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GENERAL ABSTRACT

INTRODUCTION: The Brazilian territory represents an immense heritage of
natural resources, with an emphasis on exotic fruit species, many of which remain
unexplored, such as potential sources for the food industry. The fruits of Arecaceae
palms are considered rich in bioactive compounds, especially carotenoids,
tocopherols, vitamin C and vitamin A. They also contain phenolic compounds,
fibers and minerals. However, the trade of native Brazilian species is not very
representative and most palms are exclusively destined for the local and regional
market or are grown specifically for ornamental and landscape purposes.
Therefore, the discovery and knowledge of the bioactive compounds content and
antioxidant capacity of native fruits aims to give commercial and industrial value
to these fruits, whose potential is still unexplored, in addition to contributing to
the conservation of the Brazilian biome.

AIMS: Due to its little-known potential, this study aimed to analyze the
composition, physicochemical properties, micronutrients, antioxidant activity and
cytotoxicity of the pulp of Aiphanes aculeata palm.

MATERIALS AND METHODS: Fruits were harvested directly from several palms
between June and September at the State University of Maringa, UEM/PR, Brazil.
After harvesting, fruits were sorted and cleaned, packed in plastic bags and stored
in a freezer at -18 °C until analysis. To obtain the pulp, the mesocarp (pulp) and
epicarp (peel) were ground in a blender until completely homogenized. The
average weight of the fruit was 2.5 g, and the quantity required to perform all
analyzes was 500 g on a wet basis. The following analyzes were performed to
determine the proximate composition: Moisture, ash, protein, lipids, fiber and
carbohydrates. The physicochemical parameters were determined by analyzing the
pH, soluble solids, titratable acidity, and reducing and non-reducing sugars. In the
analysis of micronutrients, the mineral elements calcium (Ca), magnesium (Mg),
potassium (K), iron (Fe) and phosphorus (P) were determined by atomic
absorption spectrophotometric method. Vitamin C was determined by titration with
potassium iodate. For the analysis of antioxidant activity and total phenols, the
bioactive compounds were extracted using water, ethyl alcohol, methyl alcohol and
acetone as solvents. The aqueous extract was carried out at three temperatures:
25, 40 and 90 °C. Antioxidant activity was determined by DPPH, FRAP and ABTS
method and total phenolic content by Folin-Ciocalteu method. Cytotoxicity was
evaluated by MTT method in non-tumor (L-929) and tumor cells (Caco-2).
RESULTS AND DISCUSSION: In terms of macronutrients analyzed, moisture
content was 77.13 %, ash 0.51 %, lipids 0.44 %, proteins 1.03 %, crude fiber
2.52 % and carbohydrates 18.37 %, of which 11.14 % were reducing sugars and
8.06 % were non-reducing. The pH of the fruit was in the range of 5.01, which is
considered as a medium acidity fruit as reported in the literature. A value of 0.38
g citric acid/100 g of the fruit was determined for titratable acidity. In the
literature, citric acid values are reported between 0.08 and 1.95 %, which are good
for consumption. Of the micronutrients analyzed, potassium had the highest value
(993.04 mg/100 g). Potassium-rich fruits and vegetables are considered a non-
pharmacological source for the prevention and control of hypertension. The other
mineral elements analyzed follow in descending order: Ca (26.61 mg/100 g), Mg
(18.3 mg/100 g), P (15.2 mg/100 g), Zn (0.30 mg/100 g), Fe (0.07 mg/100 g).
Consumption of vitamin C is of great importance as it is not produced by the body
itself and is essential for its proper functioning. Therefore, it is necessary to take
it in with food, fruits and vegetables being the main sources. The recommended
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daily allowance of vitamin C for an adult is 45 mg. The pulp of Aiphanes aculeata
contained 46.97 mg/100 g of vitamin C. With respect to the extractions performed,
the acetonic and aqueous extracts at 90 °C showed greater antioxidant activity by
the methods studied (DPPH, FRAP and ABTS), indicating a positive correlation with
the content of total phenols (Folin-Ciocalteau). The extracts showed no cytotoxic
activity in the non-tumor cell line (L-929) and there was a decrease in cell viability
in the tumor line (Caco-2) above a concentration of 500 pg/mL.

CONCLUSION: The present study proved to be very important as the pulp of
Aiphanes aculeata palm is poorly studied and has a rich and diverse nutrient
composition. The extracts showed no cytotoxic activity in non-tumor cells (L-929)
at the concentrations studied, which is a positive indicator for their use in food
formulations with functional properties. Thus, the results obtained show the
importance of research and knowledge of native species, as they are a source of
bioactive compounds and have great nutritional and economic potential.
Keywords: Aiphanes aculeata, Brazilian fruits, Bioactive compounds, Antioxidant
activity, Cytotoxicity.
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RESUMO GERAL

INTRODUGAO: O territério brasileiro constitui um patriménio imensuravel de
recursos naturais, com énfase em espécies de frutas exoéticas, sendo muitas ainda
inexploradas, as quais sdo fontes em potencial para a industria de alimentos. Os
frutos das palmeiras Arecaceae sao considerados ricos em compostos bioativos,
principalmente carotenoides, tocoferois, vitamina C e vitamina A. Além disso,
possuem consideravel teor de compostos fendlicos, fibras e minerais. No entanto,
0 comeércio de espécies nativas brasileiras é pouco representativo e a maioria das
palmeiras sao destinadas exclusivamente ao mercado local e regional ou cultivada
especificamente para fins ornamentais e paisagisticos. Portanto, a descoberta e o
conhecimento do conteddo de compostos bioativos e da capacidade antioxidante
de frutas nativas visa agregar valor comercial e industrial a estas frutas que
possuem seu potencial ainda inexplorado, além de contribuir com a conservacéo
do bioma brasileiro.

OBJETIVO: Devido seu potencial ainda pouco conhecido, este estudo teve como
objetivo realizar as analises de composicdo centesimal, fisico-quimicas,
micronutrientes, atividade antioxidante e citotoxicidade da polpa do fruto da
palmeira Aiphanes aculeata.

MATERIAIS E METODOS: Os frutos foram coletados entre os meses de junho e
setembro diretamente de diversas palmeiras localizadas na Universidade Estadual
de Maringd, UEM/PR, Brasil. Apds a colheita, procedeu-se com a selecdo e
higienizacdo dos frutos e estes foram embalados em sacos plasticos e
acondicionados em freezer a -18 °C até o momento da realizagdo das analises.Para
a obtencao da polpa, o mesocarpo (polpa) e epicarpo (casca) foram triturados em
liguidificador até a total homogeneizacdo. O peso médio dos frutos é 2,5 g e a
guantidade necessaria para realizacdao de todas as analises foi de 500 g em base
Umida. Realizou-se as seguintes analises para determinar a composicao
centesimal: Umidade, cinzas, proteina, lipidios, fibra e carboidratos. Os
paramentros fisico-quimicos foram determinados através das analises: pH, soélidos
sollveis, acidez titulavel, agucar redutor e ndo redutor. Em relacao a analise de
micronutrientes os elementos minerais calcio (Ca), magnésio (Mg), potassio (K),
ferro (Fe) e fosforo (P) foram determinados utilizando a técnica
espectrofotométrica de absorcdao atdbmica. A vitamina C foi determinada por
titulacdo com iodato de potdssio. Para as anadlises de atividade antioxidante e
fenodlicos totais, foi realizada a extracdo de compostos bioativos utilizando os
solventes: agua, alcool etilico, alcool metilico e acetona. O extrato aquoso foi
realizado em trés temperaturas 25, 45 e 90 °C. A atividade antioxidante foi
realizada através dos métodos DPPH, FRAP e ABTS e o conteudo fendlico total foi
determinado utilizando o método de Folin-Ciocalteu. A citotoxidade foi avaliada
pelo método MTT em células nao-tumorais (L-929) e tumorais (Caco-2).
RESULTADOS E DISCUSSAO: Em relacdo aos macronutrientes analisados
obteve-se um teor de umidade de 77,13 %, cinzas 0,51 %, lipideos 0,44 %,
proteinas 1,03 %, fibra bruta 2,52 % e carboidratos 18,37 %, sendo 11,14 % de
agucar redutor e 8,06 % de nao redutor. Em relagao ao pH do fruto, este se
apresentou na faixa de 5,01, sendo considerado uma fruta de acidez média
conforme proposto pela literatura. Quanto a acidez titulavel o valor obtido foi de
0,38 g acido citrico/100 g de fruta. Valores de acido citrico em frutas variando de
0,08 a 1,95 % é reportado na literatura que sao bem aceitos para consumo.
Dentre os micronutrientes analisados o potassio apresentou maior quantidade
(993,04 mg/100 g). Frutas e vegetais ricos em potassio sdao considerados fontes
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nao-farmacoldgicas para a prevencao e controle da hipertensdao. Segue em ordem
decrescente os demais elementos minerais analisados: Ca (26,61 mg/100 g), Mg
(18,3 mg/100 g), P (15,2 mg/100 g), Zn (0,30 mg/100 g), Fe (0,07 mg/100 g).
O consumo de vitamina C é de grande importancia, pois ela ndo é naturalmente
produzida pelo organismo sendo imprescindivel para seu bom funcionamento.
Deste modo, € necessario ingeri-la, tendo as frutas e hortalicas como suas
principais fontes. A recomendacado diaria de vitamina C para um adulto é de 45
mg. A polpa do fruto da Aiphanes aculeata apresentou 46,97 mg/100 g de
vitamina C. Em relagcdo aos extratos realizados, o acetonico e aquoso a 90 °C
apresentaram maior atividade antioxidante nas metodologias estudadas (DPPH,
FRAP e ABTS), indicando correlacao positiva com o teor de fendlicos totais (Folin-
Ciocalteau). Os extratos ndao apresentaram atividade citotdxica na linhagem de
células nao tumorais (L-929) e houve diminuicdo da viabilidade celular na
linhagem tumoral (Caco-2) a partir da concentragao de 500 pg/mL.
CONCLUSAO: O presente estudo se mostrou de grande importéncia, pois a polpa
do fruto da palmeira Aiphanes aculeata é ainda pouco explorada e apresentou uma
composicao nutricional rica e variada. Os extratos nao apresentaram atividade
citotdxica nas concentracdes estudadas em células nao tumorais (L-929), o que é
um indicador positivo para ser usado em formulagdes alimenticias com
propriedades funcionais. Os resultados obtidos demonstram a necessidade de
pesquisas e conhecimento sobre as espécies nativas, visto que sao fonte de
compostos bioativos e apresentam grande potencial nutricional e econémico.
Palavras-chave: Aiphanes aculeata, frutas brasileiras, compostos bioativos,
atividade antioxidante, citotoxicidade.
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Abstract

