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Abstract
Potato (Solanum tuberosum L) is one of the most important food crops worldwide, being a carbohydrate-rich food and 
presenting a good source of vitamins and minerals. Moreover, the mineral enrichment of potatoes through foliar appli-
cation has been implemented over the years, namely in calcium (Ca). As such, this study aimed to assess the Ca effect 
on some quality parameters in three varieties of tubers of Solanum tuberosum L. plants produced in Portugal (Agria, 
Picasso, and Rossi) and submitted to Ca biofortification process carried out with two types of Ca (CaCl2 and Ca-EDTA) 
and two different concentrations (12 and 24 kg.ha-1), at harvest and after four and eight months under cold storage con-
servation. The Ca content increased with the biofortification treatments in the three varieties relative to control tubers 
and different correlations were observed between the mineral elements analyzed (Ca, P, K, Fe, Zn, and Mg). Only Agria 
(the control and treatment with 24 kg.ha-1 of Ca-EDTA) was found suitable for industrial processing in the three periods 
analyzed (harvest, 4M and 8M) and overall, both in raw and cooked tubers, there were differences between each variety 
considering the work strength, adhesiveness and CIELAB parameters (L, a*, and b*).
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Introduction
Potatoes (Solanum tuberosum L.) are considered one of 
the of the most important food crop worldwide and can be 
a low-cost energy source for humans (Ali et al. 2021). The 
potato tuber originates from the Andes (South America) 
and is considered as a staple food (Camire et al. 2009) due 
to the diverse nutritional components and the fact that is 
a carbohydrate-rich food (Lal et al. 2020). Additionally, it 
is a good source of vitamins, minerals, and dietary fiber 
(Tian et al. 2016).

In 2021, the European Union produced 50 444 270 tonnes 
of potatoes, with a yield of 360 026 kg.ha-1 and a production 
area of 1 401 130 ha. In Portugal, despite in 2021 the produc-
tion area was smaller than the one in 2020, the yield and the 
potato production increased, obtaining 246 024 kg.ha-1 and 
413 320 tonnes, respectively (FAOSTAT 2023).

The enrichment of potatoes through foliar applica-
tions in Solanum tuberosum L. plants in certain mineral 
elements has been carried out throughout the years. In 
fact, the mineral enrichment in potato tubers were im-
plemented not only in micro elements such as selenium 
(Se) (Poggi et al. 2000; Zhang et al. 2019) or zinc (Zn) 
and manganese (Mn) (Mousavi et al. 2007) as well as in 
macro elements such as potassium (K) (El-Zohiri and As-
four 2009) or calcium (Ca) (El-Zohiri and Asfour 2009; 
El-Hadidi et al. 2017; Seifu and Deneke 2017). In this con-
text, biofortified food is considered as a functional food, 
being able to provide a potential positive effect on human 
health (Siró et al. 2008; Marques et al. 2021).

Texture and color are important parameters in the 
quality of potatoes (namely, cooked) (Chiavaro et al. 
2006). In fact, the firmness is dependent on the stability 
of cellular membranes, being influenced by the adhesion 
of adjacent cells via pectins, which is dependent on the 
adequate amount of Ca. As such, Ca applications have 
been used to enhance post-harvest quality and improve 
the shelf life namely in fruits (Lobos et al. 2021). Besides, 
postharvest quality can be manipulated by preharvest ap-
plication with specific compounds and Ca sprays (namely 
calcium chloride) are widely used, not only with the aim 
of increasing Ca content, but also for extending the stor-
age period after harvest (Lara 2013). Calcium fertilization 
in tubers can reduce injuries by bruising (Palta 2010). Ad-
ditionally, according to Gondwe et al. (2019) by increasing 
tuber Ca content, the incidence of bruises in potato tubers 
can also be mitigated. In different fruits, the effects of Ca 
application before harvest on different at-tributes consid-
ered important to assess the commercial quality, such as 
firmness or soluble solids content, were further reported 
(Lara 2013). Nevertheless, the degradation of lipids in 
food matrices, particularly in processed potato products, 
can lead to issues of off-flavor and rancidity (Galliard 
1973). Additionally, research on potato tubers revealed 
significant variations in fatty acids over storage (Cotrufo 
and Lunsetter 1964; Dobson et al. 2004). Moreover, lipid 
content in raw tubers can serve as an indicator of flavor 
characteristics in processed potatoes (Dobson et al. 2004) 

and the aging of potato tubers during storage can influ-
ence DBI, impacting membrane permeability (Knowles 
and Knowles 1989).

Food storage is also essential to guarantee continuous 
supplies for fresh markets and post-harvest processing 
industries (Wang et al. 2020). Considering that at har-
vest the quality attains the highest and can deteriorate 
during storage due to physical, physiological, and even 
pathological processes (Lobos 2021), optimal storage 
conditions are essential to maintain potato quality (Ol-
sen and Kleinkopf 2020). In this context, tubers of Sola-
num tuberosum L. are usually subjected to cold-stored 
temperatures (less than 9–10 °C) to minimize physiolog-
ical weight loss (namely, fresh, and dry matter content) 
due to decreased respiration rates, to reduce losses in tu-
bers due to bacterial and pathogens and to inhibit sprout 
growth (Blenkinsop et al. 2002).

Calcium foliar applications are extensively used to 
enhance food characteristics and Ca content. Several 
studies have explored the use of CaCl2 and Ca-EDTA, re-
vealing enhancements in different food matrices. In fact, 
recent investigations employing CaCl2 foliar applications 
have been conducted across different crops, including 
apples (Kucukyumuk et al. 2022), grapes (Shi et al. 2022), 
sweet cherries (Matteo et al. 2022), Rocha pears (Pessoa 
et al. 2021), strawberries (Lateef et al. 2021), blueber-
ries (Lobos et al. 2021), lettuce (Yuan et al. 2018), and 
pears (Wang et al. 2018). The predominant outcomes 
from CaCl2 foliar applications are different and include 
for instance the enhancement of Ca content (Lobos et al. 
2021; Yuan et al. 2018; Kucukyumuk et al. 2022; Shi et 
al. 2022), the reduction of respiration rate and ethylene 
production (Kucukyumuk et al. 2022) and the improve-
ment of overall textural properties (Wang et al. 2018; 
Kucukyumuk et al. 2022; Matteo et al. 2022) and quality 
after storage (Lateef et al. 2021). Conversely, Ca-EDTA 
has been foliar applied to various crops such as sweet 
corn (El-Yazied et al. 2007) and pineapple (Loekito et al. 
2022). For instance, Ca content increased in sweet corn 
in a study carried out with eight foliar sprays of Ca-ED-
TA (El-Yazied et al. 2007). In this framework, these in-
vestigations were not conducted in Solanum tuberosum 
L., or even in Portugal. As such, considering that Agria, 
Picasso and Rossi are widely produced in Portugal and 
have significant industrial importance, they were chosen 
as a test system. Moreover, these varieties are renowned 
for their high yields and exhibit culinary qualities appre-
ciated by consumers.

