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Abstract 
 
The conditions of cultivation and the management of fertilization influence the productivity and the post-harvest quality of 
cucumbers in an expressive way. In this sense, the aim of this study is to evaluate the physical, chemical and sensorial post-harvest 
quality of cucumbers for canning purposes submitted to different doses of nitrogen fertilization. The experiment was carried out in 
a greenhouse at the Goiano Federal Institute (IF Goiano), campus Urutaí and After harvest, the material was sent to the food 
technology laboratory located in the campus. The soil of the area is classified as Red Latosol according he cucumber cultivar used 
was the Cucumis sativus L. Kybria F1 hybrid, most suitable for the processing of canned foods. The experimental design was 
randomized blocks and five treatments (nitrogen doses 0, 50, 100, 150 and 200 kg ha

-1
), and four replications. The physical 

parameters fruit length and diameter, fruit fresh matter, production per plant, titratable acidity (TA), pH, soluble solids (SS), 
moisture, ash content, and SS/TA ratio were evaluated. A sensory analysis was performed using acceptance and ordering-
preference tests, in addition to an instrumental evaluation of texture. The application of different doses of nitrogen to cucumber in 
a protected environment influenced the production per plant and the physical-chemical characteristics of the fruits. However, the 
sensory quality was not affected. The doses 100 and 150 kg ha

-1
 of nitrogen is recommended for the production of canned 

cucumber. 
 
Keywords: Cucumis sativus L., sensory analysis, fertilization, physical-chemical, texture. 
Abbreviations: N_nitrogen; SS_soluble solids; TA_titratable acidity; SS/TA_soluble solids/titratable acidity. 
 
Introduction 
 
Cucumber (Cucumis sativus L.) is a plant of the family 
Cucurbitaceae originating in India. It is a crop of 
undetermined growth. It presents its best development with 
high temperature, relative air humidity, luminosity, and a 
continuous supply of water and nutrients (Amaro et al., 
2014). Botanically, the cucumber is a non-climacteric fruit 
partially developed. The organ that makes up the edible 
portion of the cultivar is classified as fleshy and immature 
(Fennema et al., 2010).  
The cucumber crop has a great socioeconomic importance 
for the vegetable agribusiness. It can be eaten raw, in salads, 
sandwiches, soups, or canned. In addition, it can be used in 
cosmetics and drugs because of its nutraceutical properties 
(Carvalho et al., 2013). 
The development of the plant is favored by temperatures 
above 20ºC. The cultivation in protected environments 
favors the control and production of this crop, maintaining 
favorable conditions for its development and productivity 
(Sediyama et al., 2014). This vegetable has been cultivated 
more frequently in protected environments (Sediyama et al., 
2012). 
The nutritional status of the plant influences biomass 
production and fruit quality. Eifediyi and Remison (2010) 
reported that the combination of organic and inorganic 
fertilization favors production and the physical 

characteristics length, diameter and mass of cucumbers. 
Nitrogen (N) influences processes involved in plant growth 
and development, promoting morphophysiological changes 
related to photosynthesis, root development and root 
activity, ionic nutrient uptake, cell growth and cell 
differentiation (Costa et al. 2015). 
Several authors Resende and Flori (2003), Zhang et al. 
(2011), Kirnak et al. (2005), Agba and Enya (2005) and Dai et 
al. (2011) has observed the importance of nitrogen 
fertilization in the productivity and quality of cucumber 
fruits. 
Studies on the application of nutrients to cucumber crops in 
protected environments are necessary because they may 
contribute to achieve better results in the cultivation of this 
vegetable in Brazil by proposing alternatives that help to 
obtain a higher productivity and quality of fruits. 
The objective of the present study is to compare and 
characterize the physical, chemical and sensory attributes of 
canned cucumber submitted to different doses of nitrogen 
fertilization. This study gains relevance due to assessing the 
influence of crop treatments on the post-harvest quality of 
fruits and vegetables, and due to the importance of the 
cucumber culture.  
 
 



344 
 

Results and Discussion 
 
Physical characteristics  
By analyzing the influence of nitrogen doses on the physical 
characteristics of cucumber (Table 1), a statistical difference 
was observed only for production per plant (kg ha

-1
). 

