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ABSTRACT Besides on the reproductive perfor-
mance, the light also has an important effect on the
growth in birds. In the present study, we for the first
time investigated effects of colored light-emitting diodes
(LED) on both growth performance and fecal micro-
biota in meat geese. We randomly selected a total of 120
geese at birth (0-day), divided them into 3 groups
evenly (i.e., 40 geese each group), and then reared them
under 3 colored light-emitting diodes (i.e., blue, red, and
white) with the same photoperiod for 9 wk, respectively.
We collected fecal samples at the experimental day 35
and 63, respectively. We observed that geese in blue
light had higher body weight than those in red and
white lights at the early stage of the experiment but
showed lower body weight at the late stage, particularly
at day 63 (P , 0.05). Interestingly, we found that the
relative abundances of 3 dominant bacteria phyla,
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Firmicutes, Proteobacteria, and Cyanobacteria, were
comparable among 3 groups at day 35, while at day 63,
the blue light group had the significantly (P , 0.05)
lowest and highest abundance for Firmicutes and Pro-
teobacteria, respectively. Functional enrichment ana-
lyses revealed that the fecal microbiota in the red light
group was mainly involved in metabolism at day 35,
whereas at day 63, the fecal microbiota were engaged
into membrane transportation and transcription. In
contrast, the blue light group had more enriched path-
ways relevant with membrane transportation at day 63
than day 35 and had several pathways involved in
metabolism at day 63 as well. Collectively, our results
revealed that the light with different colors affects the
growth performance of geese via the gut microbiota,
which in turn influences the digestion and absorption of
geese.
Key words: meat goose, light color,
 growth performance, fecal microbiota
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INTRODUCTION

Artificial light, as an external environmental factor, is
crucial for the release of various hormones, which play
key roles in the activity, growth, immunity, and repro-
duction of birds (Patel et al., 2016). For laying birds,
light plays an important role in the development and
functioning of their reproductive systems, significantly
influencing the age when they start laying and how
many eggs they could lay in a given period (Min et al.,
2012; Huber-Eicher et al., 2013). For broiler birds,
light shows a big impact on their growth performance
and other relevant activities (Rozenboim et al., 2004).

The light color is determined by different wavelengths
of the visible spectrum. Previous studies have explored
effects of the monochromatic light on the behavior, wel-
fare, and performance of birds but mainly focusing on
laying and broiler chickens. It has been reported that
laying hens had the best egg production when exposed
to red light (Min et al., 2012; Hassan et al., 2014).
However, effects of light colors on broiler growth are
largely unknown yet. By examining 4 different light
colors, Firouzi et al. (2014) reported that broiler
chickens reared under yellow and blue light had the
largest and smallest body weight gain, respectively.
Conversely, Morrill et al. (2014) found 6.0 and 8.9% in-
creases in the final body weight of broilers reared under
blue and green monochromatic light when compared
with those reared under red and white light. Yet, the
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impact of light colors on the growth performance in meat
geese has not been investigated.

Nowadays, the rapid development of 16S rRNA
sequencing technology has enabled the in-depth analysis
of gut microbiota in humans and animals at an unprec-
edented scale (Sweeney and Morton, 2013; Hacquard
et al., 2015). Previous studies showed that changes in
gut microbiota had a close relationship with many
fundamental biological processes in humans and
animals, such as development and diseases
(Dominguez-Be llo et al., 2011; Lee and Hase, 2014).
Therefore, it could be of great interest to investigate
the effects of light colors on gut microbiota in meat
geese using 16S rRNA sequencing technology, enabling
us to further explore the underlying microbiota
mechanisms of correlation between growth
performance and light colors.

Monochromatic light-emitting diode (LED) sources
have been widely used in poultry management because
of reducing electricity consumption and being environ-
mentally friendly (Rozenboim et al., 1998). In summary,
the main objective of this study was to investigate the
impact of different colored LED on both growth and
fecal microbiota (an indicator of gut microbiota) in
meat geese, which provides a foundation for future
studies targeting the specific effects of important bacte-
rial populations on the growth performance in geese.
MATERIALS AND METHODS

Ethics Statement

This study was carried out in strict accordance with
the Animal Management Rule of the National Health
and Family Planning Commission, People’s Republic
of China (documentation 55, 2001). The research proto-
col was reviewed and approved by the Animal Care and
Use Committee of Zhongkai University of Agriculture
and Engineering
Animals and Experimental Design

