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1.1.4 Abstract

Recentemente, por recomendacdo da FAO, novos sistemas de criagcdo de insetos tem sido estudados e tem
sido uma importante fonte de proteina para alimentacao, ja que ndo competem com o uso de terras ou
recursos alimentares, e ainda, proporcionam a reciclagem de varios nutrientes, além de possuirem ciclo de
vida curto, faceis de serem produzidos, necessitando pouco espaco, quando comparados a outras culturas.
A farinha de insetos é considerada um alimento protéico (46-65% de proteina), sendo rica em proteinas,
superando o feijao (23,5% de proteina), lentilhas (26,7%) ou soja (41,1%). Portanto, o uso de insetos pode
ser uma forma alternativa de alimentacdo, reduzindo ou substituindo, principalmente, o farelo de soja, na
producdo avicola. Dentre as principais fontes, se destaca o Tenébrio (Tenebrio molitor) o qual apresenta, em
termos percentuais, um teor de proteina semelhante ao teor de proteina de fonte animal. O experimento foi
realizado no galpao experimental de avicultura na Universidade Federal da Fronteira Sul, Campus Erechim.
Diante do exposto, objetivou-se avaliar o consumo de ra¢do, consumo didrio da rac¢do (g/dia), Conversio
alimentar (kg de racdo/duzia de ovos), apds o periodo de producdo de ovos, Conversdo alimentar (kg de
racdo/kg de ovos) e entdo feita a analise de produgdo de ovos (quantidade) e qualidade dos mesmos, sendo
avaliadas o peso dos ovos (g), peso de gema (g), cor da gema, por meio de leque de cor de gema da DSM Yolk
Color Fan, comprimento e altura de gema, peso do albimen, peso da casca e espessura da casca. As analises
descritas anteriormente foram avaliadas pelo SAS LAB para verificacdo da adequacdo dos dados ao modelo
linear. Seguido da andlise de variancia pelo PROC GLM e realizacdo do Teste T (P <0,05) para comparacao
entre as médias dos tratamentos pelo Software SAS. Diante do exposto, a farinha de Tenebrio mollitor pode
ser utilizada na dieta de frangas em fase pré e inicial de postura, podendo ser utilizado como pigmentante
natural, no entanto, pode reduzir a producdo inicial de ovos nas aves. Novos estudos devem ser

desenvolvidos com o intuito de avaliar a inclusdo do mesmo durante todo o ciclo de produgdo de ovos.

Key-Words: Nutriciio, Sustentiavel, Economico

1. Introduction

A cadeia avicola vem se profissionalizando desde o inicio da década de 1970, tendo como base os
sistemas de producao americanos, extremamente tecnificados e em sistemas integrados de criagao, seccionados
entre bisavozeiros, avozeiros, matrizeiros ¢ a fase comercial, tanto para galinhas poedeiras quanto para frangos

de corte.
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Comercialmente no Brasil, diferente do que ocorre comumente no pais para a avicultura de corte, os
sistemas de producdo de ovos, sdo realizados em sistemas de produgdo de ciclo completo, normalmente
comercializados pelo proprio produtor, vendidos a um entreposto de ovos ou ainda, vendidos a cooperativas
de produgdo, o que faz o valor individual de ovos e a lucratividade do produto ser cada vez menor, levando o
produtor a buscar novas alternativas aos elevados pregos acarretados pelo alto custo dos commodities
tradicionais, principais fontes de energia e proteina na dieta de aves, tais como o Milho e o Farelo de Soja.

Estes dois alimentos chegam a representar 90% do total de ingredientes das racoes, constituindo grande
parte dos custos relativos a alimentag@o e, consequentemente, dos custos de producdo. Tais alimentos estdao
sujeitos a intensas oscilagdes de precos. Assim, a busca por alimentos ndo convencionais ¢ de fundamental
importancia (BARBOSA & GATTAS, 2004). Frente a isto, ingredientes novos devem ser estudados, tais como
a Farinha de diferentes insetos, visto que de forma geral, os insetos ja participam da alimentag@o de aves que
sdo criadas soltas, ja que estas possuem o habito de selecionar insetos de diversos tipos e consumir
voluntariamente.

Recentemente, por recomendagao da FAO, novos sistemas de criagao de insetos tem sido estudados e
tem sido uma importante fonte de proteina para alimentacao, ja que ndo competem com o uso de terras ou
recursos alimentares, e ainda, proporcionam a reciclagem de varios nutrientes (REIS & DIAS, 2020), além de
possuirem ciclo de vida curto, faceis de serem produzidos, necessitando pouco espaco, quando comparados a
outras culturas.

A farinha de insetos ¢ considerada um alimento proteico (46-65% de proteina), sendo rica em proteinas,
superando o feijdo (23,5% de proteina), lentilhas (26,7%) ou soja (41,1%) (RAMOS-ELORDUY et al., 2012).
Portanto, 0 0 uso de insetos pode ser uma forma alternativa de alimentacdo, reduzindo ou substituindo,
principalmente, o farelo de soja, na producdo avicola. Dentre as principais fontes, se destaca o Tenébrio
(Tenebrio molitor) o qual apresenta, em termos percentuais, um teor de proteina semelhante ao teor de proteina
de fonte animal segundo Spang (2013). Inseto pertencente a ordem dos coledpteros inserido na familia
tenebridae. apresenta um halometabolismo (metamorfose completa) dividido em 4 fases: fase embrido (ovos),
a fase larval, a fase pupa e a fase imago (adulta) (SPANG, 2013).

Estudos sobre a utilizacdo da farinha de insetos apontam que estas possuem grande potencial como
fonte de alimento devido sua composi¢ao proteica e perfil aminoacidica semelhante ou até mesmo superior ao
farelo de soja (REIS & DIAS, 2020).

