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A B S T R A C T

Pathogen control is a critical issue in the layer industry. Plant-based natural products are firmly replacing the
undesirable use of antibiotics in animal production. The poultry industry embraced the opportunity to distance
itself from the negative public perception of antibiotic use. In this study, we investigated the effects of a phy-
togenic product comprising of menthol, carvacrol and carvone on ileum gene expression profile in layers after 16
weeks of continual supplementation. Phytogen supplementation increased endocytosis and autophagy while
showing significant predicted cardiovascular protective effects. Statistical comparison with over 100,000
manually curated and comparably reanalysed public datasets suggests that the phytogen effects are highly
significantly comparable with transcriptomic effects of clinical antibiotics doxycycline and geldanamycin, and
that phytogen can reverse transcriptomic effects of a range of viral diseases and malaria. Our data confirmed the
hypothesis that similarly to the original essential oil type antimicrobial constituents of phytogenic products, there
may be a range of benefits unrelated to their critical antimicrobial action, contributing to improved bird welfare.
1. Introduction shorter time of up to 6 weeks, while layers with a typical production
The use of Antibiotic Growth Promoters (AGPs) in the livestock in-
dustry was necessary to prevent disease outbreaks in production-
intensive environments utilising the beneficial side-effects of antibi-
otics to promote the growth and performance of animals [1]. Pig and
poultry production systems are well known for their high pathogen
abundance and high stocking density, where pathogen control is critical
for animal welfare and productivity [2].

In the last decade, the awareness of the rise in antimicrobial resis-
tance (AMR) genes in hospital and animal production environments
caused the banning of AGPs use as livestock supplements in many
countries worldwide. World Health Organization (WHO) recognises
emerging pathogens as a priority focus area with dire predictions that the
death toll of AMR could be one person every three seconds by 2050
considering the fast rise in AMR worldwide [3].

The industry responded to the ban of antibiotic use with a range of
new pathogen controlling products, and this time in the more natural use
of plant antimicrobial products, also known as phytogenics. Although
both layer and broiler production systems constitute a major part of the
poultry industry, nutritional interventions affect broilers and layers
differently. Broilers are juvenile birds exposed to pathogens over a much
y).
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lifespan of ~80 weeks have longer exposure and are more likely to
develop long term effects, both beneficial and unwanted.

Investigated phytogenic product is comprised of menthol, carvacrol
and carvone. Menthol is an organic compound found in mint-like plants
but can also be synthesised on an industrial scale. Menthol is widely used,
from mouthwashes to sweets and controversial menthol cigarettes.
Although it is well known for its antimicrobial properties [4, 5], menthol
also has a range of other effects including stimulating intestinal Ca ab-
sorption [6], it is beneficial for vascular and cardiovascular health [7],
can help muscular recovery post exercise [8], and enhance exercise
performance, especially under heat stress [9, 10] and influence thermal
sensation via cooling effect [10], can improve thirst management [11],
and it can be used in treatment of obesity [12]. Menthol reduces
colitis-induced intestinal tumorigenesis and increases short-chain fatty
acids [13], provides benefits in the endoscopic clarification of early
gastric cancer [14], exerts analgesic effects via the enhancement of
inhibitory synaptic transmission [15]. This suggests that, in addition to
pathogen control, menthol could help birds manage heat stress, thirst,
improve their cardiovascular and intestinal health and reduce the
sensation of pain.
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Carvacrol is a monoterpenoid phenol with a characteristic odour of
oregano,where it represents themainbeneficial component [16].Carvacrol
also has a range of benefits in addition to well documented antibacterial
[17], anti–biofilm [18, 19], antifungal [20], anticoccidial [21],
anti-parasitic [22], antimalarial [23] and insecticide [24, 25, 26] abilities.
In addition, carvacrol is a strong antitumor agent [27], especially against
tumours related to sex hormones such as breast [28], cervical [29] and
prostate. It alleviates oxidative and LPS induced stress [30, 31], it is an
anti-inflammatory and antioxidant in the respiratory system [32], strongly
liver protective by slowing down liver fibrosis [33] and healing liver injury
[34]. Carvacrol elevates vascular inflammation [35] and it is also car-
dioprotective [36]. Additionally, it has behavioural calming effects, most
likely via inhibition of gut-brain axes [16], it is neuroprotective [37], alle-
viating neurodegeneration and depressive-like behaviours [30], and is
considered for treatment of Alzheimer's disease [38]. Recently, carvacrol's
knownantiviral activitywas in the spotlight again,with suggestions that it is
a respectable candidate for the development of anti-COVID-19 drugs [39].

