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Tree thinning affects the physicochemical characteristics and 
bioactive compounds in ‘Barton’ and ‘Melhorada’ pecan cultivars

O desbaste de plantas afeta as características físico-químicas e compostos bioativos das 
cultivares de noz-pecã ‘Barton’ e ‘Melhorada’

Jessica Fernanda Hoffmann1 , Rosane Lopes Crizel2* , Tatiane Jéssica Siebeneichler2 , Stefany Cristina Foscarini1 ,
Tamires de Oliveira Duarte da Silva1 , Cristiano Dietrich Ferreira1 , Ivan Ricardo Carvalho3 ,

Cristiano Geremias Hellwig4 , Carlos Roberto Martins5

ABSTRACT

The production and consumption of pecan nuts have been on the rise in recent 
times, which renders it necessary to study the best production practices to 
increase the yield, enhance the flavor, and maintain the bioactive components 
in the final product. The present study, therefore, aimed to verify the effects of 
tree thinning on the physicochemical characteristics and bioactive components 
in pecan under the cultivation conditions of Santa Rosa, Rio Grande do Sul. 
The pecan plants were submitted to two types of management – with thinning 
and without thinning, following which the fruits were evaluated for physical 
(size, weight, and color) and chemical (physicochemical composition, oxidative 
stability, fatty acid profile, and tocopherols) attributes. The results revealed that 
the thinning of plants increased the size and mass of both nuts and kernels 
while reducing the acid content and peroxides in the kernels and increasing the 
γ-tocopherol levels. The other quality evaluations did not reveal any significant 
alterations after plant thinning.

Index terms: Carya illinoinensis; luminosity; post-harvest quality; 
bioactive compounds.

RESUMO

A produção e consumo de nozes vem aumentando nos últimos tempos, e 
com isso, há de se estudar as melhores práticas de produção, que aumentem 
a quantidade produzida e favoreçam ou mantenham os compostos bioativos 
presentes. Nesse sentido, esse trabalho teve como objetivo verificar a 
interferência do desbaste de plantas nas características físico-químicas e 
compostos bioativos da noz-pecã nas condições de Santa Rosa, Rio Grande 
do Sul. Para isso, as plantas foram submetidas a dois tipos de manejo: com 
desbaste e sem desbaste de plantas e os frutos foram avaliados quanto a 
características físicas (tamanho, peso e cor) e químicas (composição físico-
química, estabilidade oxidativa, perfil de ácidos graxos e tocoferóis). O desbaste 
das plantas aumentou o tamanho e a massa das nozes, assim como, reduziu 
o índice de acidez e peróxidos e aumentou o conteúdo de γ-tocoferol. As 
demais avaliações de qualidade não foram alteradas significativamente com 
o desbaste das plantas. 

Termos para indexação: Carya illinoinensis; luminosidade; qualida-
de pós-colheita; compostos bioativos.

Introduction
Pecan tree (Carya illinoinensis (Wangenh.) K. Koch) 

cultivation has increased in recent years across various regions 
of the world. The planting and agro-industrial processing of 
nuts has facilitated income diversification, particularly in 
the southern region of Brazil (Hamann et al., 2018). The 
popularization of fresh pecan nuts and their products is 
a result of their practicality, sensory characteristics, and 
nutritional properties. In particular, the lipid profile of pecan 
nuts, which comprises over 80% of unsaturated fatty acids 
and other bioactive compounds such as tocopherols that have 
health benefits, contribute to the increased demand for these 
nuts and their products (Salvador et al., 2016; Atanasov et 
al., 2018; Ribeiro et al., 2020a; Tong et al., 2022). However, 
the overall quality of pecan nuts is influenced by various 
factors, such as soil condition, climate, and the management 
practices adopted in the orchard.

Recent studies aimed at developing pecan cultivation and 
production as a viable alternative for productive diversification 
have attempted to develop novel technologies or adapt the 
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existing ones to improve the production and quality of the 
genetic materials planted in Brazil (Bilharva et al., 2018; Crosa 
et al., 2020; Martins et al., 2021). The composition of bioactive 
compounds in a plant relies on, in addition to the genetic 
characteristics of the cultivar, the edaphoclimatic conditions and 
the management practices employed in the orchard (Villarreal-
Lozoya, Lombardini, & Cisneros-zevallos, 2007; Bouali et 
al., 2020; Ferrari et al., 2022). However, little information 
is available regarding the local management techniques 
employed in the orchards traditionally and the relationship 
of these practices with the quality of the nuts produced. In 
particular, information on the bioactive components and the 
physicochemical characteristics of these nuts is lacking.

