tem-
peratures in an atmosphere of carbon dioxide 
(10). 

   The production quality after harvesting is 
done during the growing season and could be 
maintained, but not enhanced by post-harvest 
technologies. This can be achieved through a 
selection of genotypes with a better quality at 
storage, at harvest and at optimum maturity 
(11) indicated that the genetic material availa-
ble on the market allows the discrimination of 
external and internal attributes of quality that 
must meet the consumer demands. The aim of 
this study was to observe the dynamics on days 
of storage, the nutritional value of the three hy-
brids of tomatoes fertilized in vegetation with 
organic products.

 
MATERIAL AND METHOD 

Vegetal material

 The experiment of the tomato crop was 
created in the didactic field of Horticulture 
Faculty of Craiova, Romania (44°19’ North 
latitude and 23°48’ East longitude), in an un-
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heated greenhouse, and the biochemical deter-
minations were performed in laboratory. 

 Antalya, Chocolat and Tiger tomato hy-
brids were studied. The experiment was bi-
factorial located in randomized blocks, with 
five variants of 3 repetitions/each variant. 
The first factor (A) was the fertilizing pro-
duct assortment with five graduations: a1 –
control without fertilizing; a2 - Vitis vinifera 
seed extract (Vv.Se); a3 - humic acids (HA.); 
a4 - humic acids + Vitis vinifera seeds extract 
(HA+VvSe); a5 - humic acids + extract from 
the seeds of Vitis vinifera + Boron (HA + VvSe 
+ B) and the second factor (B) was the stora-
ge life with also five graduations: b1-without 
storage (at harvest), b2-storage for 7 days, b3- 
storage for 21 days, b4- storage for 35 days 
and b5- storage for 42 days.

 The bio-fertilizer was applied to foliage at 
a concentration of 1% humic acids and 1.5% 
for the variants with polyphenolic and boron 
extract. The first foliar treatment was applied 
at 2 weeks after planting, and the following 
treatments at an interval of 14 days.

 The fruits from three tomato hybrids that 
were different between them by colour were 
used in the study. Antalya hybrid has red fruits, 
Chocolat hybrid has chocolate brown fruits 
and Tiger hybrid has red-green fruits. The 
fruits for laboratory samples were collected 
manually at physiological maturity. They were 
brought from the field in the laboratory where 
they were washed with tap water to remove the 
field heat, soil and to reduce the microbial po-
pulations on their surface and then they were 
stored in ambient conditions. Each hybrid had 
a sample of 90 fruits per repetition, which 
were assessed throughout the storage period. 
They were kept at a constant temperature of 
15 ± 0.5°C for 42 days. In this interval the-
re were determined the content of vitamin C, 
total carotene and titratable acidity to see the 
evolution of these elements during storage.
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The determination of vitamin C content

 A sample of 5-10 g of tomatoes, previously 
ground with quartz sand has been put into a 
100 ml- balloon by using a solution of 2% hy-
drochloric acid. It has been stirred and after se-
dimenting it has been filtered into a dry glass. 
A 10-ml aliquot has been passed into a Berze-
lius glass, to which 30 ml of distilled water;  
5 ml of 1% potassium iodate and 1 ml solution 
of starch have been added. It has been then ti-
trated with potassium iodate N/250 stirred un-
til becoming bluish (2).

The calculation of ascorbic acid concentra-
tion is made by using the equation:

 Vitamin C mg % = 352. n.f / G, Where:

 n - ml used for titration;   f – the factor of 
the potassium iodate N/250;

 G – the sample weight in grams.

The determination of total carotenoids

    The weighed samples, having been put sepa-
rately in 95% in acetone (50 ml for each gram), 
were homogenized with Braun MR 404 Plus 
for one minute. The homogenate was filtered 
and was centrifuged using the Hettich Univer-
sal 320/320R centrifuge at 2500 rpm for ten 
minutes. The supernatant was separated and 
the absorbencies were read at 400-700nm on 
Cary 50 spectrophotometer. It was recorded 
that Chlorophyll a showed the maximum ab-
sorbance at 662 nm, chlorophyll b at 646 nm 
and total caroten at 470 nm and the amount of 
these pigments was calculated according to the 
formulas.

Ca = 11.75 A662 - 2.350 A645;  Cb = 18.61 
A645 - 3.960 A662

Cx+c = 1000 A470 - 2.270 Ca - 81.4 Cb/227

Ca = Chlorophyll a, Cb = Chlorophyll b; Cx + 
c = Total carotene
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The determination of titratable acidity.