The doses 50, 100 and 150 kg ha
-1

 of nitrogen provided the 
best results for production of fruits per plant (kg ha

-1
), 

without statistically differing among them. Despite this 
result, the N dose 150 kg ha

-1
 yielded 1,469.41 kg plant

-1
, the 

highest production obtained. These results are in agreement 
with those observed by Wahocho et al. (2016), who 
reported the highest indexes by applying 100-150 kg ha

-1
 of 

nitrogen to plants. Souza et al. (2018) verified an increase in 
nitrogen fertilization in the cucumber crop for fresh fruit 
mass and yield per plant. 
Fruit length is an important parameter because it strongly 
affects the total production of cucumber. As the studied 
crop is intended to producing canned foods, the intention is 
not to obtain large fruits, rather fruits with a good yield. 
Therefore, the harvest is carried out close to the anthesis 
period, different from fruits destined to commercialization 
in natura, i.e., approximately 25 days after anthesis. In this 
sense, cucumber for canning must be smaller fruits with a 
good flavor and the characteristic taste of the canned 
cucumber.  
As expected, nitrogen application in the five treatments did 
not differ significantly as to length, since this parameter was 
selected as the standard for cucumber harvesting. However, 
Jilani et al. (2009) observed positive effects of nitrogen in 
conjunction with phosphorus and potassium on fruit length 
and production of hybrid cucumbers (Noble). It is worth 
mentioning that the cultural traits, the soil characteristics 
and the cultivar characteristics, besides several other 
factors, may influence the results obtained by the authors 
considering the variables of both studies. 
As for the other attributes of the physical parameters 
evaluated, it was also not possible to differentiate the 
treatments statistically. Regarding fruit diameter, the values 
obtained are within the standards of cucumber for canning 
because this variable has a direct relation with length. 
According to Santos et al. (2014), pickling cucumber can be 
classified as type I (6-9 cm long) and type II (9-12 cm long). 
The results obtained in this work are in accordance with this 
classification.  
 
Physical-chemical characteristics 
In the evaluation of the characteristics pH, titratable acidity 
(TA), moisture, ash, soluble solids (SS) and SS/TA ratio (Table 
2), it was possible to observe that there was a significant 
difference (p<0.05) for all variables analyzed. 
By evaluating the influence of nitrogen doses on the pH of 
cucumber, it was possible to observe that, when 200 kg ha

-1
 

of nitrogen were applied, the fruits were neutral. As the 
doses of nitrogen decreased, the pH became more acidic. 
For all treatments, the cucumbers had a pH higher than 6, 
which results in a low fruit acidity. In this case, for the 
preparation of pickles, it is necessary to reduce the pH 
through the acidification of the medium to a pH lower than 
4.5, which restricts the growth of pathogenic 
microorganisms, allowing the application of pasteurization 
as a heat treatment for conservation. By assessing different 
doses of cover nitrogen and the quality and production of 
watermelon fruits, Barros et al. (2012) did not verify the 
influence of doses on the fruit pH. Pedó et al. (2019) 

observed an increase in pH combined with an increased 
frequency of leaf fertilization (Torpedo

®
) in Physalis. 

The determination of total acidity in foods is important to 
evaluate the processing and the state of conservation of 
foods. An increase in acidity (TA) was observed according to 
the increase in nitrogen doses up to 100 kg ha

-1
. For the 

doses 100, 150 and 200 kg ha
-1

, the values showed no 
statistical difference (p<0.05). However, Silva et al. (2014), 
evaluating the influence of nitrogen and potassium doses on 
the melon crop, observed a lower acid content, varying 
between 0.25 and 0.40%. Despite belonging to the same 
family, the titratable acidity of the cucumber is greater than 
that of melon because the fruits are harvested green and 
with a more acidic taste. 
By evaluating the moisture of cucumber fruits, it was 
possible to observe a statistical difference for nitrogen 
doses. The doses 50, 100 and 150 kg ha

-1
 presented the 

highest moisture, and did not differ statistically. The 
moisture or water content of a food is related to its stability, 
quality and composition. In addition, the moisture content is 
strongly related to soluble solids content. Thus, the high 
moisture content of cucumber, besides causing an apparent 
reduction in soluble solids, may also influence the 
composition of the edible part of the fruit. It was observed 
that the results obtained for moisture were similar (around 
95%) to those listed in the Brazilian Table of Food 
Composition - Taco (2011), in which the moisture content of 
the raw cucumber is 96.8%.  
The mineral material is the inorganic residue that remains 
after the burning of the organic matter, which is 
transformed into CO2, H2O and NO2 (Cecchi, 2003). The 
minerals in the ashes are metal oxides, sulfates, phosphates, 
nitrates, chlorides, and other halogenates (Fennema et al., 
2010). The nitrogen dose had a significant influence on ash 
content. For the dose 200 kg ha