Plant thinning is an agronomic management practice that 
generally involves eliminating certain plants strategically to 
favor the development of other plants due to the benefits of 
reduced plant density, increased ventilation, and decreased 
competition for water, light, and minerals. This management 
practice may also include transplanting trees to another location 
for their use (Arreola-Ávila et al., 2010). Plant thinning has 
been beneficial as several of the pecan tree orchards were 
initially established with relatively small spacing between 
the seedlings for better land usage, which, however, led to the 
problem of excessive shade later (Fronza et al., 2018; Martins 
et al., 2021). This excess of shade due to nearby branches led 
to a decline in production in the long run, as photosynthesis 
without sufficient light and aeration in the orchard favored 
the proliferation of pests and diseases, ultimately affecting 
the production and quality of the trees (Madero, 2017). In 
addition, the lower stratum of the plant canopy encountered 
problems such as drying of the branches due to the lack of 

sunlight (Hellwig et al., 2020). The literature does not, to the 
best of the author’s knowledge, report any study on the effect 
of plant thinning on nut quality, particularly the effects on 
the bioactive components and nutraceutical properties of the 
plants, considering the high content of antioxidant compounds 
reported in its fruit (Atanasov et al., 2018; Alvarez-Parrilla, 
2018; Descalzo et al., 2022).

Therefore, the present study aimed to provide data on 
the quality of pecan cultivars produced in the region by 
verifying the effects of tree thinning on the physicochemical 
characteristics and bioactive components in pecan under the 
cultivation conditions of Santa Rosa, Rio Grande do Sul 
state, Brazil.

Material and Methods

Plant material 

Nuts from ‘Barton’ and ‘Melhorada’ (‘Pitol 1’) cultivars 
produced at a commercial orchard in Santa Rosa, Rio 
Grande do Sul (27° 55’15” S; 54° 32’37” W) were used in 
the present study. The concerned orchard was established in 
2008 with a spacing of 7 m x 7 m between seedlings, which 
is considered dense planting for this crop. The orchard soil 
was the typical dystroferric red latosol (Santos et al., 2018). 
The data on the minimum and maximum temperatures and 
the monthly rainfall in the study region during the 2020/2021 
cycle, between July 2020 and June 2021, were obtained 
from the Estação Meteorológica Santa Rosa - TRMM.291/
Agritempo (Figure 1).

Figure 1: The average values of the minimum and maximum monthly temperatures and monthly rainfall in Santa Rosa, RS, 
Brazil, during the 2020/2021 cycle. Source: The data issued by the Agritempo - Sistema de Monitoramento Agrometeorológico.
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Nuts were obtained from plants that were submitted to two 
types of management – with the thinning and without the thinning 
of plants. Thinning was conducted in August 2018 and comprised 
alternate cutting of adult plants, altering the plant density from 
204 plants per hectare to 102 plants per hectare. The pecan nuts 
were harvested in May 2021, and a total of 1.4 kg of samples 
were dried in a Rovler® forced-air oven at 40 °C until a moisture 
content of 4% was reached. Subsequently, 25 pecan nuts were 
randomly selected from each sample and evaluated for their 
size and mass. The samples with kernels were transported to the 
Instituto Tecnológico em Alimentos para a Saúde for chemical 
analyses. The kernels were weighed, and 100 g of kernels were 
crushed in a food processor (Oster® OMPR670) for 1 min and 30 
s at room temperature. The grounded samples were finally stored 
in plastic packaging at –20 °C until used in subsequent analyses. 

Physical evaluation 

 The masses of nuts and their parts were determined 
for 25 fruits per sample. Each fruit was weighed individually 
first, followed by shelling of the fruits and then weighing the 
kernels and shells. Mass was determined using a precision 
digital balance. The length and diameter of each shell and fruit 
were evaluated for 25 fruits per sample using an MTX® digital 
caliper with a measurement range of 0 to 150 mm. Using the 
masses determined for the fruits, kernels, and shells, the kernel 
yield was calculated using the following equation: 

Kernel yield (%) = (Kernel mass * 100)/Fruit mass
The color of each fruit was determined in the CIE-L*a*b* 

standard format using a colorimeter (Minolta Chromometer 
Model CR 300), which provided the L*, a*, and b* values. 
The L* value represented brightness (L* = 0 indicated black 
and L* = 100 indicated total brightness), while the a* and b* 
values were utilized to determine the Hue angle [°Hue = tan – 1 
(b*/a*) and Chroma C* = (a*2 + b*2)0.5]. The color parameters 
were determined for 10 fruits from each cultivar.

Physicochemical composition

The centesimal composition of the nuts (moisture, ash, 
proteins, lipids, and carbohydrates by difference) was determined 
according to the Association of Official Agricultural Chemists - 
AOAC (2012). The results were expressed in g/100 g.