Berry-type fruits from Arecaceae palms have excellent nutritional, functional and economic
characteristics. This study aimed to evaluate the pulp of the Aiphanes aculeata palm fruit
through the analysis of proximate composition, physicochemical parameters, micronutrients,
total phenolics, antioxidant activity and cytotoxicity. In relation to macronutrients, low levels
of lipids, proteins and fibers, and high levels of carbohydrates and sugars were determined.
Among the micronutrients analyzed (Ca, Mg, Zn, Fe, P and K), potassium (933.04 mg/100 g)
was the most abundant element in the fruit. Regarding the analysis of vitamin C, the value
determined was 46.97 mg/100 g. The DPPH, FRAP and ABTS assays were used to evaluate
the antioxidant activity. The extracts showed antioxidant activity in the methods used,
providing potential for their application in the composition of the food products formulations
with functional properties since there was no cytotoxic potential in normal cells (L-929).

Keywords: Aiphanes aculeata, Brazilian fruits, Bioactive compounds, Antioxidant activity,
Cytotoxicity.

1. Introduction

In Brazil, there are different types of geographical and climatic conditions that favor
fruit cultivation, resulting in a great diversity of small fruit species called berries. They are
distributed in six biomes (Caatinga, Amazon Forest, Pampa, Pantanal, Cerrado and Atlantic
Forest). Indeed, the Brazilian territory represents an immense heritage of natural resources,
with an emphasis on exotic fruit species, many of which are still unexplored and are potential
sources for the food industry seeking healthy products and technological innovations (Nile &
Park, 2014).

Arecaceae palm fruits are considered rich in vitamin C, vitamin A, especially

carotenoids and tocopherols. They also have a considerable content of minerals, fibers and
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phenolic compounds (De Souza, Araujo, Farias, Zanotto, Neri-Numa & Pastore, 2020).
However, the trade of native Brazilian species is not very representative, and most palms are
exclusively destined for the local and regional market or are grown specifically for ornamental
and landscape purposes (Campos, De Lima Aradjo, Gaoue, & Albuquerque, 2019).

Recently, studies have shown that several fruits of the Arecaceae family have important
biological activities, such as anti-inflammatory properties (Cocos nucifera L.), preventive
effect on hypoglycemia (Syagrus romaziffiana) (Ribeiro, Bieski, Balogun, & Martins, 2017)
and photochemoprotective effect (oil from the pulp of Mauritia flexuousa) (Zanatta, Mitjans,
Urgatondo, Rocha-Filho, & Vinardell, 2010). However, no data on the nutrient composition
and antioxidant potential of the palm fruits of Aiphanes aculeata were found in the literature.

Fruits are generally considered to be a rich source of nutrients. Several studies have
found a positive correlation between phenolic compound content and antioxidant potential
(Santos-Buelga, Gonzalez-Paramaés, Oludemi, Ayuda-Duran, & Gonzalez-Manzano, 2019). A
high consumption of foods with phenolic compounds in their composition has been associated
with a lower incidence of diseases such as inflammation, cancer, cardiovascular dysfunction,
and a decrease in the immune system. In addition, they play an important role in the prevention
of neurodegenerative diseases and antiviral activity (Liu, Wang, & Wang, 2018).

The antioxidant activity of phenolic compounds is attributed to their ability to scavenge
free radicals by donating hydrogen atoms, electrons, or chelating metal cations, thus inhibiting
the initiation or even the continuation chain of free radical-induced oxidative reactions in the
human organism. The action of these compounds is thus associated with the attenuation of
oxidative processes, which may contribute to the protection of body cells from damage by
providing a protective effect against reactive oxygen species (Santos-Buelga, Gonzalez-

Paramas, Oludemi, Ayuda-Duran, & Gonzalez-Manzano, 2019).
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The discovery and knowledge of the bioactive compounds content and antioxidant
capacity of indigenous fruits aims to give commercial and industrial value to these fruits, which
have an unexplored potential. In addition, it could contribute to the conservation of the
Brazilian biome by providing nutritional alternatives and reducing the harmful effects of free
radicals due to their antioxidant properties (Teixeira et al. 2019). With this in mind, this work
aimed to perform analyzes of proximate composition, physicochemical properties,
micronutrients, antioxidant activity and cytotoxicity of Aiphanes aculeata palm fruit, since its

potential has not yet been explored.

2. Materials and methods
2.1 Chemical reagents
The respective SYNTH brand reagents were used: hexane, acetone, ethyl alcohol,
methyl alcohol, acetone, sulfuric acid, boric acid, hydrochloric acid, gallic acid,
dimethylsulfoxide (DMSO), potassium sulfate, phenolphthalein, potassium iodide , potassium
iodate, starch, sodium carbonate. The respective DYNAMIC brand reagents were used: copper
sulfate, methyl red, sodium hydroxide, fehling solution A and B, methylene blue. The
respective  SIGMA-ALDRICH brand reagents were used: ABTS (2.2'-azino- bis-(3-
ethylbenzenethiazoline-6-sulfonic acid), DPPH (2,2-diphenyl-1-picrylhydrazyl), trolox (6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), TPTZ (2,4,6-Tri-(2-Pyridyl)-1,3,5-
Triazine 1:3 with p-Toluenesulfonic acid), Folin-Ciocalteu reagent, quercetin, 3-(4,5-
dimethylthiazol-2- yl)-2,5-diphenyltetrazolium bromide (MTT). The respective FBS - Life
Technologies/Gibco Laboratories brand reagents were used: Dulbecco's Modified Eagle's

medium (DMEM); fetal bovine serum.
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2.2 Aiphanes aculeata palm tree fruit

The fruits were collected between June and September, 2019 (Figure 1), directly from
the palm trees located at the State University of Maringa (UEM), Paran4, Brazil, (-23.4051563,
-51.93876817195696). After harvesting, fruits selection and cleaning were carried out, being

further packaged in plastic bags and stored in a freezer at -18 °C until the analysis performance.

Fig. 2. Overview of Aiphanes aculeata fruit;1. epicarp; 2. endocarp; 3. mesocarp.

2.3 Fruit pulp obtaining

To obtain the fruit pulp used in the analysis, we proceeded with the fruits thawing and
pulping, in which the epicarp and mesocarp (Figure 2) were placed in a blender until (Britania
700w) total homogenization. The average weight of the fruits was 2.5 g and the amount needed

to carry out all analyses was 500 g of the pulp in natura.

2.4 Proximate composition analysis
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The following analyses were performed in triplicate. Moisture and ash contents were
determined by drying in an oven with circulating air at 105 °C (934.06 - AOAC, 2016) and
incineration in a muffle at 550 °C (940.26 - AOAC, 2016) respectively; crude protein was
determined by the Kjeldahl method (960.52 - AOAC, 2016), using the conversion factor 5.75
for vegetable proteins according to the RDC ANVISA Resolution No 360, of December 23,
2003; the lipid content was performed by Soxhlet extraction using hexane as an extracting
solvent (920.39 - AOAC, 2016). Crude fiber analysis was determined by acid hydrolysis
following the method (958.06 - AOAC, 2005). Carbohydrate was calculated by difference

using the formula: 100 - (moisture + lipid + protein + ash + crude fiber).

2.5 Physicochemical analysis

The pulp was evaluated for pH using a calibrated digital potentiometer (AOAC, 1992);
soluble solids were determined by direct reading in a bench-top refractometer (Abbe, 2WAJ)
(AOAC, 1992); determination of the titratable acidity, this method is based on the
potentiometric titration of the sample with a 0.1 M sodium hydroxide solution (942.15b —
AOAC, 1995); the content of reducing and non-reducing sugars was determined using the
Fehling titration technique, and the results were expressed in percentages of glucose and

sucrose, respectively (958.06 — AOAC, 1995). All analyses were performed in triplicate.

