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Abstract: As antibiotics are now prohibited or heavily regulated in farming in most countries, nutritionists and veterinarians are
increasingly turning to probiotic supplements, prebiotics, and synbiotics to promote animal health and improve production performance.
The study aimed to evaluate the effects of Bacillus subtilis, fructooligosaccharides (FOS), and their combined use on geese, compared
to antibiotics, and evaluate their suitability as an alternative to antibiotics. 240 14-day-old geese were randomly divided into five groups
and were fed a basal diet or supplemented with 100 mg/kg chlortetracycline, 400 mg/kg FOS, 2x10°cfu g/kg B. subtilis, or a combination
of 200 mg/kg FOS and 1x10°cfu g/kg B. subtilis for 56 days. The study measured the body weight, feed consumption, serum parameters,
and intestinal morphology of the geese. The results showed that the combination of B. subtilis and FOS had a positive impact on the body
weight, feed consumption, and serum parameters of the geese, while improving their intestinal morphology. The results suggest that
the combination of B. subtilis and FOS may provide multiple benefits to animal health and performance and could be used as a suitable
alternative to antibiotics.
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Antibiyotik Ikamesi Olarak Bacillus subtilis ve Fruktooligosakkaritin
Kazlarda Performans Parametreleri, Serum Biyokimyasal Gostergeleri ve
Bagirsak Morfolojisi Uzerine Etkisi

Oz: Antibiyotikler artik ¢ogu iilkede ciftcilikte yasaklandigindan veya agir diizenlemelere tabi tutuldugundan, beslenme uzmanlari ve
veterinerler hayvan sagligini desteklemek ve tiretim performansini artirmak igin probiyotik takviyelere, prebiyotiklere ve sinbiyotiklere
giderek daha fazla yonelmektedir. Bu ¢alismanin amaci, antibiyotiklere kiyasla Bacillus subtilis, fruktooligosakkaritler (FOS) ve bunlarin
birlikte kullaniminin kazlar iizerindeki etkilerini ve antibiyotiklere alternatif olarak uygunlugunu degerlendirmektir. Tkiyiiz kirk adet 14
guinliik kaz rastgele bes gruba ayrilmis ve 56 giin boyunca bazal diyet veya 100 mg/kg klortetrasiklin, 400 mg/kg FOS, 2x10°cfu g/kg B.
subtilis ve 200 mg/kg FOS ve 1x10°cfu g/kg B. subtilis kombinasyonu ile beslenmistir. Caligmada kazlarin viicut agirligi, yem tiiketimi, serum
parametreleri ve bagirsak morfolojisi 6l¢tilmiistiir. Sonuglar, B. subtilis ve FOS kombinasyonunun kazlarin viicut agirligi, yem titketimi ve
serum parametreleri tizerinde olumlu bir etkiye sahip oldugunu ve bagirsak morfolojilerini iyilestirdigini gostermistir. Sonuglar, B. subtilis
ve FOS kombinasyonunun hayvan sagligi ve performansina birgok fayda saglayabilecegini ve antibiyotiklere uygun bir alternatif olarak
kullanilabilecegini gostermektedir.

Anahtar sozciikler: Bacillus subtilis, Bagirsak morfolojisi, Fruktooligosakkarit, Kaz, Performans parametreleri
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INTRODUCTION

Antibiotics have a long history of being added to animal
feed as growth promoters ", It is widely used because of
its ability to treat diseases infected by microorganisms
such as bacteria, chlamydia, and mycoplasma ?. However,
with the continuous understanding of antibiotics, many
bacteria have developed resistance to antibiotics @,
and the abuse of antibiotics will remain in animals or
products **, which will damage human health ¢/,

Probiotics widely exist in nature, animals and plants,
can secrete a variety of metabolites, have a wide range of
beneficial effects on the host ”. As a typical probiotic, B.
subtilis can secrete protease and cellulase to promote the
digestion and utilization of nutrients *!. At the same time,
B. subtilis can produce spores during the dormant period ),
and has tolerance to high temperature and pressure during
feed processing and the acidic environment of the animal
gastrointestinal tract . FOS have been widely used in
animal husbandry as a prebiotic supplement in animal
feed 12l FOS are short chains of fructose molecules
that act as a substrate for beneficial bacteria in the gut,
promoting the growth of probiotics and maintaining gut
health . The application of FOS in animal husbandry
has been found to be effective in improving gut microbiota
balance, increasing feed efficiency, promoting growth, and
reducing the incidence of digestive disorders. FOS have
been particularly useful in poultry and swine production,
where they have been shown to enhance gut health and
improve feed utilization 1+, Overall, FOS have been a
valuable addition to animal nutrition, providing multiple
benefits to animal health and performance.

The use of probiotics or prebiotics alone can have limited
benefits when compared to combining them ""*'"\. There
are few studies on B. subtilis and FOS in geese !"*l. This
experiment aims to study the effects of B. subtilis, FOS
and their combined use on geese, compare its effect with
that of antibiotics, and evaluate whether it can be used as
a suitable alternative to antibiotics.

MATERIAL AND METHODS
Animal Ethics

Animal experimentation was approved by the Laboratory
Animal Ethics Committee of the Shanghai Academy of
Agricultural Sciences (SAASPZ0522046).

Material

The B. subtilis used in the experiment (the number
of viable bacteria >1.0x10%fu/g) was purchased from
Shanghai Shenya Animal Health Products Fuyang
Co., Ltd, Anhui, China. FOS (content >97.15%) was
purchased from Dongguan Zhenshang Industrial Co., Ltd,

Guangdong, China. Zhedong white geese were purchased
from Xiangshan County Zhejiang White Goose Research
Institute, Zhejiang, China.

Experimental Design

Total 240 14-day-old Zhedong white geese were randomly
divided into five groups, six replicates in each group, each
replicate has eight geese (half male and half female). The five
groups were basal diet group, 100mg/kg chlortetracycline
(CTC) group, 400 mg/kg FOS group, 2x10°cfu g/kg B.
subtilis group and 200mg/kg FOS+ 1x10°cfu g/kg B.
subtilis group, the experiment lasts for 56 d ["*.. The basal
diet refers to the nutritional level recommended by NRC-
1994 (Table 1) ™. During the experiment period, Geese
in each replicated was housed in an 80 cm x 80 cm cage
with access to natural light during the day and low-level
artificial light at night. They had free access to food and
water, and routine feeding management and immunization
procedures were carried out.

