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Magnolia bark extract administered as a dietary supplement to poultry confers

a performance and health benefit, but the mechanisms are unknown. Here, a

metabolomics approach was used to identify changes in intestinal metabolite levels

in chickens fed an unsupplemented diet or a diet supplemented with magnolia bark

extract. Total body weight gains of chickens fed magnolia bark-supplemented diets

were increased 2% (from 861 to 878 g/chicken), compared with chickens fed an

unsupplemented diet. Compared with unsupplemented controls, the levels of 278

intestinal biochemicals (metabolites) were altered (165 increased, 113 decreased) in

chickens given the magnolia-supplemented diet. Data for biochemicals of intestinal

contents of chickens fed the unsupplemented diet clustered on the left side of the

PCA score plot, while those of the magnolia-supplemented diet were separated

and clustered on the right side. The biochemicals included changes in the levels

of amino acids, fatty acids, peptides, and nucleosides, which provided a distinctive

biochemical signature unique to the magnolia-supplemented group, compared with

the unsupplemented group. These results provide the foundation for future studies

to identify naturally-produced biochemicals that might be used to improve poultry

growth performance.

Keywords: phytochemical, intestine, metabolomics, growth, chicken, magnolia

INTRODUCTION

Regulatory agencies warn that the rise of multidrug-resistant bacterial pathogens could potentially
be the greatest threat to human health of our time (1, 2). Antibiotic-resistant bacteria are estimated
to kill more than 100 million people worldwide per year by 2050. Among the causes for the
development and spread of antibiotic-resistant human pathogens is the overuse of antibiotic
growth promoters (AGPs) in food animal production. Animal agriculture is responsible for more
than 70% of total antibiotic usage worldwide, principally as in-feed additives for growth promotion
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and prophylactic disease control (3). In commercial poultry
production, AGPs have been used to increase the growth rate
and improve feed conversion (kg body weight gain per kg feed)
since the 1940’s (4). While it is clear that dietary supplementation
of chickens with antibiotics alters the intestinal microbiome and
increases the bioavailability of nutrients to the host, the exact
mechanism of action of AGPs is unknown (5–7). As a result,
formulating a rationale scientific approach to the identification
of non-antibiotic alternatives that provide a growth enhancing
effect without the potential for development of drug resistance
has been impeded.

The magnolia plant contains a variety of chemical compounds
with demonstrated bioactive properties, and both the bark
and flower buds of Magnolia officinalis have been used
for hundreds of years in traditional human medicine (8).
Magnolia extracts and its purified components have been
demonstrated to have anti-cancer effects, as well as for treating
a variety of neuronal, inflammatory, cardiovascular, and
gastrointestinal disorders (8–11). Few studies, however, have
investigated the medicinal effects of magnolia in veterinary
medicine (12). We previously reported that two commonly-
used antibiotics, bacitracin and virginiamycin, alter the
intestinal metabolome when given as dietary AGPs to broiler
chickens (13). Therefore, the current study was performed to
characterize the metabolic changes in the chicken intestine
following dietary supplementation with an extract of M.
officinalis bark in order to identify biochemical compounds
that might serve as alternatives to AGPs for improving poultry
growth performance.

MATERIALS AND METHODS

Animals and Ethics Statement
One-day-old male Ross 708 commercial broiler chickens
(Longenecker’s Hatchery, Elizabethtown, PA) were randomly
divided into two treatment groups (n= 16/group). The chickens
were housed in starter cages from day 1 to day 14 of age
prior to transfer to finisher cages where they were kept until
sacrifice on day 21. All chickens were housed in the same room
and provided ad libitum access to feed and water. Each cage
was 0.65m in width and 0.75m in length (14 chickens/m2).
The guidelines for the care and use of animals in agriculture
research were followed throughout the entire experiment, and all
animal protocols (# 16-001) were approved by the Institutional
Animal Care and Use Committee of the Beltsville Agriculture
Research Center.

Preparation of Magnolia Bark Extract
An extract ofM. officinalis bark (Pancosma, Geneva, Switzerland)
was prepared as previously described (12). Briefly, the bark
was washed, dried at 50◦C to a dry matter content of
90%, and comminuted. The dried material was subjected
to supercritical CO2 fluid extraction at 1200–1400 L/h for
3.5 h at 25–30 MPa and 35–40◦C, and the extract taken up
in ethanol.

TABLE 1 | Composition of the basal diet.

