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Abstract
The objective of this study was to evaluate the physicochemical quality and fatty acid profile of Brazil nut
almonds stored at room temperature under different edible coatings. The almonds were sanitized and coated
with three formulations containing whey protein, xanthan gum, and essential oils of basil, thyme, and mint,
compared to an uncoated control group. After 120 days of storage, physicochemical analyses, texture
measurements, and fatty acid profile assessments were performed. The treatments showed no significant
differences compared to the control in moisture content, protein, lipids, carbohydrates, energy value, pH, and
soluble solids, indicating that the coatings did not influence these basic quality parameters. However, changes
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were observed in ash content, titratable acidity, texture, and luminosity of the coated almonds, suggesting that
coatings can modify specific characteristics related to physicochemical stability and appearance of the product.
The fatty acid profile exhibited modifications in both the treatments and the control, possibly associated with
natural lipid oxidation occurring during storage, which is common in high-lipid foods. Most of the evaluated
coatings did not outperform the control in preserving the analyzed characteristics. Nonetheless, the
incorporation of essential oils shows potential for application in Brazil nut almonds, although further studies
are needed to improve their efficacy and understand their interactions with the lipid compounds present in the
product.

Keywords: Edible Coating. Storage. Rancidity.

Resumo

O objetivo deste trabalho foi avaliar a qualidade fisico-quimica e o perfil de acidos graxos de améndoas de
castanha-do-Brasil armazenadas em temperatura ambiente sob diferentes revestimentos comestiveis. As
améndoas foram higienizadas e revestidas com trés formulagdes contendo proteina do soro do leite, goma
xantana e Oleos essenciais de manjericdo, tomilho e horteld, comparadas a um grupo controle sem
revestimento. Apds 120 dias de armazenamento, foram realizadas anélises fisico-quimicas, de dureza e de
perfil de acidos graxos. Os tratamentos ndo apresentaram diferengas significativas em relagdo ao controle para
teor de agua, proteina, lipidios, carboidratos, valor energético, pH e solidos soluveis, indicando que os
revestimentos nao influenciaram esses parametros basicos de qualidade. Contudo, verificaram-se alteragdes
nos teores de cinzas, na acidez titulavel, na textura e na luminosidade das améndoas revestidas, evidenciando
que os revestimentos podem modificar caracteristicas especificas relacionadas a estabilidade fisico-quimica e
a aparéncia do produto. O perfil de 4cidos graxos apresentou modificagdes tanto nos tratamentos quanto no
controle, possivelmente associadas & oxidag@o lipidica natural ao longo do armazenamento, comum em
alimentos com elevado teor de lipidios. A maioria dos revestimentos avaliados ndo demonstrou desempenho
superior ao controle na preservacdo das caracteristicas analisadas. Apesar disso, a incorporagdo de dleos
essenciais revela potencial para aplicacdo em améndoas de castanha-do-Brasil, embora sejam necessarios
estudos adicionais para aprimorar sua eficacia e compreender suas interagdes com os compostos lipidicos
presentes no produto.

Palavras-chave: Revestimento Comestivel. Armazenamento. Rancidez.

1 Introduction

The Brazil nut production in the Amazon is essentially extractive and plays a significant role in
social sustainability and biodiversity preservation (Polmann et al., 2021). Brazil nut is an important
source of nutrients. It is harvested manually in indigenous regions by farmers during the rainy season.
However, exposure of pods and nuts to the soil can increase the risk of fungal infection. In addition
to minerals, Brazil nut also contains fibers, folate, and antioxidant compounds, being notable for its
high selenium content (Brito; Pereira Junior; Dantas, 2019; Luo ef al., 2014; Silva Junior et al.,
2017;).

The quality of Brazil nuts reaching the final consumer is influenced by appropriate practices at
all the production chain stages (Maroccolo et al., 2021). To ensure consumer health and product
nutritional quality, some countries have established strict limits for aflatoxins, which results in stricter
criteria for the importation of Brazil nuts (Oliveira et al., 2020).