Considering the importance of potatoes worldwide 
and the major rule of Ca for storage optimization, this 
study aimed to evaluate the Ca effect on the elemental 
composition and on quality parameters of three varieties 
of Solanum tuberosum L., submitted to an agronomic bio-
fortification process, using two types of Ca (calcium chlo-
ride and Ca-EDTA) with two different concentrations (12 
and 24 kg.ha-1) at harvest and after four and eight months 
of cold storage conservation being the average time of 
conservation of potatoes in Portugal.
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Materials and methods
Experimental design

Three varieties of Solanum tuberosum L. (Agria, Picasso 
and Rossi) were grown in three different experimental 
fields (A, B and C) in the Western region of (Fig. 1). Agria, 
Picasso and Rossi varieties were planted in fields B, A and 
C (GPS coordinates of Field A: 39°160390'N, 9°150080'W, 
Field B: 39°160310'N, 9°130470'W (182 m) and Field C: 
39°2829873'N, 9°2376869'W), respectively. Seven foliar 
applications were carried out after the beginning of tuber-
ization with 6 to 8 days interval with two concentrations 
(12 and 24 kg.ha-1) of CaCl2 or Ca-EDTA. Planting dates 
were 21 March, 15 March and 15 May of 2019 for Picasso, 
Agria, and Rossi varieties, respectively.

The first foliar application was carried out on 30 May 
for Picasso and Agria, and on 17 July for Rossi variety. 
Harvest was performed on 9 August, 29 July, and 17 
September for Picasso, Agria and Rossi, respectively. As 
Ca-EDTA might become highly toxic to plants, only one 
foliar application of 24 kg.ha-1 with Ca-EDTA(24B) was 
carried out, whereas with 12 kg.ha-1 seven spraying appli-
cations were performed. Control plants were not sprayed 
at any time with CaCl2 or Ca-EDTA. All treatments were 
performed in quadruplicate.

During the agricultural period (21 March to 17 Sep-
tember 2019), air temperatures varied between 13.8 and 
21.9 °C with an average rainfall of 0.51 mm.

After being harvested, the three varieties were stored at 
low temperatures in cold chambers between 6 and 8 °C, 
for four and eight months.

Mineral content in tubers at harvest

In each variety, after being harvested, eight randomized 
tubers with similar size were prepared according to Coel-
ho et al. (2021). Thereafter, an acid digestion procedure 
was performed in the samples with a mixture of HNO3 – 
HClO4 (4:1), according to Carrondo et al. (1984).

Dry weight content

The dry weight content was measured at harvest and af-
ter four and eight months of cold, considering four rand-
omized tubers per treatment Coelho et al. (2021).

Total soluble solids content

Total soluble solids (an indication of sucrose, glucose, and 
fructose) were measured in the juice of four randomized 
tubers per treatment (n = 4), using a digital refractometer 
Atago (Atago, Tokyo, Japan).

Lipid content

The total fatty acids (TFA) and the DBI (double bond in-
dex) content in tubers were carried out in quadruplicate 
in randomized tubers at harvest, and after four and eight 
months of cold storage per treatment, as described in Pes-
soa et al. (2022). The degree of unsaturation was obtained 
through the unsaturation index (DBI), which reflects the 

A B

Figure 1. A. Geographic location of the three experimental fields (A, B, and C) (imagens obtained through Goog-
le Earth). Field A—GPS coordinates: 39°160390'N, 9°150080'W (142 m), Field B—GPS coordinates: 39°160310'N, 
9°130470'W (182 m) and Field C – GPS coordinates: 39°2829873'N, 9°2376869'W (148 m).; B. Example of the exper-
imental design in which “Ctr” stands for control, “12A” stands for 12 kg.ha-1 CaCl2, “24A” stands for 24 kg.ha-1 CaCl2, 
“12B” stands for 12 kg.ha-1 Ca-EDTA and “24B” stands for 24 kg.ha-1 Ca-EDTA; gray color represent the rows of Sola-
num tuberosum L. plants without any Ca foliar treatments.
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relative abundance of mono- and polyunsaturated fatty 
acids in relation to saturated fatty acids, obtained by using 
the formula: DBI = [(X% monoenes + 2 X% dienes + 3 X% 
trienes)/% saturated fatty acids], following Mazliak (1983).

Heat treatment of tuber pulp

Each sample was washed, peeled, rinsed, cut into 3 × 
3 cm cubes, and boiled (100 °C - 20 min) using a ther-
mostatically-controlled water bath (with agitation; 10 L 
nominal capacity; Edelstahl Rost-Frei, Schwabach, Ger-
many). The temperature at the geometric center of each 
cube was measured with a Fluke precision thermocou-
ple (± 1 °C). The samples were then cooled in ice-cold 
potable water (0 °C) for 1 min, paper dried and held at 
5 °C until evaluation.

Color and texture were analyzed in quadruplicate for 
each sample considering the binomial 20 min/ 100 °C, in 
tubers after harvest (control tubers and tubers submitted 
to the highest treatment of CaCl2 or Ca-EDTA).

Colorimetric analysis was carried out with a colorime-
ter (Minolta CR-300, Japan) by measuring the CIE L*a*b* 
parameters, previously calibrated according to pre-estab-
lished standards. Texture was measured by texturometer 
(Stable Micro System TAHDi, USA). For each sample, the 
texture was measured with a punch test in three repeti-
tions, using a 3 mm probe up to a 15 mm of distance. The 
load cell force used was 5 kg, the test was carried out at a 
speed of 1 mm/s. The analysis was performed at 23 °C and 
each sample was analyzed. From the texture profiles (tex-
turogram), the following parameters were determined: 
Fracturability (N), which represents the resistance exert-
ed by the surface of the food to penetration and is regis-
tered by the force registered in the first peak; the work of 
the force (Nxs) that represents the energy exerted by the 
probe in the penetration and is determined by the positive 
area of the texturogram; the hardness (N), is determined 
by the maximum strength of the texture, being a mea-
sure of the firmness of the material; and the Adhesiveness 
(-N*s) which is the work required to overcome the forces 
of attraction between the material and the surface of the 
probe. It is given by the value of the area corresponding to 
the negative strength of the texturegram.

Statistical analysis

Statistical analysis was carried out with the IBM SPSS 
software using one way and two-way ANOVA to assess 
the differences between the treatments in each variety 
(Agria, Picasso, and Rossi) and between harvest, and after 
four and eight months of cold storage in each parameter 
analyzed, followed by Tukey’s analysis for mean compari-
son. A 95% confidence level was adopted for all the tests. 
Additionally, correlation matrix and multivariate analysis 
(Principal Component Analysis) was carried out using R 
software “R Project for Statistical Computing”.