Performance Parameters

Body weight (BW) was recorded before the start and end
of the experiment (8 h fasting, 2 h water deprivation), then
weigh the amount of feed consumed for each repetition,
and the average daily gain (ADG), average daily feed
intake (ADFI) and feed/gain (F/G) were calculated at last.

Table 1. Feed ingredients and analyzed chemical composition of geese diets

(air-dry basis %)

Content %

Ingredients

1-28d 28-70d
Corn 60.30 58.80
SC‘;Y)bean ZEAC e 32.60 25.60
Fish meal (60.3% CP) 2.00 10.10
Soybean oil 2.00 1.50
Lys + Met 0.10 0.00
Limestone 0.00 1.00
Premix * 3.00 3.00
Total 100 100
Nutritional Level
ME/(M]/kg) 12.13 12.55
Crude protein 20.23 16.00
Crude fiber 3.07 7.00
Ca 0.55 0.68
P 0.45 0.43
* Per kilogram of diets including: Vit-A: 1500 IU, Vit-B,: 2.3 mg, Vit-B,: 5.0 mg, Vit-B:
5 mg, Vit-B,: 2 mg, Vit-D,: 200 IU, Vit-E: 12.5 IU, Vit-K: 1.5 mg, Trace elements: 50 g,
Garlicin: 30 g Lysine: 100 g, Methionine: 50 g, Salt: 100 g, Stone powder: 100 g, Myco-
Ad: 100 g, Zeolite powder: 420 g; * Nutrient levels were all calculated values
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Table 2. Effects of B. subtilis and FOS on growth performance in geese

Treatments
e el T 100 mg/kg 400 mg/kg 2x10°cfu g/kg 200 mg/kg FOS+1x10°cfu g/kg
CTC FOS B. subtilis B. subtilis
Initial BW, g 677.08+14.44 656.47+13.76 659.57+11.23 662.78+13.54 655.93+13.15
Final BW, g 3904.92+103.72° 4111.11+123.98* 3919.33+117.51° 4055.82+85.16° 4076.97+107.88°
ADFI, g/d 304.41£1.31 304.96+1.05 301.87+1.06 309.66+1.22 310.03£1.62
ADG, g/d 57.64+8.59" 61.69+10.26* 58.21+7.93% 60.59+8.65* 61.90+7.86"
F/IG 5.21£0.56* 4.92+0.86° 5.13+0.53%® 5.07+0.57* 5.03+0.93*®
The data in the table are compared in the same row, and different lowercase letters indicate that the difference has reached a significant level (P<0.05); CTC: chlortetracycline, FOS:
Fructo oligosaccharide

Serum Biochemical Indicators

At the end of the experiment, one male and female geese
with close to average body weight were selected for each
repetition, and blood was collected from the wing vein
to prepare serum and stored at -20°C for later use. All
serum were sent to Shanghai Pinyi Biological Co., Ltd.
for testing total protein (TP), albumin (ALB), globulin
(GLOB), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), glucose (GLU), blood urea
nitrogen (BUN), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C) and low-density lipo-
protein cholesterol (LDL-C).

Intestinal Morphology

The geese were slaughtered through exsanguination of the
jugular vein.In reference to the methods used by Xue et
al.?!, the duodenum, jejunum, and ileum were collected
and analyzed. In summary, the contents of their intestines
were carefully emptied, rinsed with saline solution, and
dried with filter paper. The first quarter of the duodenum,

jejunum, and anterior ileum were then cut into 2 cm
sections for paraffin embedding. From each sample, five
representative intestinal villus crypts were selected, and
measurements were taken of the villus height (VH) and
crypt depth (CD). The ratio of VH to CD (VH/CD) was
calculated.

Statistical Analysis

The data were preliminarily processed using Excel 2019,
followed by a one-way ANOVA using SPSS 26.0 software.
Multiple comparisons were conducted using Duncan’s
post hoc test, and the results were presented as mean *
standard deviation. Statistical significance was defined as
P<0.05, indicating significant differences.

RESULTS
Performance Parameters

It can be seen from Table 2 that adding 100 mg/kg CTC
to the goose diet was the best for improving the growth
performance, compared to the basic diet group, it
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Fig 1. The effect of different treatments on goose performance parameters. CTC: chlortetracycline,
FOS: Fructo oligosaccharide, BW: body weight, ADG: average daily gain, F/G: feed/gain




250

B. subtilis Combined with FOS can Replace Antibiotics in Goose Diets

Research Article

- '

u ‘

‘ 000
wof oW
x%‘? K ﬁ:&% ’M

8y &
o )
N} 7’;“‘

Sl l
1
j ; il j
§1 ' éw
ﬂ ‘
( LK 0
iy M{%ﬂﬁé" i i

9

iy ‘ T8l $d

{ f%‘w f’ﬁ‘ ) i
W
H@a N N

density lipoprotein cholesterol

Fig 2. The effect of different treatments on goose serum biochemical indicators. CTC: chlortetracycline,
FOS: Fructo oligosaccharide, ALT: alanine aminotransferase, BUN: blood urea nitrogen, HDL-C: high-

Basal diet 100mg/kg CTC

Jejunum

Tleum

Fig 3. The effect of di

400mg/kg FOS

fferent treatments on goose intestinal morphology. CTC: chlortetracycline, FOS: Fructo oligosaccharide

200mg/kg FOS
1 X107 cfu g/kg B. subtili

57

2X 107" cfu g/kg B. subtilis

443 i

significantly increased the final BW, ADG and F/G
(P<0.05). The ADG and Final BW of the 200mg/
kg FOS+1x10°cfu g/kg B. subtilis group improved
significantly compared to the basic diet group (P<0.05).
Adding 2x10°cfu g/kg B. subtilis can also improve the

Final BW (P<0.05), but there is no significant difference
in other parameters. There was no significant difference
between 400 mg/kg FOS and basal diet group. Significant
differences in performance parameters between groups
are shown in Fig. I.
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Table 3. Effects of B. subtilis and FOS on serum biochemical indicators in geese

The data in the table are compared in the same row, and different lowercase letters indicate that the difference has reached a significant level (P<0.05); CTC: chlortetracycline,
FOS: Fructo oligosac charide, TP: total protein, ALB: albumin, GLOB: globulin, ALT: alanine aminotransferase, AST: aspartate aminotransferase, GLU: glucose, BUN: blood urea
nitrogen, TC: total cholesterol, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol

Table 4. Effects of B. subtilis and FOS on intestinal morphology in geese

The data in the table are compared in the same row, and different lowercase letters indicate that the difference has reached a significant level (P<0.05); CTC: chlortetracycline, FOS:
Fructo oligosaccharide, VH: villus height, CD: crypt depth

Serum Biochemical Indicators

As shown in Table 3, There was no significant difference
in serum TP, ALB, GLOB, AST, GLU, TC and LDL-C
levels among the groups. The ALT level in 100 mg/kg
CTC group was significantly higher than in other groups
(P<0.05). Adding 100 mg/kg CTC, 2x10°cfu g/kg B. subtilis
and 200 mg/kg FOS+1x10°cfu g/kg B. subtilis can improve
the BUN and HDL-C (P<0.05). Significant differences
in serum biochemical indicators between groups are
shown in Fig. 2.

Intestinal Morphology

The intestinal morphology is shown in Fig. 3. It can be
seen from Table 4 that in duodenum, the CD of the CTC
group was lower than that of the BD group (P<0.05),
and the VH/CD were higher (P<0.05), but there is no
difference between VH/CD of 100 mg/kg CTC, 2x10°cfu
g/kg B. subtilis and 200 mg/kg FOS+1x10°cfu g/kg B.
subtilis groups. In jejunum, the CD of the 100 mg/kg CTC
and 200 mg/kg FOS+1x10°cfu g/kg B. subtilis groups was
lower than that of the BD group (P<0.05), and the VH/CD
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were higher (P<0.05). There is no difference between VH,
CD and VH/CD among the groups in ileum and there is
no difference in the VH of each intestinal tract.

Di1sCUSSION

Measuring animal growth performance is important
because it provides information on the efficiency of feed
utilization and overall health of the animal ??. The ADG
and F/G are critical metrics for assessing the growth
performance of animals, a high ADG is indicative of
strong digestive and absorption capabilities, while a low
F/G signifies efficient feed conversion. The better an
animal’s ability to transform feed into weight gain, the
more successful it will be in its growth performance .
Antibiotics have a direct impact on the gut microbiome by
reducing the population of harmful bacteria and promoting
the growth of beneficial bacteria **.. This can improve gut
health and enhance the absorption of nutrients from feed,
leading to increased weight gain . Alternatively, using
probiotics, prebiotics, and synbiotics can achieve similar
results without leaving any residue of antibiotics **”). FOS
is non-digestible compounds that stimulate the growth of
beneficial bacteria in the gut ?*). Many studies have shown
that FOS can improve the growth performance of animals ).
However, an excessive amount of FOS can also put a strain
on the intestines. As a result, FOS is typically used in
conjunction with probiotics in animals B B. subtilis is
known for its ability to improve digestive health, increase
nutrient absorption, and boost the immune system in
animals. This bacterium also has antimicrobial properties,
which can help reduce the risk of infection. In studies, the
application of B. subtilis in livestock has been shown to
improve feed efficiency, increase weight gain, and enhance
overall performance in chickens, pigs, and ruminants 234,
In this experiment, adding 0.2% B. subtilis or 0.1% B.
subtilis + 0.2% FOS increased the final body weight and
adding 0.1% B. subtilis+0.2% FOS average daily gain, so
we think it improved the growth performance of geese.

A higher villus height or shallower crypt depth can
contribute to higher digestibility **>*¢l. At the same time
a higher VH/CD ratio is generally associated with a more
efficient small intestine, as there is a greater surface area
for nutrient absorption *”l. Conversely, a lower VH/CD
ratio is associated with a less efficient small intestine and
can be a sign of damage to the intestinal lining ®%. In the
experiment, no significant differences were observed in
the Ileum indicators among the groups. This is due to
the fact that the Ileum is the final segment of the small
intestine, where nutrient absorption capacity is limited.
Antibiotics can reduce the proliferation of harmful
bacteria and promote the differentiation of intestinal
epithelial cells, leading to a decrease in the crypt depth
and an increase in VH/CD . In our experiment, we
observed similar outcomes, however, it is noteworthy

that the simultaneous addition of FOS and B. subtilis also
yielded comparable results, particularly in the jejunum,
which has the highest digestion capacity. FOS have been
found to enhance the synthesis of polyamines and play a
positive role in regulating the growth and development
of the small intestine and colonic mucosa. Studies have
shown that adding 0.25% FOS to pig feed can increase
the villus height and the VH/CD in the proximal small
intestine *°!. Additionally, adding 0.4% or 0.6% FOS to pig
feed resulted in an increase in villus height and the VH/
CD in the jejunum “!. A study by Howard et al.*?! found
that feeding neonatal piglets with FOS led to an increase
in the density of cecal epithelial cells and the depth of
mucosal crypts in the proximal and distal epithelial cells
of the colon. This was attributed to the short-chain fatty
acids produced by bacteria metabolizing FOS, which
provide energy for intestinal cell proliferation, thus
effectively promoting intestinal development. B. subtilis
has been found to reduce the proliferation of harmful
bacteria in the gut, which is likely a contributing factor
to the decrease in crypt depth. Several studies have
demonstrated that the presence of B. subtilis can positively
impact the morphological structure of the intestine >,
In this experiment, the combination of B. subtilis and FOS
was found to have an improved effect on the intestinal
morphology of geese.

Serum ALB, GLOB, and TP are important indicators of
overall health and nutrition . Despite the absence of
significant differences between the groups, we observed
an improvement compared with basal diet group. ALT,
and AST are commonly used as markers for liver and heart
damage or disease “*/. Antibiotic-induced liver injury
is a known adverse effect of certain antibiotics, and can
cause an increase in ALT levels “*]. This increase can be a
sign of liver damage, and may be seen in animals receiving
certain antibiotics, such as tetracyclines, aminoglycosides,
and sulfonamides *’. The findings of this experiment align
with our expectations. The highest levels of both ALT and
AST were observed in the group treated with 0.1% CTC.
It is worth noting that the level of ALT in the 0.1% CTC
group was significantly higher than those seen in any of
the other groups. HDL-C, a type of cholesterol commonly
referred to as “good” cholesterol. Some antibiotics, such
as statins, can lower serum HDL-C level %, while others
may have no significant effect. While the 0.1% CTC group
showed elevated levels of HDL-C, it is important to note
that this did not diminish the observed liver damage in this
group. BUN isa non-protein nitrogenous compound in the
blood and is one of the primary products of protein
metabolism in the body. Impaired renal function and
excessive protein intake can lead to an elevated level of
BUN in the blood "2, In this experiment, we found that
both CTC and B. subtilis can reduce the level of BUN,
which indicates that there is more protein or amino acids
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degraded into urea in the basal diet group. Both antibiotics
and probiotics can reduce the abundance of harmful
bacteria, improve intestinal villi, and enhance the ability
to absorb protein . Therefore, we believe that adding
CTC and B. subtilis can both improve the absorption level
of protein in geese, and adding 0.1% B. subtilis + 0.2%
FOS and 0.1% CTC has a similar effect.