2.6 Micronutrient Analysis

The mineral micronutrients analyses were carried out after the solubilization of the
fixed mineral residue. It was conducted according to the method No 975.03 described by the
Association of Official Analytical Chemists (AOAC, 2005), using the spectrophotometric
technique of atomic absorption (Varian, Spectra AA 50B), which analyzed the calcium (Ca),

magnesium (Mg), potassium (K), iron (Fe) and phosphorus (P) mineral elements.
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2.7 Vitamin C analysis

Vitamin C content was determined by the procedure described by Association of
Official Analytical Chemists, method 43.064 (AOAC, 1992). The method used was based on
the vitamin C oxidation by titration with potassium iodate. The analyses were performed in

triplicate and the results were expressed in mg of pulp vitamin C/100g.

2.8 Extraction of bioactive compounds

For the analysis of antioxidant activity and total phenolics, bioactive compounds were
extracted using the following solvents: water, ethyl alcohol, methyl alcohol and acetone. All
extractions were performed following the methods proposed by Roesler et al. (2007), with

some modifications.

2.8.1 Aqueous extract

As regards the aqueous extract, the pulp was homogenized for 20 minutes with distilled
water at a ratio of 1: 3 (m/m) pulp: water in a magnetic stirrer (MS-H-Pro) at 420 rpm. The
material was filtered with a Whatman Nol paper filter and the residue was re-extracted with
water under the same conditions. This procedure was performed at 25, 45 and 90 °C. The

extracts obtained were lyophilized (Alpha 1-4 LO plus) and stored in amber vials at -18 °C.

2.8.2 Ethanol, methanol and acetonic extract

In an Erlenmeyer flask, the pulp was added at a ratio of 1:3 (m/m) pulp: extracting
solution for both solvents with a concentration of 3:7 (v/v) water: solvent. The sample was
homogenized for 20 minutes at room temperature (25 * 2 °C) in a magnetic stirrer (MS-H-Pro)
at 420 rpm and filtered with a Whatman No. 1 paper filter. The residue was washed with 30

mL of extractor solution. The filtrate was rota-evaporated (Tecnal TE-211) at 50 °C to recover
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the solvent. The extracts obtained were lyophilized (Alpha 1-4 LO plus) and stored in amber

vials at -18 °C.

2.9 Antioxidant capacity evaluation
2.9.1 DPPH: (free radical scavenging) assay

The ability of extracts to scavenge the DPPH radical was evaluated according to the
methods proposed by Rufino et al. (2007), with some modifications. To prepare the DPPH
reagent, 1 mg of DPPH was diluted in 1 mL of methanol, obtaining a solution with a
concentration of 130 uM. The extracts were diluted in different concentrations (1000 - 31
ug/mL). Thereafter, 100 pl of each dilution in the 96-well transparent microplate and 100 pl of
the 130 uM DPPH solution were added. The microplate was incubated at room temperature
protected from light for 30 minutes. The reading was performed at 517 nm in a microplate
reader (BioTek, Power Wave XS). Antioxidant capacity was expressed as the sample
concentration needed to reduce the initial number of free radicals by 50 % (ECso). The results

were expressed in pg/mL.

2.9.2 Ferric reducing antioxidant power (FRAP) assay

The following solvents were used to prepare the FRAP reagent: 0.3 mM of acetate
buffer (pH 3.6), TPTZ 10 mM reagent in HCI 40 mM and FeClz 20 mM solution. These
solutions were mixed in a 10:1:1 ratio, resulting in the final solution of the FRAP reagent. In a
96-well transparent microplate, 30 pL of the previously prepared extracts (1000 — 31 pg/mL)
and 150 pL of the prepared FRAP reagent were added. This solution was incubated for 30
minutes at 37 °C in an oven with air circulation. After stabilization at room temperature, the
reading was performed at 595 nm in a microplate reader (BioTek, Power Wave XS). Trolox

was used as the standard antioxidant, and the results were expressed as micromoles of Trolox
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equivalents per gram of sample (umol of TE / g sample). The test was carried out using the

methods proposed by Rufino et al. (2010) with modifications.

2.9.3 ABTS-* assay

The capacity of the extracts to scavenge the cationic radical ABTS-* was evaluated in
accordance with the procedures proposed by Rufino et al. (2010), with some modifications.
The ABTS-* radical was obtained by mixing 5 mL of the ABTS solution (7.0 mmol/L) and 88
uL of the potassium persulfate solution (2.45 mmol/L) for 12 h, in the absence of light.
Subsequently, ethyl alcohol was added to this solution up to an absorbance of 0.700 + 0.05 at
754 nm in a microplate reader. In a 96-well transparent microplate, 7 uL of the previously
prepared dilutions (1000 — 31 pg/mL) and 200 uL of the ABTS solution were added, and the
mixture was homogenized. After 6 minutes of reaction, the reading was performed at 734 nm
in a microplate reader (BioTek, PowerWave XS). Trolox was used as the standard antioxidant.
The results were expressed as micromoles of Trolox equivalents per gram of sample (umol of

TE / g of sample).

2.9.4 Total Phenolics determination

The total phenolic content was determined according to the methods proposed by Pires
et al. (2017) with modifications. Accordingly, 20 pL of the previously prepared dilutions (5 -
0.31 mg/mL) were added in the following solutions: 180 pL of deionized water, 20 yL of
methanol, 20 pL of Folin-Ciocalteu reagent (1N) and 60 pL of carbonate solution sodium (10
%) in a 96-well clear microplate. The microplate was incubated for 20 minutes at room
temperature and protected from direct light. The reading was performed at 760 nm in a
microplate reader (BioTek, PowerWave XS). The results were expressed in mg of equivalents

in gallic acid (GAE) per 100 g of fresh fruit (mg GAE/100 g of fresh fruit).
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2.10 Cell viability assay

L-929 fibroblasts (ATCC®CCL-1.3™) and human colon adenocarcinoma cell line Caco-
2 (ATCC, #HTB-37) were cultured in DMEM with 10 % fetal bovine serum (FBS) and 1 %
penicillin-streptomycin in a 5 % atmospheric CO> at 37 °C. The cultured cell suspension was
plated in a 96-well plate (2.5 x 10°cells/well) and incubated for 24 hours. Afterwards, the
medium was removed and the cells were treated with different samples concentrations: 31.25-
250 pg/mL for L-929 and 31.25-500 pug/mL for Caco-2. After 24 hours, the cells were washed
with PBS and received 50 uL of MTT (2 mg/mL), being incubated for 4 hours. Finally, 200 pL
of DMSO were added and the absorbance was determined at 570 nm (BioTek, PowerWave XS

microplate spectrophotometer) (Berridge, Herst & Tan, 2005)

2.11 Statistical analysis

Statistical analysis was performed using GraphPad Prism software v. 5.00 (San Diego,
CA, USA). Data were analyzed using the ANOVA (one-way or two way), followed by Tukey
post hoc or Bonferroni correction, considering p < 0.05 as statistically significant. Data were

expressed as mean + standard deviation of at least three independent experiments.

3. Results and discussion
Table 1 shows the results of the analyses of proximate composition, physicochemical

characterization, and Vitamin C of the pulp of the Aiphanes aculeata palm fruit.

Table 1
Results of the proximate composition, physicochemical characterization and
Vitamin C analyses of the Aiphanes aculeata fruit pulp.?

Analyses Aiphanes aculeata pulp in natura
Moisture (%) 77.13+0.22

Ash (%) 0.51+0.01

Lipids (%) 0.44 £0.04

Protein (%) 1.03+£0.20
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Fiber (%) 2.52+£0.01
Carbohydrates (%) 18.37 £ 0.09
pH 5.01+0.04
Soluble solids (° Brix) 18.42 £ 0.03
Reducing sugar (%) 11.14+ 0.68
Non-reducing sugar (%) 8.06 £ 0.30

Titratable Acidity (g acid citric /100 g) 0.38 +0.09
Vitamin C (mg/100 g of fresh pulp) 46.97 £ 5.08
& Mean value + standard deviation based of fruit pulp weight; n=3.

Moisture content is a measure of the total amount of water in the food. It is usually
expressed as a percentage from the total weight. The moisture content in the Aiphanes aculeata
fruit (77.13 %) is in the expected range for fresh fruit since the water content can vary from 65
to 95 % (Cecchi, 2003). The moisture content found was higher than that presented by Lescano
et al. (2018) for Syagrus romanzoffiana (69.62 %) and Mauritia flexuosa (73.45 %), which are
fruits from the same botanical family.

The minerals or ash are obtained through the incineration process using high
temperatures, burning the sample's organic matter. Thus, through the resulting content, it is
possible to obtain the number of specific components such as minerals Ca, Mg, Fe, Zn, P, K,
among other micronutrients. These elements are necessary for the proper functioning of vital
functions, as well as for the good health of the human body (Zambiazi, 2010). The ash content
found in the Aiphanes aculeata pulp (0.51 %) is similar to the content of other fruits from the
Brazilian cerrado such as Psidium cattleianum (0.43 %), Mauritia flexuosa (1.01 %),
Stenocalyx dysentericus (0.30 %), Hancornia speciosa (0.53 %) e Annona crassiflora (0.68
%), reported by Schiassi, Souza, Lago, Campos and Queiroz (2018).