Results
Mineral content in tubers at harvest

Calcium (Ca), phosphorus (P), potassium (K), iron (Fe), 
zinc (Zn), and magnesium (Mg) content in tubers at har-
vest was carried out for Agria, Picasso, and Rossi varieties 
(Table 1). There were no significant differences between 
treatments in P in the three varieties, in K on Agria and Pi-
casso and in Mg on Picasso and Rossi varieties. Regarding 
Agria variety, 12A (12 kg.ha-1 CaCl2) treatment showed a 
significant increase in Ca, Fe and Mg content. In Picasso 
and Rossi varieties, 12B (12 kg.ha-1 Ca-EDTA) treatment 
showed a significant increase in Ca content, as well in Fe. 
Zinc showed a significant increase in content in the three 
varieties with 12B treatment. Calcium increased by 3.3, 
2.7 and 2.2 fold for Agria, Picasso, and Rossi, respectively.

In Fig. 2 presents the correlation matrix between the 
mineral elements in the three varieties, the larger the 
size of the circle, the greater the correlation. Considering 
Agria (Fig. 2A) it’s possible to observe a higher correlation 
between P and Mg, P and Zn, P and K, K and Mg, Fe and 
Ca, and Ca and Mg. Regarding Picasso (Fig. 2B), K and Fe 
are the pair with the highest correlation, followed by Ca 
and Zn, and P and Mg. Moreover, Rossi (Fig. 2C) relative 
to the other two varieties, is the one that showed a high-
est correlation among all the mineral elements, showing 
a higher correlation between the pairs: P and Mg, Ca and 
Fe, Ca and K, Ca and Zn, and K and Zn.

In Fig. 3, the graphical results for the contribution of 
the variables of the principal components and the pro-
jection of the factorial plane creased with component 1 
and component 2 are presented for the macro and micro 
elements in tubers of Solanum tuberosum L. for Agria, Pi-
casso, and Rossi varieties. Regarding the contribution of 
the variables of the principal components (Fig. 3A, C, E), 
the mineral elements that have a higher contribution in 
the component 1 (PC1 or Dim. 1) are Ca, P, K, Fe and 
Mg in Agria, Ca, K, Fe and Zn in Picasso and Ca, P, K, Fe, 
Zn and Mg in Rossi. As such, Rossi has a higher variance 
in PC1 (73.4%), followed by Agria (50.9%) and Picasso 
(48%). Moreover, the variables are projected into the four 
semi-axes and the four quadrants, defined by the inter-
section of the factorial axes (Fig. 3B, D, F). The projection 
of the variables defined by PC1 and PC2 explain 78.9%, 
78.5% and 89.4% of the initial data variability, for Agria, 
Picasso and Rossi, respectively.

In Agria (Fig. 3B), considering the PC1, the variables are 
projected on the positive semi-axis and regarding PC2, there 
is a separation between elements, located on the positive (Fe 
and Ca) or on the negative semi-axis (K, Mg, Zn and P). The 
proximity of the pairs Ca-Fe and K-Mg shows a great affini-
ty due to their position in PC1 with a higher coordinate, also 
reflecting the correlation between these elements.

In Picasso (Fig. 3D), regarding PC1, the variables are pro-
jected on the positive (Fe, K, Zn and Ca) and on the negative 
(Mg and P) semi-axis and in PC2, Mg, P, Fe and K are pro-
jected on the positive semi-axis and, Zn and Ca on the nega-
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A B C
Figure 2. Correlation matrix of the macro and micro elements (Ca, P, K, Fe, Zn and Mg) in tubers of the three varie-
ties of Solanum tuberosum L. Agria (A), Picasso (B) and Rossi (C), at harvest.

Figure 3. Variable contributions of the principal components of macro and micro elements (A, C and E) and pro-
jection onto the factorial plane created with Component 1 (or PC1 or Dim1) and Component 2 (or PC2 or Dim2) in 
tubers of Solanum tuberosum L., Agria (A, B), Picasso (C, D) and Rossi (E, F) varieties at harvest. The variance in 
PC1 was 50.9%, 48%, 73.4% and in PC2 was 28%, 30.5%, 16.01% for Agria, Picasso and Rossi varieties, respectively.

A B

C D

E F
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tive semi-axis. Moreover, as seen in Fig. 2, Fe and K have the 
highest correlation, followed by Ca and Zn, and Mg and P.

Considering Rossi variety (Fig. 3F), regarding PC1, 
the variables are projected on the positive semi-axis and 
in PC2 there is a separation between mineral elements, 
located on the positive (Fe, Ca, K and Zn) and on the neg-
ative (Mg and P) semi-axis. Thus, the pairs Ca-Fe, K-Zn 
and Mg-P showed higher correlations between each other.

Dry weight content

Considering the dry weight content of the three varieties 
(Table 2), only significant differences were found between 
treatments in Agria after 4 (4M) and eight (8M) of cold 
storage. At harvest, the dry weight content of Agria, Pi-
casso, and Rossi, varied between 22.87–26.49%, 16.77–
21.89% and 16.27–25.27%, respectively. Picasso and 
Rossi variety presented the lowest dry weight content in 
treatment 24A (24 kg.ha-1 CaCl2). Moreover, there were 
significant differences in the three varieties, between the 
different times of analysis (harvest, 4M and 8M). After 
4M, the dry weight content varied between 17.32–23.88%, 
15.89–19.6% and 11.76–20.11%, respectively for Agria, 
Picasso and Rossi. After 8M, the dry weight content varied 
between 20.57–24.73%, 16.8–24.36% and 18.98–25.44%, 
respectively for Agria, Picasso, and Rossi varieties.

Total soluble solids content

Total soluble solids (TSS) content in Rossi and Picas-
so varieties did not show significant differences among 
treatments at harvest (Table 3). Moreover, each treatment 

during the three times of analysis (harvest, 4M and 8M) 
there were significant differences. At harvest the TSS con-
tent varied between 5.47–6.53 °Brix, 4.67–5.1 °Brix and 
5.0–5.67 °Brix for Agria, Picasso and Rossi, respectively. 

Table 1. Calcium, K, P, Fe, Zn and Mg content (considering the dry weight) in tubers of the three varieties of Solanum 
tuberosum L. (Agria, Picasso and Rossi) at harvest. Mean values (n = 4) ± S.E. (standard error). “T.” stands for treat-
ments, “Ctr” stands for control, “12A” stands for 12 kg.ha-1 CaCl2, “24A” stands for 24 kg.ha-1 CaCl2, “12B” stands for 
12 kg.ha-1 Ca-EDTA and “24B” stands for 24 kg.ha-1 Ca-EDTA.