A total of 120 Magang geese after birth at 0-day-old
were provided by a commercial company in Qingyuan
city of Guangdong. These geese were selected randomly
and divided into 3 groups evenly, resulting in 40 geese
Figure 1. The monochromatic light-emit
per group, and each group was reared in 1 of 3 equally
matched rooms except for light colors being studied.
Three monochromatic LED lights, that is blue, red,
and white lights, were used for these 3 groups, labeling
as B, R, and C, respectively (Figure 1). The light inten-
sity was fixed at 40 lux and at the height of about 1.5 m
off the ground in all 3 groups to ensure that light color is
the only variable factor. The entire experimental period
was 9 wk. The photoperiod was adjusted to 24 L: 0 D for
the first 1 wk. Thereafter, the photoperiod was adjusted
to 16 L: 8 D for the following 8 wk. Feeding, water, and
other environmental factors were kept as similar as
possible across 3 groups to avoid the systematic effects
on growth performance.
Individual body weight was recorded at the end of

each week. Blood samples were randomly collected
from 8 out of 40 geese in each of the 3 groups at the
experimental day 63. Growth hormone (GH), insulin-
like growth factor 1 (IGF-1), triiodothyronine (T3),
and adrenaline (ADR) were then measured from serum.
Fecal samples were randomly selected from 6 out of 40
geese in each of 3 groups at the experimental day 35
and 63, respectively. These 36 fecal samples were then
immediately snap-frozen in liquid nitrogen and stored
at 280�C for microbiota analyses.

DNA Extraction and 16s rRNA Gene
Sequencing

Microbial DNA was extracted from the 36 fecal
samples using the E.Z.N.A. stool DNA Kit (Omega
Bio-tek, Norcross, GA) based on the manufacturer’s pro-
tocols. The 515 F (50-GTGCCAGCMGCC GCGG-30)
and 806R (50-GGACTACH VGGG TWTCTAAT-30)
conventional primers were used to amplify the V4 vari-
able region of 16S rDNA of total bacterial DNA
(Whiteley et al., 2012). PCR was performed in a 20 mL
reaction system in which 0.8 mL of each primer, 10 ng
template DNA, 4 mL 5 ! FastPfu buffer, 2 mL 2.5 mM
dNTPs, and 0.4 mL FastPfu polymerase were added,
and ddH2o was then added to reach 20 mL. PCR was
set as follows: 95�C for 5 min, followed by 27 cycles at
95�C for 30 s, 55�C for 30 s, 72�C for 45 s, and a final
extension at 72�C for 10 min. The amplicons were
extracted from 2% agarose gels, purified using the Axy-
Prep DNA Gel Extraction Kit (Axygen Bioscience,
ting diode illumination in goose house.



Table 1. Body weight (unit: g) 6 standard error in the
experimental period.

Days Blue light White light Red light

14 263.68 6 8.70 242.68 6 6.93 258.64 6 6.96
21 490.30 6 17.94 439.46 6 15.64 484.11 6 14.41
28 922.53 6 29.78 856.23 6 27.30 911.10 6 24.13
35 1,413.05 6 39.39 1,352.91 6 38.61 1,398.00 6 32.75
42 2,025.48 6 49.51 1,942.36 6 45.40 1,997.73 6 46.02
49 2,025.48 6 49.51 2,339.23 6 52.43 2,366.67 6 49.49
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Union City, CA) and quantified using QuantiFluor-ST
quantitative system (Promega, Madison City, WI). Pu-
rified amplicons were pooled to construct sequencing li-
braries, and these sequencing libraries were then
sequenced (w50,000 paired end reads per sample) by
an Illumina Miseq sequencer in the Beijing Genomics
Institute (BGI, Guangdong, China), using MiSeq Re-
agent Kit v2-HS 500 cycles.
56 2,482.74 6 70.92 2,641.39 6 59.33 2,693.79 6 67.70
63 2,636.71 6 67.73a 2,847.64 6 64.53b 2,888.39 6 79.40b

a-bBody weights within a row with no common superscript differ
significantly (P , 0.05) among 3 groups.
Data Analysis

The microbiota sequences were analyzed by the open-
source QIIME2 pipeline (Berg-Lyons et al., 2010). Raw
sequences data were demultiplexed and quality filtered
using the demux plugin in QIIME2, followed by denois-
ing with DADA2 (Callahan et al., 2016) to identify the
amplicon sequence variants. A masked alignment using
MAFFT plugin were then conducted, followed by a phy-
logeny analysis with FastTree and Midpoint-root plu-
gins (Katoh, 2002). The core-metrics command of
diversity plugin was used to calculate a-diversity (intra-
group diversity) and b-diversity (diversity between
groups). The taxonomic assignment was performed by
using the feature–classifier plugin, adopting a confidence
threshold of 0.80 and using the SILVA database release
132 as a reference. Phylum and genus relative abundance
were calculated by using the taxa plugin.
The functional profiles of bacterial metagenomes were