Oil extraction and analysis

Pecan nut oil was extracted using the method described by 
Bligh and Dyer (1959). The extracted oil was then evaluated for 
acidity, peroxide level, specific extinction coefficient (K232 and 
K270), fatty acid profile, and tocopherols.

In order to determine the acid content, the pecan nut oil was 
dissolved in a solution of ethyl ether and ethyl alcohol (2:1, v/v) 
in an oil-to-solvent ratio of 1:10 (w/v), followed by the addition 
of phenolphthalein and then performing titration using the 0.1 N 

KOH solution (American Oil Chemists Society - AOCS, 1992). 
The results were expressed in mg KOH/g.

In order to determine the peroxide number, 5 g of the 
extracted oil was dissolved in 30 mL of a solution of acetic acid 
and chloroform (3:2, v/v), followed by stirring the mixture. Next, 
0.5 mL of saturated potassium iodide solution was added, and 
the flask was placed in the dark for one minute. Afterward, 30 
mL of distilled water and 0.5 mL of starch solution (1%) were 
added, followed by titration using sodium thiosulphate (0.1 N) 
until the blue color disappeared (AOCS, 1992). The results were 
expressed in meq O2/kg.

The specific extinction coefficients (K232 and K270) were 
determined next, for which the absorbance of 100 mg of oil 
(cleaned, filtered, and dissolved in isooctane and then placed in a 
10 mL volumetric flask) was measured using a spectrophotometer 
at 232 nm and 270 nm. The absorbance values were then utilized 
to calculate the specific extinction coefficients K232 and K270 
(AOCS, 1992). 

Further, the fatty acid composition (%) and the α-, δ -, and 
γ -tocopherol contents (mg/100 g) in the oil were determined 
using gas chromatography–mass spectrometry and liquid 
chromatography, respectively, using the protocols reported by 
Crizel et al. (2020). 

Statistical analysis

All chemical analyses were performed in triplicate (n = 3), and 
the results were expressed as mean ±standard deviation. Analysis of 
variance was performed, and in the case of statistical significance (P 
< 0.05), a t-test was conducted to determine the difference between 
thinning and no-thinning samples from the same cultivar.

Results and Discussion

Physical parameters

The weights of the fruits, kernels, and shells evaluated were 
higher with tree thinning in both cultivars (Table 1). Kernel 
yield was consequently higher with thinning in the ‘Barton’ 
cultivar, although it was lower with thinning in the ‘Melhorada’ 
cultivar. Heavier nuts are better evaluated in the market based 
on classification, which is determined by the number of nuts per 
kilogram and the weight of the nut. In the case of the Barton 
cultivar, 128 nuts per kilogram were required with thinning 
and 154 nuts per kilogram without thinning. In the case of 
the Melhorada cultivar, 100 nuts per kilo were required with 
thinning and 117 nuts without thinning. Therefore, the rating 
for ‘Melhorada’ was ‘extra-large’, the rating for ‘Barton’ with 
thinning was large, and the rating for ‘Barton’ with no thinning 
was medium in agreement with the Mexican norm NMX-FF-
084-SCFI-2009. The kernel yield was greater than 50%, which 
is considered acceptable for the industry. The difference in 
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the kernel yield between the two cultivars could be associated 
with the differences in the fruit size between the cultivars. In 
the Melhorada cultivar with thinning, better kernel filling was 
required compared to the Barton cultivar, which resulted in a 
lower percentage of kernels than the nuts without tree thinning.

The length and diameter values of the nuts and kernels were 
also higher with tree thinning (Table 1). The thinning of plants 
increased the mass and size values of the nuts and kernels, which 
was attributed to less competition between the plants for solar 
energy, nutrients, and water due to this management practice.

Table 2 presents the results of the kernel color parameters. No 
significant differences in the analyzed parameters were noted for 
both cultivars. Color is an important indicator of pecan quality, 
and the luminosity values indicate the degree of darkening of 
the pecan kernels. The lowest values, being closer to black (zero 
value), indicate the greatest darkening. The “a” value indicates 
the green to red color range, while the “b” value indicates the blue 
to yellow color range. It is desirable that the “b” parameter of 
nuts (indicating yellowish tones) is high while the “a” parameter 
(indicating red and brown tones) should remain low. Darker nuts 
indicate greater oxidation, and consequently, a further pronounced 
rancid flavor and aroma (Siebeneichler et al., 2023). The color 
parameter values determined in the present study were consistent 
with those reported previously for nuts. For instance, Ribeiro et al. 

(2020b) reported luminosity values ranging from 37 to 41, “a*” 
values ranging from 8 to 9, and “b*” values ranging from 20 to 24 
for ‘Barton’ pecans after six and twelve months of storage under 
various O2 partial pressures and temperatures.