   From a sample of 5-10 g of tomatoes homo-
genated with a vertical blender Braun MR 404 
Plus for 1 minute, 1-2 ml were taken which 
were diluted in 10 ml of distilled water and ti-
trated with 0.1 N sodium hydroxide in the pre-
sence of phenolphthalein.

The acidity calculation is made using the 
formula: 

Where: 

V - volume of NaOH solution used for titra-
tion, (ml);

m - sample weight, (grame);

N - normality of NaOH solution  

Statistical Calculation

      The data recorded were statistically proces-
sed by using the analysis of the variant (ANO-
VA) and the calculation of the limit differen-
ces, P ≤ 0.05.

RESULTS 

    In the storage room, the relative air humidity 
was 82%, in accordance to what was reported 
previously by (12). Therefore, the environ-
mental conditions for storage had the tempe-
rature and relative humidity that did not affect 
the tomatoes during storage.

 In the present study, the harvest, fertility 
treatments with organic products have signi-
ficantly influenced the chemical composition 
in terms of content in carotene, vitamin C and 
acidity for Antalya hybrid. Thus, the best ac-
cumulation in carotene was at the version a4- 
humic acids + extract from the seeds of Vitis 
vinifera (HA + VvSe), in vitamin C at version 
a5 humic acids + extract from the seeds of Vitis 
vinifera + Boron (HA + VvSe + B) and for aci-
dity in a1 and a5 (Figure 1A). During storage 
over a longer period of time, in tomato fruits 
metabolic reactions take place forming new 

acids that contribute to changing the acidity.

   During storage, in the study, the storage time 
significantly affects the chemical composition 
of the fruit at Antalya cultivar. The highest le-
vel of content in carotene, vitamin C and aci-
dity was recorded by the variants b1-without 
storage, b2-storage for seven days, b3-storage 
for 21 days. For the b4 version, the values de-
creased for carotene and vitamin C while aci-
dity increased.  In the b5 version, storage for 
42 days, the fruits degraded (Figure 1B) and 
did not have the nutritional value.

 In the interaction of factors, the fertilizing 
product assortment and the period of storage, 
at Antalya cultivar, it appears that the best va-
riants were a4b1, a4b2, a4b3 for carotene con-

FIGURE 1.The influence of organic fertilization 
(A) and storage time (B) on the chemical 
composition of fruits at Antalya hybrid

A

B



tent and a5b1, a5b2 and a5b3 for vitamin C con-
tent (Table 1).
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TABLE 1. The effect of organic fertilization 
and storage time interactions on the chemical 

composition of the fruits at Antalya hybrid

Treatment Total Vitamin Titratable 
 Carotene C acidity
 (mg/100 g )-1 (mg/100 g )-1 (mg/100 g)

a1b1 11.3def 9.0cd 0.42i

a1b2 11.5cdef 9.1cd 0.44i

a1b3 11.6cdef 7.5e 0.6g

a1b4 5.0k 2.5i 1.4a

a2b1 12.4bcd 10.1b 0.43i

a2b2 12.7bc 10.2b 0.44i

a2b3 13.0b 9.5bc 0.51h

a2b4 5.9jk 5.0fg 0.9d

a3b1 8.3i 9.7bc 0.43i

a3b2 8.4i 9.7bc 0.45i

a3b3 8.3i 8.5d 0.65g

a3b4 3.5l 4.5gh 1.15b

a4b1 15.2a 9.9b 0.44i

a4b2 15.3a 10.0b 0.46hi

a4b3 14.8a 9.0cd 0.8f

a4b4 6.9j 4.0h 1.0c

a5b1 10.6fg 12.5a 0.44i

a5b2 11.0ef 13.2a 0.47hi

a5b3 9.1hi 12.5a 0.9d

a5b4 9.4ghi 5.5f 1.1b

P ≤ 0.05 1.396 0.767 0.057

a-k Different letters indicate differences according to the proba-
bility value (P)

FIGURE 2. The influence of organic 
fertilization (A) and storage time (B) 

on the chemical composition of fruits at 
Chocolat hybrid

A

B

 For the Chocolat hybrid the highest values 
of vitamin C content were at a2 and a4 variants, 
and for carotene a4. Acidity recorded oscilla-
tions depending on variants (Figure 2A). After 
harvesting and storage for 7-21 days, these indi-
cators values increased and then they started to 
decrease. Compared to Antalya, the vitamin C is 
also found in 42 days from harvest, but in small 
amounts (Figure 2B). 