In summary, adding 100 mg/kg B. subtilis and 2x10°cfu
g/kg FOS to the diet as an alternative to antibiotics can
significantly improve the growth performance of geese in
14-70d, improve the intestinal morphology of the jejunum,
and prevent liver damage associated with antibiotics.

Availability of Data and Materials

The full dataset and supporting materials are provided within the
study for reference. If additional information is desired, please
direct inquiries to the corresponding author (H-Y Wang).

Acknowledgements

We would like to express our heartfelt gratitude to the staff at the
Zhuanghang Experimental Station, Shanghai, China for their
invaluable support and assistance in carrying out this research.

Ethical Approval

Animal experimentation was approved by the Laboratory Animal
Ethics Committee of the Shanghai Academy of Agricultural
Sciences (SAASPZ0522046).

Funding Support

This study was generously supported by China Agriculture Research
System (CARS-42-35), the Climbing Plan of Shanghai Academy of
Agricultural Sciences (PG21171), and the Excellent Research Team
Program of SAAS (2022-021).

Conflict of Interest
The authors declared that there is no conflict of interest.
Author Contributions

The conception and design of the experiment were contributed by
H-Y Wang and D-Q He. G-Q Li and X-Z Wang conducted the data
analysis and drafted the manuscript. Yi L, Y-Z Yang, S-M Gong and
C Wang were instrumental in data collection. All authors reviewed
and approved the final manuscript for publication.

REFERENCES

1. Castanon JIR: History of the use of antibiotic as growth promoters in
European poultry feeds. Poult Sci, 86 (11): 2466-2471, 2007. DOI: 10.3382/
Pps.2007-00249

2. Ahrens P, Andersen LOB, Lilje B, Johannesen TB, Dahl EG, Baig S,
Falk L: Changes in the vaginal microbiota following antibiotic treatment for
Mycoplasma genitalium, Chlamydia trachomatis and bacterial vaginosis. PloS
One, 15 (7):€0236036, 2020. DOI: 10.1371/journal.pone.0236036

3. Pokhrel A: Antimicrobial (antibiotic) resistance: An evolving threat to
medicine. Ann Med Surg, 81:104357,2022. DOI: 10.1016/j.amsu.2022.104357

4. Lavrukhina OI, Amelin VG, Kish, LK, Tretyakov AV, Pen’kov TD:
Determination of residual amounts of antibiotics in environmental samples
and food products. ] Anal Chem, 77 (11): 1349-1385, 2022. DOI: 10.1134/
$1061934822110077

5. Wang F, Lu Y, Cao J: Dynamics impacts of oxytetracycline on growth

performance, intestinal health and antibiotic residue of grouper in exposure
and withdrawal treatment. Ecotox Environ Safe, 247:114203, 2022. DOI:

10.1016/j.ecoenv.2022.114203

6. Hua Y, Yao Q, Lin J, Li X, Yang Y: Comprehensive survey and health risk
assessment of antibiotic residues in freshwater fish in southeast China. J
Food Compos Anal, 114:104821, 2022. DOI: 10.1016/j.jfca.2022.104821

7. Komura T, Takemoto A, Kosaka H, Suzuki T, Nishikawa Y: Prolonged
lifespan, improved perception, and enhanced host defense of Caenorhabditis
elegans by Lactococcus cremoris subsp. cremoris. Microbiol Spectr, 10
(3):e00454-21, 2022. DOI: 10.1128/spectrum.00454-21

8. Ozbek YS, Ozmen I: Optimization for coproduction of protease and
cellulase from Bacillus subtilis M-11 by the Box-Behnken design and their
detergentcompatibility. Braz ] Chem Eng, 37, 49-59, 2020. DOI: 10.1007/
543153-020-00025-x

9. Mutlu A, Trauth S, Ziesack M, Nagler K, Bergeest JP, Rohr K, Bischofs
IB: Phenotypic memory in Bacillus subtilis links dormancy entry and exit
by a spore quantity-quality tradeoff. Nat Commun, 9 (1):69, 2018. DOIL:
10.1038/s41467-017-02477-1

10. Elegbeleye JA, Buys EM: Molecular characterization and biofilm
formation potential of Bacillus subtilis and Bacillus velezensis in extended
shelf-life milk processing line. J Dairy Sci, 103 (6): 4991-5002, 2020. DOL:
10.3168/jds.2019-17919

11. Muniyappan M, Baek DH, Kim IH: Effects of dietary supplementation
of quillaja saponin or fructooligosaccharide and a mixture of both on
the growth performance, nutrient utilisation, faecal microbial and faecal
noxious gas emissions in growing pigs. Ital ] Anim Sci, 21 (1): 1489-1497,
2022. DOI: 10.1080/1828051X.2022.2093656

12. Abd El-Aziz AH, Abo Ghanima MM, Alsanie WE, Gaber A, Alsenosy
AE, Easa AA, Moawed SA, Raza SHA, Elfadadny A, Yossef HA, Ghoneem
WM, Shukry M, Hendawy AO, Mahrose K: Fructooligosaccharide
supplementation boosts growth performance, antioxidant status, and cecal
microbiota differently in two rabbit breeds. Animals, 12 (12):1528, 2022.
DOI: 10.3390/ani12121528

13. Guerreiro I, Serra CR, Oliva-Teles A, Enes P: Gut microbiota of
European sea bass (Dicentrarchus labrax) is modulated by short-chain
fructooligosaccharides and xylooligosaccharides. Aquacul Int, 26, 279-288,
2018. DOI: 10.1007/s10499-017-0220-4