Figure 2 depicts the appearance of kernels. Fruit color is 
an important parameter reflecting fruit quality, although it may 
vary with the cultivar and harvest and also with the post-harvest 
processes such as drying and storage. The market generally 
prefers lighter nuts (Hellwig et al., 2020).

Physicochemical composition

Thinning did not influence the centesimal composition of 
the nuts in both Barton and Melhorada cultivars (Table 3). A 
lower moisture content and a higher carbohydrate content were 
noted in the Barton cultivar with thinning, which was attributed 
to the drying time of the products. Therefore, standardization 
is important at this stage. Pecan is characterized as a fruit 
with a high lipid content (52.70%–78.07%), medium protein 
(6.00%–17.84%) and carbohydrate (4.92%–17.74%) contents, 
and low moisture (2.13%–6.36%) and ash (1.10%–1.79) contents 
(Rodrigues et al., 2013; Ribeiro et al., 2020a; Siebeneichler et al., 
2023). In the present study, the fiber content was not evaluated 
separately, and the carbohydrate content was determined to be 
in the range of 20% (Table 3).

Table 1: Fruit and kernel mass, shell mass, kernel yield, length, and diameter with and without tree thinning during the 
2020/2021 harvest.

Cultivar Thinning Fruit mass
(g)

Kernel mass
(g)

Shell mass
(g)

Kernel yield
(%)

Barton
With 7.81 ± 0.31 * 4.23 ± 0.23 * 3.57 ± 0.18* 53.91 ± 1.86*

Without 6.48 ± 0.23 3.39 ± 0.20 3.09 ± 0.10 51.39 ± 1.86

Melhorada
With 9.96 ± 0.25* 5.28 ± 0.16 * 4.67 ± 0.15 * 52.42 ± 1.04*

Without 8.55 ± 0.26 4.65 ± 0.18 3.91 ± 0.10 53.97 ± 0.82
Cultivar Thinning Fruit length (mm) Fruit diameter (mm) Kernel length (mm) Kernel diameter (mm)

Barton
With 38.62 ± 0.45* 24.61 ± 0.39* 24.86 ± 0.34* 19.91 ± 0.47*

Without 37.74 ± 0.75 23.74 ± 0.28 20.61 ± 0.49 18.52 ± 0.34

Melhorada
With 45.78 ± 1.02* 25.02 ± 0.28* 36.46 ± 0.40* 21.26 ± 0.22*

Without 43.88 ± 0.79 24.02 ± 0.44 34.46 ± 0.30 20.71 ± 0.22
Values presented are mean ±standard deviation (n = 25). * Significant by t-test. ns = not significant by the t-test, comparing thinning in the 
same cultivar (P < 0.05).

Table 2: The color parameter values for the 2020/2021 Pecan harvest with and without tree thinning.

Cultivar Thinning Luminosity a* b* Chroma °Hue

Barton
With 47.1 ± 2.2ns 6.9 ± 1.1ns 6.9 ± 1.1ns 13.1 ± 2.6ns 58.0 ± 2.2ns

Without 46.6 ± 2.3 6.4 ± 1.7 10.6 ± 3.1 12.4 ± 3.3 58.4 ± 4.8

Melhorada
With 46.7 ± 2.3ns 6.8 ± 0.9ns 10.4 ± 2.2ns 12.4 ± 2.3ns 56.5 ± 3.4ns

Without 45.6 ± 1.1 6.9 ± 0.8 9.2 ± 1.1 11.5 ± 1.2 53.3 ± 2.3
Values presented are mean ±standard deviation (n = 10). * Significant by t-test. ns = not significant by the t-test, comparing thinning in the 
same cultivar (P < 0.05).
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Variations in the nutritional composition of pecan are 
associated with genetic, edaphoclimatic, and agronomic 
factors. The lipid content depends upon several factors, such 
as horticultural practices (monitoring the soil for nitrogen and 
potassium levels, for example), growing conditions (accumulated 
rain volume), maturity, cultivar, and past productivity of the tree. 
Irregular bearing may also influence lipid content. In general, 

Table 3: Physicochemical composition of pecans from the 2020/2021 Pecan harvest with and without tree thinning.

Cultivar Thinning Water
content (%)

Ash content
(%)

Protein 
content (%)

Lipid 
content (%)

Carbohydrate 
content (%)

Barton
With 5.80 ± 0.10 * 1.49 ± 0.09ns 7.17 ± 0.11ns 60.69 ± 0.01ns 24.86 ± 0.10*

Without 6.85 ± 0.02 1.68 ± 0.03 7.35 ± 0.41 61.67 ± 1.13 20.61 ± 0.60

Melhorada
With 6.12 ± 0.11ns 1.50 ± 0.05ns 7.28 ± 0.08ns 64.91 ± 2.12ns 20.17 ± 1.38*

Without 6.13 ± 0.10 1.59 ± 0.04 7.73 ± 0.24 60.39 ± 3.35 24.16 ± 2.27

Values presented are mean ±standard deviation (n = 10). * Significant by t-test. ns = not significant by the t-test, comparing thinning in the 
same cultivar (P < 0.05).