predicted by using PICRUSt (http://huttenhower.sph.
harvard.edu/galaxy/) (Langille et al., 2013). Briefly,
the individual sequences and the vsearch plugin were
used to get individual operational taxonomic units.
These operational taxonomic units were normalized by
16 rRNA gene copy numbers, and then the predicted
Kyoto Encyclopedia of Genes and Genomes (KEGG)
orthologs were summarized to level-3 functional cate-
gories. The difference in abundances of these categories
among 3 groups was compared by using the linear
discriminant analysis effect size (LEfSe) method
(Segata et al., 2011).
The differences in body weights, a-diversity, and spe-

cific bacterial abundance among 3 groups were analyzed
by one-way ANOVA using R software, and Turkey mul-
tiple comparisons were then employed.
RESULTS

Growth Performance

As shown in Table 1, from the experimental day 14 to
42, the same trend were observed that B group had the
largest body weight, whereas C group had the smallest
body weight. However, the difference in body weight
did not reach the statistical significance among the 3
groups (P . 0.05). Of interest, from the experimental
day 49 to 63, R group started to have the largest body
weight, followed by C and B groups. At the experimental
day 63, body weights between R and C groups were com-
parable, but both of them were significantly larger than
B group (P , 0.05). In other 2 scenarios of day 49 and
56, no significant differences in body weights were
observed among 3 groups (P . 0.05).

In addition, levels of 4 hormones (GH, IGF-1, T3, and
ADR) relevant with growth were measured and
compared among 3 groups (Table 2). Compared with
C group, B and R groups had lower levels of these 4 hor-
mones, particularly for ADR. While, B group had higher
levels of these 4 hormones than R group. The standard
error of estimates were large because of the small sample
size.
Microbial Diversity

The rarefaction curve of the Shannon index
approached the plateau at the sequencing depth of
3330 (Figure S1). Four indexes (Shannon, Evenness,
Faith_pd, and Observed_otus) were calculated as the
a-diversity to evaluate the microbial diversity within
group (Table 3). At the experimental day 35, R group
had largest values for 3 out of 4 indexes, whereas C group
had the smallest ones for all 4 indexes. The significant
differences in 3 indexes were observed among 3 groups
(P , 0.05). At the experimental day 63, B group had
largest values for all 4 indexes, followed by R and C
groups. However, differences in 4 indexes were not signif-
icant among 3 groups (P . 0.05). Principal coordinate
analysis showed that samples in C group tended to be
discrepant with those in other 2 groups at the experi-
mental day 35, and B group was different from other 2
groups at the experimental day 63 (Figure 2). The PRE-
MANOVA test also confirmed significant differences be-
tween group C and B (R) at day 35 (P , 0.05) and at
day 63 significant differences between group B and C
(P , 0.05) and suggestively significant differences be-
tween group B and R (P 5 0.06).This suggested that
the associations of the fecal bacterial compositions
among 3 light colors were distinct between day 35
and 63.
Characterization of Microbiota Composition

A total of 17 phyla and 120 genera were detected at
the experimental day 35 and 19 phyla and 212 genera at
day 63, respectively. At the phylum level, the first 3
dominant bacteria were Firmicutes, Proteobacteria,
and Cyanobacteria in all 3 groups at both day 35 and
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Table 2. The level of hormone (mean 6 standard error, unit: ng/mL)
associated with goose growth performance at the experimental day 63.

Hormone Blue light White light Red light P-value

GH 2.29 6 0.42 2.85 6 0.40 1.98 6 0.15 0.13
IGF-1 9.81 6 1.47 12.82 6 2.28 8.22 6 0.51 0.07
T3 242.02 6 52.44 321.68 6 66.20 186.56 6 16.49 0.09
ADR 1.38 6 0.18a,b 1.93 6 0.33a 1.20 6 0.10b 0.04

a-b Hormone levels within a row with no common superscript differ significantly
(P , 0.05) among 3 groups.

Abbreviations: ADR, adrenaline; GH, growth hormone; IGF-1, insulin-like
growth factor 1; T3, triiodothyronine.