14. Bird AR, Vuaran M, Crittenden R, Hayakawa T, Playne MJ, Brown IL,
Topping DL: Comparative effects of a high-amylose starch and a
fructooligosaccharide on fecal bifidobacteria numbers and short-chain fatty
acids in pigs fed Bifidobacterium animalis. Digest Dis Sci, 54, 947-954, 2009.
DOI: 10.1007/s10620-008-0451-3

15. Porcheron G, Chanteloup NK, Trotereau A, Brée A, Schouler C: Effect
of fructooligosaccharide metabolism on chicken colonization by an extra-
intestinal pathogenic Escherichia coli strain. PLoS One, 7 (4):€35475, 2012.
DOI: 10.1371/journal.pone.0035475

16. Mirghaed AT, Yarahmadi P, Hosseinifar SH, Tahmasebi D, Gheisvandi
N, Ghaedi A: The effects singular or combined administration of
fermentable fiber and probiotic on mucosal immune parameters, digestive
enzyme activity, gut microbiota and growth performance of Caspian white
fish (Rutilus frisii kutum) fingerlings. Fish Shellfish Immun, 77, 194-199,
2018. DOI: 10.1016/j.£51.2018.02.007

17. Li WJ: Effects of probiotics, acidifiers and enzymes on growth
performance, meat quality, serum biochemistry and antioxidant capacity of
Dagu chickens. Feed Res, 5, 36-41, 2023.

18. Zhang B, Sui F, Wang B, Wang Y, Li W: Dietary combined
supplementation of iron and Bacillus subtilis enhances reproductive
performance, eggshell quality, nutrient digestibility, antioxidant capacity,
and hematopoietic function in breeder geese. Poult Sci, 99 (11): 6119-6127,
2020. DOI: 10.1016/j.psj.2020.06.077

19. He T, Long S, Mahfuz S, Wu D, Wang X, Wei X, Piao X: Effects of
probiotics as antibiotics substitutes on growth performance, serum
biochemical parameters, intestinal morphology, and barrier function of
broilers. Animals, 9 (11):985, 2019. DOI: 10.3390/ani9110985

20. Dale N: National Research Council (1994) Nutrient Requirements of
Poultry. 9" revised ed., National Academy Press, Washington DC, 1994).
21. Xue JJ, Huang XF, Liu ZL, Chen Y, Zhang, YK, Luo Y, Wang C: Effects
of citric acid supplementation on growth performance, intestinal


https://www.sciencedirect.com/science/article/pii/S0032579119390716?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119390716?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119390716?via%3Dihub
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236036
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236036
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236036
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236036
https://journals.lww.com/annals-of-medicine-and-surgery/Fulltext/2022/09000/Antimicrobial_Antibiotic__resistance__An_evolving.45.aspx
https://journals.lww.com/annals-of-medicine-and-surgery/Fulltext/2022/09000/Antimicrobial_Antibiotic__resistance__An_evolving.45.aspx
https://link.springer.com/article/10.1134/S1061934822110077
https://link.springer.com/article/10.1134/S1061934822110077
https://link.springer.com/article/10.1134/S1061934822110077
https://link.springer.com/article/10.1134/S1061934822110077
https://www.sciencedirect.com/science/article/pii/S0147651322010430?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0147651322010430?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0147651322010430?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0147651322010430?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0889157522004392?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0889157522004392?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0889157522004392?via%3Dihub
https://journals.asm.org/doi/10.1128/spectrum.00454-21
https://journals.asm.org/doi/10.1128/spectrum.00454-21
https://journals.asm.org/doi/10.1128/spectrum.00454-21
https://journals.asm.org/doi/10.1128/spectrum.00454-21
https://link.springer.com/article/10.1007/s43153-020-00025-x
https://link.springer.com/article/10.1007/s43153-020-00025-x
https://link.springer.com/article/10.1007/s43153-020-00025-x
https://link.springer.com/article/10.1007/s43153-020-00025-x
https://www.nature.com/articles/s41467-017-02477-1
https://www.nature.com/articles/s41467-017-02477-1
https://www.nature.com/articles/s41467-017-02477-1
https://www.nature.com/articles/s41467-017-02477-1
https://www.sciencedirect.com/science/article/pii/S0022030220302897?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030220302897?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030220302897?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030220302897?via%3Dihub
https://www.tandfonline.com/doi/full/10.1080/1828051X.2022.2093656
https://www.tandfonline.com/doi/full/10.1080/1828051X.2022.2093656
https://www.tandfonline.com/doi/full/10.1080/1828051X.2022.2093656
https://www.tandfonline.com/doi/full/10.1080/1828051X.2022.2093656
https://www.tandfonline.com/doi/full/10.1080/1828051X.2022.2093656
https://www.mdpi.com/2076-2615/12/12/1528
https://www.mdpi.com/2076-2615/12/12/1528
https://www.mdpi.com/2076-2615/12/12/1528
https://www.mdpi.com/2076-2615/12/12/1528
https://www.mdpi.com/2076-2615/12/12/1528
https://www.mdpi.com/2076-2615/12/12/1528
https://link.springer.com/article/10.1007/s10499-017-0220-4
https://link.springer.com/article/10.1007/s10499-017-0220-4
https://link.springer.com/article/10.1007/s10499-017-0220-4
https://link.springer.com/article/10.1007/s10499-017-0220-4
https://link.springer.com/article/10.1007/s10620-008-0451-3
https://link.springer.com/article/10.1007/s10620-008-0451-3
https://link.springer.com/article/10.1007/s10620-008-0451-3
https://link.springer.com/article/10.1007/s10620-008-0451-3
https://link.springer.com/article/10.1007/s10620-008-0451-3
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0035475
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0035475
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0035475
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0035475
https://www.sciencedirect.com/science/article/pii/S105046481830069X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S105046481830069X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S105046481830069X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S105046481830069X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S105046481830069X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S105046481830069X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579120305071?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579120305071?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579120305071?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579120305071?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579120305071?via%3Dihub
https://www.mdpi.com/2076-2615/9/11/985
https://www.mdpi.com/2076-2615/9/11/985
https://www.mdpi.com/2076-2615/9/11/985
https://www.mdpi.com/2076-2615/9/11/985
https://www.sciencedirect.com/science/article/pii/S003257912200637X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S003257912200637X?via%3Dihub