The Aiphanes aculeata fruits can be considered a low source of lipids (0.44 %). When
analyzing fruits from the Brazilian cerrado, Schiassi, Souza, Lago, Campos and Queiroz (2018)
found a low lipid value for Eugenia dysenterica DC. (0.49 %) and Spondias mombin L. (0.48

%) fruits, with similar values from those found in the present work.
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The protein content found in the Aiphanes aculeata fruit (1.03 %) presented a value
close to that described by Hamacek, Della Lucia, Silva, Moreira and Pinheiro-Sant’ana (2018)
for the Mauritia flexuosa L pulp (1.00 %) and a higher value than that found by Becker, Chagas,
Marty, Mendes and Nunes (2018) for Maximiliana maripa pulp (0.49 %) and Euterpe oleracea
Mart. (0.72 %), both fruits from the Arecaceae family.

Regarding the total fiber content, the value found for the Aiphanes aculeata pulp was
lower than those reported for fruits from the same species, as presented by Hameck, Della
Lucia, Silva, Moreira and Pinheiro-Sant’ana (2018) for the Mauritia flexuosa L pulp (9.23 %),
and for the Attalea phalerata fruit pulp (6.33 %), as reported by Lescano et al. (2018).

Amongst the macronutrients, fruits have a higher carbohydrate content in relation to
proteins and lipids (Lescano et al. 2018). The pulp of Aiphanes aculeata had a higher
carbohydrate content (18,37 %) in comparison to Mauritia flexuosa pulp from different biomes.
A content of 9.70 % and 11.31 % were reported from the Cerrado and Amazonian fruits,
respectively (Candido & Silva, 2017). The sugar content in fruits is influenced by the amount
of light the plants receive. As photosynthesis occurs for a longer time, it is possible to transport
sugar reserves to the fruits, therefore, the greater the degree of maturation of the fruit, the
greater its sweetness (Taiz & Zeiger, 2006).

According to the classification proposed by the Food and Drug Administration (FDA,
2016), the Aiphanes aculeata fruits are classified as medium acidity fruits (pH 5.01), in which
the pH ranges from 4.6 to 5.3. Acidic fruits have a pH range between 3.7 and 4.6 and very
acidic fruits have a pH < 3.7. For the Mauritia vinifera fruit pulp, which is from the same
family as Aiphanes aculeata, Hamacek, Della Lucia, Silva, Moreira and Pinheiro-Sant’ana
(2018) reported a pH of 3.59.

The soluble solids content relates to the total sugar content, an important aspect when

correlated with the sweetness of the fruit, since sweet fruits are usually more accepted by
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consumers. The Aiphanes aculeata pulp had a total solids content of 18.42 °Brix. In view of
this, De Souza et al. (2020) reported total solids contents for the Mauritia flexuosa (13.40
°Brix), Euterpe oleracea Mart. (6.46 °Brix) and Acrocomia aculeata (29.70 °Brix), all fruits
fr°’m the Arecaceae family. Thus, the Aiphanes aculeata fruit has a high content of soluble
solids, being superior to several fruits from the same botanical family, which are already known
and accepted by consumers.

Regarding titratable acidity, the value obtained for the Aiphanes aculeata fruit (0.38 ¢
citric acid/100 g) was lower than those reported by Hamacek, Della Lucia, Silva, Moreira and
Pinheiro-Sant’ana (2018) for the Mauritia vinifera fruit pulp (1.42 g citric acid/100 g), which
also belongs to the Arecaceae family.

One of the most important quality factors of fruits is the flavor, assessed by the content
of soluble sugars and organic acids in it. During ripening, the organic acid content decreases
and the sugar content increases. The reducing sugar refers to the glucose content and the non-
reducing sugar represents the sucrose content in the fruit (Batista-Silva et al. 2018). Regarding
the content of reducing and non-reducing sugars, values of 11.14 % and 8.06 % were found for
the Aiphanes aculeata fruit pulp, respectively. The contents of reducing and non-reducing
sugars differ among the fruits as they depend on the interaction between several variables, such
as age, climatic conditions, maturation and cultivation.

Ascorbic acid is a water-soluble vitamin, essential for collagen synthesis and tissue
repair. It plays a significant role in the metabolism of carbohydrates and in the synthesis of
lipids and proteins. Additionally, it supports the immune system by means of its antioxidant
property, helping to neutralize free radicals in cells. The consumption of vitamin C is of great
importance, as it is not naturally produced by the human body, being essential for its proper
functioning. Thus, it is necessary to acquire it by ingesting fruits and vegetables since they are

its main sources (Garcia, Lima & Bomfim, 2017). According to the Dietary Reference Intakes
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(DRIs) (2000), the recommended daily intake of vitamin C is 45 mg for adults. Therefore, a
100 mg portion of Aiphanes aculeata fruit provides the recommended amount of vitamin C.
The value reported for the Aiphanes aculeata fruit (46.97 mg/100g) was higher than those from
the Mauritia flexuosa L. palm tree (17.4 mg/100g) (Morais et al. 2019).

Fruits and vegetables are important sources of nutrients. Minerals play a vital role in
the development and proper functioning of the human body. Table 2 shows the results obtained
in the mineral composition analyzes (Ca, Mg, Zn, Fe, P and K) of the Aiphanes aculeata fruit
pulp. From these results, we were able to calculate the mineral contribution considering the
Dietary Reference Intake (DRI) for a healthy adult, as a percentage (%) per 100g of pulp
(Institute of Medicine, 1999-2011).

Table 2

Mineral contents and contribution according to the Dietary Reference Intake (DRI)
per 100 g of fruit pulp.?

Minerals Aiphanes aculeata pulp in natura
Ca (mg/100 g) 26.61 +0.22
% DRI 2.67

Mg (mg/100 g) 18.3+0.14
% DRI 7.07

Zn (mg/100 g) 0.30+0.10
% DRI 4.28

Fe (mg/100 g) 0.07£0.16
% DRI 0.50

P (mg/100 g) 15.2+0.15
% DRI 2.17

K (mg/100 g) 993.04 £0.11
% DRI 21.13

2 Mean value * standard deviation; n = 3. DRI (Dietary Reference Intake), Ca
(Calcium), Mg (Magnesium), Zn (Zinc), Fe (lron), P (Phosphorus), K (Potassium).

It follows in decreasing order the content of minerals obtained in 100 grams of the pulp
of the fruit of Aiphanes aculeata Potassium > Calcium > Magnesium > Phosphorus > Zinc >
Iron. The consumption of foods that have several minerals in their composition is of great
importance for health, as they have important factors in the prevention of various diseases, and

fruits are potential sources of them. Among the mineral contents analyzed, potassium (933.04
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324  mg/100 g) was the most abundant element present in the Aiphanes aculeata fruit. The value
325  found was higher than those reported by De Souza et al. (2020) for Mauritia flexuosa (183.55
326 mg/100 g) and Acrocomia aculeata (2.36 mg/100 g), fruits from the Arecaceae family.
327  Potassium plays an important role in intracellular and extracellular water distribution. It is an
328  important factor in lowering blood pressure and in cardiovascular disease. The most recent
329  recommendations for the detection, prevention and control of hypertension in adults
330 recommend increased potassium intake through fresh foods as one of the most effective non-
331  pharmacological measures for the prevention and treatment of hypertension (Turck et al. 2016).
332 The analyses of total phenolic compounds and antioxidant activity were performed
333  using different solvents, once the extraction of bioactive compounds maximum extraction is
334  important to evaluate the antioxidant capacity, which have different polarity. Thus, solubility
335 in a particular solvent is a distinctive feature of the phytochemistry present in the fruit, which
336  explains the lack of a universal extraction procedure (Santos, Feitosa, Rodrigues, & Santana,
337  2019). Table 3 shows the results of the aqueous extract subjected to temperatures of 25, 45 and
338 90 °C, as well as the ethanolic, methanolic and acetonic extracts of the Aiphanes aculeata fruit
339 by the DPPH, FRAP, ABTS and Total Phenolics tests.

340 Table3
341 Antioxidant capacity by DPPH, FRAP, ABTS and Total Phenolic methods. 2

Extracts DPPH FRAP ABTS Total Phenolics
ECso [ng/mL]" (umol TE/g (umol TE/g (mg GAE/100 g of
sample) sample) fresh fruit)

Aqueous 25 °C 352.74 + 28,732 10.13 + 1.07% 208.79 + 5,592 393.89 +1.342
Aqueous 45 °C 274.10 + 24,54° 13.04 £ 2.122 561.97 + 1,17° 347.45 + 3.872
Aqueous 90 °C 64.20 + 4.18° 41.16 + 2.84° 712.89 +1,37° 1419.44 + 2.16°
Acetone 70 % 43.70 £1.97° 84.27+ 3.69° 829.09 + 8,97¢ 1074.58 £ 5.93°
Ethanol 70 % 146.05 + 10.19° 15.27 + 1.28¢ 703.19 +1,18° 309.63 + 1.70?
Methanol 70 % 157.71 + 16.48° 30.62 + 5.06° 616.54 + 9,52 344,72 £ 2.10°

342 2 Mean value + standard deviation; n=3. Different letters in the same column indicate a significant
343  difference by Tukey's test (p < 0.05). GAE (gallic acid equivalents), TE (trolox equivalents).
344 P Concentration of antioxidant required to reduce the original number of free radicals by 50%.
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In order to obtain maximum vyield of phenols, several researchers have studied
extraction with different solvents. Methanol, acetone, ethanol, and water are the most common
solvents used for extraction due to their polar properties, which provide affinity for phenolic
compounds in general (Santos, Feitosa, Rodrigues, & Santana, 2019). These compounds are
associated with the adaptation and resistance mechanisms of plants to the environment and can
influence the taste, technological properties, and nutritional and functional potential of fruit
species (Rocha et al. 2011).