-1
, there was 0.61 g 100

-1
 g of 

ash. For the dose 150 kg ha
-1

 of N, there was only 0.48 g 100
-

1
 g of ash. The results were slightly higher than the data 

presented by Taco (2011), which indicates 0.3 g of ash for 
raw cucumber.  
The mean values of soluble solids (SS) were close to 5 °Brix. 
Choi et al. (2015) observed a 3.5 °Brix SS for freshly 
harvested cucumbers of the Baegdadagi variety grown in 
commercial greenhouses in central Korea. This response 
variation may be associated to different growing 
environments mainly in terms of temperature and solar 
radiation, and management practices that influence the 
accumulation of sugars and organic acids dissolved in fruits. 
Different substances compose the SS, and sugars are the 
main constituents of SS in various fruits. The cucumbers 
present a low sugar concentration and a high acid 
concentration as they are harvested still immature 
(Medeiros et al., 2011), which characterizes a crop with 
fruits with a low ratio. 
 
Instrumental texture 
Firmness is an important characteristic in the evaluation of 
the quality of a product. It is decisive in the acceptability by 
the consumer. According to Chitarra and Chitarra (2005), 
firmness is related to the force necessary for the product to 
reach a given deformation because of loss of cell turgor and 
the action of hydrolytic enzymes on the cell wall. 
There was no significant difference (p>0.05) in firmness in 
any of the treatments (Table 3) for the three regions of 
cucumbers (base, equatorial region and tip) in function of 
nitrogen doses. 
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Table 1. Physical characterization of the different treatments of nitrogen fertilization of canned cucumber. 

*
 Means followed by the same letter do not differ by Tukey test at 5% probability.  

 
Table 2. Mean values of physical-chemical parameters of different treatments of nitrogen fertilization in cucumber for canning.  

Nitrogen dose 
pH 

TA Moisture Ash SS 
Ratio 

kg ha
-1

 (% citric acid) ------ (g 100
-1

 g) ----- (ºBrix) 

0 6.43 b 1.09 b 94.80 c 0.58 a 5.00 a 4.62 ab 
50 6.76 ab 0.96 b 95.19 ab 0.59 a 4.90 b 5.10 a 
100 6.70 ab 1.67 a 95.48 a 0.53 ab 4.90 b 2.94 c 
150 6.56 b 1.40 ab 95.20 ab 0.48 b 4.97 ab 3.64 bc 

200 7.00 a 1.28 ab 95.03 bc 0.61 a 4.90 b 3.85 abc 

F Value 9.581 7.495 14.193 8.731 10.001 8.829 

CV (%) 1.79 13.68 0.12 5.57 0.52 12.24 
*
 Means followed by the same letter do not differ by Tukey test at 5% probability. 

 
Table 3. Mean values for firmness (N) of the base, equatorial region and tip of cucumbers for canning in the five treatments.  

Nitrogen dose Firmness Base Firmness Equatorial Region Firmness Tip 

kg ha
-1

 ------------------------------- (N) ------------------------------ 

0 38.8 a 43.6 a 42.5 a 
50 38.6 a 40.1 a 35.8 a 
100 38.6 a 38.9 a 35.9 a 
150 34.5 a 38.5 a 31.1 a 

200 42.3 a 35.7 a 36.3 a 

F Value 0.859 1.352 1.637 

CV (%) 24.36 19.81 27.76 

*Means followed by the same letter do not differ by Tukey test at 5% probability.  
 
 
Omoba and Onyekwere (2016) evaluated the firmness of the 
equatorial region of cucumbers grown in Nigeria, and found 
force values ranging from 50.5 to 52.5 (N), higher than those  
observed in this work for a variety of cucumbers destined for 
canning.  
 
Sensory analysis characteristics 
 
Order-preference test 
According to the comparative evaluation of the appearance 
of cucumbers referring to the five doses of nitrogen 
fertilization, there was no difference in preference. Thus, 
nitrogen fertilization did not influence the preference in 
relation to fruit appearance. 
 