Ingredient %

Corn 59.01

Soybean meal 33.99

Soybean oil 2.75

Dicalcium phosphate 2.00

Calcium carbonate 1.40

Salt 0.35

Poultry vitamin mixa 0.20

Poultry mineral mixb 0.15

DL-Methionine 0.10

Choline chloride (60%) 0.05

Total 100.0

Calculated nutrient composition %

Crude protein 18.0

Crude fiber 3.21

Crude oil 8.48

Ash 5.41

Calcium carbonate 1.19

Available phosphorus 0.54

Lysine 1.00

Methionine 0.42

Cysteine + Methionine 0.65

Metabolizable energy, Mcal/kg 3.59

aThe vitamin mixture provided the following nutrients per kg of diet: vitamin A, 2,000 IU;

vitamin D3, 22 IU; vitamin E, 16mg; vitamin K, 0.1mg; thiamin, 3.4mg; riboflavin, 1.8mg;

vitamin B6, 6.4mg; vitamin B12, 0.013mg; biotin, 0.17mg; pantothenic acid, 8.7mg; folic

acid, 0.8mg; niacin, 23.8mg.
bThemineral mixture provided the following nutrients per kg of diet: Fe, 0.4mg; Zn, 0.2mg;

Mn, 0.18mg; Co, 0.0013mg; Cu, 0.021mg; Se, 0.0002mg.

Experimental Design, Growth
Performance, and Intestinal Metabolomics
Analysis
Chickens were fed a corn-soybean meal-based diet formulated
to meet the requirements for chickens as suggested by National
Research Council (Table 1). Animals in the unsupplemented,
control diet group were provided the basal diet alone, while those
in the magnolia bark extract group were provided with the basal
diet supplemented with 0.33 mg/kg of the magnolia extract. Feed
additions were weighed and recorded daily, and feeders were
shaken once per day. The chickens were weighed at 21 days of
age for calculation of growth performance. At 21 days of age, 8
chickens from the unsupplemented control group and 8 chickens
from magnolia-supplemented group were euthanized by cervical
dislocation and the intestine harvested. Intestinal contents were
collected aseptically by gently finger-stripping the ileal segment,
immediately placed on dry ice, and stored at −80◦C. Global
metabolomic profiling of the intestinal contents was performed
by mass spectrometry (MS) (Metabolon, Durham, NC) as
described (13). Raw data was extracted and processed using the
DiscoveryHD4 global metabolomics platform. Compounds were
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identified by comparison to library entries of purified standards
or recurrent unknown entities based on retention index, accurate
mass match to the library within 10 ppm, and MS/MS forward
and reverse scores between experimental data and authentic
standards. MS/MS scores were based on comparison of the ions
present in the experimental spectrum to the ions present in the
library spectrum.

Statistical Analysis
Statistical analysis was performed as previously described (13).
Each chicken was considered the experimental unit. The type of
experimental diet was considered the treatment factor. Data were

analyzed using a mixed model methodology (PROC MIXED,
SAS Institute, Cary NC). For growth performance, mean ±

SEM values were calculated for final body weight at day 21.
Differences between means were compared using the two-tailed

Student’s t test with p ≤ 0.05 considered significantly different.
ANOVA was used to identify the biochemicals whose levels

were significantly altered between the unsupplemented and
magnolia-supplemented groups following median scaling, log
transformation, and imputation of missing values, if any, with
the minimum value observed for each compound. All data were
analyzed for outliers and one sample from the control group
was excluded in the biochemical analysis. Standard statistical
analyses of log-transformed data were performed using Array
Studio software (OmicSoft, Cary, NC). For analyses that were
not standard in Array Studio, the programs R (R Foundation for
Statistical Computing, Vienna, Austria) or JMP (SAS Institute)
were used. An estimate of the false discovery rate was obtained

by calculating the q-value to account for the false positives
that normally occur in metabolomics-based studies. Principle
component analysis (PCA) was measured, which is a commonly
used algorithm to analyze the metabolic profiling originating
from different samples (14). Random forest analysis (RFA) was
performed to identify metabolite signatures and the biochemical
importance of the 30 most significantly altered metabolites for
distinguishing the control vs. magnolia-supplemented groups.

RESULTS

Dietary Magnolia Bark Extract
Supplementation Increases Chicken Body
Weight Gain
No differences in initial body weights between the two dietary
groups at day 1 were observed (data not shown). Final body
weights (878 ± 5.8 g) at day 21 of chickens fed the magnolia-
supplemented diet were greater (p < 0.05) than those (861 ±

5.8 g) of chickens fed the unsupplemented diet, confirming the
previously reported growth enhancing effect of chickens fed a diet
supplemented with 0.33mg the magnolia extract/kg (12).

Dietary Magnolia Bark Extract
Supplementation Affects Principle
Component Analysis
PCA revealed a district separation of identified intestinal
metablolites between chickens fed the unsupplemented, control
diet and those fed the magnolia-supplemented diet (Figure 1).