P-value: P-value from one-way analysis of variance among 3 groups.
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63 (Figure 3A and Figure 3C). At day 35, the relative
abundances of Firmicutes, Proteobacteria, and Cyano-
bacteria in the B group were 59.34, 18.19, and
10.02%, respectively; 60.66, 12.12, and 22.57% for C
group; and 63.96, 13.89, and 4.75% for R group. The
relative abundances of those 3 bacteria were all compa-
rable among 3 groups (P . 0.05). At day 63, the rela-
tive abundances of Firmicutes, Proteobacteria, and
Cyanobacteria in the B group were 34.70, 28.47, and
16.39%, respectively; 69.78, 14.25, and 10.41% for C
group; and 66.97, 15.65, and 2.10% for R group. The
relative abundances of Firmicutes and Proteobacteria
were comparable between C and R groups (P-
adjust . 0.05). Interestingly, compared with B group,
these 2 groups showed significantly higher abundances
of Firmicutes (P-adjust 5 0.01 and 0.02, respectively)
and significantly lower abundances of Proteobacteria
(P-adjust 5 0.001 and 0.004, respectively).

At the genus level, the unclassified genera andBacillus
were dominant in all the 3 groups at both day 35 and 63
(Figure 3B and Figure 3D). The relative abundances of
unclassified genera for B, C, and R groups were 20.12,
27.50, and 12.18% at day 35, respectively, and 32.83,
18.40 and 21.56% at day 63, respectively. The relative
abundances of Bacillus for B, C and R groups were
31.02, 27.12, and 35.06% at day 35, respectively, and
13.43, 34.25 and 23.98% at day 63, respectively. Differ-
ences in the unclassified genera and Bacillus among 3
groups were not significant (P . 0.05) at neither day
35 or 63.
Table 3.The alpha diversity indexes of bac
different groups at the experimental day 3

Days Group Shannon Evenn

B 5.34 6 0.32a,b 0.83 6
35 C 4.85 6 0.13a 0.83 6

R 5.73 6 0.13b 0.88 6
P-value 0.02 0.16
B 5.96 6 0.22 0.91 6

63 C 5.11 6 0.28 0.86 6
R 5.60 6 0.27 0.89 6
P-value 0.06 0.08

a-bIndex within a column with no common
among 3 groups.

Observed_otus: the observed number of OT
Abbreviations: B, blue light; C, white light;

light.
P-value: P-value from one-way analysis of va
Functional Analysis of Microbiota

To predict the functionality of microbiota, a total of
328 enriched KEGG pathways (level 3) were detected
among all samples at both day 35 and 63. A significant
difference in enriched KEGG pathways was found
among the 3 groups by using LEfSe (Figure 4). Of in-
terest, the significantly enriched pathways in the R
group were mainly involved in metabolism, whereas
those in B group were mainly engaged into membrane
transport. However, differences in the functionality of
microbiota were also observed between day 35 and
63. In the R group, the top 3 enriched pathways
were involved in amino acid and carbohydrate meta-
bolism at day 35, while the top pathways at day 63
were related to membrane transport and transcription.
For the B group, more enriched pathways regarding
membrane transport were obtained at day 63 than
day 35. These results suggested that different colors
of light affect growth performance potentially through
influencing the composition of fecal microbiota in meat
geese.
DISCUSSION

To our knowledge, we for the first time reported
effects of light colors on both growth performance and
fecal microbiota in meat goose. Lighting is reported to
be an essential factor for poultry growth. Blue light
tends to keep birds calm down while red light promotes
teria at the sequencing depth of 3330 in
5 and 63.

ess Faith_pd Observed_otus

0.02 9.29 6 0.87a 87.67 6 10.88a

0.02 6.26 6 0.72b 59.17 6 5.88b

0.01 8.68 6 0.43a 94.33 6 7.69a

0.01 0.01
0.01 11.74 6 1.05 95.83 6 12.21
0.02 8.15 6 1.31 67.50 6 12.66
0.02 9.54 6 1.20 81.67 6 10.53

0.09 0.21

superscript differ significantly (P , 0.05)

U.
OTU, operational taxonomic unit; R, red

riance among 3 groups.



Figure 2. The principle coordinate analysis plot based on unweighted Unifrac diversity metric. A: Samples at the experimental day 35 and B: sam-
ples at the experimental day 63. Red circle: red light group; yellow circle: white light group; and blue circle: blue light group.

EFFECTS OF LIGHT ON GROWTH AND MICROBIOTA 1809
birds more activities. However findings on the effects of
lights on the growth performance of birds are not consis-
tent (Firouzi et al., 2014; Hassan et al., 2014; Seo et al.,
2015; Patel et al., 2016). In the current study, geese
reared under blue light had a higher body weight than
those under red and white lights at the early stage but
had a lower body weight at the late stage, especially at
the experimental day 63 (P , 0.05). Fecal samples at
both early stage (day 35) and late stage (day 63) were
collected to approximate the gut microbiota. Distinct
differences in microbiota diversity, microbiota
composition, and the functionality prediction of
microbiota were found between B and R groups at day
63, whereas similarities in microbiota diversity and
microbiota composition were observed at day 35.
Functional enrichment analysis showed that the
composition and functionality of microbiota in the B
group served for the basic metabolism, whereas those
in the R group improved the metabolism activity of
the host.
Few studies explored effects of light colors on meat