Figure 2: Photographs of pecan kernels from the 2020/2021 
Pecan harvest with and without tree thinning. (A) ‘Barton’ 
cultivar with thinning. (B) ‘Barton’ cultivar without thinning. 
(C) ‘Melhorada’ cultivar with thinning. (D) ‘Melhorada’ cultivar 
without thinning.

Table 4: Acid level (mg KOH/g), peroxide content (meq O2/kg), and extinction coefficient (K232 and K270) of the pecans from the 
2020/2021 Pecan harvest with and without tree thinning.

Cultivar Thinning Acid value
(mg KOH/g)

Peroxide index
(meq/kg) K232 K270

Barton
With 0.73 ± 0.04* 4.16 ± 0.20 ns 0.01 ± 0.00ns 0.02 ± 0.01 ns

Without 0.84 ± 0.02 4.23 ± 0.18 0.01 ± 0.01 0.02 ± 0.01

Melhorada
With 0.80 ± 0.05* 2.60 ± 0.20* 0.01 ± 0.00 ns 0.01 ± 0.00 ns

Without 0.87 ± 0.01 8.15 ± 0.20 0.02 ± 0.00 0.02 ± 0.00

Values presented are mean ±standard deviation (n = 10). * Significant by t-test. ns = not significant by the t-test, comparing thinning in the 
same cultivar (P < 0.05).

low-yielding trees produce nuts with higher oil content while 
high-yielding trees produce nuts with a lower oil content 
(Siebeneichler et al., 2023). In the southern region of Brazil, 
Barton and Melhorada are the most commonly planted varieties 
as these have floral synchrony and good productivity. Barton is 
known for its high productivity while Melhorada has medium 
productivity (Casagranda et al., 2023).

Oxidative stability of nuts

Nuts of Barton and Melhorada cultivars submitted to plant 
thinning exhibited lower acid levels and peroxide content 
compared to those without thinning (Table 4). No significant 
difference was noted in the extinction coefficient. The legislation 
stipulates a maximum acid level of 4 mg KOH/g and a peroxide 
content limit of 15 meq/kg for unrefined oils (Brasil, 2021). 
The acid index in both cultivars and the peroxide index in the 
Melhorada cultivar were higher in the plants without thinning. 
This result was attributed to the lack of light and ventilation 
in the orchard, which increased the humidity, leading to 
susceptibility to microbial proliferation (Siebeneichler et al., 
2023). Microorganisms, particularly fungi, are known to produce 
lipolytic enzymes that facilitate the production of free fatty 
acids (Li et al., 2010; Mehta et al., 2017). These free fatty acids 
are highly susceptible to oxidation, particularly in the presence 
of atmospheric oxygen. The free fatty acids produced in the 
oxidation process increase the acidity and react with oxygen to 
form lipid peroxides.
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Fatty acid and tocopherol profile

The tree thinning practice did not influence the fatty acid 
profile of pecans (Table 5). The major fatty acids in both cultivars 
were oleic acid (C18:1), linoleic acid (C18:2), and palmitic acid 
(C16:0). A prevalence of unsaturated fatty acids was noted in 
the pecans, accounting for an average of 85% of the total lipid 
content. Ribeiro et al. (2020a) reported that unsaturated fatty 
acids accounted for 90.73% of the total fatty acid composition 
in ‘Barton’ and 89.51% of the total fatty acid composition in 
the ‘Melhorada’ cultivar. This difference in the results of the 
present study compared to previous studies could be related to 
the differences in the location and the planting and management 
conditions (Siebeneichler et al., 2023).

Pecan, similar to other edible nuts, is a kernel rich in fat, with 
the fat content reaching 78.07%, and compared to other types 
of nuts (Brazil nuts, pistachios, walnuts, cashews, and pine tree 
nuts), pecans have a high ratio of unsaturated to saturated fatty 
acids (Ribeiro et al., 2020a; Ryan et al., 2006). The main fatty 
acids present in pecan oil are oleic (C18:1), linoleic (C18:2), 
palmitic (C16:0), and stearic (C18:0). In addition, pecans contain 
small amounts of α-linolenic (C18:3), arachidonic (C20:0), 
elaidic (C20:1), palmitoleic (C16:1), margaric (C17:0), myristic 
(C14:0), and heptadecenoic (C17:1) acids. Together, the contents 
of oleic and linoleic fatty acids in pecans may reach up to 90% 
of the total lipid content, while the saturated fatty acid content 
is below 11% (Siebeneichler et al., 2023). Despite being rich 
in fat, pecans have a predominance of monounsaturated and 
polyunsaturated fatty acids, which are associated with reduced 
levels of LDL cholesterol and the consequent risk of coronary 
artery disease (Fernandez & Webb, 2008; Hu & Willett, 2002).