254

B. subtilis Combined with FOS can Replace Antibiotics in Goose Diets

Research Article

morphology and microbiota, and blood parameters of geese from 1 to 28
days of age. Poult Sci, 102 (2):102343, 2023. DOI: 10.1016/j.psj.2022.102343

22. Marx FO, Massuquetto A, Bassi LS, Krabbe E L, Rocha C, Oliveira SG,
Maiorka A: Different soybean meal particle sizes on growth performance,
nutrient ileal digestibility, digestible energy, and carcass yield of broiler
chickens. Lives Sci, 247, 104467, 2021. DOI: 10.1016/j.]ivsci.2021.104467

23. Zhang J, He H, Yuan Y, Wan K, Li L, Liu A: Effects of yeast culture
supplementation on growth performance, nutrient digestibility, blood
metabolites, and immune response in geese. Animals, 12 (10):1270, 2022.
DOI: 10.3390/ani12101270

24. Cremonesi P, Biscarini F, Castiglioni B, Sgoifo CA, Compiani R,
Moroni P: Gut microbiome modifications over time when removing in-feed
antibiotics from the prophylaxis of post-weaning diarrhea in piglets. PloS
One, 17 (3):€0262199, 2022. DOI: 10.1371/journal.pone.0262199

25. Wang Y, Wang Y, Lin X, Gou Z, Fan Q, Ye J, Jiang S: Potential effects of
acidifier and amylase as substitutes for antibiotic on the growth
performance, nutrient digestion and gut microbiota in yellow-feathered
broilers. Animals, 10 (10):1858, 2020. DOI: 10.3390/ani10101858

26. Wang B, Zhou Y, Tang L, Zeng Z, Gong L, Wu Y, Li WF: Effects of
Bacillus amyloliquefaciens instead of antibiotics on growth performance,
intestinal health, and intestinal microbiota of broilers. Front Vet Sci, 8:679368,
2021. DOI: 10.3389/fvets.2021.679368

27. Wang LM, Mandell IB, Bohrer BM: Effects of feeding essential oils and
benzoic acid to replace antibiotics on finishing beef cattle growth, carcass
characteristics, and sensory attributes. Appl Anim Sci, 36 (2): 145-156, 2020.
DOI: 10.15232/aas.2019-01908

28. Yan H, Zhou P, Zhang Y, Zhang Z, Liu ], Zhang H: Short-chain fructo-
oligosaccharides alleviates oxidized oil-induced intestinal dysfunction
in piglets associated with the modulation of gut microbiota. J Funct
Foods, 64:103661, 2020. DOI: 10.1016/j.jff.2019.103661

28. Liu ZY, Yang HL, Yan YY, Seerengaraj V, Zhang CX, Ye JD, Sun YZ:
Supplementation of tributyrin, alone and in combination with fructo-
oligosaccharidein highsoybean meal diets for shrimp (Litopenaeus vannamei):
Effects on growth, innate immunity and intestinal morphology. Aquacul
Nutr, 27 (2): 592-603, 2021. DOIL: 10.1111/anu.13209

29. Zhang CN, Li XF, Xu WN, Zhang DD, Lu KL, Wang LN, Liu WB:
Combined effects of dietary fructooligosaccharide and Bacillus licheniformis
on growth performance, body composition, intestinal enzymes activities
and gut histology of triangular bream (Megalobrama terminalis). Aquacul
Nutr, 21 (5): 755-766, 2015. DOI: 10.1111/anu.12200

30. Bomhof MR, Saha DC, Reid DT, Paul HA, Reimer RA: Combined
effects of oligofructose and Bifidobacterium animalis on gut microbiota
and glycemia in obese rats. Obesity, 22 (3): 763-771, 2014. DOI: 10.1002/
0by.20632

31. Sen S, Ingale SL, Kim ]S, Kim KH, Kim YW, Khong C, Chae BJ: Effect
of supplementation of Bacillus subtilis LS 1-2 grown on citrus-juice waste and
corn-soybean meal substrate on growth performance, nutrient retention,
caecal microbiology and small intestinal morphology of broilers. Asian-
Australas ] Anim Sci, 24 (8): 1120-1127, 2011. DOI: 10.5713/ajas.2011.10443

32. Hossain MM, Begum M, Kim IH: Effect of Bacillus subtilis, Clostridium
butyricumand Lactobacillus acidophilus endospores on growth performance,
nutrient digestibility, meat quality, relative organ weight, microbial shedding
and excreta noxious gas emission in broilers. Vet Med, 60 (2): 77-86, 2015.
DOI: 10.17221/7981-VETMED

33. Lee SH, Ingale SL, Kim JS, Kim KH, Lokhande A, Kim EK, Chae BJ:
Effects of dietary supplementation with Bacillus subtilis LS 1-2 fermentation
biomass on growth performance, nutrient digestibility, cecal microbiota and
intestinal morphology of weanling pig. Anim Feed Sci Technol, 188, 102-110,
2014. DOI: 10.1016/j.anifeedsci.2013.12.001

34. Fukumori R, DOI K, Mochizuki T, Oikawa S, Gondaira S, Iwasaki T,
Izumi K: Sodium butyrate administration modulates the ruminal villus
height, inflammation-related gene expression, and plasma hormones
concentration in dry cows fed a high-fiber diet. Anim Sci ], 93 (1):e13791,
2022. DOI: 10.1111/asj.13791

35. Chwen LT, Foo HL, Thanh NT, Choe DW: Growth performance,
plasma Fatty acids, villous height and crypt depth of preweaning piglets fed

with medium chain triacylglycerol. Asian-Australas ] Anim Sci, 26 (5): 700-
704, 2013. DOI: 10.5713/ajas.2012.12561

36. Gurung M, Rosa F, Yelvington B, Terry N, Read QD, Piccolo BD,
Yeruva L: Evaluation of a plant-based infant formula containing almonds
and buckwheat on gut microbiota composition, intestine morphology,
metabolic and immune markers in a neonatal piglet model. Nutrients, 15
(2):383,2023. DOI: 10.3390/nu15020383

37. Xu Y, Zhang B, Zhao R, Gao K, Liang S, Wu Y, Tang J: Effect of
riboflavin deficiency on intestinal morphology, jejunum mucosa proteomics,
and cecal microbiota of Pekin ducks. Anim Nutr, 12, 215-226, 2023. DOI:
10.1016/j.aninu.2022.09.013

38.Zhang Q, LiJ, Yi X, Li Z, Liang S, Fang Z, Che L: Rhodotorula benthica
culture as an alternative to antibiotics improves growth performance
by improving nutrients digestibility and intestinal morphology, and
modulating gut microbiota of weaned piglets. Front Microbiol, 13:964651,
2022. DOI: 10.3389/fmicb.2022.964531

40. Shim S: Effects of prebiotics, probiotics and synbiotics in the diet of
young pigs. PhD Thesis, Wageningen Univ Res, 28238877, 2005.