T. Ca P K Fe Zn Mg
% mg.kg-1

Agria
Ctr 0.019 ± 0.001b 0.129 ± 0.004a 1.57 ± 0.19a 63.3 ± 4.08b 8.87 ± 0.12b 381 ± 3.4c
12A 0.063 ± 0.019a 0.149 ± 0.015a 1.98 ± 0.077a 94.1 ± 4.88a 9.98 ± 0.36b 452 ± 5.9a
24A 0.027 ± 0ab 0.14 ± 0.003a 1.79 ± 0.086a 75.7 ± 0.98ab 8.62 ± 0.18b 399 ± 10.6bc
12B 0.025 ± 0.001ab 0.148 ± 0.004a 1.94 ± 0.235a 58 ± 9.18b 15.9 ± 1.86a 408 ± 15.3bc
24B 0.024 ± 0.001ab 0.161 ± 0.003a 1.75 ± 0.046a 56.5 ± 2.95b 15.3 ± 1.84a 432 ± 4.5ab
Picasso
Ctr 0.018 ± 0.001b 0.14 ± 0.013a 1.75 ± 0.159a 71.7 ± 7.18b 11.0 ± 1.13b 365 ± 20a
12A 0.022 ± 0.001b 0.159 ± 0.005a 2.75 ± 0.21a 100 ± 6.74ab 11.3 ± 0.5b 440 ± 16a
24A 0.026 ± 0.003b 0.152 ± 0.011a 2.16 ± 0.046a 123 ± 3.35a 14.3 ± 3.32ab 420 ± 30a
12B 0.049 ± 0.02a 0.12 ± 0.006a 2.46 ± 0.253a 138 ± 12.23a 27 ± 6.06a 356 ± 19a
24B 0.032 ± 0.001b 0.135 ± 0.02a 2.29 ± 0.458a 109 ± 16.64ab 15.4 ± 1.51ab 394 ± 28a
Rossi
Ctr 0.022 ± 0.001c 0.145 ± 0.001a 1.91 ± 0.039b 40.5 ± 1.93c 10.6 ± 0.13b 377 ± 6.45a
12A 0.027 ± 0.001bc 0.153 ± 0.005a 1.96 ± 0.145ab 55.4 ± 10.81bc 15 ± 1.4ab 418 ± 14.9a
24A 0.029 ± 0.001bc 0.162 ± 0.013a 2.30 ± 0.089ab 75.1 ± 9.74bc 12.7 ± 0.38ab 439 ± 30.4a
12B 0.048 ± 0.004a 0.165 ± 0.011a 2.96 ± 0.283a 129 ± 9.23a 23.7 ± 5.86a 452 ± 30.2a
24B 0.032 ± 0.002b 0.165 ± 0.006a 2.72 ± 0.298ab 89 ± 7.01b 17.6 ± 0.66ab 440 ± 6.21a

For each mineral element, different letters indicate significant differences between treatments.

Table 2. Dry weight content (%) in tubers of the three 
varieties of Solanum tuberosum L. (Agria, Picasso and 
Rossi) at harvest (H), and after four months (4M) and 
eight months (8M) of cold storage. Mean values (n = 4) 
± S.E. (standard error). “T.” stands for treatments, “Ctr” 
stands for control, “12A” stands for 12 kg.ha-1 CaCl2, “24A” 
stands for 24 kg.ha-1 CaCl2, “12B” stands for 12 kg.ha-1 
Ca-EDTA and “24B” stands for 24 kg.ha-1 Ca-EDTA.

T.
Dry weight (%)

H 4M 8M
Agria
Ctr 25.94 ± 0.23aA 22.75 ± 0.78aC 23.54 ± 1.05abB
12A 22.87 ± 0.84aB 17.32 ± 1.87bC 24.73 ± 1.29abA
24A 24.24 ± 1.03aA 19.6 ± 0.91abB 23.97 ± 0.2abA
12B 26.49 ± 3.91aA 19.58 ± 0.85abB 20.57 ± 0.9bB
24B 25.87 ± 1.24aA 23.88 ± 0.51aB 23.98 ± 0.37aB
Picasso
Ctr 17.12 ± 0.69aB 15.89 ± 1.61aC 24.36 ± 1.03aA
12A 21.89 ± 0.89aA 19.6 ± 1.09aB 18.77 ± 0.7bcB
24A 16.77 ± 2.52aA 16.49 ± 0.67aA 16.8 ± 0.9cA
12B 20.97 ± 1.87aA 16.72 ± 0.75aC 18.12 ± 0.54bcB
24B 18.99 ± 0.44aB 18.15 ± 0.65aB 21.6 ± 0.66abA
Rossi
Ctr 25.27 ± 1.03aA 19.94 ± 2.62aB 22.88 ± 1.59aA
12A 23.38 ± 1.87abA 16.91 ± 2.36aB 21.97 ± 1.62aA
24A 16.27 ± 0.89cB 11.76 ± 5.03aC 22.4 ± 1.79aA
12B 17.43 ± 1.67cA 14.84 ± 1.46aB 18.98 ± 0.7aA
24B 18.48 ± 0.15bcC 20.11 ± 0.84aB 25.44 ± 1.45aA

Different letters indicate significant differences between treatments in 
each variety (a,b) or between different times (harvest, 4M and 8M) (A,B).
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After 4M the TSS content oscillated in the three varieties 
between 4.9 and 5.4 °Brix and after 8M the values varied 
between 5.83–8.2 °Brix, 5.33–6.37 °Brix and 6.27–8.17 
°Brix for Agria, Picasso, and Rossi, respectively.

Lipid content

Considering the total fatty acid content and the double 
bound index of lipids in tuber of Solanum tuberosum L. on 
Agria, Picasso and Rossi varieties (Table 4), significant dif-
ferences were found between the different time periods of 
analysis (harvest, 4M and 8M) (except at most treatments 
in DBI on Rossi). Overall, the content of TFA followed the 
pattern 4M> 8M> harvest in the three varieties. Regarding 
the DBI content, the following trend was detected harvest 
>4M >8M in Agria, 4M> Harvest > 8M in Picasso, where-
as Rossi revealed similar values between the different 
times of analysis. There were only significant differenc-
es between the different treatments in Agria (Table 4) in 
TFA, at harvest and at 4M. Regarding Picasso (Table 4), in 
< DBI at harvest, in TFA and DBI at 4M and in DBI at 8M.

Heat treatment of tuber pulp

The fracturability and hardness of the three varieties of 
potato were carried out at harvest and after four months 
of cold storage, both in raw (Fig. 4A) and cooked (Fig. 4B) 

Table 3. Total soluble solids (°Brix) in tubers of the three 
varieties of Solanum tuberosum L. (Agria, Picasso and 
Rossi) at harvest (H), and after four months (4M) and 
eight months (8M) of cold storage. Mean values (n = 4) 
± S.E. (standard error). “T.” stands for treatments, “Ctr” 
stands for control, “12A” stands for 12 kg.ha-1 CaCl2, “24A” 
stands for 24 kg.ha-1 CaCl2, “12B” stands for 12 kg.ha-1 

Ca-EDTA and “24B” stands for 24 kg.ha-1 Ca-EDTA.