The aqueous extract, in which a temperature of 90 °C was used, had the highest content
of total phenolics (1419.44 mg GAE/100 g of fresh fruit). Therefore, it is evident that the
compounds in the Aiphanes aculeata fruit have greater polarity, being more water-soluble (i.e.,
have greater affinity with water). The efficiency of water in the extraction process is important
because it has a more environmentally friendly extraction and low toxicity compared to organic
solvents. Moreover, the use of water is a good alternative for the extraction of phenolic
compounds due to its safety, accessibility and low cost. Garcia-Mendoza et al (2017) observed
that by increasing the temperature from 40 °C to 80 °C, the extraction of phenolic compounds
from Euterpe edulis fruit residues increased by almost 62 %. These results indicate that high
temperatures have a positive effect on the solubility of phenolic compounds, which increases
the transfer of these compounds to the solvent and improves the efficiency of extraction.

Vasco, Ruales & Kamal-Eldin (2008) classified total phenolic content in fruits into
three categories: low (100 mg GAE /100g), medium (100-500 mg GAE /100g) and high (500
mg GAE /100g) for samples from fresh material. According to this classification, the palm fruit
of Aiphanes aculeata is classified with high total phenolic content considering the aqueous and
acetonic extract at 90 °C (1074.58 mg GAE /100 g fresh fruit). The value for total phenolic
content of Aiphanes aculeata fruit determined in the present study was higher than the values

reported by Seraglio et al. (2015) for two species of Bactris gasipaes palm fruits, where the
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values reported for red peach palm and yellow peach palm were 93.35 and 87.36 mg GAE /100
g of fresh fruit, respectively.

Currently, there is no official method for determining antioxidant activity in foods
because there are different mechanisms and a variety of bioactive compounds. Therefore, more
than one method is used to evaluate the antioxidant activity of a compound (Lima-Neto et al.
2017).

As for the extracts analyzed, the antioxidant activity for DPPH free radical capture was,
in decreasing order, acetone > 90 °C aqueous > ethanol > methanol > 45 °C aqueous > 25 °C
aqueous. According to Villafio, Fernandez-Pachdn, Moya, Troncoso, & Garcia-Parrilla (2007),
the ECso value is inversely proportional to the antioxidant capacity of a compound, since the
ECso value indicates the number of antioxidants required to reduce the concentration of the
radical by 50 %. This means that the lower the ECso value, the greater the antioxidant activity.

Amongst the extracts analyzed, there was no significant difference (p < 0.05) between
acetonic (43.70 pg/mL) and aqueous at 90 °C (64.20 pg/mL). Roesler et al. (2007), when
evaluating the antioxidant capacity of fruits from the Brazilian cerrado, found ECso values for
the aqueous and ethanol extracts of the following fruits: Eugenia dysenterica DC (879.93 and
387.47 pg/mL), Annona montana (1321, 93 and 148.82 pg/ml) and Solanum lycocarpum
(1328.98 and 182.16 pg/ml). Superior results are identified when comparing acetonic and
aqueous extracts at 90 °C of the Aiphanes aculeata fruit, since it was only necessary 43.70 and
64.20 ug / mL, respectively, to capture 50 % of the radicals.

In terms of Fe*® reducing power, the acetone extract had the highest activity (84.24
pumol TE/g sample), followed by the extracts (in decreasing order): aqueous 90 °C > methanol
> ethanol > aqueous 45 °C > 25 °C aqueous. Pasko et al. (2021) studied the aqueous and

methanolic extract from three species of pitaya fruits, Hylocereus costaricensis, Hylocereus
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undatus and Hylocereus megalanthus. and obtained an activity of 17 and 13 pumol TE/g sample,
15.3 and 13.2 pumol TE/g of sample and 16.6 and 14 umol TE/g sample, respectively.

As for ABTS:" radical capture, the antioxidant activity of the acetone extract showed
higher activity (829.09 umol TE/g sample) compared to the other extracts (e.g., aqueous 90 °C
> ethanol > methanol > 45 °C aqueous > 25 °C aqueous). Rufino, Alves, de Brito et al. (2010)
analyzed the combined extract of methanol and acetone of Euterpe oleracea, Copernicia
prunifera, and Euterpe edulis, three fruits of the Arecaceae family. They found an activity of
15.1, 10.7 and 78.3 umol TE / g sample, respectively.

Based on the results, it can be noted that the extracts studied showed a relationship
between phenolic compounds and antioxidant activity, once those with the highest
concentration of polyphenols were the ones with the highest antioxidant activity regardless of
the method used.

The cytotoxic concentration, i.e., the amount of a product (natural or synthetic) that is
toxic to a given cell, must be determined in order to establish a safety margin for use in
products, taking into account their biological activities (Santos et al. 2013). Figure 4 shows the
results of the cytotoxicity assay by means of the MTT assay to analyze the cell viability of the
L-929 (A) and Caco-2 (B) cell lines in the 90 °C aqueous, ethanolic and acetonic extracts of
the Aiphanes aculeata fruit pulp. They were selected for this experiment on the grounds that
they showed a better antioxidant activity. The method has the principle of evaluating cell
viability based on damage induced in mitochondria, which are quantified by reducing MTT (a
yellow-colored salt in water) to formazan (purple-colored crystals, insoluble in water). The
reduction of MTT to formazan is directly proportional to mitochondrial activity and cell

viability (Li & Song, 2007).



31

A B
120- 120-
1004 - L l 1004 — T M B
T L I5 T N
z - z
g % g %
:g 60 § 60 T o
3 3
s ¥ 2 4 1
2 2 =
C SFFRPP FPEP PP G PP PP PPS PP EPS
I { | { | { | |} ¥ i
Aq90 Et Ac ' A0 Bt Ac

418 Fig. 3. Effect of Aiphanes aculeata extract treatment on L-929 (A) and Caco-2 (B) cell
419  viability. The effect of the aqueous extract at 90 °C, (Et) ethanol extract and (Ac) acetonic
420  extract, at concentrations of 31.25-500 pg/mL on cell viability were evaluated using the MTT
421  assay. Values are expressed as mean + standard deviation (n = 3) and are representative of three
422  independent experiments with similar results. ***p < 0.001, significant difference compared
423  to CN (one-way ANOVA, post hoc Tukey). There were no significant differences between

424 groups (two-way ANOVA, Bonferroni test), CN (Negative Control).
425

426 Cytotoxicity assessment using non-tumor cell lines is an important tool for risk
427  prediction and safety assessment of the potential toxicity of bioactive compounds. In vitro
428  systems are used primarily for screening purposes, for example, to assess cell selectivity and
429  to establish more comprehensive toxicological profiles (Eisenbrand et al. 2002). A sample is
430  considered cytotoxic when cell death occurs and the percentage of viability of exposed cells is
431 <70% (Fragaetal. 2021). Therefore, the more toxic the compound, the lower the cell viability.
432 When evaluating the extracts using ethanol and hexane solvents from the Talisia
433  esculenta fruit pulp and peel using the L-929 cell line to evaluate the cytotoxic potential of the
434  extracts, Fraga et al. (2021) determined that there is no cytotoxic potential at both tested
435  concentrations (12.5 - 200 pg/mL) in relation to the negative control, which are cells without
436  any treatment, since there was no cell death, with cell viability above 70 %.

437 Having this in mind, the extracts were evaluated by 2 cell lines, being the fibroblasts L-
438 929 non-tumor cells and Caco-2 tumor cells, aiming to evaluate their behavior and selectivity

439  against different cell lines. Regarding the L-929 lineage, cell viability was higher than 70 % at
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all concentrations of both extracts, with no significant difference compared to the control
condition (p < 0.05), showing no cytotoxic potential. However, for the Caco-2 cells, the
ethanolic and acetonic extracts showed cytotoxic potential at the concentration of 250 pg/mL,
even decreasing cell viability at the concentration of 500 pug/mL (20.43, 15,13 and 24, 26 %)
for the aqueous 90 °C, ethanolic and acetonic extracts, respectively. Pasko et al. (2021) reported
a cell viability of 31.7 and 51.6 % when evaluating the cytotoxicity of aqueous and methanolic
extracts of the Hylocereus costaricensis fruit pulp in Caco-2 cells at a concentration of 500

pa/mL, respectively.