Diante do exposto, objetivou-se através deste estudo, avaliar o crescimento de galinhas poedeiras em

fase pré-producao e a produgao e a qualidade de ovos nas semanas iniciais de produgao.

2. Materials and methods

O experimento foi realizado no galpao experimental de avicultura na Universidade Federal da
Fronteira Sul, Campus Erechim. O galpdo se situa no sentido Leste-Oeste, na area experimental do
campus, com dimensdes de Sm, 3m, e 2,6m sendo estas, medidas de largura, altura e pé direito

respectivamente, constituindo dessa forma, uma area de 15m?. Possui como cobertura do galpdo, telha
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ondulada de fibrocimento, sendo essas, capazes de manterem temperaturas em seu interior de 23 a
28°C. Ainda, as laterais do galpao podem ser abertas para passagem de ar e redugao da temperatura
interna do mesmo, sendo estas, feitas de lona azul impermeéavel. Aliado a isso, 0 mesmo conta com
ar condicionado para um melhor controle de temperatura, e umidade relativa, auxiliando assim, para

um melhor desempenho na producdo de ovos e bem-estar das aves.

Para o fornecimento da ragdo, em cada unidade experimental, utilizou-se uma balanga
eletronica Prix3f/P300100 — Toledo. O fornecimento de racdo, seu consumo ¢ o recolhimento dos
ovos, apds o inicio da postura, foram calculados duas vezes ao dia, pela manha as 08:00 horas, e
também pela parte da tarde as 16:00 horas. A alimentagao foi distribuida manualmente, onde essas
ragdes foram formuladas de acordo com os valores preconizados por Rostagno, et al. (2017). As

formulagdes utilizadas em cada tratamento podem ser vistas na Tabela 01 e 02.

Table 1- Valor Nutricional da Farinha de Tenébrio

VALOR NUTRITIVO Valor
Matéria Seca, % 41,00
Proteina Bruta, % 51,00
Energia Bruta, Kcal/kg 4400,35
Extrato Etéreo, % 24,17
Fibra Bruta, % 2,12
Cinzas, % 345

Os dados foram colhidos por meio de anotagdes em campo, sendo organizados e tabulados
posteriormente em planilhas do Microsoft Excel®. As andlises descritas anteriormente foram
avaliadas pelo SAS LAB para verificagdo da adequagdo dos dados ao modelo linear. Seguido da
analise de variancia pelo PROC GLM e realizacdo do Teste T (P <0,05) para comparagdo entre as

médias dos tratamentos pelo Software SAS (SAS INSTITUTE, 2002).

Isto posto, para avaliagdo da dieta e desempenho das aves, adotaram-se alguns parametros
para a avaliagdo dos mesmos, sendo eles, o consumo de ragdo, consumo didrio da racao (g/dia),
Conversao alimentar (kg de ragdo/duzia de ovos), apds o periodo de producdo de ovos, Conversao
alimentar (kg de racdo/kg de ovos) e entdo feita a analise de produg¢do de ovos (quantidade) e
qualidade dos mesmos, sendo avaliadas o peso dos ovos (g), peso de gema (g), cor da gema, por meio

de leque de cor de gema da DSM Yolk Color Fan, onde o leque possui uma escala de 1 a 15 em que
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por comparagdo visual o operador atribui a cor do ovo colocando a lamina proxima a gema ¢
atribuindo um resultado quando encontrar a lamina correspondente a cor analisada, comprimento e

altura de gema, peso do albumen, peso da casca e espessura da casca.

Com base nisso, ao longo do experimento, recolheram-se os resultados das diferentes
respostas que as aves tiveram em relacdo a cada formulacdo fornecidas para cada tratamento, no que

se diz respeito para com a avaliacao da dieta e ao desempenho.

O ambiente contou com médias de temperatura entre 23 e 28°C, com umidade relativa do ar
média de minima (81%) e maxima (87%), registradas em dois periodos diarios, as 8h00Omin e as
16h00min. As aves receberam um total de 17 horas diarias de luz artificial, controlados com auxilio

de um timer.

A coleta dos ovos foi realizada, apods o inicio da postura, pelo menos, 2 vezes ao dia, sendo
estes contabilizados referentes aos seus grupos experimentais. O experimento teve uma duragao de
60 dias, com periodo de adaptacdao de 15 dias, tanto para o ambiente quanto para a dieta que iriam
receber ao longo do experimento, onde entdo, foram fornecidos alimento de mesma formulagao e

agua a vontade.

Dessa maneira, no mesmo ambiente, foram alocadas as gaiolas, onde as aves ficaram alojadas.
As gaiolas utilizadas foram do tipo comum, com 750 cm? /ave, com capacidade maxima de 4 aves
abrigadas por gaiola. Foram utilizadas 80 frangas poedeiras da linhagem poedeira vermelha da Globo
Aves, com 12 semanas de vida, em fase pré-postura e durante a primeira e a quinta semana de postura.
sendo os animais divididos em grupos de 3 ou 4 aves, alojadas em 24 gaiolas, divididas em dois
grupos experimentais. Dieta convencional ou a dieta convencional com a insercao de 5% de farinha

de Tenébrios.