T.
TSS (°Brix)

H 4M 8M
Agria
Ctr 6.53 ± 0.12aA 5.13 ± 0.07abB 6.5 ± 0.22bA
12A 6.3 ± 0.21abA 4.97 ± 0.07bB 6.27 ± 0.12bA
24A 6.03 ± 0.03abA 5.1 ± 0.05abC 5.83 ± 0.07bB
12B 5.47 ± 0.27bB 5.23 ± 0.05abB 6.27 ± 0.07bA
24B 6.2 ± 0.09abB 5.4 ± 0.05aC 8.2 ± 0.05aA
Picasso
Ctr 5 ± 0.09aB 5.13 ± 0.07abB 6.23 ± 0.05aA
12A 4.67 ± 0.1aB 5.03 ± 0.03abA 5.03 ± 0.07bA
24A 4.83 ± 0.27aB 4.9 ± 0.05bB 6.1 ± 0.12aA
12B 5.1 ± 0.05aB 5.23 ± 0.07aA 5.33 ± 0.05bA
24B 4.87 ± 0.05aB 4.97 ± 0.03abB 6.37 ± 0.07aA
Rossi
Ctr 5.33 ± 0.27aB 5.13 ± 0.07abB 8.17 ± 0.12aA
12A 5.67 ± 0.27aB 4.97 ± 0.03bC 7.6 ± 0.12abA
24A 5.0 ± 0aB 5.1 ± 0.05abB 6.27 ± 0.07cA
12B 5.0 ± 0aB 5.07 ± 0.03abB 7.33 ± 0.23bA
24B 5.0 ± 0.47aB 5.37 ± 0.1aB 7.5 ± 0.12abA

Different letters indicate significant differences between treatments in 
each variety (a,b) or between different times (harvest, 4M and 8M) (A,B).

Table 4. Total fatty acid content (TFA) and double bound index (DBI) of lipids in tubers of Solanum tuberosum L. 
Agria, Picasso and Rossi varieties, at harvest (H), and after four months (4M) and eight months (8M) of cold stor-
age. Mean values (n = 4) ± S.E. (standard error). “T.” stands for treatments, “Ctr” stands for control, “12A” stands 
for 12 kg.ha-1 CaCl2, “24A” stands for 24 kg.ha-1 CaCl2, “12B” stands for 12 kg.ha-1 Ca-EDTA and “24B” stands for 24 
kg.ha-1 Ca-EDTA.

T.
Agria Picasso Rossi

TFA DBI TFA DBI TFA DBI
g/100 g FW g/100 g FW g/100 g FW

Harvest
Ctr 0.22 ± 0.03abB 30.69 ± 0.74aA 0.11 ± 0.01aC 13.41 ± 1.04bB 0.13 ± 0.02aB 13.61 ± 2.75aA
12A 0.24 ± 0.02abC 29.04 ± 5.01aA 0.16 ± 0.03aC 14.88 ± 1.28bA 0.16 ± 0.01aB 12.54 ± 1.96aA
24A 0.24 ± 0.01aC 22.95 ± 2.04aA 0.19 ± 0.02aC 17.15 ± 3.18abA 0.16 ± 0.04aB 12.97 ± 0.66aB
12B 0.16 ± 0.02abC 21.63 ± 2.96aA 0.16 ± 0.02aB 15.88 ± 1.81bA 0.12 ± 0.01aB 9.63 ± 1.62aB
24B 0.15 ± 0bC 26.67 ± 1.27aA 0.17 ± 0.03aB 26.06 ± 2.2aA 0.16 ± 0.01aB 13.29 ± 1.74aA
4M
Ctr 0.9 ± 0.1bC 19.6 ± 3.22aB 1.27 ± 0.07aA 34.04 ± 3.04aA 0.97 ± 0.11aA 12.61 ± 2.39aA
12A 1.06 ± 0.13bA 23.27 ± 2.93aA 0.83 ± 0.09bA 15.97 ± 1.74bA 0.82 ± 0.11aA 11.21 ± 1.35aA
24A 1.33 ± 0.1abA 24.48 ± 3.72aA 0.95 ± 0.04abA 14.49 ± 1.83bB 1.24 ± 0.17aA 17.86 ± 1.48aA
12B 1.36 ± 0.11ab 26.78 ± 2.21aA 0.69 ± 0.07bA 10.9 ± 1.61bA 0.95 ± 0.15aA 13.72 ± 2.41aB
24B 1.57 ± 0.1aA 25.83 ± 1.39aA 0.85 ± 0.12bA 13.06 ± 1.84bC 1.1 ± 0.09aA 13.79 ± 1.9aA
8M
Ctr 0.81 ± 0.06aA 16.12 ± 1.05aB 0.65 ± 0.14aB 11.68 ± 2.05bB 0.9 ± 0.08aA 12.06 ± 0.43aA
12A 0.72 ± 0.03aB 14.59 ± 0.6aB 0.58 ± 0.07aB 9.51 ± 0.77bB 0.93 ± 0.05a 16.38 ± 1.17aA
24A 0.81 ± 0.03aB 15.3 ± 0.3aB 0.7 ± 0.03aB 12.39 ± 1.05bB 1.08 ± 0.06aA 18.55 ± 0.77aA
12B 0.85 ± 0.04aB 16.62 ± 1.64aB 0.64 ± 0.11aA 12.32 ± 1.7bA 1.01 ± 0.04aA 17.49 ± 0.66aA
24B 0.92 ± 0.08aB 15.29 ± 1.77aB 0.83 ± 0.11aA 18.08 ± 2.18aB 1.01 ± 0.15aA 14.49 ± 1.73aA

For each parameter, different letters indicate significant differences between treatments in each variety (a,b) or between different times (harvest, 4M 
and 8M) (A,B).
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states. Considering the raw tubers (Fig. 4A), Agria exhib-
ited a significant decrease in hardness in Ctr treatment, 
while Rossi displayed a similar trend in 24A treatment. Af-
ter 4M, only Picasso variety showed significant differenc-
es between treatments, with the 24A treatment showing 
higher hardness levels. Regarding cooked tubers (Fig. 4B), 
significant differences were observed across most treat-
ments for all three varieties at harvest and after 4M of cold 
storage. In fact, no significant differences were obtained in 
fracturability for Agria variety at harvest and in hardness 
after 4M, while for Picasso variety, no significant differ-
ences were observed in fracturability and hardness after 
4M of cold storage.

The work strength, adhesiveness and colorimetric pa-
rameters were carried out in the three varieties at harvest 
and after four months of cold storage (Table 5). Consid-
ering the raw tubers of the three varieties compared to 
the cooked tubers at harvest and after 4M, there was a 

significant decrease in all the parameters (except in L pa-
rameter on Picasso and Rossi at harvest and after 4M and 
on Agria after 4M; and in b* parameter on Rossi after 4M).

Regarding the raw tubers at harvest, in work strength 
Ctr showed a significantly higher value in Picasso and Rossi 
and in Adhesiveness, Ctr showed a significantly lower value 
in Agria and Picasso. In L and a* parameters on Picasso at 
harvest, 24A treatments showed a significantly lower val-
ue compared to the remaining treatments. In raw tubers 
after 4M of cold storage, Ctr treatment on Agria present-
ed a significantly higher values in work strength, L and b* 
parameter, despite in adhesiveness showed a significantly 
lower value. Regarding Picasso variety in the same analysis 
conditions, 24A treatment showed a significantly higher 
values in work strength and adhesiveness and a significant 
decrease in b* parameter. Also, Rossi variety showed a sig-
nificant decrease in that treatment (24A) in b* parameter.