 Regarding the interaction between foliar ferti-
lizer products and the storage period of fruits, the 

best carotene accumulation was recorded 
at a4b1; a4b2 and a4b3 variants and vita-
min C was recorded at a4b2 variants, and 
for titratable acidity a1b5 (Table 2).

 For the Tiger hybrid the application 
of organic fertilizers significantly affec-
ted the accumulation of carotene and 
vitamin C, compared to the unfertilized 
plant. The best accumulation was in va-
riants a5, a4 for the content in carotene, 
a2 and a4 for the content in vitamin C 
and for titratable acidity a1 (Figure 3A). 
On storage period, there was a slight in-
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TABLE 2. The effect of organic fertilization 
and storage time interactions on the chemical 
composition of fruits at the Chocolat hybrid

Treatment Total Vitamin Titratable 
 Carotene C acidity
 (mg/100 g )-1 (mg/100 g )-1 (mg/100 g)

a1b1 16.8d 6.1cdf 0.33i

a1b2 17.0d 6.1cdf 0.4ghi

a1b3 17.1d 5.0h 0.55efgh

a1b4 8.4g 3.0kl 0.8d

a2b1 3.3k 1.1o 1.5a

a2b2 18.5c 6.5abc 0.31i

a2b3 18.8c 6.7abc 0.35hi

a2b4 19.0c 5.5fgh 0.4ghi

a3b1 9.6f 4.0ij 0.6defg

a3b2 5.0i 2.5l 1.15c

a3b3 19.0c 6.4bc 0.34hi

a3b4 19.1c 6.5abc 0.4ghi

a4b1 19.0c 5.2gh 0.45fghi

a4b2 9.4f 4.2i 0.65def

a4b3 4.8j 2.0lm 1.2bc

a4b4 22.5a 7.0ab 0.35hi

a5b1 22.7a 7,1a 0.45fghi

a5b2 22.8a 5,7dfg 0.5efghi

a5b3 10.7e 4.0ij 0.7de

a5b4 5.1h 1.7mn 1.3abc

P ≤ 0.05 0.725 0.696 0.218

a-o Different letters indicate differences according to the pro-
bability value (P)

FIGURE 3. The influence of organic fertilization (A) and storage time 
(B) on the chemical composition of the fruits of the Tiger hybrid

A B



crease in vitamin C and carotene in 7-21 days of 
fruits storing and then slightly decreased (Figure 
3B). The results are also confirmed by (13) who in 
their study recorded the same values for a period of 
10 days of tomatoes storage. In interaction the best 
variants were a3b2 and a4b2 for vitamin C and for 
carotene the a4b3 version (Table 3). 

the temperature in the storage room it is 
also similar to thst in our study, except 
for the humidity that lower.

 Generally at relatively low tempe-
ratures it is maintained the quality of 
fruit and vegetables due to the effects 
breathing intensity reduction, transpira-
tion, ethylene production, maturation, 
aging and slime growth.

 It should be noted that towards the 
end of the storage period of tomato fruits, 
the vitamin C content decreases because 
the fruits reach the over maturation. This 
trend was consistent with the results ob-
tained by Toor and Savage (13). There are 
cases where there were reported increases 
in vitamin C content during the final sta-
ges of the fruit maturation. For example 
Brecht et al (15) found a high content of 
vitamin C along with increasing maturi-
ty of fruits. The literature shows that the 
tomatoes fertilized during vegetation with 
organic products have a higher content 
of vitamin C than the non-fertilized ones 
(16). The difference between the hybrids 
in terms of the content of vitamin C, for 
the tomatoes for fresh consumption varied 
in our study similarly to the data reported 
by Toor and Savage (13).

 The tomatoes grown in greenhouse re-
corded lower levels of ascorbic acid than 
those grown outdoors due to the intensity 
of light which is smaller in greenhouses 
than in the culture on the open field (17). 
This could explain the relatively lower 
content of ascorbic acid at the studied hy-
brids.