Table 2- Dietas Experimentais

Dietas Experimentais

Ingredientes
Controle

Tenébrio
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Milho Gréo, kg 60,50

60,25

22,00
Farelo de Soja (45%), kg 27,00
Tenébrio -

5,00
Calcareo, kg 10,00

10,00
Fosfato Bicalcico, kg 1,38

1,38
Sal Comum, kg 0,44

0,44
Complexo Vitaminico, kg 1,00

1,00
Complexo Mineral, kg 1,00

1,00
DL-Metionina 2,86

2,86
TOTAL 100

100
Composig¢do Nutricional
Nutriente Controle Tenébrio
EM, Kcal/kg 2800 2800
PB, % 15,74 15,28
Metionina Total, % 0,37 0,38
Calcio, % 3,60 3,70
Fosforo, % 0,58 0,61

3. Results

3.1 Desempenho das frangas em fase pré e produgdo
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Ap6s a analise dos resultados, ndo foram observadas diferengas significativas (P>0,05) para

as variaveis de Peso Vivo Final (PVF), Ganho de Peso Diério (GPD) e Consumo Diario de Ragao

(CDR), conforme a Tabela 03.

Table 3— Peso Vivo Inicial (PVI), Peso Vivo Final (PFV), Ganho de Peso Didario (GPD) e Consumo

Diario de Racdo (CDR) de galinhas nas fases pré e iniciais de postura.

TRAT PVI PVF GPD CDR
Controle 0,983 1,56 0,009 0,110
Tenébrio 0,97 1,48 0,008 0,112
v, % - 11,23 10,24 12,94
p ; NS NS NS

NS- Nao Significativo

3.2 Produgado e qualidade de ovos das galinhas nas primeiras semanas de produg¢ado

Apos a analise dos resultados de producdo e qualidade de ovos nas primeiras semanas de

producao, foram observadas diferencgas significativas (P<0,05) apenas para as variaveis de Producao

de ovos e Cor da Gema, conforme demonstra a Tabela 04.

Table 4 — Desempenho de galinhas nas fases pré e iniciais de postura

P. ALT. LARG. ESP.
TRAT Ovos OVO GEMA CLARA GEMA  GEMA  COR CASCA CLARA
Controle 142 47,48 10,61 28,98 12,85 30,89 4,71 4,88 36,66
Tenébrio 108 46,38 10,13 29,31 12,4 29,48 5,32 4,7 35,78
v, % 2023 11,23 12,29 13,27 12,39 11,29 13,49 10,47 10,25
J <0,05 NS NS NS NS NS <0,05 NS NS

NS — Nao Significativo
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4. Discussion

Existem inimeros insetos que vem sendo testados e utilizados na alimenta¢do animal, na
avicultura, o Tenebrio molitor tem ganhado evidéncia, principalmente devido ao desempenho
promovido ap6s o seu uso. Na avicultura de postura, poucos trabalhos foram desenvolvidos, no
entanto, a maioria destes obtém resultados positivos. Dentre os principais insetos avaliados temos a
Farinha de Tenébrio molitor, a Hermetia illucens (FBS) Farinha de Black Soldier e também o proprio

bicho da seda, que ao término da fase produtiva, pode ser utilizado como alternativa protéica.

Mwaniki, et al. (2018), incluindo 7,5% de farinha de Black Soldier nas ra¢des de poedeiras
concluiram que qualidade da casca aumentou significativamente com a inclusdo das farinhas,
justificado pela maior absor¢do de calcio no intestino das galinhas, e ainda, resultados encontrados
por Bovera et al. (2018) que, concluiram que, a inclusdo do produto promoveu resultados positivos
na massa de ovos e que ¢ possivel a substituicdo de até¢ 25% de larvas de Hermetia illucens (FSB) na

dietas de poedeiras.

Secci, et al. (2018) concluiram que galinhas produziram ovos com maior proporc¢ao de gema
e com maior coloracdo, e com menor quantidade de colesterol do que o grupo alimentado com dieta

a base de soja, fato este devido a melhor absorcao de produtos de origem animal por parte das aves.

Avaliando o trato gastrointestinal, Cutrignelli, et al. (2018) observaram maior altura de
vilosidades e maior atividade ileal das enzimas sacarase e maltase nas poedeiras alimentadas com o
FSB. Diante as informagdes, a farinha de insetos em geral pode ser considerada uma boa fonte de
proteina para alimentagdo de galinhas poedeiras, melhorando seu estado imunoldgico, além de

contribuir para uma maior producao de ovos contribuido com a satide da ave (Marono et al., 2017).

Por outro lado, Marono, ef al. (2017) concluiram que o uso desta em substitui¢do total acarreta

prejuizos no consumo de ragdo e, consequentemente, prejudica o desempenho produtivo das galinhas.

Ja utilizando outra fonte proteica, também oriunda de insetos, Brah, et al. (2017), avaliando
a farinha de gafanhotos em substituicdo gradual ao farelo integral de peixes em dietas para poedeiras,

relatam que dietas com 25% a 100% melhoraram unidade Haugh dos ovos e a cor da gema.

Em relacdo ao uso do Bicho da Seda como fonte proteica, Ullah, ef al. (2017) observaram
que ndo houve diferenga significativa (p>0,05) entre os grupos que receberam os niveis de
substituicao de 0%, 25%, 50%, 75% e 100% do farelo de soja pelo farelo de bicho da seda. No entanto,
de acordo com Sheikh et al. (2018), a farinha de pupa de bicho da seda pode substituir a farinha de
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soja ¢ a farinha de peixes em dietas para aves, pois ndo causa efeitos adversos sob sua produgao,

conforme descrito em seus resultados.
5. Conclusions

Diante do exposto, a farinha de Tenebrio mollitor pode ser utilizada na dieta de frangas em
fase pré e inicial de postura, podendo ser utilizado como pigmentante natural, no entanto, pode reduzir
a producdo inicial de ovos nas aves.