Acceptance test 
Three sensorial attributes were analyzed to evaluate the 
acceptability of cucumbers of the five treatments (doses of 
nitrogen): appearance, taste and texture. There was no 
statistically significant difference (p>0.05) in relation to the 
evaluated attributes among the five cucumber samples, that 
is, the treatments did not influence the sensory acceptance 
of cucumbers.  
According to the scores obtained, the five cucumber 
samples were accepted. The mean scores of the attribute 
taste presented values above 6.0 (equivalent to “slightly 
liked”). The cucumbers obtained a greater sensorial 
acceptability as for the attributes appearance and texture,  

 
with means a score above 7 (equivalent to moderately 
liked). Souza et al. (2018), evaluating the sensory 
assessment of pickles of Coccinia grandis under different 
bleaching times, also obtained averages of acceptance close 
to 6.5 for the attributes appearance, texture and flavor. 
 
Material and Methods 
 
Location and experiment 
The experiment was carried out in a greenhouse at the 
Goiano Federal Institute (IF Goiano), campus Urutaí, at 
17°27'49 ''S and 48°12'06'' W and an average altitude of 744 
m. After harvest, the material was sent to the food 
technology laboratory located in the campus. The climate of 
the region is Cwa, hot temperate, according to the 
classification of Köppen-Geiger (Cardoso et al., 2014). The 
soil of the area is classified as Red Latosol according to 
Santos et al. (2013). The soil chemical characteristics of the 
experimental area were determined before the installation 
of the experiment according to the methodology proposed 
by Ribeiro et al. (1999). The results for the layer 0.0-0.20 m 
are 920 mg dm

-3
 of P (Mehlich), 23 g dm

-3
 of OM, pH 5.7 

(CaCl2), K, Ca, Mg and H+Al = 8.0, 89.0, 23.0 and 16.0 mmolc 
dm

-3
, respectively, and base saturation of 88.5%. 

The cucumber cultivar used was the Cucumis sativus L. 
Kybria F1 hybrid, most suitable for the processing of canned  
foods. The experimental design was randomized blocks and 
five treatments (nitrogen doses 0, 50, 100, 150 and 200 kg 

Nitrogen dose Length Diameter Production Fresh matter 

kg ha
-1

 (cm) (mm) g plant
-1

 (g) 

0 7.43 a 21.45 a 638.86 b 29.22 a 
50 7.47 a 21.11 a 1,151.92 a 27.44 a 
100 7.44 a 21.22 a 1,317.09 a 20.33 a 
150 7.52 a 21.95 a 1,469.41 a 29.33 a 

200 7.44 a 21.28 a 489.18 b 30.44 a 

F Value 0.920 1.542 15.648 4.064 

CV (%) 0.97 2.47 21.37 18.03 
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ha
-1

), and four replications. The source of nitrogen was urea, 
and the doses comprised plots at 15, 30 and 45 days after 
emergence. Each plot comprised ten plants. The four central 
plants of each plot, at a spacing of 0.2 m between plants and 
0.8 m between rows, were evaluated.  
The greenhouse used in this study was a plant nursery, with 
dimensions of 6.4 m x 18.0 m and a height of 4.00 m under 
the gutter and 6.00 m at the peak of the arched cover. The 
structure was built with galvanized steel arches and was 
covered with 150-μm reflective polyethylene film. Seeds of 
the pickling cucumber (Cucumis sativus L.) hybrid Kybria F1 
were used, and sowing was performed on 01/19/2016 by 
placing two seeds directly into the planting furrow. 
The sowing was performed directly in the furrow, and the 
irrigation was performed twice a day until the emergence 
process began. Irrigation management was performed using 
the drip system and 15 kPa, installed in a protected 
environment. The plants were stacked using the vertical 
system and wires. The irrigation was performed using the 
drip system and 15 kPa. Two prunings were performed at 
the heights 0.20 and 0.10 m when 50% of the plants reached 
0.5 and 1.0 m in height, respectively. Manual weeding and 
phytosanitary control were performed to control weeds and 
pests whenever necessary. 
 
Harvest and physical aspects 
The harvest was performed manually in the first hours of the 
morning, which are the ideal harvest time as it affects to a 
lesser extent the biochemical reactions that occur in fruits. 
For the determination of the ideal harvest point, a visual 
analysis of fruit size was carried out. The best point is 
approximately 7-9 cm in length at 37 days after sowing 
extending for 36 days.  
The fruit length (measured using a ruler graduated in 
centimeters), fruit diameter (measured using a digital 
caliper), fresh matter (obtained by weighing the material on 
a precision scale of ± 0.01 g) and production per plant 
(obtained by weighing all fruits harvested during the 
experiment in each useful plot; the means were expressed 
as kg.plant

-1
) were determined. 