Carvone is a terpenoid found in many plant essential oils but is most
abundant in caraway, spearmint, and dill. It is a known antimicrobial
[40, 41], anti-inflammatory [42, 43], anti-arthritis [44], anticancer [45],
liver-protective [46], cardioprotective [47], calming and neuroprotective
[48, 49, 50] agent. It is also an anticonvulsant, suggested as a potential
treatment for epilepsy [51]. The combination of these three powerful
plant products in the form of commercial phytogenic supplement is ex-
pected to display a combination of the benefits of its basic ingredients. A
wide range of these benefits was reported using this exact phytogenic
product in a range of agriculture significant species such as fish [52, 53],
cattle [54, 55], rabbit [56, 57], pig [58] and chicken [59].

Nutrigenomics is a science investigating the effects of food on gene
expression, and it has experienced a significant revival with microarray
technology being rapidly replaced with more accurate and informative
RNAseq. Nutrigenomics methodologies are proving as the ultimate
methodology for investigating general effects of food composition, sup-
plements and additives on the host organ health and disease predispo-
sition. Advances in bioinformatics and the rise in machine learning allow
the use of transcriptomics to predict the long term effects nutritional
intervention has on performance, immune system function, metabolism
and organ toxicity, to name a few. In this manuscript, we present the
nutrigenomic effects of prolonged use of this product on ileum tran-
scriptomics in layers grown in the open-range production system.

2. Materials and methods

2.1. Animal trial and bird management

The study was approved by the Animal Ethics Committee of Central
Queensland University under the approval number 0000020312.

The experiment was performed in a large commercial egg-producing
farm, using the open range shed physically split into two sides with a wall
(control and treatment), and each side housing 20,000 birds. The mesh
wire separated the two treatments outdoor in the open range. The feed
used was designed by the company nutritionist to meet the production
and animal welfare requirements. The commercial phytogenic supple-
ment is a mix of essential oil extracts and herbs with menthol, carvacrol
and carvone as major ingredients. The supplement was added to the feed
at the concentration of 150 g/t.

2.2. Histology

The tissue samples were collected from the mid-ileum section and
fixed in 10% buffered formalin solution. Fixation and paraffin embed-
ding were outsourced to a commercial pathology laboratory (QML Pa-
thology), and deparaffinisation, rehydration and staining with
hematoxylin and eosin (H&E), were done by standard laboratory pro-
cedures. The slides were scanned in a commercial facility, and images
were analysed using ZEISS ZEN software.
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2.3. Transcriptomics

The RNA from tissue samples was isolated using TRIsure (Cat# BIO-
38033, Bioline Meridian Bioscience, London, UK) and Isolate II RNAMini
Kit (Bioline, Cat# BIO-52072). Initially, around 100 mg of tissue was
homogenised using OMNI tissue homogeniser TH (OMNI International,
Kennesaw, GA, USA) with 1 ml of TRIsure and supernatant with RNAwas
separated from tissue residue with centrifugation. Phase separation with
200 μL of chloroform and centrifugation was done to separate RNA from
DNA and protein in an aqueous phase. The RNA was then purified using
Isolate II RNA Mini Kit (Bioline, Cat# BIO-52072) following manufac-
turer's protocol. The sequencing was performed in Azenta Life Sciences,
China, on Novaseq 600 150bp PE., with the sequence library preparation
using TruSeq RNA Library Prep Kit v2 #RS-122-2001 (Illumina). Raw
sequence data from this study are available at NCBI Sequence Read
Archive (SRA) database (https://www.ncbi.nlm.nih.gov/sra) under
accession number PRJNA809869.
2.4. Data analysis, software and statistics