Edible films and coatings have a promising potential in the protection of food products. They

play an important role in slowing down lipid oxidation, the action of microorganisms, and the effects
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of moisture (Bittencourt et al., 2020). Furthermore, these materials can help minimize unwanted
physical changes in food (Erdem; Diblan; Kaya, 2019).

Edible films and coatings based on proteins are widely used in the food industry due to their
properties, such as water solubility, emulsifying capacity, and high nutritional value (Cakmak et al.,
2020). Whey protein isolate is used to create films and coatings that are transparent, flexible, and
without noticeable odor or flavor, making them well accepted by consumers (Bourtoom, 2008; Ramos
etal., 2013).

Coatings using polysaccharide gums, such as xanthan gum, create a semipermeable barrier
(Kumar; Saini, 2021). This helps maintain the product nutritional value, reduce weight loss, and
decrease the respiration rate on the product surface (Salehi, 2020).

A trend in food technology is the creation of edible films and coatings enriched with bioactive
ingredients to enhance their functional properties (Karaca et al., 2019). Natural essential oils have
been used to extend the shelf life of minimally processed foods, due to their antimicrobial properties
(Cakmak et al., 2020).

Studies on the preservation of strawberries applying chitosan and thyme (Thymus
vulgaris)/rosemary (Rosmarinus officinalis L.) oil coatings showed higher stability in soluble solids
values compared to control groups (Quintana et al., 2021). Tomatoes coated with whey protein isolate,
xanthan gum, and clove oil showed potential to maintain quality characteristics of tomatoes after
fifteen days of storage (Kumar; Saini, 2021).

Based on the above, the aim of this study was to evaluate the physicochemical quality and fatty

acid profile of food stored at room temperature under different edible coating.

2 Material and Methods
2.1 Material and Methods

The materials used in the formulation of the coating emulsion in this study were whey protein
(batch 201312105, Nestle Brasil Ltda, Arara, Sao Paulo, Brazil), glycerol monostearate (Batch
2022040665, Allimentari, Sdo Paulo, Sao Paulo, Brazil), xanthan gum (Xanthan Gum 1Kg - 100%
Pure Imported - Soldiers Nutrition), peppermint essential oil Mentha x piperita (LASZLO, Belo
Horizonte, Minas Gerais, Brazil), green basil essential oil Ocimum basilicum (Herbia Joinville, Santa
Catarina, Brazil), thyme essential oil Thymus vulgaris (Phytoterapica, Sdo Paulo, Sdo Paulo, Brazil).
All the solvents and reagents used were of PA grade.

The cashew nuts were collected in a rural property in the municipality of Alta Floresta, Mato
Grosso, and transported to Coxim, Mato Grosso do Sul (Brazil). The cashew nuts were opened at the
Fruit and Vegetable Technology laboratory of the Instituto Federal do Mato Grosso do Sul. The nuts
were manually shelled, sanitized, and the almonds were pre-selected (discarding almonds with
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biological contamination, or with the odor of deterioration or damaged), then placed in trays. All the

utensils and laboratory benches were previously sanitized.

2.2 Formulation of the coating emulsion and application on Brazil nuts

The procedure was according to Kumar and Saini, (2021) and the formulations of isolated whey
protein coating solution (WPI) were used in the ratio of 5% w/v (or 5g/100 mL) prepared in distilled
water, with pH adjusted to 9. The whey protein isolate solution was prepared according to the method
employed by Duan ef al. (2011). Denaturation was carried out at 65 °C for 20 min on a magnetic
stirrer and then cooled to 25 °C. The highly viscous solution in either hot or cold water at low
concentrations with excellent stability over a range of temperatures and pH. Glycerol Monostearate
(GMS) (based on protein 2% w/v or 2g/100 mL) was added to all solutions as a plasticizing agent,
mint oil, basil oil, thyme oil 2 mL was incorporated into the solutions separately.