Tocopherols exist in four different isoforms, namely, 
α (alpha), β (beta), γ (gamma), and δ (delta) tocopherols. 
Antioxidant activity is the main mechanism of action of 
tocopherol when it blocks the proliferation of lipid peroxidation 
in membranes at the expense of a hydrogen (H) atom provided 
to the lipid peroxyl radicals (Ali et al., 2022). The tocopherol 
detected in higher quantities in the nuts of the Barton and 
Melhorada cultivars evaluated in the present study was 
γ-tocopherol (Table 5). In both cultivars, the γ -tocopherol 
content was approximately 10% higher with plant thinning. 
The tocopherol content in plants is influenced by genetic and 
environmental factors, particularly light, drought, and high 
temperature (Ali et al., 2022). Light is reported as a factor that 
increases the concentration of tocopherols. This is because, 
besides their antioxidant functions, tocopherols also function as 
a membrane component and split within the hydrophobic phase 
of the lipid bilayer of the membrane, reducing the fluidity of the 
membrane through the physical stabilization of the membrane 
structure (Spicher et al., 2017). Therefore, plant thinning leads 
to a higher tocopherol content.

Tocopherols are antioxidants considered important from 
the perspective of health and are, therefore, consumed widely 
by humans in the form of various oilseeds, such as pecan nuts 
(Thompson & Cooney, 2020). According to the reference values 
published by the United States Department of Agriculture 
(United States Department of Agriculture - USDA, 2018), 
pecan oil contains an average of 2.53 mg/100 g of α-tocopherol, 
0.35 mg/100 g of β-tocopherol, 24.2 mg/100 g of γ-tocopherol, 
and 1.07 mg/100 g of δ-tocopherol. The tocopherol content 
determined in the present study was within the same ranges.

Table 5: The fatty acids profile (%) and tocopherol content (mg/100 g) of the pecans from the 2020/2021 Pecan harvest with 
and without tree thinning.

Cultivar Thinning
Fatty acid (%)

Myristic Acid 
(C14:0)

Palmitic acid 
(C16:0) Stearic acid (C18:0) Arachidic acid 

(C20:0)
Oleic acid 

(C18:1)
Eicosenoic acid 

(C20:1)
Linoleic acid 

(C18:2)

Barton
With 0.08 ± 0.01 9.63 ± 0.21 4.15 ± 0.14 0.17 ± 0.02 45.3 ± 30.06 0.36 ± 0.06 37.83 ± 0.34

Without 0.07 ± 0.01 9.62 ± 0.20 4.12 ± 0.13 0.17 ± 0.01 45.30 ± 0.12 0.34 ± 0.03 37.77 ± 0.34

Melhorada
With 0.09 ± 0.00 9.97 ± 0.12 5.09 ± 0.13 0.16 ± 0.02 42.33 ± 0.33 0.26 ± 0.01 39.32 ± 0.09

Without 0.08 ± 0.01 9.93 ± 0.12 5.02 ± 0.15 0.19 ± 0.01 42.27 ± 0.35 0.27 ± 0.03 39.29 ± 0.07

Cultivar Thinning

Fatty acids (%) Tocopherol (mg/100 g)

Linolenic acid 
(C18:3)

Sum of 
saturated acids

Sum of 
monounsaturated 

acids

Sum of 
polyunsaturated 

acids
α-tocoferol δ -tocoferol γ -tocoferol

Barton
With 2.57 ± 0.06 14.03 ± 0.34 45.67 ± 0.11 40.40 ± 0.29 3.45 ± 0.07ns 3.35 ± 0.01ns 36.30 ± 0.36*

Without 2.61 ± 0.08 13.98 ± 0.35 45.64 ± 0.09 40.38 ± 0.26 3.45 ± 0.07 3.30 ± 0.00 32.63 ± 0.51

Melhorada
With 2.94 ± 0.10 15.31 ± 0.23 42.59 ± 0.33 42.26 ± 0.00 3.05 ± 0.00 * 3.50 ± 0.00 * 37.99 ± 0.10*

Without 2.95 ± 0.12 15.22 ± 0.27 42.53 ± 0.32 42.24 ± 0.05 3.44 ± 0.00 3.38 ± 0.01 32.20 ± 1.82

Values presented are mean ±standard deviation (n = 10). * Significant by t-test. ns = not significant by the t-test, comparing thinning in the 
same cultivar (P < 0.05).
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Conclusions
Plant thinning improved various characteristics of pecans, such as 

increasing the size and mass of nuts and kernels, reducing the acidity 
and peroxide content of the kernels, and increasing the γ-tocopherol 
content. The other quality evaluations did not reveal any significant 
alterations after tree thinning. These findings corroborate that plant 
thinning is a viable management practice to be adopted in orchards 
for nut production as it leads to higher productivity and increased 
levels of bioactive nutrients such as tocopherols.