Considering the cooked tubers at harvest, in Ctr Agria 
variety obtained a significantly higher values in adhesive-
ness and L parameter and a significantly lower values in 
a* and b*parameters. Additionally, Picasso variety showed 
a significant decrease in work strength and adhesiveness 
in 24B and in L and b* parameter a significantly higher 
value in Ctr. Regarding Rossi, Ctr showed a significantly 
lower value in work strength, adhesiveness, and b* pa-
rameter and a significantly higher value in L parameter. 
Also, in cooked tubers but after 4M of cold storage, only 
work strength and a* parameter didn’t’ show significant 
differences between treatments on Agria. On Picasso va-
riety, 24B treatment presented a significantly lower value 
in work strength, adhesiveness, and a* parameter and a 
significantly higher value in b* parameter. Additionally, 
Rossi variety showed in all the parameters (except L) sig-
nificantly lower values in 24A treatment.

Discussion
Potato variety, tuber maturity, and climacteric conditions 
have a huge impact on the final quality of tubers (Alamar 
et al. 2017). Besides, it is important to have a good manage-
ment practice during the post-harvest storage to maintain 
the quality of tubers, namely for nutrient availability (Hos-
sain and Miah 2009). As such, mineral content and quality 
parameters were assessed in three varieties submitted to 
agronomic biofortification with Ca (Tables 1–4; Fig. 4).

Calcium is crucial for plant growth and development, 
providing integrity and stability to cell walls (Wei et al. 
2017) or being involved as a cofactor of numerous enzymes 
implicated in the catabolism of ATP and phospholipids 
(Taiz and Zeiger 2002). On the other hand, Ca deficiency 
might occur among fruits and tubers (both are considered 
low-transpiring organs), as this nutrient moves with water 
through the xylem at a lower relative to the leaves (Palta 
2010). In this content, Ca accumulation in tubers was as-
sessed after harvest, considering, after tuberization, seven 
foliar applications with calcium chloride or Ca-EDTA. In 
this context, only in 24B treatment were visible toxicity 

Figure 4. Fracturability (N) and Hardness (N) on raw (A) 
and cooked (B) tubers of Solanum tuberosum L. Agria, 
Picasso and Rossi varieties, at harvest (H), and after 
four months (4M) of cold storage. Mean values (n = 4) 
± S.E. and for each parameter, different letters indicate 
significant differences between treatments in each va-
riety (a,b). “T.” stands for treatments, “Ctr” stands for 
control, “12A” stands for 12 kg.ha-1 CaCl2, “24A” stands 
for 24 kg.ha-1 CaCl2, “12B” stands for 12 kg.ha-1 Ca-EDTA 
and “24B” stands for 24 kg.ha-1 Ca-EDTA.
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symptoms in the three genotypes and, as such, only the 
first foliar application was carried out with Ca-EDTA con-
centration. Nonetheless, independently of the Ca accumu-
lation in the three varieties, our data (Table 1) suggested 
that Ca2+ mass flow through the xylem (Ziegler 1975; 
Barthakur et al. 2001; White and Broadley 2003; Drazeta 
et al. 2004; Subramanian et al. 2011) was complemented by 
phloem redistribution of Ca obtained by the foliar applica-
tions carried out, being in accordance with several authors 
(Davies and Millard 1985; Oparka and Davies 1988; Nelson 
et al. 1990). Also, regarding the other minerals analyzed 
(Table 1), it was possible to observe a few changes medi-

ated by Ca since significantly higher content of Fe and Mg 
in Agria, Fe and Zn in Picasso and K, Fe and Zn in Rossi 
were found in the highest Ca treatment. In fact, according 
to Fageria (2001), Ca has a synergistic relationship with K, 
as verified in Rossi. Moreover, was also possible to verify 
different correlations between mineral elements depending 
on the variety (Fig. 2). In fact, a close interaction prevailed 
between the accumulation of minerals and the increase of 
Ca (Table 1), as well as with the correlation between them 
(Fig. 2). Additionally, those correlations were also observed 
in Fig. 3. Nevertheless, in this case study, the results showed 
different interactions of elements per variety, suggesting 

Table 5. Total Work strength (N.mm), Adhesiveness (-N.mm) and L, a* and b* parameters (CIELAB scale) of raw and 
cooked tubers of Solanum tuberosum L. Agria, Picasso and Rossi varieties, at harvest (H), and after four months 
(4M) cold storage. Mean values (n = 4) ± S.E. (standard error). “T.” stands for treatments, “Ctr” stands for control, 
“12A” stands for 12 kg.ha-1 CaCl2, “24A” stands for 24 kg.ha-1 CaCl2, “12B” stands for 12 kg.ha-1 Ca-EDTA and “24B” 
stands for 24 kg.ha-1 Ca-EDTA.

Variety T. Work strength Adhesiveness L a* b*
Raw tubers

H
ar

ve
st

Agria Ctr 79.16 ± 3.22aA 2.38 ± 0.3bA 66.94 ± 0.83aA -4.22 ± 0.11aA 21.95 ± 0.46aA
24A 82.58 ± 1.14aA 3.24 ± 0.25aA 69.26 ± 0.68aA -4.51 ± 0.04aA 22.65 ± 0.33aA
24B 83.43 ± 3.35aA 3.09 ± 0.3aA 67.23 ± 1.04aA -4.43 ± 0.13aA 24.67 ± 0.82aA

Picasso Ctr 128.4 ± 2.55aA 2.33 ± 0.61cA 70.38 ± 0.76aA -2.78 ± 0.11aA 18.2 ± 0.58aA
24A 84.03 ± 3.59cA 4.52 ± 0.38aA 65.62 ± 0.8bA -3.45 ± 0.13bA 18.25 ± 0.57aA
24B 116.15 ± 2.13bA 3.52 ± 0.34bA 71.88 ± 1.33aA -2.89 ± 0.08aA 18.23 ± 0.15aA

Rossi Ctr 94.12 ± 3.21aA 4.42 ± 0.5aA 69.89 ± 1.16aA -4.68 ± 0.1aA 30.75 ± 0.26aA
24A 92.07 ± 2.57aA 4.67 ± 0.56aA 71.28 ± 0.82aA -4.88 ± 0.15aA 29.59 ± 0.47aA
24B 86.79 ± 1.65bA 5.06 ± 0.66aA 73.42 ± 0.84aA -4.73 ± 0.04aA 30.42 ± 0.71aA

4M

Agria Ctr 8.45 ± 0.24aA 2.48 ± 0.21cA 71.32 ± 0.76aA -4.37 ± 0.16aA 32.08 ± 0.32aA
24A 7.89 ± 0.26aA 4.85 ± 0.95aA 66.84 ± 0.71bB -3.8 ± 0.15aA 25.57 ± 0.2cA
24B 8.35 ± 0.44aA 3.91 ± 0.33bA 68.57 ± 0.51bB -3.87 ± 0.09aA 29.71 ± 0.59bA