geese. We found only 1 study on Roman breeder geese,
in which they reported no significant difference in body
weight among blue, red, and white groups reared for
about 6 mo. However, the red LED light led to a longer
laying period and a higher total egg number, and thus, it
was a better choice for the management of breeding
geese compared with other colors of light (Chang et al.,
2016). Red light was also reported to have similar posi-
tive effects on laying hens (Min et al., 2012; Borille
et al., 2013; Hassan et al., 2014). However, effects of
red and blue lights were inconsistent on broilers. Most
of the previous studies reported that blue light had the
advantage of improving growth performance over red
light because blue light kept birds calmer than red one
(Prayitno et al., 1997a; Seo et al., 2015; Patel et al.,
2016). However, some studies found opposite results
that red light improved growth performance in the late
rearing period, as red light increased activity and
reduced locomotion disorders (Prayitno et al., 1997b;
Firouzi et al., 2014; Hassan et al., 2014). By
consistently observing the body weight of meat geese
in a long experimental period, our study demonstrated
that at the early stage, blue and red lights improved
growth compared with white light, and blue light was
better than the red one. However, at the late stage, red
light had a positive effect on growth compared with
white light, whereas blue light showed a negative
effect. Therefore, it seems better to use red LED light
rather than blue and white lights in meat geese
industries.

Although significant differences in body weight be-
tween B and other 2 groups were observed, the levels
of 4 hormones (GH, IGF-1, T3, and ADR) among 3
groups were not consistent with the trend of body weight
at day 63 (Tables 1 and 2). Owing to the small sample
size (8 samples in each group), we did not explore the
link between hormone levels and fecal microbiota in
this study.

Because the Shannon index was less sensitive to the
experimental conditions of PCR and sequencing plat-
forms, the Shannon index was used as the rarefaction
curve for alpha-diversity. These rarefaction curves
approached the plateau phase with more than 3,330 se-
quences per sample. At day 35, geese in white light
showed a clear distinction in microbiota diversity
(both alpha and beta diversity) compared with those
in blue and red ones. Whereas, at day 63, there were
no statistically significant differences in alpha diversity
among 3 groups, but a clear difference was observed in
beta diversity between B and the other 2 groups. This
was consistent with the phenomenon that geese have
the lowest body weight in white light at day 35 and in
blue light at day 63.

mailto:Image of Figure 2|eps


Figure 3. Relative abundance of the 7 major bacterial phylum compositions and genus compositions in 3 groups. A: Phylum compositions at the
experimental day 35, B: genus compositions at the experimental day 35, C: phylum compositions at the experimental day 63, and D: genus compo-
sitions at the experimental day 63.
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Differences in the composition of fecal microbiota be-
tween blue light group and other 2 groups were observed
at day 35 and 63, providing more evidence that blue light
had a positive effect on growth performance at day 35
but a negative one at day 63. The phylum Firmicutes
was the top abundant bacteria across all samples, which
was in line with previous reports that Firmicuteswas the
most ubiquitous and common phylum observed within
gut environments of many birds (Waite and Taylor,
2014; Wang et al., 2016). We observed similar
proportions of Firmicutes among 3 groups at day 35
and a significantly lower proportion of Firmicutes in
the B group compared with other 2 groups at day 63.
This was in line with previous reports that Firmicutes
was associated with the ability of energy harvest and
nutrient absorption (such as insoluble fiber
degradation) from the feed components (Turnbaugh
et al., 2008; Jumpertz et al., 2011). In contrast, we
found that Proteobacteria had a similar proportion
among 3 groups at day 35, but a significantly higher
proportion in B group compared with other 2 groups
at day 63. This indicated that geese in blue light had

mailto:Image of Figure 3|tif


Figure 4. Linear discriminant analysis (LDA) effect size identified the most differentially abundant KEGG functional categories (level 3) among
three groups. A: At the experimental day 35 and B: at the experimental day 63. KEGG, Kyoto Encyclopedia of Genes and Genomes.
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serious dysbiosis in gut microbiota at day 63, because
Proteobacteria was reported as microbial signature of
dysbiosis in gut microbiota (Shin et al., 2015). High
levels of Cyanobacteria, an artifact as chloroplasts in
plant matter, might be the indicative of undigested plant
material. The difference in Cyanobacteria among 3
groups (15.85, 10.41, and 2.14% for B, C, and R groups,
respectively) at day 63 suggested that geese in blue light
had more undigested plant material than those in red
and white ones.
At the genus level, the top 2 bacteria (Bacillus and