Novos estudos devem ser desenvolvidos com o intuito de avaliar a inclusao do mesmo durante

todo o ciclo de produgdo de ovos.
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NORMAS DA REVISTA ANIMAL FEED SCIENCE AND TECHNOLOGY

1.1.6 Introduction

Types of article

1. Original Research Papers (Regular Papers)
2. Review Articles
3. Short Communications

4. Book Reviews

Original Research Papers should report the results of original research. The material should not have been
previously published elsewhere, except in a preliminary form.

Review Articles should cover subjects falling within the scope of the journal which are of active current interest.

A Short Communication is a concise but complete description of a limited investigation, which will not be included
in a later paper. Short Communications should be as completely documented, both by reference to the literature
and description of the experimental procedures employed, as a regular paper. They should not occupy more than
six printed pages (about 12 manuscript pages, including figures, tables and references).

Book Reviews will be included in the journal on a range of relevant books which are not more than two years old.
Book reviews will be solicited by the Book Review Editor. Unsolicited reviews will not usually be accepted, but

suggestions for appropriate books for review may be sent to the Book Review Editor:

Professor G. Flachowsky
Federal Research Centre of Agriculture
Institute of Animal Nutrition
Bundesallee 50
D-38116 Braunschweig

Germany
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Manuscripts describing the use of commercial feed products are welcome, but should include the following
information: major components, contents of active ingredients (for example enzyme activities). Independent
verification, as opposed to a manufacturers guarantee, is always desirable and often avoids difficulties in the review
process, especially where there are no, or few, treatment impacts. The Editors reserve the right to reject any
manuscript employing such products, wherein this information is not disclosed.

Submissions concerning feedstuff composition are welcome when published and/or accepted analytical
procedures have been employed. However, unusual feedstuffs and/or a wide range of data are pre-requisites.
Submissions concerning NIRS may be suitable when more accurate, precise or robust equations are presented.
Mathematical, technical and statistical advancement, may constitute the foundation for acceptance. For more

details see the editorial in Vol. 118/3-4.

Contact details for submission

For queries concerning the submission process or journal procedures please visit the lElseVier Support Centerl.

Authors can determine the status of their manuscript within the review procedure using Elsevier Editorial System.

Submission checklist

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 designated as the corresponding author with contact details:
. 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
. Manuscript has been 'spell checked' and 'grammar checked'

e All references mentioned in the Reference List are cited in the text, and vice versa
e Permission has been obtained for use of copyrighted material from other sources (including the Internet)

e A competing interests statement is provided, even if the authors have no competing interests to declare


https://service.elsevier.com/app/home/supporthub/publishing/
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. Journal policies detailed in this guide have been reviewed

« Referee suggestions and contact details provided, based on journal requirements

For further information, visit our |Support Center.

1.1.7 Before you begin

Ethics in publishing

Please see our information on |Ethics in publishing|.

Studies in humans and animals

If the work involves the use of human subjects, the author should ensure that the work described has been carried

out in accordance with IThe Code of Ethics of the World Medical Associationl (Declaration of Helsinki) for

experiments involving humans. The manuscript should be in line with the IRecommendations for the Conduct,l

|Reporting Editing and Publication of Scholarly Work in Medical Iournalsland aim for the inclusion of

representative human populations (sex, age and ethnicity) as per those recommendations. The terms

gender should be used correctly.

The author should ensure that the manuscript contains a statement that all procedures were performed in
compliance with relevant laws and institutional guidelines and have been approved by the appropriate
institutional committee(s). This statement should contain the date and reference number of the ethical approval(s)
obtained. Authors should also include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

The journal will not accept manuscripts that contain data derived from unethically sourced organs or tissue,

including from executed prisoners or prisoners of conscience, consistent with recommendations by |Global Rights

|Compliance on Mitigating Human Rights Risks in Transplantation Medicine|. For all studies that use human organs

or tissues authors must provide sufficient evidence that they were procured in line with IWHO Guiding PrinciDlesI

Ion Human Cell, Tissue and Organ TranSDlantationl. The source of the organs or tissues used in clinical research

must be transparent and traceable. Authors of manuscripts describing organ transplantation must additionally

declare within the manuscript:

Declaration of interest


https://service.elsevier.com/app/home/supporthub/publishing/
https://www.elsevier.com/about/policies-and-standards/publishing-ethics#_blank
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
http://www.icmje.org/recommendations/
http://www.icmje.org/recommendations/
https://www.who.int/gender-equity-rights/understanding/gender-definition/en/
https://www.who.int/gender-equity-rights/understanding/gender-definition/en/
https://globalrightscompliance.com/project/do-no-harm-policy-guidance-and-legal-advisory-report/
https://globalrightscompliance.com/project/do-no-harm-policy-guidance-and-legal-advisory-report/
https://www.edqm.eu/documents/52006/286852/WHO+guiding+principles+on+human+cell%2C+tissue+and+organ+transplantation%2C+as+endorsed+by+the+63rd+WHA%2C+May+2010%2C+Resolution+WHA63.22.pdf/623474ce-1823-ea00-8462-51a144c6a791
https://www.edqm.eu/documents/52006/286852/WHO+guiding+principles+on+human+cell%2C+tissue+and+organ+transplantation%2C+as+endorsed+by+the+63rd+WHA%2C+May+2010%2C+Resolution+WHA63.22.pdf/623474ce-1823-ea00-8462-51a144c6a791
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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 must disclose any interests in two places: 1. A summary declaration of interest statement
in the title page file (if double anonymized) or the manuscript file (if single anonymized). If there are no interests
to declare then please state this: 'Declarations of interest: none'. 2. Detailed disclosures as part of a separate

Declaration of Interest form, which forms part of the journal's official records. It is important for potential interests

to be declared in both places and that the information matches. IMore informationl.