There were three coating formulations, and one control sample (uncoated) (Frame 1). After
preparing different combinations, the solution was stirred in a magnetic stirrer for 30 min for a

uniform mixture. The ratio of whey protein and xanthan gum was 1:1.

Table 1 — Brazil nut coating formulation

Coating Formulation
Control (No coating) 0
Treatment 1 (T1) Whey protein, xanthan gum, and peppermint essential oil
Treatment 2 (T2) Whey protein, xanthan gum, and basil essential oil
Treatment 3 (T3) Whey protein, xanthan gum, and thyme essential oil

Source: research data.

The almonds were coated with four different formulations: one with whey protein and
peppermint essential oil, another with whey protein and basil essential oil, and another with whey
protein and thyme essential oil. Additionally, there was a control group (C) in which the almonds
were stored without any coating on expanded polystyrene trays. The almonds underwent immersion,

draining, and drying processes before storage.

2. 3 Storage

The almonds and the control were stored for 120 days. During this period, analyses of proximate
composition and physicochemical characteristics were carried out, starting from the beginning and
continuing until the completion of the 120-day storage period. In Figure 1, the environmental
conditions in Coxim, Mato Grosso do Sul are presented. The maximum temperature ranged from 32.6
°C to 34.2 °C, while the minimum temperature fluctuated between 17.3 °C and 20.8 °C. The relative

humidity also varied, ranging from 45% to 90% throughout this period.
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Figure 1 — Average temperature (°C) and Relative Humidity (%)
of the storage environment of Brazil nuts almonds with and

without coating
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Source: Center for Weather Forecasting and Climate Studies/National Institute
for Space Research, 2022.

2.4 Determination of proximal composition

Proximate composition analysis was carried initially on the control on day 0 and after 120 days
of storage in the treatments. Moisture content was determined by oven-drying, following Association
of Official Analytical Chemists (AOAC) Method n°® 968.11 (2019). Crude protein was assessed by
the Kjeldahl method with the measurement of total nitrogen content using AOAC Method n° 960.52
(2019). The quantified nitrogen content was converted to protein content by multiplying by the
appropriate conversion factor, which was 5.46 in the case of Brazil nuts. Ash was identified using
AOAC Method n° 923.03 (2019). Lipid determination followed the Bligh DYER method (1959).
Carbohydrate content was calculated according to AOAC Method n°® 926.08 (2019). Finally, the

energy value was determined using the Atwater conversion factors (AOAC, 2019).
2.5 Physicochemical analysis
pH was measured using the AOAC method no. 943.02 (2006). In addition, the titratable acidity
and total soluble solids analysis followed the Adolfo Lutz Institute (2008) methodology.
2.6 Texture analysis

Texture analysis was carried out in accordance with Silva and Junior (2006).
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2.7 Color
In the study of the color of the samples, a colorimeter was used to determine the parameters L*,

a* and b*. The value of L* represents luminosity, ranging from 0 (black) to 100 (white), following

the AOAC method n°14-22 (2006).

2.8 Vegetable oil extraction

The crude oil is derived from Brazil nut kernels, without the woody endocarp, and is stored in
different coating formulations. The vegetable oil was determined by direct method using hexane,
weighing 17 g of powdered sample in an Erlenmeyer flask. Then, 75 mL of hexane was added
immediately after homogenization for 24 h. The solution was filtered and then the separation solvent
was used. The extracted oil was then taken to a Rotavapor, heated to 60 °C, with a rotary pressure of
90", and then placed in an oven at a temperature of 40 to 50 °C for 4 hours to reach a constant weight

(Silva, 2021).

2.9 Gas chromatography coupled with mass spectrometry (GC-MS)

The oils obtained from nuts were characterized by their fatty acid profile using gas
chromatography (GC Shimadzu 2010 Plus) coupled to a mass spectrometer (MS Shimadzu TQ8040)
(GC/MS). Sample preparation was carried out according to Ichihara and Fukubayashi (2010), to
convert oils into fatty acid methyl esters. The injection volume was 1uL of the previously esterified
samples. During operation, the detector was maintained at 280°C and the injector at 250°C. The
injection was performed in split mode (1:100) and separation was carried out on an SH-Rtx-5MS
column (Shimadzu) (30 m x 0.25 mm x 0.25 pm). The oven was set at 50°C for 1 min, then heated at
25 °C/min to 175 °C, and finally at 4 °C/min to 260 °C. The final temperature was held for 12 min.
The carrier gas was Helium at 150 cm3/min.