4. Conclusion

The present study proved to be of great importance as the Aiphanes aculeata fruit pulp
presented a rich and varied nutritional and mineral composition. Concerning the total phenolics
content and antioxidant activity, the results indicate a strong correlation, since the aqueous 90
°C and acetonic extract showed a greater antioxidant activity in the methods performed. The
active concentrations of these extracts did not show cytotoxicity to fibroblast cells. There were
no significant differences between the extracts and the negative control (untreated) in the entire
concentration range tested. This result is positive evidence for the extracts to be used in food
formulations with functional properties. Regarding the human colon adenocarcinoma cell line
(Caco-2), the two highest extracts concentrations significantly decreased cell viability.
Nevertheless, further studies are needed, or even different forms of extraction, in order to
isolate and evaluate possible compounds with antitumor potential. The results from the present
study demonstrate the importance of a proper exploration and knowledge of native species, as
many have great nutritional and economic potential. However, they remained to be

underexplored.
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GUIDE FOR AUTHORS

INTRODUCTION

Food Chemistry has two open access companion journals Food Chemistry: X and
Food Chemistry: Molecular Sciences

You can use THIS LIST to carry out a final check of your submission before you send it to
the journal for review. Please check the relevant section in this Guide for Authors for more
details.

Ensure that the following items are present:

One author has been designhated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:

Manuscript:

¢ Include Keywords

¢ All figures (include relevant captions)

¢ All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided
¢ Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations
. The manuscript fits within Aims and Scope of Food Chemistry. Please note that the
Aims and Scope are regularly updated.
. The research is novel and has not been published previously - see "Responsible
research publication:

international standards for authors" from COPE for more information.
. Ethical consent has been obtained in case of work on animals and/or humans.
o Manuscript has been 'spell checked' and 'grammar checked'.
. All references mentioned in the Reference List are cited in the text, and vice versa.
. Permission has been obtained for use of copyrighted material from other sources
(including thelnternet).
. A competing interest’'s statement is provided, even if the authors have no
competing interests to declare - more detail here
o Journal policies detailed in this guide have been reviewed.
o Referee suggestions and contact details provided, based on journal requirements.

For further information, visit our Support Center.

Original research papers; review articles; short communications; letters to the
Editor/Commentary.

1. Research papers - original full-length research papers that have not been published
previously,except in a preliminary form, and should not exceed 7,500 words from
introduction to conclusion (not including references) (including no more than six tables
and figures combined - additional tables and figures can be submitted as supplementary
material). Research papers should not contain more than 40 references.
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2. Review articles - will be accepted in areas of topical interest, will normally focus on
literaturepublished over the previous five years, and should not exceed 10,000 words from
introduction to conclusion (not including references) (including allowance for no more than
six tables and figures combined). Review articles should not contain more than 120
references. If it is felt absolutely necessary to exceed these numbers (tables, figures,
references), please contact the editorial office for advice before submission.

3. Short communications - Short communications of up to 3000 words from
introduction to conclusion (not including references), describing work that may be of a
preliminary nature but merits publication. These papers should not contain more than 40
references.

4, Letters to the Editor/Commentary - Letters are published from time to time on
matters of topicalinterest.

Special Issues

If you would like to suggest a special issue, please contact our Special Content Editor, Prof
Jianbo Xiao jianboxiao@yahoo.com with a proposal for the special issue including the
rationale for the special issue topic, potential contributors and how you plan to attract high
quality papers. Before submitting your proposal, please read our Guide for Guest Editors.

BEFORE YOU BEGIN

Please see our information on Ethics in publishing.

All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of potential
competing interests include employment, consultancies, stock ownership, honoraria, paid
expert testimony, patent applications/registrations, and grants or other funding. Authors
should complete the declaration of interest statement using this template and upload to
the submission system at the Attach/Upload Files step. If there are no interests to declare,
please choose: 'Declarations of interest: none' in the template. This summary statement
will be published within the article if accepted. More information.

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract, a published lecture or academic thesis, see 'Multiple,
redundant or concurrent publication' for more information), that it is not under
consideration for publication elsewhere, that its publication is approved by all authors and
tacitly or explicitly by the responsible authorities where the work was carried out, and that,
if accepted, it will not be published elsewhere in the same form, in English or in any other
language, including electronically without the written consent of the copyrightholder. To
verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Please note that preprints can be shared anywhere at any time, in line with Elsevier's
sharing policy. Sharing your preprints e.g. on a preprint server will not count as prior
publication (see 'Multiple, redundant or concurrent publication' for more information).

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to
differences, and promotes equal opportunities. Articles should make no assumptions about
the beliefs or commitments of any reader, should contain nothing which might imply that
one individual is superior to another on the grounds of race, sex, culture or any other
characteristic, and should use inclusive language throughout. Authors should ensure that
writing is free from bias, for instance by using 'he or she’, 'his/her' instead of 'he' or 'his’,


https://www.elsevier.com/__data/promis_misc/Guest_Editor_Guide_FOCH_Dec-2020.pdf
https://www.elsevier.com/about/policies/publishing-ethics#Authors
https://www.elsevier.com/declaration-of-competing-interests
https://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing/
https://www.elsevier.com/about/policies/publishing-ethics#Authors
https://www.elsevier.com/about/policies/publishing-ethics#Authors
https://www.elsevier.com/about/policies/publishing-ethics#Authors
https://www.elsevier.com/editors/perk/plagiarism-complaints/plagiarism-detection
https://www.elsevier.com/editors/perk/plagiarism-complaints/plagiarism-detection
https://www.elsevier.com/editors/perk/plagiarism-complaints/plagiarism-detection
https://www.elsevier.com/about/policies/sharing/preprint
https://www.elsevier.com/about/policies/sharing
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics

45

and by making use of job titles that are free of stereotyping (e.g. 'chairperson' instead of
'chairman' and 'flight attendant' instead of 'stewardess').

For transparency, we encourage authors to submit an author statement file outlining their
individual contributions to the paper using the relevant CRediT roles: Conceptualization;
Data curation; Formal analysis; Funding acquisition; Investigation; Methodology; Project
administration; Resources; Software; Supervision; Validation; Visualization; Roles/Writing
- original draft; Writing - review & editing. Authorship statements should be formatted
with the names of authors first and CRediT role(s) following. More details and an example

All authors should have made substantial contributions to all of the following:
o the conception and design of the study, or acquisition of data, or analysis and
interpretation of datae drafting the article or revising it critically for important intellectual
content
o final approval of the version to be submitted.
If all 3 of these conditions are not met, a person does not qualify as an author, and any
contribution made by them should be mentioned in the Acknowledgements section of the
manuscript.

Authors are expected to consider carefully the list and order of authors before submitting
their manuscript and provide the definitive list of authors at the time of the original
submission. Any addition, deletion or rearrangement of author names in the authorship
list should be made only before the manuscript has been accepted and only if approved
by the journal Editor. To request such a change, the Editor must receive the following from
the corresponding author: (a) the reason for the change in author list and (b) written
confirmation (e-mail, letter) from all authors that they agree with the addition, removal or
rearrangement. In the case of addition or removal of authors, this includes confirmation
from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion
or rearrangement of authors after the manuscript has been accepted. While the
Editor considers the request, publication of the manuscript will be suspended. If
the manuscript has already been published in an online issue, any requests
approved by the Editor will result in a corrigendum.

Upon acceptance of an article, authors will be asked to complete an 'Exclusive License
Agreement' (see more information on this). Permitted third party reuse of open access
articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work.
More information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research
and/or preparation of the article and to briefly describe the role of the sponsor(s), if any,
in study design; in the collection, analysis and interpretation of data; in the writing of the
report; and in the decision to submit the article for publication. If the funding source(s)
had no such involvement then this should be stated.
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This journal offers authors a choice in publishing their research:

Subscription
. Articles are made available to subscribers as well as developing countries and
patient groups throughour access programs.
. No open access publication fee payable by authors.

Open access
. Articles are freely available to both subscribers and the wider public with permitted
reuse.
o An open access publication fee is payable by authors or on their behalf, e.g. by
their research funderor institution.

Regardless of how you choose to publish your article (subscription or open access), the
journal will apply the same peer review criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative
Commons user licenses:

Open access

Please visit our Open Access page for more information

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-
career researchers throughout their research journey. The "Learn" environment at
Researcher Academy offers several interactive modules, webinars, downloadable guides
and resources to guide you through the process of writing for research and going through
peer review. Feel free to use these free resources to improve your submission and navigate
the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require editing
to eliminate possible grammatical or spelling errors and to conform to correct scientific
English may wish to use the English Language Editing service available from Elsevier's
Author Services.

Our online submission system guides you stepwise through the process of entering your
article details and uploading your files. The system converts your article files to a single
PDF file used in the peer-review process. Editable files (e.g., Word, LaTeX) are required to
typeset your article for final publication. All correspondence, including notification of the
Editor's decision and requests for revision, is sent by e-mail.

PREPARATION

For questions about the editorial process (including the status of manuscripts under
review) or for technical support on submissions, please visit our Support Center.