QIAGEN CLC Genomics Workbench (Qiagen, Hilden, Germany) and R
were used to analyse RNA sequence data. Paired sequences were aligned
to the chicken genome (Gallus_gallus-5.0), using CLC Genomics Work-
bench recommended settings to assign reads to genes and transcripts. The
resulting gene count matrix was analysed with DeSeq2 in R to identify
differentially expressed genes. The pathway analysis was down using
Qiagen's Ingenuity Pathway Analysis (IPA) application using the IPA
significance cut-offs as indicated in the results section below.

3. Results

3.1. Production parameters

Briefly, the birds on both control and phytogen supplemented food
presented good performance and health with a steady egg production
across the production cycle. Cumulative mortality and the cumulative
number of dirty eggs were marginally lower in phytogen supplemented
group, while other measured performance parameters such as rate of lay
(ROL), egg production, feed consumption, feed conversion (kg of feed
used to produce one dozen eggs), bird body weight, egg weight, eggshell
thickness, eggshell Haugh units, yolk colour and eggshell strength were
not affected. The table with all performance measures is provided in
Supplementary Data File 1.
3.2. Sequencing quality control

Five replicates from each control and phytogen were sequenced,
aiming at 50 million quality-filtered sequences per sample. The total
number of quality-filtered sequences per sample was 524.98 million se-
quences, with an average of 51.7 million for control (53.29, 50.28, 59.56,
46.43 and 48.79 million) and 53.27 million sequences per sample for
phytogen (65.14, 56.2, 40.77, 52.71 and 51.44 million). All filtered se-
quences were 150 nt long, with zero ambiguous and minimal PHRED
quality score of 20, and 97% sequences with PHRED >37. There were
14,410 genes represented with more than 10 sequences. Figure S1 of the
Supplementary data shows DeSeq2 differential genes Volcano plot and
PCA plot. There were 47 genes shown in Figure 1 heatmap, with DeSeq2
P < 0.001. The Qiagen's Ingenuity Pathway Analysis (IPA) software
(Qiagen, Hilden, Germany) had annotations for the 11,582 genes from
the dataset. Genes with absolute fold change >1.2 and DeSeq2 P < 0.05,
totalling 549 genes, were considered in IPA statistical analysis. Histo-
logical analysis did not show significant differences in ileum epithelial
morphology or villus height and crypt depth (Figure S2 of the Supple-
mentary Data File 1).

https://www.ncbi.nlm.nih.gov/sra


Figure 1. Heatmap showing the genes most highly differentially expressed (P < 0.001) between the control and phytogen treatment. The colour scale shows log2
transformed Deseq2 normalised gene abundance.
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3.3. Pathway analysis

The Qiagen's Ingenuity Pathway Analysis (IPA) is based on over 10
million manually curated gene expression annotations in the Ingenuity
Knowledge Base (IKB) [60] commercial database [7]. IPA was performed
to identify significantly altered pathways (P < 0.01) and to differentiate
if the pathways are activated (positive z-score) or inhibited (negative
z-score). The IPA z-score statistics not only rely on whether the genes are
up or down-regulated, but it also looks at the directionality of the
interaction; for example, sometimes upregulation (of the
pathway-inhibiting gene) can reduce the pathway. The complete list of
the significantly altered pathways with P-values, z-scores and genes
involved is provided in Supplementary Data File 1.