Declaration of generative Al in scientific writing

The below guidance only refers to the writing process, and not to the use of Al tools to analyse and draw insights
from data as part of the research process.

Where authors use generative artificial intelligence (AI) and Al-assisted technologies in the writing process,
authors should only use these technologies to improve readability and language. Applying the technology should
be done with human oversight and control, and authors should carefully review and edit the result, as Al can
generate authoritative-sounding output that can be incorrect, incomplete or biased. Al and Al-assisted

technologies should not be listed as an author or co-author, or be cited as an author. Authorship implies

responsibilities and tasks that can only be attributed to and performed by humans, as outlined in Elsevier’s

IDolicV for authorsl.

Authors should disclose in their manuscript the use of Al and Al-assisted technologies in the writing process by
following the instructions below. A statement will appear in the published work. Please note that authors are
ultimately responsible and accountable for the contents of the work.

Disclosure instructions
Authors must disclose the use of generative Al and Al-assisted technologies in the writing process by adding a
statement at the end of their manuscript in the core manuscript file, before the References list. The statement
should be placed in a new section entitled ‘Declaration of Generative Al and Al-assisted technologies in the writing
process’.

Statement: During the preparation of this work the author(s) used [NAME TOOL / SERVICE] in order to [REASON].
After using this tool/service, the author(s) reviewed and edited the content as needed and take(s) full responsibility
for the content of the publication.

This declaration does not apply to the use of basic tools for checking grammar;, spelling, references etc. If there is

nothing to disclose, there is no need to add a statement.

Submission declaration and verification

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 I'Multiple. redundant or concurrent Dublication'l for more
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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 copyright-holder. To verify compliance, your article may be

checked by ICrossrefSimilaritV Checkl and other originality or duplicate checking software.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's . Sharing your

preprints e.g. on a preprint server will not count as prior publication (see ’IMultiDle, redundant or concurrent!

publication| for more information).

Preprint posting on SSRN

In support of penScience this journal offers its authors a free preprint posting service. Preprints provide early

registration and dissemination of your research, which facilitates early citations and collaboration.

During submission to Editorial Manager, you can choose to release your manuscript publicly as a preprint on the
preprint server once it enters peer-review with the journal. Your choice will have no effect on the editorial
process or outcome with the journal. Please note that the corresponding author is expected to seek approval from
all co-authors before agreeing to release the manuscript publicly on SSRN.

You will be notified via email when your preprint is posted online and a Digital Object Identifier (DOI) is assigned.

Your preprint will remain globally available free to read whether the journal accepts or rejects your manuscript.

For more information about posting to [SSRN|, please consult the ISSRN Terms of Usel and |FAQS|.

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences, and promotes
equal opportunities. Content should make no assumptions about the beliefs or commitments of any reader; contain
nothing which might imply that one individual is superior to another on the grounds of age, gender, race, ethnicity,
culture, sexual orientation, disability or health condition; and use inclusive language throughout. Authors should
ensure that writing is free from bias, stereotypes, slang, reference to dominant culture and/or cultural
assumptions. We advise to seek gender neutrality by using plural nouns ("clinicians, patients/clients") as
default/wherever possible to avoid using "he, she,” or "he/she."” We recommend avoiding the use of descriptors
that refer to personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition unless they are relevant and valid. When coding terminology is used, we recommend to avoid offensive

or exclusionary terms such as "master”, "slave”, "blacklist" and "whitelist". We suggest using alternatives that are

more appropriate and (self-) explanatory such as "primary”, "secondary”, "blocklist" and "allowlist". These


https://www.elsevier.com/editors/perk/plagiarism-complaints/plagiarism-detection
https://www.elsevier.com/about/policies-and-standards/sharing
https://www.elsevier.com/researcher/author/policies-and-guidelines
https://www.elsevier.com/researcher/author/policies-and-guidelines
https://www.elsevier.com/open-science
https://www.elsevier.com/solutions/ssrn
https://www.ssrn.com/index.cfm/en/
https://www.ssrn.com/index.cfm/en/terms-of-use/
https://www.ssrn.com/index.cfm/en/ssrn-faq/
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guidelines are meant as a point of reference to help identify appropriate language but are by no means exhaustive

or definitive.

Reporting sex- and gender-based analyses

Reporting guidance
For research involving or pertaining to humans, animals or eukaryotic cells, investigators should integrate sex and
gender-based analyses (SGBA) into their research design according to funder/sponsor requirements and best
practices within a field. Authors should address the sexand/or gender dimensions of their research in their article.
In cases where they cannot, they should discuss this as a limitation to their research's generalizability. Importantly,
authors should explicitly state what definitions of sex and/or gender they are applying to enhance the precision,

rigor and reproducibility of their research and to avoid ambiguity or conflation of terms and the constructs to

which they refer (see Definitions section below). Authors can refer to the ISex and Gender Equity in Research!

|QSAGER) guidelines'and theISAGER guidelines checklistl. These offer systematic approaches to the use and

editorial review of sex and gender information in study design, data analysis, outcome reporting and research
interpretation - however, please note there is no single, universally agreed-upon set of guidelines for defining sex
and gender.
Definitions
Sex generally refers to a set of biological attributes that are associated with physical and physiological features
(e.g, chromosomal genotype, hormonal levels, internal and external anatomy). A binary sex categorization

(male/female) is usually designated at birth (""sex assigned at birth""), most often based solely on the visible
external anatomy of a newborn. Gender generally refers to socially constructed roles, behaviors, and identities of
women, men and gender-diverse people that occur in a historical and cultural context and may vary across
societies and over time. Gender influences how people view themselves and each other, how they behave and
interact and how power is distributed in society. Sex and gender are often incorrectly portrayed as binary
(female/male or woman/man) and unchanging whereas these constructs actually exist along a spectrum and
include additional sex categorizations and gender identities such as people who are intersex/have differences of

sex development (DSD) or identify as non-binary. Moreover, the terms ""sex"" and

gender"" can be ambiguous—

thus itis important for authors to define the manner in which they are used. In addition to this definition guidance

and the SAGER guidelines, the Iresources on this Dagel offer further insight around sex and gender in research

studies.