Author Contributions
Conceptual idea: Hoffmann, J. F; Martins, C.R.; Methodology 

design: Carvalho, I.R; Hoffmann, J. F; Data collection: Hellwig, 
C.G., Data analysis and interpretation: Foscarini, S.C.; Silva, 
T.O.D., and Writing and editing: Crizel, R.L.; Siebeneichler, 
T.J.; Ferreira, C.D.; Hoffmann, J. F.

Acknowledgements
To the Conselho Nacional de Desenvolvimento Científico 

e Tecnológico (CNPq)[gran tnumbers 312706/2020-0] and 
Fundação de Amparo a Pesquisa do Estado do Rio Grande 
do Sul (FAPERGS) [Grant numbers 21/2551-0000701-0] for 
funding the research.

References

Association of Official Agricultural Chemists - AOAC. (2012). Official 
methods of analysis of AOAC International. 19th Ed.Gaithersburg, 
MD, USA.

Ali, E. et al. (2022). Tocopherol as plant protector: An overview of 
tocopherol biosynthesis enzymes and their role as antioxidant 
and signaling molecules. Acta Physiologiae Plantarum, 44(2):20. 

Alvarez-Parrilla, E. et al. (2018). Bioactive components and health 
effects of pecan nuts and their by-products: A review. Journal of 
Food Bioactives, 1(1):56-92. 

American Oil Chemists Society - AOCS. (1992). Official and tentative 
methods of the American oils chemists society. Champaign, 
Illinois. Available in: <https://www.aocs.org/attain-lab-services/
methods?SSO=True>.

Atanasov, A. G. et al. (2018). Pecan nuts: A review of reported 
bioactivities and health effects. Trends in Food Science & Technology, 
71:246-257.

Arreola-Ávila, J. G. A. et al. (2010). Sunlight availability and nut 
production after removing pecan trees. Revista Chapingo. Serie 
Horticultura, 16(2):147-154.

Bilharva, M. et al. (2018). Pecan: From research to the Brazilian 
reality. Journal of Experimental Agriculture International, 23(3):1-16.

Bligh, E. G., & Dyer, W. J. (1959). A rapid method of total lipid extraction 
and purification. Canadian Journal of Biochemistry and Physiology, 
37(8):911-917.

Bouali, I. et al. (2020). Inter-cultivar and temporal variation of phenolic 
compounds, antioxidant activity and carbohydrate composition of 
pecan (Carya illlinoinensis) kernels grown in Tunisia. Horticulture, 
Environment, and Biotechnology, 61:183-196. 

Brasil. (2021). Ministério da Saúde/Agência Nacional de Vigilância 
Sanitária/Diretoria Colegiada. Estabelece a lista de espécies 
vegetais autorizadas, as designações, a composição de ácidos 
graxos e os valores máximos de acidez e de índice de peróxidos 
para óleos e gorduras vegetais. Instrução normativa - IN n° 87, 
de 15 de março de 2021. Available in: <https://www.in.gov.br/
en/web/dou/-/instrucao-normativa-in-n-87-de-15-de-marco-
de-2021-309008143>. 

Casagranda, D. G. et al. (2023). Produtividade da nogueira pecã na 
região de Anta Gorda no Rio Grande do Sul. Research, Society and 
Development, 12(1):24912139574.

Crizel, R. L. et al. (2020). Characterization of extra virgin olive oil from 
Southern Brazil. European Journal of Lipid Science and Technology, 
122(4):1900347.  

Crosa, C. F. R. et al. (2020). Tecnologia de produção de noz-pecã no 
Sul do Brasil. Revista Científica Rural, 22(2):249-262.

Descalzo, A. M. et al. (2022). Oxidative stability and sensory properties 
of pecan nuts.  Nut Crops-New Insights. IntechOpen.

Fernandez, M. L., & Webb, D. (2008). The LDL to HDL cholesterol ratio 
as a valuable tool to evaluate coronary heart disease risk. Journal 
of the American College of Nutrition, 27(1):1-5.

Ferrari, V. et al. (2022). Influence of cultivar on nutritional composition 
and nutraceutical potential of pecan growing in Uruguay. Frontiers 
in Nutrition, 9:868054.

Fronza, D. et al. (2018). Pecan cultivation: General aspects. Ciência 
Rural, 48(2):e20170179.