The most highly activated pathways (P < 0.05, z > 2) were FGF
signalling, calcium signalling, G beta-gamma signalling, cell cycle: G2/M
DNA damage checkpoint regulation, Huntington's disease signalling,
white adipose tissue browning pathway, systemic lupus erythematosus in
B cell signalling pathway, ILK signalling, AMPK signalling, integrin sig-
nalling, role of NFAT in cardiac hypertrophy, bladder cancer signalling,
androgen signalling, glioma signalling, JAK/Stat signalling, CXCR4
3

signalling, telomerase signalling, HMGB1 signalling, Wnt/̂I2-catenin
signalling, ovarian cancer signalling, role of NFAT in the regulation of the
immune response and colorectal cancer metastasis signalling, indication
that the product was enhancing of a range of signalling pathways.

There were only two significantly (P < 0.05, z < -2) inhibited path-
ways: T cell exhaustion signalling pathway and cell cycle control of
chromosomal replication presented in Figure 2.

3.4. Upstream regulators

IPA Upstream Analysis was used to predict overlapping effects on
gene expression with all known receptors, micro-RNA, enzymes, tran-
scription factors, chemicals, drugs, and other molecules annotated for
their effects on gene expression in the IPK database. It is important to
note that enzymes or transcription factors listed as activated or inhibited,
in the same manner as chemicals or drugs, do not have to be expressed at
all in the current dataset as long as they can regulate a significant subset
of the genes in the same or the opposite way. They simply target the same
genes. For example, if a transcription factor (that is not produced in
chicken) from another host can regulate the same genes (based on the



Figure 2. The cell cycle control of the chromosomal replication pathway was significantly (P ¼ 3.46e�4) inhibited (z ¼ -2.65). Genes and groups of genes coloured
green are downregulated in the phytogen group.
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gene name) in the same direction, it would come up as activated in our
treatment, indicating that they positively overlap in their effects on gene
expression and could activate or enhance the effects of one another. For
gene products like enzymes and transcription factors, Supplementary File
1 shows if they were present/expressed in our dataset and provide log2
fold change value.
4

In the order of z-scores, from the most activated, the upstream reg-
ulators significantly (P < 0.05, z > 2) activated include: l-asparaginase,
SMARCA4, NUPR1, let-7, SMARCB1, tretinoin, TP53, RB1, calcitriol,
GATA1, LEF1, 2-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-
yl)-1H-indol-5-ol, valproic acid, Rb, RET, medroxyprogesterone acetate,
GDF2, TEAD1, progesterone, MRTFB, TCF3, SP1, AR, TEAD3, MEF2D, 2-



Y.S. Bajagai et al. Heliyon 8 (2022) e09131
amino-1-methyl-6-phenylimidazo-4-5-b-pyridine, CLEC4G, phorbol es-
ters, MRTFA, doxorubicin, TGFB3, CDKN2A, IL10RA, ESR1, HSF1, PGR,
SPI1, TEAD2, FASN, PDGFB, ciprofibrate, D-galactosamine, CXCL12,
SOX10, RBL1, ZFP36, deferoxamine, fulvestrant, CDKN1B, Tcf7, BMP4,
decitabine, troglitazone, ionomycin, DPP-23, TEAD4, Irgm1, TOB1,
TRPS1.

Inhibited upstream regulators are the molecules that regulate gene
expression in the opposite way to the treatment and could inhibit or
deactivate one another. Significantly inhibited upstream regulators (P <

0.05, z < -2) include CSF2, TBX2, RABL6, ERBB2, EP400, MITF, SGPP2,
PKD1, CCND1, camptothecin, 26s Proteasome, PTGER2, ZNF217,
FFAR3, vitamin E, TFRC, REST, E2f, HGF, cycloheximide, FGF1, ACOX1,
ACTB and histone deacetylase.
3.5. Diseases and functions

Based on the same principles as in pathways and upstream regulators,
the diseases and functions analysis provides a list of activated and
inhibited diseases and functions, while the toxicology function looks at
possible activation or inhibition of toxic effects on major organs.