FIGURE 1 | Principle component analysis score plot of identified metabolites in intestinal contents of chicken fed an unsupplemented, control diet (blue) or a diet

supplemented with magnolia (MG) bark extract (green). Each dot on the plot represents an individual sample.
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S values for components 1 and 2 were 31.90 and 13.37%,
respectively. Data for metabolites of intestinal contents of
chickens fed the unsupplemented diet clustered on the left side
of the PCA score plot, while those of the magnolia-supplemented
diet were separated and clustered on the right side, indicating
that feeding chickens with the magnolia bark extract could
induce significant changes in the intestinal metabolomic profile,
compared with feeding the unsupplemented diet.

Dietary Magnolia Bark Extract
Supplementation Alters Intestinal
Metabolite Levels
A total of 706 biochemicals were identified in the intestinal
contents of chickens fed an unsupplemented, control diet or
a diet supplemented with magnolia bark extract. Of these, the
levels of 423 metabolites were increased, 278 were decreased,
and 5 were unchanged in the magnolia-supplemented vs.
control groups. Of the 423 increased biochemicals, 165 were
significantly increased, and of the 278 decreased metabolites,

113 were statistically significant (p < 0.05). Of 165 up-
regulated biochemicals, 62 biochemicals and 57 biochemicals
were related to lipid and amino acid metabolism, respectively.
Otherwise, 19, 16, and 27 biochemicals of 113 down-regulated
biochemicals were identified as metabolites related to amino
acids, carbohydrates, and lipids, respectively.

Intestinal Metabolite Signatures and
Biochemical Importance Analyses
In RFA, metabolites of amino acids (40.0%), lipids (26.7%),
nucleosides (13.3%), peptides (13.3%), vitamins and cofactors
(0.03%), and carbohydrates (0.03%) accounted for themajority of
biochemicals classified as the most important for distinguishing
between the two treatment groups (Figure 2A). RFA of the
control vs. magnolia groups gave a predictive accuracy of 73.3%,
suggesting that these metabolites are candidate biomarkers for
distinguishing between the two groups. Of 8 magnolia group
samples, 6 were predicted to belong to the magnolia group and 2
to the control group (Table 2). Of 7 control group samples, 5 were

FIGURE 2 | (A) Random forest plots of the top 30 biochemicals whose levels were altered in chickens fed the magnolia bark extract, compared with unsupplemented

controls. Biochemicals are listed from bottom to top in increasing order of importance for contributing to the biochemical signatures separating the two treatment

groups, and are plotted in color-coded symbols according to chemical classification. (B) Heat map showing hierarchical clustering using Ward’s algorithm for the top

30 biochemicals identified by random forest analysis. The clustering along the abscissa (x-axis) is by samples of intestinal contents of chickens fed the

magnolia-supplemented diet (green) or unsupplemented diet (blue) and along the ordinate (y-axis) by specific biochemicals indicated in (A).
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TABLE 2 | Random forest analysis of the altered biochemicals distinguishing

between the control (n = 7) vs. magnola-supplemented (n = 8) dietary groups.

Predicted group Class error

Control Magnolia

Actual group Control 5 2 28.6%

Magnolia 2 6 25.0%

Predictive accuracy = 73.3%.

predicted to belong to the control group and 2 to the magnolia
group. Hierarchical clustering showed two distinct clusters based
on their abundance in the control andmagnolia supplementation
groups (Figure 2B).

Specific Intestinal Metabolites Altered
Following Dietary Magnolia Bark Extract
Supplementation
Of biochemicals related to amino acid metabolism, the
levels of tyramine, 2-methylbutyrylglycine, saccharopine,
5-aminovalerate, and methionine sulfoxide were increased
12.2-, 3.92, 2.40-, 2.15-, and 1.46-fold, respectively, in the
intestinal contents of chicken fed the magnolia-supplemented
diet, compared with unsupplemented controls (Figure 3). On
the other hand, 3-(4-hydroxyphenyl)lactate, phenyllactate,
3-hydroxyisobutyrate, 2-hydroxy-3-methylvalerate, 5-oxoprolin,
N2 N6-diacetyllysine, and N-acetylthreonine were measured
at levels 0.15-, 0.21-, 0.23-, 0.38-, 0.38-, 0.46-, and 0.59-fold
less than those in the unsupplemented controls (Figure 3). Of
biochemicals related to lipid metabolism, 2-hydroxypalmitate,
cholate sulfate, margarate, nervonate, and behenate levels
were increased 5.46-, 4.79-, 4.43-, 3.08-, and 2.34-fold,
respectively, in the magnolia-supplemented group, compared
with unsupplemented controls, while glycerophosphoglycerol,
glycerophosphoserine, and chiro-inositol were decreased 0.14-,
0.35-, and 0.45-fold, respectively (Figure 4A). Of biochemicals
related to peptide metabolism, enterodiol levels were increased
9.09-fold, and those of erythritol, secoisolariciresinol, and
naringenin were decreased 0.21-, 0.28-, and 0.39-fold in the
magnolia vs. control groups (Figure 4B). Of biochemicals
related to nucleoside metabolism, the levels of adenine, cytosine,
5-methylcystine, and orotidine were decreased 0.19-, 0.29-, 0.30-,
and 0.36-fold in the magnolia vs. control groups (Figure 4C).
Finally, erythronate, classified as carbohydrate metabolite,
was decreased 0.56-fold, whereas 5-(2-hydroxyethyl)-4-
methylthiazole, related to vitamin metabolism, was increased
31.1-fold in the intestinal contents of chicken fed the magnolia-
supplemented diet, compared with unsupplemented controls
(data not shown).