This journal operates a single anonymized review process. All contributions will be initially
assessed by the editor for suitability for the journal. Papers deemed suitable are then
typically sent to a minimum of two independent expert reviewers to assess the scientific
quality of the paper. The Editor is responsible for the final decision regarding acceptance
or rejection of articles. The Editor's decision is final. Editors are not involved in decisions
about papers which they have written themselves or have been written by family members
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or colleagues or which relate to products or services in which the editor has an interest.
Any such submission is subject to all of the journal's usual procedures, with peer review
handled independently of the relevant editor and their research groups. More information
on types of peer review.

The Managing Editor and Editors have the right to decline formal review of a manuscript
when it is deemed that the manuscript
1. is on a topic outside the scope of the Journal;
2. makes no contribution to the advancement of the chemistry of foods
3. is lacking technical or scientific merit;
4. s focused on foods or processes that are of narrow regional scope and significance;
5. is fragmentary and providing marginally incremental results;6. reports only routine
work (lacks novelty) or is poorly written.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The
text should be in single-column format. Keep the layout of the text as simple as possible.
Most formatting codes will be removed and replaced on processing the article. In
particular, do not use the word processor's options to justify text or to hyphenate words.
However, do use bold face, italics, subscripts, superscripts etc. When preparing tables, if
you are using a table grid, use only one grid for each individual table and not a grid for
each row. If no grid is used, use tabs, not spaces, to align columns. The electronic text
should be prepared in a way very similar to that of conventional manuscripts (see also the
Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section
on Electronic artwork. To avoid unnecessary errors you are strongly advised to use the
'spell-check' and 'grammarcheck’ functions of your word processor.

Follow this order when typing manuscripts: Title, Authors, Affiliations, Abstract, Keywords,
Main text (Introduction, Material and Methods, Results, Conclusion), Acknowledgements,
Appendix, References, Figure Captions. The corresponding author should be identified with
an asterisk and footnote. All other footnotes (except for table footnotes) should be
identified with superscript Arabic numbers. The title of the paper should unambiguously
reflect its contents.

. Title. Concise and informative. Titles are often used in information-retrieval
systems. Avoid abbreviations and formulae where possible.
. Author names and affiliations. Please clearly indicate the given name(s) and

family name(s) of each author and check that all names are accurately spelled. You can
add your name between parentheses in your own script behind the English transliteration.
Present the authors' affiliation addresses (where the actual work was done) below the
names. Indicate all affiliations with a lowercase superscript letter immediately after the
author's name and in front of the appropriate address. Provide the full postal address of
each affiliation, including the country name and, if available, the e-mail address of each
author.

o Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing and publication, also post-publication. This responsibility includes
answering any future queries about Methodology and Materials. Ensure that the e-mail
address is given and that contact details are kept up to date by the corresponding
author.

. Present/permanent address. If an author has moved since the work described
in the article was done, or was visiting at the time, a 'Present address' (or 'Permanent
address') may be indicated as a footnote to that author's name. The address at which the
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author actually did the work must be retained as the main, affiliation address. Superscript
Arabic numerals are used for such footnotes.

Highlights increase the discoverability of your article via search engines. They consist of a
short collection of bullet points that capture the novel results of your research as well as
new methods that were used during the study (if any). Please have a look at the examples
here: example Highlights. example Highlights.

Highlights should be submitted in a separate editable file in the online submission system.
Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85
characters, including spaces, per bullet point).

A concise and factual abstract is required. The abstract should state briefly the purpose of
the research, the principal results and major conclusions. An abstract is often presented
separately from the article, so it must be able to stand alone. For this reason, References
should be avoided, but if essential, then cite the author(s) and year(s). Also, non-standard
or uncommon abbreviations should be avoided, but if essential they must be defined at
their first mention in the abstract itself.

The abstract should not exceed 150 words.

Immediately after the abstract, provide a maximum of 6 keywords, using American
spelling and avoiding general and plural terms and multiple concepts (avoid, for example,
'and’, 'of"). Be sparing with abbreviations: only abbreviations firmly established in the field
may be eligible. These keywords will be used for indexing purposes.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer to
'the text'. Any subsection may be given a brief heading. Each heading should appear on
its own separate line.

Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed
literature survey or a summary of the results.

Hypotheses

Nearly all scientific papers benefit from inclusion of a statement of hypothesis. Such
statements should be clear, concise, and declarative. The statement should describe the
one or more key hypotheses that the work described in the manuscript was intended to
confirm or refute. Inclusion of a hypothesis statement makes it simple to contrast the
hypothesis with the most relevant previous literature and point out what the authors feel
is distinct about the current hypothesis (novelty). It also permits the authors to describe
why they feel it would be important to prove the hypothesis correct (significance). The
hypothesis shall be stated in the introductory section, and the conclusion section shall
include your conclusion about whether the hypothesis was confirmed or refuted, as well
as describing any new hypotheses generated by the work described. Here is an example
of a famous, excellent hypothesis statement; declarative, concise, clear, and testable:
"Equal volumes of gases, at the same temperature and pressure, contain equal
numbers of molecules." Lorenzo Romano Amedeo Carlo Avogadro di Quareqa e di
Carreto (Avogadro), 1811

Material and methods
Provide sufficient details to allow the work to be reproduced by an independent researcher.
Methods that are already published should be summarized, and indicated by a reference.
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If quoting directly from a previously published method, use quotation marks and also cite
the source. Any modifications to existing methods should also be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt
with in the Introduction and lay the foundation for further work. In contrast, a Calculation
section represents a practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A combined
Results and Discussion section is often appropriate. Avoid extensive citations and
discussion of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which
may stand alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and
equations in appendices should be given separate nhumbering: Eq. (A.1), Eq. (A.2), etc.;
in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1;
Fig. A.1, etc.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention
to the online article. The graphical abstract should summarize the contents of the article
in a concise, pictorial form designed to capture the attention of a wide readership.
Graphical abstracts should be submitted as a separate file in the online submission system.
Image size: Please provide an image with a minimum of 531 x 1328 pixels (h x w) or
proportionally more. The image should be readable at a size of 5 x 13 cm using a regular
screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. You can
view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of
their images and in accordance with all technical requirements.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the
first page of the article. Such abbreviations that are unavoidable in the abstract must be
defined at their first mention there, as well as in the footnote. Ensure consistency of
abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the title
or otherwise. List here those individuals who provided help during the research (e.g.,
providing language help, writing assistance or proof reading the article, etc.).

Chemical compounds

You can enrich your article by providing a list of chemical compounds studied in the article.
The list of compounds will be used to extract relevant information from the NCBI PubChem
Compound database and display it next to the online version of the article on
ScienceDirect. You can include up to 10 names of chemical compounds in the article. For
each compound, please provide the PubChem CID of the most relevant record as in the
following example: Glutamic acid (PubChem CID:611). Please position the list of
compounds immediately below the 'Keywords' section. It is strongly recommended to
follow the exact text formatting as in the example below:

Chemical compounds studied in this article
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Ethylene glycol (PubChem CID: 174); Plitidepsin (PubChem CID: 44152164);
Benzalkonium chloride (PubChem CID: 15865) More information.

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers
xxxX, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and
the United States Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and
awards. When funding is from a block grant or other resources available to a university,
college, or other research institution, submit the name of the institute or organization that
provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae
in line with normal text where possible and use the solidus (/) instead of a horizontal line
for small fractional terms, e.g., X/Y. In principle, variables are to be presented in italics.
Powers of e are often more conveniently denoted by exp. Number consecutively any
equations that have to be displayed separately from the text (if referred to explicitly in the
text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article.
Many word processors can build footnotes into the text, and this feature may be used.
Otherwise, please indicate the position of footnotes in the text and list the footnotes
themselves separately at the end of the article. Do not include footnotes in the Reference
list.

Statistics
Appropriate application of statistical analysis should be applied throughout the article.

Units

Follow internationally accepted rules and conventions: use the international system of
units (SI). If other units are mentioned, please give their equivalent in SI. Temperatures
should be given in degrees Celsius. The unit 'billion' is ambiguous and should not be used.
Abbreviations for units should follow the suggestions of the British Standards publication
BS 1991. The full stop should not be included in abbreviations, e.g. m (not m.), ppm (not
p.p.m.); % and '/' should be used in preference to 'per cent' and 'per'. Where abbreviations
are likely to cause ambiguity or might not be understood easily by an international
readership, units should be spelled out in full.

Electronic artwork General points
o Make sure you use uniform lettering and sizing of your original artwork.
. Embed the used fonts if the application provides that option.
. Aim to use the following fonts in your illustrations: Arial, Courier, Times New
Roman, Symbol, oruse fonts that look similar.
. Number the illustrations according to their sequence in the text.
o Use a logical nhaming convention for your artwork files.
o Size the illustrations close to the desired dimensions of the published version.
. Submit each illustration as a separate file.
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o Ensure that color images are accessible to all, including those with impaired color
vision.

A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are
given here.

Formats
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint,
Excel) then please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic
artwork is finalized, please 'Save as' or convert the images to one of the following formats
(note the resolution requirements for line drawings, halftones, and line/halftone
combinations given below):
EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300
dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum
of 1000 dpi. TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale),
keep to a minimum of 500 dpi.
Please do not:
o Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these
typically have alow number of pixels and limited set of colors;
. Supply files that are too low in resolution;
. Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or
PDF) or MS Office files) and with the correct resolution. If, together with your accepted
article, you submit usable color figures then Elsevier will ensure, at no additional charge,
that these figures will appear in color online (e.g., ScienceDirect and other sites). Further
information on the preparation of electronic artwork.