Highly phytogen-increased categories (P < 0.01, z > 2) include
development of vasculature, transport of molecule, angiogenesis, vas-
culogenesis, engulfment of cells, migration of vascular endothelial cells,
movement of vascular endothelial cells, aggregation of cells, endocytosis
by eukaryotic cells, internalisation by tumour cell lines, cellular ho-
meostasis, development of endothelial tissue, autophagy, engulfment of
tumour cell lines, development of epithelial tissue, assembly of cells, the
function of muscle, endocytosis, binding of lipid, while reduced diseases
and functions include disorder of blood pressure, organismal death,
Figure 3. Network summarising transcriptomic effects of phytogen on genes, diseas
indicates activation and blue inhibition.
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morbidity or mortality, ploidy of cells, dysglycemia and amplification of
centrosome.

In toxicity analysis, we only noted two strongly phytogen-inhibited (P
< 0.01, z < -2) categories: apoptosis of ventricular myocytes and
congenital heart disease. Other significantly inhibited (P < 0.05, z < -1)
toxicities include heart failure, pulmonary hypertension, dilation of left
ventricle, cell death of tubular cells, hepatic steatosis, fibrosis of heart,
atrial or ventricular septal defect, apoptosis of renal tubule, necrosis of
cardiac muscle, myocardial infarction, hypoplasia of heart ventricle,
apoptosis of kidney cells, cell death of liver cells. Figure 3 integrates the
findings at the gene expression, upstream regulation and disease/func-
tional profile into a network summarising the most significant effects of
the phytogen. There were no predicted toxic functions significantly
increased by phytogen.

Both disease & function, and toxicology analysis indicate beneficial
effects on the heart and cardiovascular system. Further, master regulator
prediction analysis predicted RET, CXCL12, 26s Proteasome and SGPP2
and possible master regulators involved in increased autophagy transport
and endocytosis (Supplementary File 1; Figure S3) while TFRC was
predicted to be major vasculogenesis controller in phytogen supple-
mented birds (Figure 4).
3.6. Analysis match

Analysis Match is an IPA function that investigates the significance of
overlap of the current dataset with over 100,000 manually curated
publicly available gene expression datasets and any datasets from the
authors' private datasets. This allows us to predict possible alternative
uses of our treatment, for example, in our case, if the effects of phytogen
es and functions most altered by the phytogen supplementation. Orange colour



Figure 4. Transferrin receptor TFRC is one of the predicted master regulators of
the vasculature related genes and functions. TFRC was downregulated by phy-
togen, and its inhibition is predicted to activate KIT, PTN, HSPA5 and TNFSF10
that were all upregulated by phytogen in the dataset. The upregulation of these
genes leads to activation of vasculogenesis and migration of vascular endothe-
lial cells.

Figure 5. The heatmap of positive overlap of current phytogen dataset with the t
upstream regulators (UR) with z-score lower than two are considered insignificant a
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have a positive overlap score with another dataset, like new drug clinical
trial data, depending on the significance of overlap, it is likely that the
phytogen would be able to reproduce a significant portion of the effects
of the drug. If the public dataset on genes altered by certain diseases has
significant negative overlap with our phytogen treatment, it is likely that
the phytogen could be used to treat the disease or at least be offered as a
supplementary treatment.

Among the treatments with the highest positive overlap were several
known drugs; however, most interesting is a positive upstream regulator
overlap with two clinical antibiotics, doxycycline and geldanamycin.
There were 102 significantly (P < 0.01 and z > 10) overlapping doxy-
cycline (Figure 5) and geldanamycin datasets (Supplementary File 1).

It is important to note that this is an overlap of transcriptomic effects
of antibiotics on tissues in different mammals with the effects of phy-
togen on chicken ileum gene expression, and it does not imply an overlap
of effects on bacteria, ie., it does not mean that phytogen acts as doxy-
cycline on gut bacteria.