Lactococcus), belonged to Firmicutes, had similar pro-
portions among 3 groups at day 35, whereas at day 63,
they had much lower proportions in B group than R
and C groups. This was consistent with the result that
similar body weights were found among 3 groups at
day 35 (P. 0.05), whereas the B group had significantly
lower body weights than R and C groups at day 63
(P , 0.05). Additionally, it should be noted that a large
number of unclassified genera were detected for all
groups in our study, which ranged from 12.18 to
32.83%. Further study should be required to better char-
acterize these unknown bacteria and their special func-
tions in the hosts.
Gut microbiota plays an important role in the diges-

tion and absorption of the host. In the present study,
functional prediction for fecal microbiota (the proxy as
gut microbiota) in each group was conducted based on
KEGG and LEfSe. The results revealed remarkable dif-
ferences in microbiota functions among 3 groups, indi-
cating that the bacterial compositions were important
for growth performance in geese. The significantly and
specifically enriched pathways in the R group were
related to metabolism at day 35, and those at day 63
were engaged in metabolism. This was consistent with
the phenomenon that geese in red light were more activ-
ities for compared with other 2 lights. Whereas, signifi-
cantly and specifically enriched pathways in the B
group were involved in membrane transport and cellular
processes, which were involved in the fundamental main-
tenance of the host. All these results provided further
evidence that geese reared under blue and red lights
had similar body weights at day 35 and significantly
different body weights at day 63.

The important biological role of the ceca in chicken
productivity, health, and well-being has made the major-
ity of chicken microbiota studies to use the ceca as a sam-
pling site (Torok et al., 2008; Stanley et al., 2012, 2013,
2015). In the current study, fecal sampling were used
rather than cecal sampling because fecal sampling does
not require sacrifice and thus allows the same goose to
be sampled repeatedly at day 35 and 63. Sampling the
same bird is a more meaningful way than selecting a
subset of birds at each time point because of the
known animal variation in microbiota. Furthermore,
Stanley et al. (2015) also found that regardless of com-
munity structure differences, both cecal and fecal micro-
biota analyses are likely to accurately report whether a
treat or condition induces changes in gut microbiota.
CONCLUSIONS

A preliminary investigation on the effects of light
colors on growth performance and fecal microbiota in
meat geese was carried out in this study. We observed
that geese reared in blue light had a higher body weight
than those in red and white lights at the early stage of
growth but showed a lower body weight at the late stage,
especially at day 63. The further analysis of the fecal
microbiota among 3 groups at 2 experimental points
(day 35 and 63) revealed that the gut microbiota could
markedly influence the digestion and absorption of geese
reared under red and blue lights, resulting in a better
growth performance at day 63 compared with those
reared under blue light.
ACKNOWLEDGMENTS

The authors confirm that all data underlying the find-
ings are fully available without restriction and declare
that they have no competing interests.



LI ET AL.1812
Funding: This work was funded by the National
Key Technologies R & D Program of China
(2016YFD0500510) and the National Natural Science
Foundation of China (31601009, 31101718).

SUPPLEMENTARY DATA

Supplementary data associated with this article can
be found in the online version at https://doi.org/10.1
016/j.psj.2019.12.034

REFERENCES

Berg-Lyons, D., R. Knight, C. A. Lozupone, P. J. Turnbaugh,
J. G. Caporaso, C. L. Lauber, W. A. Walters, and N. Fierer. 2010.
Global patterns of 16S rRNA diversity at a depth of millions of
sequences per sample. Proc. Natl. Acad. Sci. 108:4516–4522.

Borille, R., R. Garcia, A. Royer, M. Santana, S. Colet, I. Naas,
F. Caldara, I. Almeida Paz, E. Rosa, and V. Castilho. 2013. The
use of light-emitting diodes (LED) in commercial layer production.
Rev. Bras. Ciência Avícola. 15:135–140.

Callahan, B. J., P. J. McMurdie, M. J. Rosen, A. W. Han,
A. J. A. Johnson, and S. P. Holmes. 2016. DADA2: high-resolution
sample inference from Illumina amplicon data. Nat. Methods
13:581–583.

Chang, S. C., M. J. Lin, Z. X. Zhuang, S. Y. Huang, T. Y. Lin,
Y. S. Jea, Y. K. Fan, and T. T. Lee. 2016. Effect of monochromic
light-emitting diode light with different color on the growth and
reproductive performances of breeder geese. Asian-Australasian J.
Anim. Sci. 29:830–837.

Dominguez-Bello, M. G., M. J. Blaser, R. E. Ley, and R. Knight. 2011.
Development of the human gastrointestinal microbiota and in-
sights from high-throughput sequencing. Gastroenterology
140:1713–1719.