Compounds were identified using the NIST-11 library database, considering their retention
indices and comparing them with MS data presented in the literature. Data were processed using the
GCMS Postrun Analysis and GCMS Real Time Analysis solution software, both from GCMS solution
version 4.20 (Shimadzu Corporation) and NIST Mass Spectral Library. The chart was plotted using
Origin software version 9.1 (OriginLab Corporation, Massachusetts, USA). Fatty acid quantification
was performed using the area normalization procedure. Results were expressed as the percentage of

each fatty acid present in the samples.

2.10 Statistical analysis
Proximal and physicochemical analyzes were performed in triplicate in both the control group
and the treatments. To assess the significance of the results, analysis of variance (ANOVA) was used,
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and the Tukey's multiple range test was applied, with a significance level of p < 0.05. These analyzes

were conducted using the statistical software SISVAR for Windows.

3 Results and Discussion

The proximate composition of Brazil nut almonds is crucial for applications in the food and
cosmetic industries. The proximal composition and physicochemical analysis of uncoated Brazil nut
kernels(control) of this study presented a water content 4.11 (g 100 g!); ashes 3.41(g 100 g!); protein
9.90 (g 100 g™); lipid 61.94 (g 100 g); carbohydrate 20.63 (g 100 g'); Energy value 679.62 (Kcal
100 g 1); pH 7.15. Regarding the parameters total soluble solids 0.36 (°Brix), titratable acidity 1.64
and Hardness 0.4871(N), these findings corroborate previous studies of Lima et al. (2021), Silva et
al. (2021), Botelho et al. (2019) and Schons et al. (2017).

Regarding the water content, after 120 days of storage, no significant differences were observed
between the control group and the treatments (Table 1). The results are consistent with the study by
Fernandes et al., (2020) who did not identify variations in the water content of Portuguese chestnuts
(Castanea sativa) over the storage period. However, in a study by Gull et al. (2023), the nuts (Juglans
regia L.) in the control group showed a significant reduction in water content during storage, while
the coated samples maintained higher levels of moisture. Due to its strong barrier potential against
carbon dioxide, oxygen, and lipids, whey protein produces superior coatings and exhibits unique

properties, such as protection against moisture and aroma loss (Kumar; Saini, 2021).

Table 1 — Analysis of variance with mean square values for proximal and physicochemical

parameters, uncoated almonds, and different treatments after 120 days of storage

After 120 Days of Storage at Room Temperature
Control | T1 | T2 | T3 | CV% | Average | GL
Proximal Analysis
Water content 3.05a 2.76a 2.07a 291a 16.05 2.70 3
Ashes 3.89a 3.38ab 3.26b 3.24b 6.24 3.44 3
Protein 6.18a 6.35a 5.97a 5.97a 6.09 6.11 3
Lipid 55.79a 53.47a 49.40a 56.71a 7.99 53.84 3
Carbohydrate 31.07a 34.03a 39.28a 31.16a 14.64 33.88 3
Energy value 651.16a 642.75a 625.66a 658.96a 3.08 644.63 3
Ph 6.33a 6.65a 6.56a 6.18a 431 6.43 3
Physical-Chemical Analysis
Total soluble solids (°Brix) 0.76a 0.80a 0.83a 0.73a 6.02 0.78 3
Titratable acidity 1.85b 3,45a 3.44a 2.12b 17.08 2.71 3
Hardness (N) 0.2813a 01806b 0.1597b 0.1732b 4.93 0.1987 3

Control (No coating); Treatment 1 (T1) with whey protein, xanthan gum, and peppermint essential oil. Treatment 2 (T2)
with whey protein, xanthan gum, and basil essential oil. Treatment 3 (T3) with whey protein, xanthan gum, and thyme
essential oil. Lowercase letters differ in the lines indicates a difference by the Tukey test (P <0.05); Equal letters do not
differ significantly from each other.