Author contributions

For transparency, we require corresponding authors to provide co-author contributions to the manuscript using

the relevant CRediT roles. The ICRediT taxonomvl includes 14 differentroles describing each contributor’s specific

contribution to the scholarly output. The roles are: Conceptualization; Data curation; Formal analysis; Funding

acquisition; Investigation; Methodology; Project administration; Resources; Software; Supervision; Validation;


https://doi.org/10.1186/s41073-016-0007-6
https://doi.org/10.1186/s41073-016-0007-6
https://doi.org/10.3897/ese.2022.e86910
https://www.elsevier.com/researcher/author/policies-and-guidelines/edi#_blank
https://credit.niso.org/
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Visualization; Roles/Writing - original draft; and Writing - review & editing. Note that not all roles may apply to

every manuscript, and authors may have contributed through multiple roles. |More details and an example|.

Changes to authorship

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 listand (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 resultin a corrigendum.

Article transfer service
This journal uses the Elsevier Article Transfer Service to find the best home for your manuscript. This means that
if an editor feels your manuscript is more suitable for an alternative journal, you might be asked to consider

transferring the manuscript to such a journal. The recommendation might be provided by a Journal Editor, a

dedicated |Scientific Managing Editox{, a tool assisted recommendation, or a combination. If you agree, your

manuscript will be transferred, though you will have the opportunity to make changes to the manuscript before

the submission is complete. Please note that your manuscript will be independently reviewed by the new

journal. IMore informationl.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see

on this). An e-mail will be sent to the corresponding author confirming receipt of the manuscript

together with a 'Journal Publishing Agreement' form or a link to the online version of this agreement.
Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal circulation
within their institutions. of the Publisher is required for resale or distribution outside the institution

and for all other derivative works, including compilations and translations. If excerpts from other copyrighted

works are included, the author(s) must obtain written permission from the copyright owners and credit the

source(s) in the article. Elsevier has |preprinted forms| for use by authors in these cases.
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For gold open access articles: Upon acceptance of an article, authors will be asked to complete a 'License

Agreement’ (Imore informationl). Permitted third party reuse of gold open access articles is determined by the

author's choice of|user licensel.

Author rights

As an author you (or your employer or institution) have certain rights to reuse your work. IMore informationl.

Elsevier supports responsible sharing

Find out how you can Ishare your research! published in Elsevier journals.

Role of the funding source

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, it is recommended to state this.

Open access

Please visit our [Open Access page| for more information about open access publishing in this journal.

Elsevier Researcher Academy

]Researcher Academvl 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 ILanguaEe Editing servicel available from

Elsevier's Language Services.

Submission


https://www.elsevier.com/about/policies-and-standards/copyright
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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.

Poorly written and/or presented manuscripts (relative to the journal's guidelines) may be returned to authors for
upgrading by the editorial office, prior to a review for scientific merit.
Before preparing their manuscript, itis suggested that authors examine the editorial by the Editors-in-Chiefin Vol.
134 /3-4, which outlines several practices and strategies of manuscript preparation that the Editors-in-Chief have
found to be successful. This editorial also outlines practices that can lead to difficulties with reviewers and/or

rejection of the manuscript for publication. There is also an example of an Animal Feed Science and Technology

manuscript available on the journal website atIhttDs://www.elsevier.com/locate/anifeedsciI.

Submit your article

Please submit your article via IhttDs://www.editorialmanager.com/anifee/default.asnxl.

Suggesting reviewers
Please submit the names and institutional e-mail addresses of several potential reviewers.

You should not suggest reviewers who are colleagues, or who have co-authored or collaborated with you during
the last three years. Editors do not invite reviewers who have potential competing interests with the authors.
Further, in order to provide a broad and balanced assessment of the work, and ensure scientific rigor, please
suggest diverse candidate reviewers who are located in different countries/regions from the author group. Also
consider other diversity attributes e.g. gender, race and ethnicity, career stage, etc. Finally, you should not include
existing members of the journal's editorial team, of whom the journal are already aware.

Note: the editor decides whether or not to invite your suggested reviewers.

1.1.8 Preparation

Queries

For questions about the editorial process (including the status of manuscripts under review) or for technical

support on submissions, please visit our [Support Center].
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Peer review

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 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. IMore information on types of peer reviewl.

Use past tense for current findings, and the present tense for "truths" and hypotheses.

Article Structure

Manuscripts should have numbered lines, with wide margins and double spacing throughout, i.e. also for
abstracts, footnotes and references. Every page of the manuscript, including the title page, references, tables,
etc., should be numbered continuously. However, in the text no reference should be made to page numbers; if

necessary, one may refer to sections. Avoid excessive usage of italics to emphasize part of the text.

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

summary of the results.

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. 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.