 The lycopene represents 60-74% of 
the tomato carotenoids and of the tomato 
products. The lycopene content is affected 
by many factors such as maturity, variety 
(2), treatments applied during vegetation, 
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TABLE 3. The effect of organic fertilization and 
storage time interactions on the chemical  
composition of the fruits of Tiger hybrid 

Treatment Total Vitamin Titratable 
 Carotene C acidity
 (mg/100 g )-1 (mg/100 g )-1 (mg/100 g)

a1b1 14.6h 5.5bc 0.39jkl

a1b2 14.6h 5.6bc 0.41ijkl

a1b3 14.8h 4.0ef 0.7ef

a1b4 7.4l 3.0gh 0.9c

a2b1 2.0p 1.1j 1.3a

a2b2 16.5g 5.8ab 0.3l

a2b3 16.7fg 6.1ab 0.35jkl

a2b4 16.8efg 5.0cd 0.55ghi

a3b1 8.3k 4.5de 0.7ef

a3b2 3.1o 3.0gh 1.1b

a3b3 17.2defg 5.9ab 0.3l

a3b4 17.3cdef 6.3a 0.4jkl

a4b1 17.5bcde 4.5de 0.55ghi

a4b2 8.5jk 3.5fg 0.75de

a4b3 3.3no 2.5hi 1.2ab

a4b4 18.0abc 6.1ab 0.33kl

a5b1 18.2ab 6.4a 0.45hij

a5b2 18.5a 5.5bc 0.6fg

a5b3 9.2ij 4.5de 0.8cd

a5b4 4.0mn 2.5hi 1.25a

P ≤ 0.05 0,703 0,675 0,106

a-o Different letters indicate differences according to the proba-
bility value (P)

DISCUSSION

 After Castro et al (14) it is generally accepted 
that the mature tomatoes can be stored for relati-
vely long periods at a temperature of 10-15°C and 
an atmospheric humidity of  85-95%. Therefore, 
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the influence of environmental factors and espe-
cially of the heat. Depending on the stages of de-
velopment, at the tomatoes at the immature green 
fruit stage until the physiological maturity stage, 
when the fruit is yellow-orange or deep red, the 
carotenoid content increases and it is related to 
the increased lycopene content in plastids.

 Our results showed that the carotene biosynthe-
sis continues during storage, this being consistent 
with the results of (18). It increased from the har-
vest of 21 days of storage and then began to de-
crease at all the three studied cultivars. 

 After Gyanendra et al (19) the content of ca-
rotenoids in tomatoes increases during storage 
due to progressing towards full maturity when 
chlorophyll degradation happens and there is 
increased synthesis of carotenoids. Increased le-
vels of lycopene in tomato during storage might 
be due to ripening advancements of tomato fruits 
and conversion of chloroplasts to chromoplasts. 
This effect was also reported by Ajlouni et al (20) 
which registered increases in the content of lyco-
pene in tomato fruits during storage at 22 °C for a 
period of 14 days.

 The titratable acidity in the present study ran-
ged from 0.39 mg/100g at Tiger cultivar to 0.42 
mg/100g at Antalya cultivar for the unfertilized 
variants. The latter cultivar forms larger fruits 
than the Tiger and Chocolate hybrids. This varia-
tion could be due to the difference in size of the 
fruits. After Tigist et al (12) showed that large to-
mato fruits had higher acidity, which is consistent 
with the results of our study. The titratable acidity 
continued to grow throughout the storage period 
and the results are similar to those obtained by 
(10, 21). According to Tigist et al (12) in a study 
on some tomatoes cultivars, stored for 32 days, 
the acidity increased only in the first 4 days of 
storage, and then decreased.

 Application of humic acids influenced sig-
nificantly the quality of tomato fruit (7). Also, 
cumulative application of humic acids with 

potassium to a cucumbers crop in greenhouse 
has resulted in a significant improvement of 
the fruits (22). The same results were obser-
ved when humic acid was applied to an apricot 
crop which led to an increase in the content of 
T.S.S and decreasing fruit acidity (23).

CONCLUSION

 The best fertilizers on carotene content and 
vitamin C in the hybrids studied were a4 - hu-
mic acids + Vitis vinifera seeds extract and a5 
- humic acids + extract from the seeds of Vitis 
vinifera + Boron.

Applying fertilizers with humic acids combi-
ned with extract from the seeds of Vitis vinifera 
(a4) and extract from the seeds of Vitis vinifera 
+ Boron (a5) determines a good accumulation 
in nutrient substances over the retention period 
up to 21 days of tomato fruits.

 In the interaction of factors organic ferti-
lization during the vegetation period and sto-
ring time there were highlighted the variations 
a4b1, a4b2 and a4b3 in Antalya and Chocolat 
and a4b3 at Tiger, regarding the carotene accu-
mulation, For vitamin C there were emphasi-
zed variants a5b1, a5b2 Antalya, a4b2 at Tiger 
and Chocolat.
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