Source: research data.
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The Brazil nut, due to its hygroscopic nature, has a water content that varies according to the
climate (Silva, 2021), being rich in lipids. The water content is crucial for the shelf life of the nut
kernels, with low humidity being essential to prevent microbial contamination (Gull et al., 2023).
Food products with low moisture content must be microbiologically safe for consumption (Gull et
al., 2023). Relative humidity influences the mechanical properties and gas permeability in edible
films (Grosso et al., 2020).

Regarding the ash content, it is noted that after storage, the control showed similarity with
treatment 1 (Table 1). Treatment 2 and 3 differed from the control. Concerning this change in the ash
content of treatment 2 (3.26%) and 3 (3.24%) after storage, Silva (2021) observed that there was
variation in ash content over the storage periods due to the different packaging materials used, there
was interaction between different packaging materials and storage time. Lorini et al. (2018) found
variation in ash content when stored in vacuum packaging of polypropylene with nylon and PET
packaging with aluminized polyethylene (PE) used for storing Brazil nuts during a 9-month period,
which is similar to the data from this study.

In the protein values (Table 1), there was no significant difference throughout storage despite
the reduction in protein content values between control and treatments. Bitencourt (2020) obtained
protein contents of dried Brazil nut almonds at 40°C of 9.38 g 100 g-1, indicating that factors such as
drying time and temperature interfered in the results obtained.

Regarding the carbohydrate content, an increase was observed in the treatments compared to
the control, but there was no difference after storage. Similar results were found in studies with three
edible coatings (whey protein isolate, chitosan, and alginate) on the quality of coated Castanea sativa,
where reducing sugars in the chestnuts were detected in low quantities initially and an increase in
reducing sugars was observed during storage in the alginate treatment (Fernandes et al., 2020).

In terms of energy value, the control did not differ from treatments 1, 2, and 3 after the storage
period. Similarly, a study by Silva (2021) on Brazil nut almonds stored in different packaging found
that they did not differ in energy value during storage, but when almonds and nuts were stored in the
same packaging, there were differences from time four onwards.

Regarding the total soluble solids (TSS), there was no difference between the control and
treatments after the storage period (Table 1), despite a slight increase in treatments 1 and 2.
Similarities in a study with coatings (xanthan gum, whey protein isolate, and clove essential oil)
applied to tomatoes by Kumar and Saini (2021) observed that there was a gradual increase in total
soluble solids in the tomato samples with and without coating. In chitosan-based coating on
strawberries, it was observed that after storage, the TSS of all strawberries was lower than the initial

TSS value and the TSS values did not show significant differences between the treatments (Yan et al.
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2019). Bitencourt (2020) highlights that the content of soluble solids is related to flavor and sugars,
being a complex of volatile substances that are stored during the food development.

Regarding titratable acidity, resolution no. 481 of the National Health Surveillance Agency
(Brasil, 2021) establishes a maximum limit of 4 mgKOH/g as an indicative parameter of acidity for
cold-pressed and unrefined oils. In the study with Brazil nut almonds applied in coatings, an increase
in acidity values was observed after storage compared to the control and treatments 1, 2, and 3,
although these values remained within the limits allowed by Brazilian legislation Similar results were
obtained in previous studies, such as Fernandes et al. (2020), who used nuts coated with whey protein
isolate, chitosan, and alginate during storage. Furthermore, in studies with umbu fruit treated with
starch, titratable acidity differed only based on storage time (Dos Santos et al., 2021).