If reference is made to AOAC, ISO or similar analytical procedure(s), the specific procedure identification
number(s) must be cited. A number of references for neutral and acid detergent fibre (NDF, ADF) assays exist, and
an alternative reference to the now out-of-print USDA Agriculture Handbook 379 must be used. There are many
options for NDF and ADF assays (e.g. sodium sulfite, alpha amylase, residual ash), which must be specified in the

text. For more details see the editorial in Vol. 118/3-4.


https://www.elsevier.com/reviewers/what-is-peer-review

783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799

800
801
802

803
804
805
806
807
808

809
810
811
812

813
814
815
816
817
818
819
820

28

The following definitions should be used, as appropriate:
a. aNDFom-NDF assayed with a heat stable amylase and expressed exclusive of residual ash.
b. NDFom-NDF not assayed with a heat stable amylase and expressed exclusive of residual ash.
c. aNDF-NDF assayed with a heat stable amylase and expressed inclusive of residual ash.
d. NDF-NDF assayed without a heat stable amylase and expressed inclusive of residual ash.
e. ADFom-ADF expressed exclusive of residual ash.
f. ADF-ADF expressed inclusive of residual ash.
g. Lignin  (sa)-Lignin  determined by  solubilization of cellulose with sulphuric acid.
h. Lignin (pm)-Lignin determined by oxidation of lignin with permanganate.

While expressions of NDF and ADF inclusive of residual ash will continue to be acceptable (i.e., the terms aNDF,
NDF and ADF above), the Editors-in-Chief highly recommend reporting all fibre values, including digestibilities, on
an OM basis. Silica is partially soluble in ND, is quantitatively recovered in AD, and so may contribute to the 'fibre’
values and to subsequent digestibility coefficients.

Reporting 'hemicellulose’ values as the difference between NDF and ADF is generally only acceptable if the analyses
have been sequential on the same sample. Crude fibre (CF), nitrogen-free extract (NFE) and total digestible

nutrients (TDN) are not acceptable terms for describing feeds and should only be referred to in a historical context.

Results

Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. Avoid extensive citations and
discussion of published literature. Combined 'Results and Discussion' sections are only acceptable for 'Short

Communications', except under compelling circumstances.

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.

Essential title page information

¢ 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 thatall 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 lower-case superscript letter immediately after the author's name and in
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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.
* 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 author actually did the work must be retained as the main, affiliation address.

Superscript Arabic numerals are used for such footnotes.

Highlights

Highlights are mandatory for this journal as they help 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 |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).

Abstract

The abstract should be clear, descriptive and not longer than 400 words. It should contain the following specific
information: purpose of study; experimental treatments used; results obtained, preferably with quantitative data;

significance of findings; conclusions; implications of results if appropriate.

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 IExamole Graphical Abstractsl on our information site.

Keywords

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.


https://www.elsevier.com/researcher/author/tools-and-resources/highlights
https://www.elsevier.com/researcher/author/tools-and-resources/graphical-abstract

859

860
861
862
863
864

865
866
867
868
869

870
871
872
873
874
875
876
877
878
879
880
881

882
883

884

885
886

887
888
889
890
891
892
893
894
895
896

30

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.).

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 aaaal.

[tis 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, it is recommended to include the following sentence:

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

sectors.

Nomenclature and units

Follow internationally accepted rules and conventions: use the international system of units (SI). If other quantities

are mentioned, give their equivalent in SI. You are urged to consult IIUB: Biochemical Nomenclature and Related!

for further information.

Authors and Editors are, by general agreement, obliged to accept the rules governing biological nomenclature, as
laid down in the International Code of Botanical Nomenclature, the International Code of Nomenclature of Bacteria,
and the International Code of Zoological Nomenclature. All biotica (crops, plants, insects, birds, mammals, etc.)
should be identified by their scientific names when the English term is first used, with the exception of common
domestic animals. All biocides and other organic compounds must be identified by their Geneva names when first
used in the text. Active ingredients of all formulations should be likewise identified.

SI or Sl-derived units should be used throughout (e.g. MJ and not Kcal for energy concentrations). Concentrations
should be expressed on a 'per kg' basis (w/w); however, w/v, v/v, mol/mol or M may be accepted depending on

the circumstances. In addition, 'units' and 'equivalents' are acceptable. Normality should be avoided, as it may be
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ambiguous for certain acids. If analytical standards have been used, they should be specified by name (e.g. yeast
RNA) and form (e.g. lactose monohydrate). Percents should only be used when describing a relative increase or
decrease in a response. Proportions should be maximum 1.0 or <1.0. For more details see the editorial in Vol.
118/3-4.

Percent is only used to indicate relative changes. For composition, both w/w (often solids composition g/kg) and
w/v (e.g. g/L), v/v (e.g. m/L), mol/mol or M can be accepted depending on the circumstances. Specify units (e.g.
g/L) and never as percent.

Digestibility/metabolisability and degradability should always be expressed as a coefficient (not %), and the
content of, for example, the digestible component should be expressed as g/kg: thus, the coefficient of digestibility
of dry matter is 0.8, while the content of digestible dry matter is 800g/kg. A distinction between true and apparent
digestibility should be made, as well as between faecal and ileal (e.g. coefficient of total tract apparent digestibility
- CTTAD). The terms 'availability' and 'bioavailability' should be avoided without definition in context.

In chemical formulae, valence of ions should be given as, e.g. Caz2+, not as Ca++. [sotope numbers should precede the
symbols e.g. 180. The repeated use of chemical formulae in the text is to be avoided where reasonably possible;
instead, the name of the compound should be given in full. Exceptions may be made in the case of a very long name
occurring very frequently or in the case of a compound being described as the end product of a gravimetric

determination (e.g. phosphate as P20s).

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).

If differences between treatments are statistically significant, this should be indicated by adding the actual 'P' value
obtained. If 0.10 > P > 0.05, then differences can be considered to suggest a trend, or tendency, to a difference, but
the actual 'P' value should be stated. Further information on this issue can be found in Animal Feed Science and
Technology Vol. 129/1-2.