Picasso Ctr 7.01 ± 0.33bA 1.68 ± 0.39cA 64.09 ± 0.68aA -3.87 ± 0.12aA 21.37 ± 0.3aA
24A 8.8 ± 0.3aA 3.22 ± 0.52aA 65.23 ± 0.7aA -3.86 ± 0.08aA 19.97 ± 0.27bA
24B 5.85 ± 0.26cA 2.1 ± 0.31bA 64.18 ± 0.42aA -3.61 ± 0.16aA 21.79 ± 0.8aA

Rossi Ctr 8.2 ± 0.31aA 1.33 ± 0.15aA 69.84 ± 0.65aA -2.97 ± 0.07aA 19.13 ± 0.14aA
24A 8.6 ± 0.34aA 1.42 ± 0.29aA 67.28 ± 0.96aA -2.39 ± 0.13aA 18.16 ± 0.45bA
24B 7.87 ± 0.43aA 1.86 ± 0.23aA 69.41 ± 0.76aA -2.89 ± 0.08aA 19.86 ± 0.19aA

Cooked tubers

H
ar

ve
st

Agria Ctr 3.86 ± 0.27aB 0.52 ± 0.05aB 54.6 ± 0.67aB -7.56 ± 0.13bB 7.17 ± 0.25bB
24A 3.23 ± 0.32aB 0.32 ± 0.03bB 51.22 ± 0.58bB -6.96 ± 0.07aB 7.19 ± 0.22bB
24B 4.2 ± 0.49aB 0.38 ± 0.04bB 54.77 ± 0.87aB -7.27 ± 0.18bB 9.6 ± 0.47aB

Picasso Ctr 9.63 ± 1.23aB 1.48 ± 0.21aB 70.76 ± 0.61aA -5.3 ± 0.13aB 9.29 ± 0.32aB
24A 8.02 ± 0.6aB 1.2 ± 0.13aB 66.22 ± 0.68bA -5.22 ± 0.08aB 5.83 ± 0.26cB
24B 5.46 ± 0.58bB 0.69 ± 0.12bB 66.26 ± 0.67bB -5.39 ± 0.12aB 7.42 ± 0.23bB

Rossi Ctr 3.45 ± 0.13bB 0.49 ± 0.06bB 64.47 ± 0.98aA -9.22 ± 0.14aB 17.21 ± 0.61cB
24A 6.26 ± 0.26aB 0.8 ± 0.04aB 65.1 ± 0.53aB -8.77 ± 0.87aB 20.61 ± 0.5aB
24B 6.36 ± 0.39aB 0.83 ± 0.04aB 65.66 ± 1.09aB -9.52 ± 0.16aB 19.02 ± 0.67bB

4M

Agria Ctr 0.5 ± 0.05aB 0.79 ± 0.08bB 68.29 ± 0.56bB -8.35 ± 0.04aB 18.07 ± 0.33cB
24A 0.53 ± 0.07aB 0.96 ± 0.16aB 70.46 ± 0.24aA -8.16 ± 0.12aB 19.82 ± 0.97bB
24B 0.52 ± 0.07aB 0.71 ± 0.08bB 70 ± 0.99aA -8.62 ± 0.28aB 23.56 ± 1.25aB

Picasso Ctr 0.44 ± 0.13aB 0.49 ± 0.09aB 59.35 ± 0.43aB -4.85 ± 0.13bB 3.17 ± 0.51aB
24A 0.38 ± 0.07aB 0.47 ± 0.08aB 58.92 ± 0.67aB -4.1 ± 0.1aB 0.33 ± 0.34bB
24B 0.31 ± 0.11bB 0.28 ± 0.04bB 60.35 ± 0.36aB -5.13 ± 0.12cB 3.53 ± 0.38aB

Rossi Ctr 0.55 ± 0.03aB 0.88 ± 0.09aB 69.63 ± 0.6aA -5.74 ± 0.06bB 9.54 ± 0.44bB
24A 0.26 ± 0.02cB 0.3 ± 0.04cB 68 ± 0.51aA -5.64 ± 0.1bB 6.78 ± 0.36cB
24B 0.44 ± 0.03bB 0.58 ± 0.06bB 67.67 ± 0.68aA -3.15 ± 0.3aB 19.08 ± 1.12aA

For each parameter, different letters indicate significant differences between treatments in each variety (a,b) or between raw and cooked tubers at the 
same time of analysis (harvest and 4M) (A,B).
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significant differences in the distribution and content of 
macro and micro elements (Table 1). As such, correlation 
between mineral elements is an indicative of the synerget-
ic and antagonistic interactions between mineral elements 
(namely, between Ca and P, K, Fe, Zn and Mg).

According to some studies carried out with different 
food matrixes (namely, apples, potatoes, and peaches), the 
supply of Ca has some beneficial effects on quality (Dayod 
et al. 2010). For instance, according to Braun et al. (2010), 
dry matter content is a putative criterion that can deter-
mine potato texture, yet, according to our data (Table 2), a 
link between the highest Ca in tubers of the three varieties 
and the dry matter content could not be found. Moreover, 
the control and 24B treatment of Agria might be highly 
suitable for industrial processing (DW > 20%) (Braun 
et al. 2010), at harvest and after four and eight months 
under cold storage (Table 2). Additionally, was verified a 
tendency of dry matter content: harvest > 8M > 4M. In 
fact, tuber’s weight loss is dependent on tuber variety and 
storage conditions. Although lower storage temperatures 
have been shown less impacts in tuber’s weight loss, there 
are still losses (Haider et al. 2023) as verified in our study 
(Table 2). Besides, the increase in dry weight content af-
ter 8M of storage compared to 4M data is probably due 
to evaporation and decay of tubers, considering that af-
ter 4M of storage the lower dry weight content observed 
is probably due to sprout development, respiration, and 
transpiration of tubers (Burton 1989).

Regarding the TSS (Table 3), the values obtained align 
with a previous study carried out with the same varieties 
(Coelho et al. 2021).

Considering that lipid degradation in food matrixes 
(namely, in processed potato products) can cause off-fla-
vor and rancidity problems (Galliard 1973), the total fat-
ty acid content (TFA) and the double bound index (DBI) 
were analyzed (Table 4). Nevertheless, foliar application 
with Ca using both chemical forms (calcium chloride and 
Ca-EDTA), at 12 and 24 kg.ha-1 concentrations, did not 
reveal impacts in lipid contents in the three varieties and 
at the different times of analysis (harvest, 4M and 8M). 
The values obtained in our study revealed higher values of 
TFA relative to other Solanum tuberosum L. varieties (Gal-
liard 1973). Moreover, according to Cotrufo and Lunsetter 
(1964) research in potato tubers, there were also significant 
differences in fatty acids during storage (2 months), being 
in that time that the break in the rest period of the tubers 
occurred. Moreover, another study carried out by Dobson 
et al. (2004) also showed that the TFA content increased 
in the initial storage time and then showed a decrease (af-
ter more than 5 months), as seen in our study (Table 4). 
Additionally, following Knowles and Knowles (1989), the 
content of specific fatty acids or lipids in raw tubers can be 
used as markers for flavor characteristics of cooked pota-
toes. Besides, with ageing of potato tubers during storage, 
DBI (Table 4) affects membrane permeability, as it changes 
membrane bilayer (Knowles and Knowles 1989). In fact, a 
higher DBI determines more resistance to leakage of me-
tabolites (Knowles and Knowles 1989). As such, overall, 

there is only a significant decrease in the DBI content in 
the tubers of Agria and Picasso varieties after 8M of stor-
age conditions and not in Rossi variety, suggesting that the 
decrease is variety dependent, and that Ca sprays did not 
affect the permeability of the lipid’s membrane in Solanum 
tuberosum L. tubers regarding the storage time.