41. Xu ZR, Zou XT, Hu CH, Xia MS, Zhan XA, Wang MQ: Effects of
dietary fructooligosaccharide on digestive enzyme activities, intestinal
microflora and morphology of growing pigs. Asian-Australas ] Anim Sci, 15
(12): 1784-1789, 2022. DOI: 10.5713/ajas.2002.1784

42. Howard MD, Gordon DT, Pace LW, Garleb KA, Kerley MS: Effects of
dietary supplementation with fructooligosaccharides on colonic microbiota
populations and epithelial cell proliferation in neonatal pigs. J Pediatr Gastr
Nutr, 21 (3): 297-303, 1995. DOI: 10.1097/00005176-199510000-00007

43. Xing Y, Wang S, Fan J, Oso AO, Kim SW, Xiao D, Zhang B: Effects of
dietary supplementation with lysine-yielding Bacillus subtilis on gut
morphology, cecal microflora, and intestinal immune response of Linwu
ducks. J Anim Sci, 93 (7): 3449-3457, 2015. DOI: 10.2527/jas.2014-8090

44. Al-Fataftah AR, Abdelqader A: Effects of dietary Bacillus subtilis on
heat-stressed broilers performance, intestinal morphology and microflora
composition. Anim Feed Sci Technol, 198, 279-285, 2014. DOI: 10.1016/j.
anifeedsci.2014.10.012

45. Olmez M, Sahin T, Ozlem O, Ogiin M, Yoriik MA, Dalga S: Effect of
probiotic mixture supplementation to drinking water on the growth
performance, carcass parameters and serum biochemical parameters in
native Turkish geese. Kafkas Univ Vet Fak Derg, 28 (1): 131-138, 2022. DOI:
10.9775/kvfd.2021.26633

46. Zhu CW, Liu JC, Wang J, Wang H, Liu YL, Li YG, Zhu L, Ding WM,
Qiu YW, Yang YE Li J, Huang R, Wu C: Liver inflammation activity in
autoimmune hepatitis patients with normal ALT and IgG levels. ] Hepatol, 77,
$326-S327,2022. DOI: 10.1016/S0168-8278(22)01017-0

47.Kogan M, Klempfner R, Lotan D, Wasserstrum Y, Goldenberg I, Segal
G: Low ALT blood levels are associated with lower baseline fitness amongst
participants of a cardiac rehabilitation program. J Exerc Sci Fit, 16 (1): 1-4,
2018. DOI: 10.1016/j.jesf.2017.11.002

48. Liu P, Yang M, Jia CX, Zhang QJ, Qu JQ: Effect of enrofloxacin on
transaminase activity in serum and liver of Siberian sturgeon. Fish Sci, 2,
273-279, 2022. DOI: 10.16378/j.cnki.1003-1111.20090

49. Haque MI, Ahmad N, Miah MA: Comparative analysis of body weight
and serum biochemistry in broilers supplemented with some selected
probiotics and antibiotic growth promoters. ] Adv Vet Anim Res, 4 (3): 288-
294,2017. DOI: 10.5455/javar.2017.d226

50. Mori T, Tanno Y, Kasakura S, Yoshioka K, Nakai N: Influence of statins
on LDL-and HDL-cholesterol and plasma fatty acids in elderly Japanese
ischemic stroke patients. Austin ] Cerebrovasc Dis Stroke, 4 (3): 1062-1064,
2017. DOI: 10.26420/AUSTINJCEREBROVASCDISSTROKE.2017.1062

51. Hou H, Li L: Effects of continuous renal replacement therapy on
Apache-II score, creatinine, and urea nitrogen levels in patients with
acute kidney injury. Pak J Med Sci, 39 (1):6591, 2023. DOI: 10.12669/
pjms.39.1.6591

52. Yu D, Zhu W, Hang S: Effects of low-protein diet on the intestinal
morphology, digestive enzyme activity, blood urea nitrogen, and gut
microbiota and metabolites in weaned pigs. Arch Anim Nutr, 73 (4): 287-
305, 2019. DOI: 10.1080/1745039X.2019.1614849