Hamann, J. J. et al. (2018). Cultivares de nogueira-pecã no Brasil. Embrapa 
Clima Temperado, Pelotas, 43p. Pelotas: Embrapa Clima 
Temperado. ((Documentos/Embrapa, 478).

Hellwig, C. G. et al. (2020). Efeito da poda e do desbaste de plantas na 
produtividade, desenvolvimento de plantas e qualidade de frutos 
de nogueira-pecã em alta densidade de plantio. Pelotas: Embrapa 
Clima Temperado. 15p. (Boletim de Pesquisa e Desenvolvimento 
/ Embrapa Clima Temperado, 350).

Hu, F. B., & Willett, W. C. (2002). Optimal diets for prevention of 
coronary heart disease. Jama, 288(20):2569-2578.

https://www.aocs.org/attain-lab-services/methods?SSO=True
https://www.aocs.org/attain-lab-services/methods?SSO=True


Ciênc. Agrotec., 48:e005924, 2024

8 Hoffmann, J. F. et al.

Li, N. et al. (2010). Lipases from the genus Penicillium: Production, 
purification, characterization and applications.  Journal of 
Molecular Catalysis B: Enzymatic, 66(1-2):43-54.

Madero, E. R. (2017). Sistema de conducción de las plantas y poda. In 
E. R. Madero. et al. Manual de manejo delhuerto de nogal pecán.1. 
ed. INTA. (pp. 27-34). 

Martins, C. R. et al. (2021). Práticas básicas do plantio à colheita de 
noz-pecã. Pelotas: Embrapa, (Circular Técnica 225). 19p.

Mehta, A. et al. (2017). Fungal lipases: A review.  Journal of Biotech 
Research, 8:58-72.

Norma Oficial Mexicana - NMX-FF-084-SCFI-2009. (2009). Productos 
alimenticios no industrializados para consumo humano - Fruto 
fresco - Nuez pecanera Carya illinoensis (Wangenh) K. Koch - 
Especificaciones y métodos de prueba. Available in: <http://www.
comenuez.com/assets/nmx-ff-084-scfi-2009.pdf>.

Ribeiro, S. R. et al. (2020a). Chemical composition and oxidative 
stability of eleven pecan cultivars produced in southern 
Brazil. Food Research International, 136:109596.

Ribeiro, S. R. et al. (2020b). Effect of low oxygen on quality attributes 
of ‘Barton’pecan nuts after long-term storage at different 
temperatures. Scientia Horticulturae, 263:109098.

Rodrigues, A. C. et al. (2013). Proximate composition and fatty acids 
profile in oleaginous seeds. Journal of Food Research, 2(1):109-117.

Ryan, E. et al. (2006). Fatty acid profile, tocopherol, squalene and 
phytosterol content of Brazil, pecan, pine, pistachio and cashew 
nuts.  International Journal of Food Sciences and Nutrition, 57(3-
4):219-228.

Salvador, A. A. et al. (2016). Increasing the value of pecan nut [Carya 
illinoinensis (Wangenh) C. Koch] cake by means of oil extraction 
and antioxidant activity evaluation. The Journal of Supercritical 
Fluids, 116:215-222.

Santos, H. G. et al. 2018. Sistema brasileiro de classificação de solos. 
5ed. Brasília, DF, Brasil: Embrapa. 356p.

Siebeneichler, T. J. et al. (2023). Composition and impact of pre-and 
post-harvest treatments/factors in pecan nuts quality. Trends in 
Food Science & Technology, 131:46-60.

Spicher, L. et al. (2017). Essential role for phytol kinase and 
tocopherol in tolerance to combined light and temperature 
stress in tomato.  Journal of Experimental Botany, 68(21-
22):5845-5856.

Thompson, M. D., & Cooney, R. V. (2020). The potential physiological 
role of γ-tocopherol in human health: A qualitative review. Nutrition 
and Cancer, 72(5):808-825.

Tong, X. et al. (2022). Using rich media to promote knowledge 
on nutrition and health benefits of pecans among young 
consumers. Journal of Agriculture and Food Research, 10:100387.

United States Department of Agriculture - USDA. (2018). Agricultural 
research service, nutrient data laboratory. USDA National Nutrient 
Data base for Standard Reference, Legacy. Available in: <http://
www.ars.usda.gov/nutrientdata>.  

Villarreal-Lozoya, J. E., Lombardini, L., & Cisneros-zevallos, L. (2007). 
Phytochemical constituents and antioxidant capacity of different 
pecan [Carya illinoinensis (Wangenh.) K. Koch] cultivars.  Food 
Chemistry, 102(4):1241-1249.


	_Hlk167457664
	_Hlk167796901
	_Hlk167457733
	_Hlk170406159