Regarding the hardness of almonds, the control of coated almonds differed after the storage
period (Table 1). It can be observed in the uncoated almond that the hardness had values of greater
force than the coated ones, in both treatments, and it was evidenced that the application of the coating
caused a loss of hardness, related to the values of water content and the storage environment.
Similarities were found with strawberries coated with chitosan, rice bran, and cassava starch, showing
a decrease in firmness at the end of storage compared to the initial hardness (Turquett et al., 2021).
The firmness of umbu with biofilm decreased with storage days and remained stable after 9 days. The
fruits treated with 1% cassava starch biofilm were 67.66% higher than the untreated fruits (Dos Santos
etal., 2021). Ananey-Obiri et al. (2018) highlights that protein-based coatings exhibit better moisture
barrier properties and superior mechanical characteristics compared to polysaccharide-based
coatings.

Color is a visual indicator of quality for minimally processed ready-to-eat products (Torun;
Ozdemir, 2022). In the study of Para nut kernels (Table 2), it was observed that treatments 1, 2, and
3 caused changes in the luminosity (L*) of the kernels, resulting in a darker color compared to the
control group, which did not receive any treatment at time 0. This is consistent with previous findings
by Wang et al. (2023), who also reported a significant decrease on the fruits surface luminosity after
the application of coating, indicating a color darkening. Studies by Wen et al. (2022) demonstrated

that a composition of sodium alginate and xanthan gum improved the gloss of coated areca nuts.

Table 2 — Color parameters of uncoated (control) and coated Brazil nuts during storage

Period (Months) Luminosity L* Picture

Time 0 Control 53.09a
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T1 23.80c
T2 43.73b
T3 36.75¢
Time 4 Control 50.39a
T1 50.51a
T2 53.73a
T3 54.65a

Control (No coating); Treatment 1 (T1) with whey protein, xanthan gum, and peppermint essential oil. Treatment 2 (T2) with whey
protein, xanthan gum, and basil essential oil. Treatment 3 (T3) with whey protein, xanthan gum, and thyme essential oil. Means
followed by the same letter in the row for each packaging and different letters in the columns for each storage period do
not differ from each other at 5% significance level (Tukey, p<0.05).

Source: research data.

In this study, at the final storage time, the control almonds and the treatments showed no
difference compared to the initial control group. During this storage period, the coated almonds
increased in brightness. In the literature, researchers applied coatings to chestnuts (Castanea sativa)
and found that after one month, all the coated samples increased in brightness, justifying that after
the application of edible coatings, the chestnuts became shinier and clearer (Fernandes et al., 2020).
In conventional packaging, Brazil nuts almonds were stored and showed an increase in brightness
values (Silva, 2021).

There were significant variations due to the interaction between the packaging and coating used
when analyzing the free fatty acids (Table 4). According to the study by Bechlin ef al. (2019), it was
found that storage for golden flaxseed affected the fatty acid index, which increased after storage.
Similar effects were observed in the storage of coffee, as there was oxidation of free fatty acids during
the storage (Toci et al., 2013). The development of undesirable compounds resulting from lipid
oxidation is a major issue that must be addressed to prolong the shelf life of oils, fats, and high-fat
foods. To minimize the damage caused by oxidation and to preserve the oxidative stability of oils, the

oilseed industry uses antioxidants (Costa ef al., 2014).
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Table 4 — Fatty acid composition of uncoated and coated Brazil nut oil after storage

period
. Area (%)*

Fatty Acids Control Treatment 1 Treatment 2 Treatment 3
Palmitic acid (C16:0) 14.32¢ 14.57a 14.20d 14.55b
Palmitoleic acid (C 16:1) 0.28b 0.28b 0.29ab 0.30a
Stearic acid (C18:0) 15.66b 15.59¢ 16.33a 15.32d
Oleic acid (C 18:1) 29.23d 29.85b 29.33¢ 29.99a
Linoleic acid (C18:2) 40.19a 39.43d 39.48b 39.45¢
Saturated 29.98¢c 30.16b 30.53a 29.87d
Unsaturated 69.70a 69.56a 69.11a 69.74a

Total Identified 99.68 99.72 99.64 99.61

*Quantification of fatty acids was performed by the area normalization procedure. Different lowercase
letters in the lines indicate a difference according to the Tukey test (P<0.05); Identical letters do not differ
from each other significantly.