Firouzi, S., H. H. Nazarpak, H. Habibi, S. S. Jalali, Y. Nabizadeh,
F. Rezaee, R. Ardali, and M. Marzban. 2014. Effects of color lights
on performance , immune response and hematological indices of
broilers. J. World’s Poult. Res. 4:52–55.

Hacquard, S., R. Garrido-Oter, A. Gonz�alez, S. Spaepen,
G. Ackermann, S. Lebeis, A. C. McHardy, J. L. Dangl, R. Knight,
R. Ley, and P. Schulze-Lefert. 2015. Microbiota and host nutrition
across plant and animal kingdoms. Cell Host Microbe 17:603–616.

Hassan, M. R., S. Sultana, H. S. Choe, and K. S. Ryu. 2014. Effect of
combinations of monochromatic LED light color on the perfor-
mance and behavior of laying hens. J. Poult. Sci. 51:321–326.

Huber-Eicher, B., A. Suter, and P. Spring-St€ahli. 2013. Effects of
colored light-emitting diode illumination on behavior and perfor-
mance of laying hens. Poult. Sci. 92:869–873.

Jumpertz, R., D. S. Le, P. J. Turnbaugh, C. Trinidad, C. Bogardus,
J. I. Gordon, and J. Krakoff. 2011. Energy-balance studies reveal
associations between gut microbes, caloric load, and nutrient ab-
sorption in humans. Am. J. Clin. Nutr. 94:58–65.

Katoh, K. 2002. MAFFT: a novel method for rapid multiple sequence
alignment based on fast Fourier transform. Nucleic Acids Res.
30:3059–3066.

Langille, M. G. I., J. Zaneveld, J. G. Caporaso, D. McDonald,
D. Knights, J. A. Reyes, J. C. Clemente, D. E. Burkepile,
R. L. Vega Thurber, R. Knight, R. G. Beiko, and
C. Huttenhower. 2013. Predictive functional profiling of microbial
communities using 16S rRNA marker gene sequences. Nat. Bio-
technol. 31:814–821.

Lee, W. J., and K. Hase. 2014. Gut microbiota-generated metabolites
in animal health and disease. Nat. Chem. Biol. 10:416–424.
Min, J. K., M. S. Hossan, A. Nazma, C. N. Jae, T. B. Han, K. K. Hwan,
W. K. Dong, S. C. Hyun, C. C. Hee, and S. S. Ok. 2012. Effect of
monochromatic light on sexual maturity, production performance
and egg quality of laying hens. Avian Biol. Res. 5:69–74.

Morrill, W. B. B., J. M. C. Barnab�e, T. P. N. da Silva, H. Pandorfi,
A. S. Gouveia-Neto, and W. S. Souza. 2014. The effect of RGB
monochromatic and polychromatic LED lighting on growth per-
formance, behavior, and development of broilers. Opt. Tech.
Neurosurg. Neurophotonics, Optogenetics 8928.

Prayitno, D. S., C. J. C. Phillips, and H. Omed. 1997a. The effects of
color of lighting on the behavior and production of meat chickens.
Poult. Sci. 76:452–457.

Prayitno, D. S., C. J. C. Phillips, and D. K. Stokes. 1997b. The effects
of color and intensity of light on behavior and Leg disorders in
broiler chickens. Poult. Sci. 76:1674–1681.

Rozenboim, I., I. Biran, Y. Chaiseha, S. Yahav, A. Rosenstrauch,
D. Sklan, and O. Halevy. 2004. The effect of a green and blue
monochromatic light combination on broiler growth and develop-
ment. Poult. Sci. 85:842–845.

Rozenboim, I., E. Zilberman, and G. Gvaryahu. 1998. New mono-
chromatic light source for laying hens. Poult. Sci. 77:1695–1698.

Patel, S. J., A. S. Patel, M. D. Patel, and J. H. Patel. 2016. Signifi-
cance of light in poultry production: a review. Adv. Life Sci.
5:1154–1160.

Segata, N., J. Izard, L. Waldron, D. Gevers, L. Miropolsky,
W. S. Garrett, andC. Huttenhower. 2011.Metagenomic biomarker
discovery and explanation. Genome Biol. 12:R60.

Seo, H.-S., M. Kang, R.-H. Yoon, J.-H. Roh, B. Wei, K. S. Ryu, S.-
Y. Cha, and H.-K. Jang. 2015. Effects of various LED light colors
on growth and immune response in broilers. J. Poult. Sci. 53:76–
81.