DISCUSSION

We previously reported that dietary supplementation of broiler
chickens from 0 to 35 days of age with an extract of magnolia
bark increased by 8.2% the average daily feed intake (79.3 to 85.8

g/chicken), by 10.6% the average body weight gains (50.9 to 56.3
g/chicken), and by 10.1% the final body weights (1828 to 2012
g/chicken), compared with chickens given an unsupplemented
diet (12). Additionally, the prior study demonstrated that
dietary magnolia supplementation improves antioxidant enzyme
activities in the liver, spleen, and breast muscle of chickens,
compared with unsupplemented controls. Pang et al. (15)
reported that catalase and superoxide dismutase activities in
plasma and liver increased following in vivo treatment of mice
with magnolol and honokiol, the major active components
of M. officinalis. Rajgopal et al. (16) showed that magnolia
bark extract activated Nrf2-dependent heme oxygenase-1 gene
expression in vitro in murine hepatocytes. Chang et al.
(17) demonstrated an anti-atherogenic effect of M. officinalis
associated with suppression of oxidative stress, measured by
free radical, malondialdehyde, and oxidative DNA damage,
and down-regulation of apoptosis-related gene expression,
in hyperlipidemic rabbits. To the best of our knowledge,
however, the current study is the first to characterize alterations
in intestinal metabolite levels in poultry fed a magnolia-
supplemented diet, compared with unsupplemented controls.

Total U.S. poultrymeat consumptionmore than doubled from
15.5 g/person/day in 1960 to 42.5 g/person/day in 2018 (18).
To meet this growing demand, U.S. broiler growth rates have
doubled and corresponding feed conversion ratios (kg of feed
per kg of body weight gain) have been reduced by approximately
50% over the past 60 years (19). Improvements in nutrition
and genetic breeding stocks, and the introduction of AGPs,
among others, have contributed to increasing the efficiency of
commercial poultry production. In fact, most antibiotics are
manufactured for use in food animal production. In the U.S., for
example, total annual animal antibiotic usage is about 30 billion
pounds, while total human use accounts for <10 billion pounds
per year (20). AGP overuse in food animal production has led
to the emergence of drug-resistant infectious pathogens that
threaten human health (20, 21). As a substitute for AGPs, dietary
supplementation with phytochemicals and micronutrients offers
a potential alternative to increase chicken growth and decrease
the appearance of drug-resistant bacteria (22–24). With the
current experimental results, magnolia showed the potential as
an antibiotic alternative and the intestinal biochemicals produced
due to dietary magnolia supplementation may play a practical
role in improving intestinal health, which may be linked to a
growth-promoting effect in the chicken.

The bark of the magnolia plant, particularly M. officinalis
and M. obovata, has been extensively used in traditional
Chinese medicine for treating respiratory congestion, depression,
and loss of appetite (8). Magnolol and honokiol activate
both the peroxisome proliferator-activated receptor γ (PPARγ)
homodimer and the PPARγ/retinoid X receptor heterodimer
(25). PPARs comprise a family of transcription factors that
bind to peroxisome proliferator hormone response elements
in gene promoters, thereby regulating cellular differentiation,
development, and metabolism (26). Synthetic and naturally-
occurring PPAR agonists decrease triglyceride and blood glucose
levels, and are used for treating metabolic disorders, including
diabetes (27). Magnolol and honokiol are neolignans, two C6C3
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FIGURE 3 | Box-and-whisker plots of the levels of amino acids in the intestine of chickens fed an unsupplemented, control diet (green) or a diet supplemented with

magnolia bark extract (blue). The boxes represent the interquartile range (IQR) defined by the 25th and 75th percentiles. The horizontal line represents the median

value. The cross represents the mean value. The upper whisker represents Q3 + (1.5 × IQR), while the lower whisker represents Q1 – (1.5 × IQR). Circles represent

outliers.