Spaces should be used between all values and units, except for the following: Between the value and degrees or
percent. In equations around *and /. In probability expressions (P<0.05). When probability values are given, the

'P' should be a capital letter:

Artwork
Electronic artwork
General points

e Make sure you use uniform lettering and sizing of your original artwork.
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. Embed the used fonts if the application provides that option.

e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or use fonts that

look similar.
. Number the illustrations according to their sequence in the text.
. Use a logical naming convention for your artwork files.
. Provide captions to illustrations separately.

e Size the illustrations close to the desired dimensions of the published version.
. Submit each illustration as a separate file.

* Ensure that color images are accessible to all, including those with impaired color vision.

A detailed Iguide 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:
e Supply files that are optimized for screen use (e.g., GIE, BMP, PICT, WPG); these typically have a low number of
pixels and limited set of colors;
. Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

All data in figures should have a measure of variation either on the plot (e.g., error bars), in the figure legend itself,

or by reference to a table with measures of variation in the figure legend.

Explanations should be given in the figure legend(s). Drawn text in the figures should be kept to a minimum.

If a scale is given, use bar scales (instead of numerical scales) that must be changed with reduction.

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) regardless of whether or not these illustrations are reproduced in color in the printed version. For
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color reproduction in print, you will receive information regarding the costs from Elsevier after receipt of

your accepted article. Please indicate your preference for color: in print or online only. IFurther information onl

Ithe preparation of electronic artwork!.

Tables

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.

References

All publications cited in the text should be presented in a list of references following the text of the manuscript.
The manuscript should be carefully checked to ensure that the spelling of authors' names and dates are exactly the

same in the text as in the reference list. The accuracy of the references is the responsibility of the author(s).

References published in other than the English language should be avoided, but are acceptable if they include an
English language 'Abstract’ and the number of non-English language references cited are reasonable (in the view
of the handling Editor) relative to the total number of references cited.

In the text refer to the author's name (without initial) and year of publication, followed - if necessary - by a short

reference to appropriate pages. Examples: "Since Peterson (1988) has shown that...". "This is in agreement with
results obtained later (Kramer, 1989, pp. 12-16)".

If reference is made in the text to a publication written by more than two authors, the name of the first author
should be used followed by "et al.". This indication, however, should never be used in the list of references. In this
list names of first author and co-authors should be mentioned.

References cited together in the text should be arranged chronologically. The list of references should be arranged
alphabetically on authors' names, and chronologically per author. If an author's name in the list is also mentioned
with co-authors the following order should be used: publications of the single author, arranged according to

publication dates - publications of the same author with one co-author - publications of the author with more than

one co-author. Publications by the same author(s) in the same year should be listed as 2001a, 2001b, etc.

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
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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 DOl 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 ].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/10.1029/2001]JB000884. 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.

Preprint references
Where a preprint has subsequently become available as a peer-reviewed publication, the formal publication should
be used as the reference. If there are preprints that are central to your work or that cover crucial developments in
the topic, but are not yet formally published, these may be referenced. Preprints should be clearly marked as such,
for example by including the word preprint, or the name of the preprint server, as part of the reference. The

preprint DOI should also be provided.

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 supporthitation Style Language stVlesI, such as .

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. IMore information on how to remove field codes from different!

]reference management softwarel.
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Reference formatting
There are no strict requirements on reference formatting at submission. References can be in any style or format
as long as the style is consistent. Where applicable, author(s) name(s), journal title /book title, chapter title /article
title, year of publication, volume number/book chapter and the article number or pagination must be present. Use
of DOI is highly encouraged. The reference style used by the journal will be applied to the accepted article by
Elsevier at the proof stage. Note that missing data will be highlighted at proof stage for the author to correct. If you

do wish to format the references yourself they should be arranged according to the following examples:

Reference style
Text: All citations in the text should refer to:
1. Single author: the author's name (without initials, unless there is ambiguity) and the year of publication;
2. Two authors: both authors' names and the year of publication;
3.Three or more authors: first author's name followed by ‘et al' and the year of publication.

Citations may be made directly (or parenthetically). Groups of references can be listed either first alphabetically,

then chronologically, or vice versa.
Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999).... Or, as demonstrated (Jones,
1999; Allan, 2000)... Kramer et al. (2010) have recently shown .

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. J. Sci. Commun. 163, 51-
59. https://doi.org/10.1016/j.Sc.2010.00372.
Reference to a journal publication with an article number:
Van der Geer, ], Hanraads, J.A.J,, Lupton, R.A,, 2018. The art of writing a scientific article. Heliyon. 19, e00205.
https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:
Strunk Jr, W, White, E.B. 2000. The Elements of Style, fourth ed. Longman, New York.
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: Jones, B.S., Smith , R.Z.
(Eds.), Introduction to the Electronic Age. E-Publishing Inc, New York, pp. 281-304.
Reference to a website:
Cancer Research UK, 1975. Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).
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, v1. https://doi.org/10.17632/xwj98nb39r.1.
Reference to software:

Coon, E., Berndt, M,, Jan, A., Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D., Manzini, G., Shelef, E., Lipnikov, K,
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Garimella, R, Xu, C., Moulton, D., Karra, S., Painter; S., Jafarov, E., & Molins, S., 2020. Advanced Terrestrial Simulator
(ATS) v0.88 (Version 0.88). Zenodo. https://doi.org/10.5281/zenodo0.3727209.

References concerning unpublished data and "personal communications"” should not be cited in the reference list

but may be mentioned in the text.

Journal abbreviations source

Journal names should be abbreviated according to the IList of Title Word Abbreviations}.

Video

Elsevier accepts video material and animation sequences to supportand 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 electronic version of your article in Elsevier Web products, including . 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 Ivideo 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.

Data visualization

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

include them with your article.

Supplementary material

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
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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.

Research data

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
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replying, as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is solely your
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