Shin, N. R., T. W. Whon, and J. W. Bae. 2015. Proteobacteria: mi-
crobial signature of dysbiosis in gutmicrobiota. Trends Biotechnol.
33:496–503.

Stanley, D., S. E. Denman, R. J. Hughes, M. S. Geier, T. M. Crowley,
H. Chen, V. R. Haring, and R. J. Moore. 2012. Intestinal micro-
biota associated with differential feed conversion efficiency in
chickens. Appl. Microbiol. Biotechnol. 95:1361–1369.

Stanley, D., M. S. Geier, H. Chen, R. J. Hughes, and R. J.Moore. 2015.
Comparison of fecal and cecal microbiotas reveals qualitative
similarities but quantitative differences. BMC Microbiol. 15:51.

Stanley, D., M. S. Geier, S. E. Denman, V. R. Haring, T. M. Crowley,
R. J. Hughes, and R. J. Moore. 2013. Identification of chicken in-
testinal microbiota correlated with the efficiency of energy
extraction from feed. Vet. Microbiol. 164:85–92.

Sweeney, T. E., and J. M. Morton. 2013. The human gut microbiome:
a review of the effect of obesity and surgically induced weight loss.
JAMA Surg. 148:563–569.

Torok, V. A., K. Ophel-Keller, M. Loo, and R. J. Hughes. 2008.
Application of methods for identifying broiler chicken gut bacterial
species linked with increased energy metabolism. Appl. Environ.
Microbiol. 74:783–791.

Turnbaugh, P. J., F. B€ackhed, L. Fulton, and J. I. Gordon. 2008. Diet-
Induced obesity is linked tomarked but reversible alterations in the
mouse distal gut microbiome. Cell Host Microbe 3:213–223.

Waite, D. W., and M. W. Taylor. 2014. Characterizing the avian gut
microbiota: membership, driving influences, and potential func-
tion. Front. Microbiol. 5:223.

Wang, W., S. Zheng, K. Sharshov, J. Cao, H. Sun, F. Yang, X. Wang,
and L. Li. 2016. Distinctive gut microbial community structure in
both the wild and farmed Swan goose (Anser cygnoides). J. Basic
Microbiol. 56:1299–1307.

Whiteley, A. S., S. Jenkins, I. Waite, N. Kresoje, H. Payne, B. Mullan,
R. Allcock, and A. O’Donnell. 2012. Microbial 16S rRNA Ion Tag
and community metagenome sequencing using the Ion Torrent
(PGM) platform. J. Microbiol. Methods 91:80–88.

https://doi.org/10.1016/j.psj.2019.12.034
https://doi.org/10.1016/j.psj.2019.12.034
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref1
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref1
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref1
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref1
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref2
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref2
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref2
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref2
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref2
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref2
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref3
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref3
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref3
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref3
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref4
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref4
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref4
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref4
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref4
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref5
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref5
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref5
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref5
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref6
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref6
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref6
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref6
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref7
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref7
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref7
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref7
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref7
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref8
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref8
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref8
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref9
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref9
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref9
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref9
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref10
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref10
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref10
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref10
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref11
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref11
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref11
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref12
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref12
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref12
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref12
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref12
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref12
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref13
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref13
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref14
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref14
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref14
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref14
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref15
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref15
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref15
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref15
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref15
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref15
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref16
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref16
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref16
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref17
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref17
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref17
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref18
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref18
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref18
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref18
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref19
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref19
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref20
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref20
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref20
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref21
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref21
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref21
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref22
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref22
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref22
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref22
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref23
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref23
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref23
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref24
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref24
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref24
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref24
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref25
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref25
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref25
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref26
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref26
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref26
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref26
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref27
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref27
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref27
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref28
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref28
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref28
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref28
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref29
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref29
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref29
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref29
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref30
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref30
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref30
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref31
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref31
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref31
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref31
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref32
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref32
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref32
http://refhub.elsevier.com/S0032-5791(20)30006-7/sref32

	Impacts of colored light-emitting diode illumination on the growth performance and fecal microbiota in goose
	Introduction
	Materials and methods
	Ethics Statement
	Animals and Experimental Design
	DNA Extraction and 16s rRNA Gene Sequencing
	Data Analysis

	Results
	Growth Performance
	Microbial Diversity
	Characterization of Microbiota Composition
	Functional Analysis of Microbiota

	Discussion
	Conclusions
	Acknowledgments
	Supplementary data
	References