The datasets that significantly negatively overlapped with phytogen
transcriptomic mode of action included 60 public datasets on malaria (P-
value from 0.01 to 3.7e�39). The top 20 hits are presented in Figure 6.
op 20 most significantly correlated doxycycline datasets. The top overlapping
nd indicated with a dot.
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Significantly negative overlap with viral infections including influenza,
dengue and Zika virus is provided in Supplementary File 1.

4. Discussion

Nutrigenomic research that focuses on a mixed ingredient product
can show effects different to outcomes of single original ingredients due
to more complex product to host interactions. The phytogenic product we
investigated contains three base compounds that have multiple strong
health beneficial effects to a level that outshines their central purpose of
antimicrobial action. Here we detected a combination of benefits re-
ported in products’ individual ingredients strongly presented in the
chicken ileum transcriptomics.

One of the most affected pathways was Cell Cycle Control of Chro-
mosomal Replication (Figure 2). There were seven downregulated genes
in this pathway CDC6, CDK2, CDT1, MCM5, ORC1, POLE and TOP2A
(Supplementary data and Figure 2), and they are all robust regulators of
different stages of cell cycle and their upregulation is associated with
increased cancer susceptibility. For example, CDC6 or cell division cycle
6 protein, is essential for the initiation of DNA replication and functions
as a regulator at the early steps of DNA replication (Entrez Gene Sum-
mary) [61], and according to IPK database, it is associated with over 30
Figure 6. The heatmap of negative overlap of current phytogen dataset with the top
regulators (UR). The z-score > -2 was considered insignificant and indicated on the
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cancer categories including liver cancer, invasive breast cancer, epithe-
lial and colon cancer [60]. Cyclin dependent kinase 2 (CDK2) regulates
progression through the cell cycle, and there are 13 registered CDK in-
hibitors used as anticancer drugs, including alvocidib, dinaciclib and
roscovitine. MCM5 is also involved in the initiation of DNA replication.
POLE or DNA polymerase epsilon, is involved in DNA repair and chro-
mosomal replication. DNA topoisomerase II alpha (TOP2A) is associated
with more than 200 cancer categories, and more than 100 registered
drugs target this protein as inhibitors or chain breakers. Cancer is char-
acterised with out of control cell growth cycle, and inhibition of these 7
cell cycle associated genes that already have a range of anticancer in-
hibitors developed, is in support of anticancer effects reported for all 3
major ingredients of the phytogenic product [13, 27, 45].

Among significantly activated (P < 0.01 and z-score > 2) upstream
regulators that have a comparative effect on gene regulation to the
phytogen and could enhance each other's mode of action, we are
reporting a number of anticancer drugs, including tretinoin, doxorubicin,
hormonal antineoplastic fulvestrant, in line with the known anticancer
effects of the main components. Activated effects of calcium regulator
calcitriol is in agreement with menthol stimulation of calcium absorption
[6]. Additionally, activation of antiepileptic and mood stabilising drug
valproic acid is in agreement with antiepileptic effects of carvone [62]
20 most significantly correlated malaria datasets. The top overlapping upstream
heatmap with a dot.
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and mood stabilising with antidepressant effects of menthol [63] and
carvacrol [30]. Activation of effects of antiarthritic drug infliximab is in
alignment with anti-arthritis effects of carvone [44].

Based on the inhibited upstream regulators, the phytogenic product is
likely to mutually reverse or inhibit the effects of anticancer drug
camptothecin, immunomodulator triptolide and fungicide cyclohexi-
mide. It was previously reported that oregano supplementation of
broilers resulted in massive perturbations of genes and categories
involved in cancer, with predicted reduction of genitourinary cancers
like breast and prostate while some other cancers transcriptional profiles
were activated [16]. Similar effects on the specific types of cancers and
sex hormone related regulators and drugs are noted, with an overlap of
carvacrol being one of the main chemicals in both oregano and phyto-
genic product investigated here. Immunomodulator triptolide is effective
against polycystic kidney disease and pancreatic cancer, but its severe
toxicity limits its potential use. Inhibition of this potent toxin could
indicate antitoxic effects against other plant-derived toxins.