units which are not β-β (8-8’)-linked (28). Magnolol (4-allyl-2-
(5-allyl-2-hydroxy-phenyl)phenol) exhibits a unique mechanism
of binding to PPARγ (29). Two magnolol molecules occupy
the PPARγ ligand-binding domain in a cooperative manner.
One hydroxyl group of the first magnolol molecule forms a
hydrogen bond with Ser-289 of PPARγ and hydrogen bonds
with Tyr-473, while another hydroxyl group of the second
magnolol molecule forms a hydrogen bond with Ser-342 with
additional hydrogen bonding. Downstream pathways that have
been identified following magnolol/honokiol binding to their
cognate receptors include the NF-κB/MAPK, Nrf2/HO-1, and
PI3K/Akt signaling cascades (30). Base on the aforementioned
statement, the intestinal biochemicals in the current study might
stimulate host intestinal epithelial and/or immune cells receptors.
Future in vitro and/or in vivo studies of these or other receptors
may be required to further understand a mechanism of these
biochemicals in the intestine.

We observed that chickens given a diet containing Bacillus
subtilis-based probiotics had a lower number of metabolic
changes compared with the present report (31). More specifically,
compared with unsupplemented controls, the levels of 83
metabolites were altered (25 increased, 58 decreased) in chickens
given a diet supplemented with B. subtilis strain 1781, while 50
were altered (12 increased, 38 decreased) with a B. subtilis strain
747-supplemented diet. On the other hand, the metabolite level
changes seen in the current study (165 increased, 113 decreased)
are comparable to those we previously reported when analyzing
intestinal metabolites in chickens fed a diet supplemented with
the AGPs, virginiamycin and bacitracin (13). In the AGP study,
the levels of 218 biochemicals were altered (156 increased, 62
decreased) in chickens given a virginiamycin-supplemented diet,
while 119 were altered (96 increased, 23 decreased) with the

bacitracin-supplemented diet, compared with unsupplemented
controls. Similar to the current investigation, the most common
metabolites altered by AGP supplementation included those of
amino acids, fatty acids, nucleosides, and vitamins/cofactors.
However, there was little overlap in the individual chemical
compounds that were identified as the most dramatically
increased or decreased between the two studies. For example,
among the metabolites of amino acids most highly elevated
in both the virginiamycin- and magnolia-supplemented diets
were those related to lysine. Individually, however, while the
levels of N6-formyllyisne, 5-hydroxylysine, and 2-aminoadipate
were increased in the intestine of virginiamycin-supplemented
chickens, the levels of saccharopine and 5-aminovalerate were
most elevated in chickens given the magnolia-supplemented diet.
A similar pattern was noted for the other chemical compounds
identified in the two studies. These results may imply that
intestinal metabolites have a more direct role of maintaining
intestinal homeostasis than the intestinal microbiome because
they are final products produced through the intestinal
microflora. Therefore, whereas these combined results suggest
a strategy that might be used to improve poultry growth
performance without the use of in-feed antibiotics, additional
studies are needed to identify specific metabolic alterations that
might be exploited to increase chicken growth in the absence of
AGP supplementation.

In summary, this report demonstrates that dietary
supplementation with magnolia bark extract has profound
effects on the levels of a wide variety of chemical metabolites
in the chicken intestine, particularly those related to amino
acids, fatty acids, peptides, and nucleosides. Compared
with unsupplemented controls, these altered metabolite
levels provide a biochemical signature unique to magnolia
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FIGURE 4 | Box-and-whisker plots of the levels of (A) fatty acids, (B) peptides, and (C) nucleosides in the intestine of chickens fed an unsupplemented control diet

(green) or a diet supplemented with magnolia bark extract (blue). The boxes represent the interquartile range (IQR) defined by the 25th and 75th percentiles. The

horizontal line represents the median value. The cross represents the mean value. The upper whisker represents Q3 + (1.5 × IQR), while the lower whisker represents

Q1 – (1.5 × IQR). Circles represent outliers.

bark extract supplementation. Our result suggest that
altered metabolites can be used to maintain intestinal
homeostasis within epithelial or immune cells, which might
account for their effects on overall gut health as well as

chicken growth. Through future in vitro and/or in vivo
studies, identification of the altered metabolites that confer
properties of AGPs would suggest their potential use as
antibiotic alternatives.
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