Source: research data.

Control and coated almonds showed difference throughout the storage, as moisture can cause
alteration of fatty acids. Roasting of almond led to an increase in fatty acid content, depending on the
walnut varieties, due to the removal of relative humidity during the walnut roasting (Ghafoor et al.,
2020).

The manual walnut shelling method induced higher concentration of unsaturated fatty acids
content compared to the natural piling method, method using a solid ethylene releasing agent or

immersion method in ethephon (Wei et al., 2020).

The changes in fatty acids were different between the control and treatment groups (Table 4).
Studies with peanuts at different concentrations of edible coatings found alterations in the
composition of fatty acids during the storage, significantly affecting the polyunsaturated fatty acids,
monounsaturated fatty acids, and saturated fatty acids of all the samples. Coating peanuts with
chitosan and §y-glucan significantly affected the changes in saturated fatty acids during the
autoxidation, and coated samples, especially chitosan at 1%/¥-glucan, showed lower quantities of
saturated fatty acids than the control samples (Kazemian-Bazkiaee ef al., 2020).

Among the unsaturated fatty acids, it can be observed that linoleic acid had the highest loss
after treatment with the coating. This loss of fatty acids occurred in research with Brazil nuts coated
with zein and essential oils in relation to storage time at high temperature is justified by the oxidation
process (Gibelli, 2017). Due to the concentration of linoleic acid, Brazil nut oil tends to undergo
oxidative reactions, thus acquiring off-flavor characteristics that impact the consumer approval
(Carvalho et al., 2022). Studies on the processing of Brazil nuts have shown significant losses of
unsaturated fatty acids, such as oleic and linoleic acids, as well as essential amino acids, especially

lysine. These losses may lead to a reduction in the biological value and sensory quality of the nut
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kernels (Silva; Ascheri; Souza, 2010).

Unsaturated fatty acids can undergo oxidation due to prolonged exposure to oxygen (Gibelli,
2017). The amount of lipids in food influences the oxidation speed, making the product more
susceptible (Baron; Pazinatto; Baron, 2020). Additionally, fatty acids play a crucial role in the shelf
life, nutritional value, and taste of seeds and nuts (Tian ef a/.,2023). One of the drawbacks of food
with a high lipid content is the presence of triglycerides, phospholipids, and free unsaturated fatty
acids, as these compounds trigger lipid oxidation problems (Nascimento et al., 2022).

Bitencourt (2020) observes that the temperature and drying time can affect the lipid content in
samples, food rich in fat can trigger lipid oxidation problems. This oxidation can occur during storage,
especially when factors such as humidity, temperature, and exposure to ultraviolet rays are not
controlled according to the sanitary standards of oilseeds presenting reduced shelf life (Nascimento
etal., 2022).

Treatment 2 showed a lower alteration in the fatty acid profile of Brazil nuts after 120 days of
storage. This difference may be attributed to the presence of basil essential oil (Alves ef al., 2015),
which has antioxidant properties that combat oxidation in the f-carotene/linoleic acid system (Kulisic
et al., 2004). A study using an edible coating of cassava starch/carboxymethylcellulose with added
tocopherol on Brazil nut kernels found that the fatty acids present in their composition contributed

significantly to the nuts oxidative state (Da Costa ef al., 2024).

4 Conclusion

The results of the 120-day study revealed that the combination of coatings based on whey
protein isolate, xanthan gum, and mint, basil, and thyme oils did not significantly influence most of
the quality characteristics of Brazil nuts, indicating that this coating was not effective for the kernels
postharvest preservation . Only ash content, titratable acidity, texture, and fatty acid profile showed
differences compared to the uncoated samples. In summary, further studies on coatings for Brazil nuts
are needed, considering their high lipid content, which makes them susceptible to rancidity and

microbial contamination during the postharvest period.
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