Illustration services

Elsevier's Author Services offers Illustration Services to authors preparing to submit a
manuscript but concerned about the quality of the images accompanying their article.
Elsevier's expert illustrators can produce scientific, technical and medical-style images, as
well as a full range of charts, tables and graphs. Image 'polishing' is also available, where
our illustrators take your image(s) and improve them to a professional standard. Please
visit the website to find out more.

Figure Captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on
the figure itself) and a description of the illustration. Keep text in the illustrations
themselves to a minimum but explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next
to the relevant text in the article, or on separate page(s) at the end. Number tables
consecutively in accordance with their appearance in the text and place any table notes
below the table body. Be sparing in the use of tables and ensure that the data presented
in them do not duplicate results described elsewhere in the article. Please avoid using
vertical rules and shading in table cells.


https://www.elsevier.com/artworkinstructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://webshop.elsevier.com/illustration-services/

52

Citation in text

Please ensure that every reference cited in the text is also present in the reference list
(and vice versa). Any references cited in the abstract must be given in full. Unpublished
results and personal communications are not recommended in the reference list, but may
be mentioned in the text. If these references are included in the reference list they should
follow the standard reference style of the journal and should include a substitution of the
publication date with either 'Unpublished results' or 'Personal communication'. Citation of
a reference as 'in press' implies that the item has been accepted for publication.
Reference links

Increased discoverability of research and high-quality peer review are ensured by online
links to the sources cited. In order to allow us to create links to abstracting and indexing
services, such as Scopus, CrossRef and PubMed, please ensure that data provided in the
references are correct. Please note that incorrect surnames, journal/book titles,
publication year and pagination may prevent link creation. When copying references,
please be careful as they may already contain errors. Use of the DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any
electronic article. An example of a citation using DOI for an article not yet in an issue is:
VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic
continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal of
Geophysical Research,https://doi.org/10.1029/2001JB000884. Please note the format of
such citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a
source publication, etc.), should also be given. Web references can be listed separately
(e.g., after the reference list) under a different heading if desired, or can be included in
the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by
citing them in your text and including a data reference in your Reference List. Data
references should include the following elements: author name(s), dataset title, data
repository, version (where available), year, and global persistent identifier. Add [dataset]
immediately before the reference so we can properly identify it as a data reference. The
[dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any
citations in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular
reference management software products. These include all products that support Citation
Style Language styles, such as Mendeley. Using citation plug-ins from these products,
authors only need to select the appropriate journal template when preparing their article,
after which citations and bibliographies will be automatically formatted in the journal's
style. If no template is yet available for this journal, please follow the format of the sample
references and citations as shown in this Guide. If you use reference management
software, please ensure that you remove all field codes before submitting the electronic
manuscript. More information on how to remove field codes from different reference
management software.
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Reference style

Text: Citations in the text should follow the referencing style used by the American
Psychological Association. You are referred to the Publication Manual of the American
Psychological Association (APA), Seventh Edition, ISBN 978-1-4338-3215-4,
copies of which may be ordered online.

List: references should be arranged first alphabetically and then further sorted
chronologically if necessary. More than one reference from the same author(s) in the same
year must be identified by the letters 'a’, 'b', 'c', etc., placed after the year of publication.
Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2010). The art of writing a scientific
article.

Journal of Scientific Communications, 163, 51-59.
https://doi.org/10.1016/j.5s¢c.2010.00372.

Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2018). The art of writing a scientific
article. Heliyon, 19, Article e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.
Reference to a book:

Strunk, W., Jr., & White, E. B. (2000). The elements of style (4th ed.). Longman (Chapter
4).

Reference to a chapter in an edited book:

Mettam, G. R., & Adams, L. B. (2009). How to prepare an electronic version of your article.
In B. S. Jones, & R. Z. Smith (Eds.), Introduction to the electronic age (pp. 281-304). E-
Publishing Inc. Reference to a website:

Powertech Systems. (2015). Lithium-ion vs lead-acid cost analysis. Retrieved from
http://www.powertechsystems.eu/home/tech-corner/lithium-ion-vs-lead-acid-cost-
analysis/. Accessed January 6, 2016 Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., & Nakashizuka, T. (2015). Mortality data for
Japanese oak wilt disease and surrounding forest compositions. Mendeley Data, vl1.
https://doi.org/10.17632/ xwj98nb39r.1.

Reference to a conference paper or poster presentation:

Engle, E.K., Cash, T.F., & Jarry, J.L. (2009, November). The Body Image Behaviours
Inventory-3: Development and validation of the Body Image Compulsive Actions and Body
Image Avoidance Scales. Poster session presentation at the meeting of the Association for
Behavioural and Cognitive Therapies, New York, NY.

Reference to software:

Coon, E., Berndt, M., Jan, A., Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D., Manzini,
G., Shelef, E., Lipnikov, K., Garimella, R., Xu, C., Moulton, D., Karra, S., Painter, S.,
Jafarov, E., & Molins, S. (2020, March 25). Advanced Terrestrial Simulator (ATS) v0.88
(Version 0.88). Zenodo. https:// doi.org/10.5281/zen0do0.3727209.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video

Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit
with their article are strongly encouraged to include links to these within the body of the
article. This can be done in the same way as a figure or table by referring to the video or
animation content and noting in the body text where it should be placed. All submitted
files should be properly labeled so that they directly relate to the video file's content. In
order to ensure that your video or animation material is directly usable, please provide the
file in one of our recommended file formats with a preferred maximum size of 150 MB per
file, 1 GB in total. Video and animation files supplied will be published online in the


https://apastyle.apa.org/products/publication-manual-7th-edition

54

electronic version of your article in Elsevier Web products, including ScienceDirect. Please
supply 'stills' with your files: you can choose any frame from the video or animation or
make a separate image. These will be used instead of standard icons and will personalize
the link to your video data. For more detailed instructions please visit our video instruction
pages. Note: since video and animation cannot be embedded in the print version of the
journal, please provide text for both the electronic and the print version for the portions
of the article that refer to this content.

Include interactive data visualizations in your publication and let your readers interact and
engage more closely with your research. Follow the instructions here to find out about
available data visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published
with your article to enhance it. Submitted supplementary items are published exactly as
they are received (Excel or PowerPoint files will appear as such online). Please submit your
material together with the article and supply a concise, descriptive caption for each
supplementary file. If you wish to make changes to supplementary material during any
stage of the process, please make sure to provide an updated file. Do not annotate any
corrections on a previous version. Please switch off the 'Track Changes' option in Microsoft
Office files as these will appear in the published version.

This journal encourages and enables you to share data that supports your research
publication where appropriate, and enables you to interlink the data with your published
articles. Research data refers to the results of observations or experimentation that
validate research findings. To facilitate reproducibility and data reuse, this journal also
encourages you to share your software, code, models, algorithms, protocols, methods and
other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a
statement about the availability of your data when submitting your manuscript. If you are
sharing data in one of these ways, you are encouraged to cite the data in your manuscript
and reference list. Please refer to the "References" section for more information about data
citation. For more information on depositing, sharing and using research data and other
relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your
article directly to the dataset. Elsevier collaborates with a number of repositories to link
articles on ScienceDirect with relevant repositories, giving readers access to underlying
data that gives them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can
directly link your dataset to your article by providing the relevant information in the
submission system. For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your
published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of
your manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020;
CCDC: 734053; PDB: 1XFN).

Mendeley Data
This journal supports Mendeley Data, enabling you to deposit any research data (including
raw and processed data, video, code, software, algorithms, protocols, and methods)
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associated with your manuscript in a free-to-use, open access repository. During the
submission process, after uploading your manuscript, you will have the opportunity to
upload your relevant datasets directly to Mendeley Data. The datasets will be listed and
directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Click HERE to see what happens to your manuscript once it is submitted.

AFTER ACCEPTANCE

To ensure a fast publication process of the article, we kindly ask authors to provide us with
their proof corrections within two days. Corresponding authors will receive an e-mail with
a link to our online proofing system, allowing annotation and correction of proofs online.
The environment is similar to MS Word: in addition to editing text, you can also comment
on figures/tables and answer questions from the Copy Editor. Web-based proofing provides
a faster and less error-prone process by allowing you to directly type your corrections,
eliminating the potential introduction of errors. If preferred, you can still choose to
annotate and upload your edits on the PDF version. All instructions for proofing will be
given in the e-mail we send to authors, including alternative methods to the online version
and PDF. We will do everything possible to get your article published quickly and
accurately. Please use this proof only for checking the typesetting, editing, completeness
and correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from the
Editor. It is important to ensure that all corrections are sent back to us in one
communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will be notified and receive a link to the published version of the
open access article on ScienceDirect. This link is in the form of an article DOI link which
can be shared via email and social networks. For an extra charge, paper offprints can be
ordered via the offprint order form which is sent once the article is accepted for publication.
Both corresponding and co-authors may order offprints at any time via Elsevier's Author
Services.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find
everything from Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted
article will be published.

© Copyright 2018 Elsevier | https://www.elsevier.com
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