 
Physical-chemical analyses 
To perform the analyses, each treatment was divided into 
three lots, which represented the replicates, containing five 
cucumbers selected at random. The fruits were previously 
crushed in a mixer (Philips Walita, model RI 1364/AB). 
The physical-chemical analyses comprised pH determination 
using a potentiometer (Digimed

®
 DM-20) calibrated with a 

buffer solution with pH 4 and 7; titratable acidity (TA) by 
titration in 0.1 M NaOH, and the results expressed as 
percent of citric acid; soluble solids (SS), determined based 
on the direct reading of ºBrix of the sample at 20°C using a 
digital refractometer (LEICA, AR200); moisture, obtained 
using a Tecnal TE394/1 drying oven with air circulation and 
ventilation at 85°C; ash, measured by muffle incineration 
and calcination at 550°C; and ratio between soluble solids 
and titratable acidity. All analyses were performed according 
to the methodologies of the Association Official Analytical 
Chemists (AOAC, 2010). 
 
Instrumental texture parameters 
The determinations of instrumental texture parameters of 
the samples were performed the morning after the 
cucumber harvesting using a TA-XT2 Plus texture meter 
(Stable Micro Systems, Surrey, England). Shear force, strain 

rate of 150%, pre-test speed, and test and post-test speed of 
2 mm s

-1
 were applied at 25°C. The load cell was a guillotine 

blade. The maximum shear force of the base, equatorial 
region and tip of each cucumber were evaluated considering 
the five treatments and the ten replications (ten cucumbers 
for each treatment). 
 
Sensory analysis 
Immediately after harvesting and evaluation of physical 
parameters, the fruits were washed in running water, 
sanitized in sodium hypochlorite 100 mg L

-1
 for 15 minutes, 

and finally rinsed in 5 mg L
-1

 sodium hypochlorite solution.  
The sensory analysis of cucumbers was carried out by 40 
healthy individuals, nonsmokers, aged 18-40 years, students 
and employees of the Goiano Federal Institute, campus 
Urutaí, with the habit of consuming the evaluated product. 
The research ethics committee of the Goiano Federal 
Institute, campus Urutaí, approved the research (CAAE: 
53903815.0.0000.0036). 
The sensory analysis was conducted at the Sensory Analysis 
Laboratory of the IF Goiano, campus Urutaí, in two sessions. 
In session 1, the ordination-preference test was applied; in 
session 2, the acceptance test was applied. The analyses 
were carried out in individual booths under a white light. 
The five cucumber samples were served in disposable plates, 
coded with random three-digit numbers, in a completely 
randomized design.  
In the ordination-preference test, the five samples 
(treatments) were presented simultaneously, and the tasters 
were asked to sort the samples in ascending order of 
preference based on the attribute appearance. 
The acceptance test comprised a structured hedonic scale of 
nine points ("I greatly disliked" to "I liked it very much"). The 
consumers tasted approximately 50 grams of each cucumber 
sample, corresponding to the five treatments, served sliced 
in a sequential monadic form. The evaluated attributes were 
appearance, taste, and texture. 
 
Statistical analysis 
The results obtained in the physical and physical-chemical 
analyses were subjected to analysis of variance (F test), and 
initially to polynomial regression analysis. However, because 
of equation fitting with a low coefficient of determination 
(R

2
) and considering the practical need to discriminate the 

nitrogen doses that related more variables to productive 
interest, it was decided to compare the means of the 
treatments by Tukey test at 5% probability using the Sanest 
statistical analysis software (Zonta et al., 1987). 
The results obtained in the acceptance test were analyzed 
by ANOVA, and the means were compared by Tukey test at 
5% probability using the Sensomaker software.  
For the results obtained in the order-preference test, the 
minimum significant difference was calculated based on the 
order in which the tasters arranged the samples. They were 
compared by Friedman test (Ferreira et al., 2000).  
 
Conclusions 
 
The application of different doses of nitrogen to cucumber in 
a protected environment influenced the production per 
plant and the physical-chemical characteristics of the fruits. 
However, the sensory quality was not affected. The doses 
100 and 150 kg ha

-1
 of nitrogen is recommended for the 

production of canned cucumber. 
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