Neurotransmitter dopamine transcriptional regulation effects were
inhibited by the phytogen. This is interesting as all three components of
the phytogenic product have a range of anti-depressive and calming ef-
fects, as presented in the introduction section. Dopamine has major role
in mental health and either too much or too little of dopamine will cause
significant health issues. For example, it is believed that schizophrenia
originates from a hyperactive dopamine system. The roles of dopamine
include drug addiction, Parkinson disease, obesity, gut health immune
system and much more, reviewed in Franco et al. [64].

Insulin resistance drug 10E,12Z-octadecadienoic acid and several
other drugs listed in Supplementary data could be inhibited or activated
using phytogen. Although this has little relevance to poultry use of
phytogens, it reinstates the need to be cautious with the use of presum-
ably healthy natural products and essential oils in serious medical con-
ditions or in combination with prescription drugs in humans.

The most exciting results came from disease and function transcrip-
tional enrichment analysis. Among strongly activated functions, we can
note that the phytogen did not increase the predisposition to any of the
diseases; on the contrary, it enhanced a range of beneficial functions such
as angiogenesis and vasculogenesis, homeostasis, engulfment of tumour
cells, the function of muscle and autophagy to name a few (Supple-
mentary data) while inhibiting non-desirable functions like dysglycemia
(abnormalities in blood glucose levels), morbidity and mortality, disor-
ders of blood pressure and more. Vasculogenesis and other cardiovas-
cular beneficial functions enhanced by phytogen are in agreement with
previously reported cardioprotective effects of phytogens main in-
gredients menthol and carvacrol [7, 36]. Reduction in mortality related
functions is in agreement with our trial data showing consistently
reduced mortality in phytogen shed from the second week of phytogen
administration.

Increase in autophagy (P ¼ 1.37e�4, z-score ¼ 2.3) function is
encouraging. Autophagy is believed to occur in the absence of external
food sources when the body responds by eating itself, destroying and
recycling its own damaged and old cell to rebuild a new, more energy-
efficient, younger self. Autophagy is a burning topic in human health,
with 3171 manuscripts published in the first eight months of 2021 with
the word autophagy in the title (PubMed). Since the award of the 2016
Nobel Prize in Physiology or Medicine to Japanese researcher Yoshinori
Ohsumi for his work on defining autophagy and a major health regen-
erative process [65], extreme fasting to induce autophagy for health
benefits is now often suggested in nearly every known disease, including
cancer [66] and COVID-19 [67]. Severe fasting to induce autophagy
became the latest obsession of healthy lifestyle activists [68], and fasting
to induce intestinal autophagy was recently done in broilers [69].
Increasing autophagy using phytogen without fasting can be regarded as
one of the major health benefits of phytogen supplementation with a high
potential for implications in animal welfare.

Finally, the results of the analysis match did not come as a surprise.
The prediction that the phytogen has transcriptional effects highly
8

similar to those of well-known antibiotics is something that is universally
accepted by farmers who see phytogens as a viable antibiotic alternative.
The predicted anti-malarial effects across 60 datasets are in alignment
with the study suggesting carvacrol or its potential derivate could be used
as a potent anti-malarial agent against Plasmodium falciparum [23], and
antiviral effects of the main components of the phytogen were previously
discussed.

5. Conclusions

Advances in nutrigenomic studies are revealing a new understanding
of how complex the nutrigenomic effects of potent natural chemicals can
be. This research brings caution to the use of phytogens and essential oils
as human supplements due to potential interference with preexisting
conditions or prescription drugs. On the other hand, extra health benefits
provided by the present pathogen for poultry are yet to be thoroughly
evaluated. Autophagy without fasting, anticancer effects, gastrointestinal
health-promoting, cellular and vascular regeneration and immunopro-
tection are all highly relevant to poultry welfare and more so in highly
health challenging, pathogen exposed open and free-range productions
setups, perceived by consumers as more bird beneficial than they are in
reality.
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