Following Lobos et al. (2021) working with blueberries, 
with the assumption that through Ca sprays, the improve-
ment of cell walls can lead to firmer tissues, early Ca ap-
plications showed the highest firmness and the lowest mass 
loss during the storage period. Additionally, according to 
Lara (2013), Ca fertilization leads to a reduction of the oc-
currence of physiological disorders (namely, internal brown 
spot, hollow heart, and bruising) and the reduction of stor-
age rot due to the increase of tuber Ca content. Other stud-
ies have also presented evidence linking Ca to tuber quality 
(Karlsson et al. 2006). In fact, the physiological disorders 
that can occur in tubers diminish quality of tubers and con-
sequentially decreases their market value (Clough, 1994). In 
this context, the increase of Ca content though foliar appli-
cation seems a sustainable approach to limit economic loss.

Cocked potatoes and related products are highly con-
sumed and represent a significant sector in the fast-food 
industry (Chiavaro et al. 2006). In this context, raw and 
cooked tubers (i.e. tubers pulp submitted to heat treat-
ment) (Fig. 4; Table 5), through Ca foliar application, 
showed minor changes in tubers quality. Regarding raw tu-
bers, fracturability wasn’t affected by Ca treatments in the 
three varieties at harvest and after 4M. However, regarding 
cooked tubers Ca treatments interfered with fracturability 
in the three varieties booth at harvest and after 4M. In fact, 
according to Taguchi et al. (1991) study, varieties, despite 
showing differences in fracturability, can be correlated 
with the tuber Ca content. The higher Ca content in tubers 
can improve resistance of tubers to mechanical impacts as 
it is probably linked to the role of Ca in the cell wall (Koch 
et al. 2019). Following this item, hardness parameter on 
raw and cooked tubers (Fig. 4), was higher at harvest in 
24A and 24B treatments on Agria and in Ctr on Picasso. 
Yet, also at harvest, hardness values in Rossi pointed to a 
change after the tubers being cooked, showing a signifi-
cantly higher value in 24B treatment. Additionally, after 
4M, both in raw and cooked tubers there was an enor-
mous increase in all the treatments in hardness. In fact, in 
a study carried out in tubers of D. dumetorum (Afoakwa 
and Sefa-Dedeh 2001), it was found that with the increase 
of storage time the hardness parameter augmented, being 
associated with the cell wall polysaccharide components, 
being related to the hardening phenomenon’s that occurs 
after harvesting. Moreover, the hardness phenomenon 
is complex and has been associated with pectin and ac-
tion of enzymes that modify its structure (Kaaber et al. 
2007). Probably those polysaccharides are involved when 
changes in potato tubers texture prevails, considering that 
is a crucial component in the cell wall and for the mid-
dle lamella in potatoes (Kaaber et al. 2007). Nevertheless, 
the texture of cooked tubers is dependent on the variety 
(Jayanty et al. 2019), as verified in our study.
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Considering Table 5, Picasso variety in 24B treatment 
seems to influence work strength parameter in raw and 
cooked tubers at harvest and after 4M under cold storage.

Overall, work strength parameter didn’t seem to be in-
fluenced by Ca biofortification treatments in Agria and 
Rossi varieties. Additionally, the reduction of the work 
strength observed in cooked tubers compared to the raw 
ones, is due to the water uptake by the polysaccharides 
of the cell wall that occurs during cooking (Warren and 
Woodamn 1974). In the raw tubers of the three varieties, 
with the Ca biofortification treatments the adhesiveness 
parameter (Table 4) increased at harvest and after 4M, 
indicating that Ca has a positive effect in adhesiveness. 
Overall, our data with cooked tubers, showed a higher 
value with compared with the ones obtained by Bordoloi 
et al. (2012) in Agria, Moonlight, Nadine, and Red Rascal 
varieties. However, at harvest Agria, in the Ca biofortifica-
tion treatments showed similar values (0.38) to the ones 
obtained by Bordoloi et al. (2012), and much higher val-
ues relatively to those obtained after 4M, in cooked tubers. 
Nevertheless, changes that occur in the mechanical prop-
erties of cooked tubers of Solanum tuberosum L. are mostly 
due to changes that affect structural components, namely 
the cell wall and middle lamella (Bordoloi et al. 2012).

As color is considered a very important parameter 
in potato tubers because affects consumers’ acceptabil-
ity (Xiao et al. 2020), the L parameter of cooked tubers 
showed a darker color compared to raw tubers and b* pa-
rameter where higher in raw tubers relative to the cooked 
ones, showing a more yellow color. Additionally, in raw 
tubers Agria showed lower values of L and b* parameters 
but similar values of a*, as previously found by Cabe-
zas-Serrano et al. (2009).

Generally, there were differences between each variety 
considering the work strength, adhesiveness and CIELAB 
parameters (L, a* and b*) both in raw and cooked tubers 
submitted to Ca biofortification treatments. Regardless of 

some parameters being variety dependent, Ca biofortifi-
cation process showed beneficial influence in texture and 
their interference in the remaining parameters was negli-
gible, pointing to the absence of negative effects in quality.

Conclusion
Through the Ca biofortification process of tubers of Sola-
num tuberosum L (Agria, Picasso, and Rossi varieties), the 
calcium content was successfully increased through foliar 
sprays with CaCl2 or Ca-EDTA - 12 or 24 kg.ha-1. Further-
more, the impact of both products on the enhancement 
of Ca varied across the three varieties studied: Ca-EDTA 
12 kg.ha-1 was found to be more effective for Picasso and 
Rossi varieties, while CaCl2 12 kg.ha-1 was more suitable 
for Agria variety. Additionally, different correlations were 
observed among Ca, P, K, Fe, Zn and Mg, with variations 
specific to each variety.

In terms of dry weight content and TSS, there appears 
to be no relationship between this quality parameter and 
the Ca content in tubers. Moreover, Ca sprays did not 
seem to affect the permeability of the lipids, regardless of 
the storage time. It can further be concluded that Ca bio-
fortification can be implemented to achieve tubers with 
higher quality in terms of texture, at harvest or under cold 
storage conservation.
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