https://www.sciencedirect.com/science/article/pii/S003257912200637X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S003257912200637X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1871141321000755?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1871141321000755?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1871141321000755?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1871141321000755?via%3Dihub
https://www.mdpi.com/2076-2615/12/10/1270
https://www.mdpi.com/2076-2615/12/10/1270
https://www.mdpi.com/2076-2615/12/10/1270
https://www.mdpi.com/2076-2615/12/10/1270
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0262199
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0262199
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0262199
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0262199
https://www.mdpi.com/2076-2615/10/10/1858
https://www.mdpi.com/2076-2615/10/10/1858
https://www.mdpi.com/2076-2615/10/10/1858
https://www.mdpi.com/2076-2615/10/10/1858
https://www.frontiersin.org/articles/10.3389/fvets.2021.679368/full
https://www.frontiersin.org/articles/10.3389/fvets.2021.679368/full
https://www.frontiersin.org/articles/10.3389/fvets.2021.679368/full
https://www.frontiersin.org/articles/10.3389/fvets.2021.679368/full
https://www.sciencedirect.com/science/article/abs/pii/S2590286520300306?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2590286520300306?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2590286520300306?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2590286520300306?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1756464619305857?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1756464619305857?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1756464619305857?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1756464619305857?via%3Dihub
https://onlinelibrary.wiley.com/doi/10.1111/anu.13209
https://onlinelibrary.wiley.com/doi/10.1111/anu.13209
https://onlinelibrary.wiley.com/doi/10.1111/anu.13209
https://onlinelibrary.wiley.com/doi/10.1111/anu.13209
https://onlinelibrary.wiley.com/doi/10.1111/anu.13209
https://onlinelibrary.wiley.com/doi/10.1111/anu.12200
https://onlinelibrary.wiley.com/doi/10.1111/anu.12200
https://onlinelibrary.wiley.com/doi/10.1111/anu.12200
https://onlinelibrary.wiley.com/doi/10.1111/anu.12200
https://onlinelibrary.wiley.com/doi/10.1111/anu.12200
https://onlinelibrary.wiley.com/doi/10.1002/oby.20632
https://onlinelibrary.wiley.com/doi/10.1002/oby.20632
https://onlinelibrary.wiley.com/doi/10.1002/oby.20632
https://onlinelibrary.wiley.com/doi/10.1002/oby.20632
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2011.10443
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2011.10443
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2011.10443
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2011.10443
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2011.10443
https://vetmed.agriculturejournals.cz/artkey/vet-201502-0003_effect-of-bacillus-subtilis-clostridium-butyricum-and-lactobacillus-acidophilus-endospores-on-growth-performan.php
https://vetmed.agriculturejournals.cz/artkey/vet-201502-0003_effect-of-bacillus-subtilis-clostridium-butyricum-and-lactobacillus-acidophilus-endospores-on-growth-performan.php
https://vetmed.agriculturejournals.cz/artkey/vet-201502-0003_effect-of-bacillus-subtilis-clostridium-butyricum-and-lactobacillus-acidophilus-endospores-on-growth-performan.php
https://vetmed.agriculturejournals.cz/artkey/vet-201502-0003_effect-of-bacillus-subtilis-clostridium-butyricum-and-lactobacillus-acidophilus-endospores-on-growth-performan.php
https://vetmed.agriculturejournals.cz/artkey/vet-201502-0003_effect-of-bacillus-subtilis-clostridium-butyricum-and-lactobacillus-acidophilus-endospores-on-growth-performan.php
https://www.sciencedirect.com/science/article/pii/S0377840113003325?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0377840113003325?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0377840113003325?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0377840113003325?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0377840113003325?via%3Dihub
https://onlinelibrary.wiley.com/doi/10.1111/asj.13791
https://onlinelibrary.wiley.com/doi/10.1111/asj.13791
https://onlinelibrary.wiley.com/doi/10.1111/asj.13791
https://onlinelibrary.wiley.com/doi/10.1111/asj.13791
https://onlinelibrary.wiley.com/doi/10.1111/asj.13791
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2012.12561
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2012.12561
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2012.12561
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2012.12561
https://www.mdpi.com/2072-6643/15/2/383
https://www.mdpi.com/2072-6643/15/2/383
https://www.mdpi.com/2072-6643/15/2/383
https://www.mdpi.com/2072-6643/15/2/383
https://www.mdpi.com/2072-6643/15/2/383
https://www.sciencedirect.com/science/article/pii/S2405654522001445?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2405654522001445?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2405654522001445?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2405654522001445?via%3Dihub
https://www.frontiersin.org/articles/10.3389/fmicb.2022.964531/full
https://www.frontiersin.org/articles/10.3389/fmicb.2022.964531/full
https://www.frontiersin.org/articles/10.3389/fmicb.2022.964531/full
https://www.frontiersin.org/articles/10.3389/fmicb.2022.964531/full
https://www.frontiersin.org/articles/10.3389/fmicb.2022.964531/full
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2002.1784
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2002.1784
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2002.1784
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2002.1784
https://journals.lww.com/jpgn/Abstract/1995/10000/Effects_of_Dietary_Supplementation_with.7.aspx
https://journals.lww.com/jpgn/Abstract/1995/10000/Effects_of_Dietary_Supplementation_with.7.aspx
https://journals.lww.com/jpgn/Abstract/1995/10000/Effects_of_Dietary_Supplementation_with.7.aspx
https://journals.lww.com/jpgn/Abstract/1995/10000/Effects_of_Dietary_Supplementation_with.7.aspx
https://academic.oup.com/jas/article-abstract/93/7/3449/4701715?redirectedFrom=fulltext
https://academic.oup.com/jas/article-abstract/93/7/3449/4701715?redirectedFrom=fulltext
https://academic.oup.com/jas/article-abstract/93/7/3449/4701715?redirectedFrom=fulltext
https://academic.oup.com/jas/article-abstract/93/7/3449/4701715?redirectedFrom=fulltext
https://www.sciencedirect.com/science/article/pii/S0377840114003575?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0377840114003575?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0377840114003575?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0377840114003575?via%3Dihub
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2878.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2878.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2878.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2878.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2878.pdf
https://www.postersessiononline.eu/173580348_eu/congresos/ILC2022/aula/-THU_468_ILC2022.pdf
https://www.postersessiononline.eu/173580348_eu/congresos/ILC2022/aula/-THU_468_ILC2022.pdf
https://www.postersessiononline.eu/173580348_eu/congresos/ILC2022/aula/-THU_468_ILC2022.pdf
https://www.postersessiononline.eu/173580348_eu/congresos/ILC2022/aula/-THU_468_ILC2022.pdf
https://linkinghub.elsevier.com/retrieve/pii/S1728869X17300564
https://linkinghub.elsevier.com/retrieve/pii/S1728869X17300564
https://linkinghub.elsevier.com/retrieve/pii/S1728869X17300564
https://linkinghub.elsevier.com/retrieve/pii/S1728869X17300564
https://kns.cnki.net/kcms/detail/detail.aspx?doi=10.16378/j.cnki.1003-1111.20090
https://kns.cnki.net/kcms/detail/detail.aspx?doi=10.16378/j.cnki.1003-1111.20090
https://kns.cnki.net/kcms/detail/detail.aspx?doi=10.16378/j.cnki.1003-1111.20090
https://www.ejmanager.com/mnstemps/39/39-1503263217.pdf?t=1683027510
https://www.ejmanager.com/mnstemps/39/39-1503263217.pdf?t=1683027510
https://www.ejmanager.com/mnstemps/39/39-1503263217.pdf?t=1683027510
https://www.ejmanager.com/mnstemps/39/39-1503263217.pdf?t=1683027510
https://austinpublishinggroup.com/cerebrovascular-disease-stroke/fulltext/ajcds-v4-id1062.php
https://austinpublishinggroup.com/cerebrovascular-disease-stroke/fulltext/ajcds-v4-id1062.php
https://austinpublishinggroup.com/cerebrovascular-disease-stroke/fulltext/ajcds-v4-id1062.php
https://austinpublishinggroup.com/cerebrovascular-disease-stroke/fulltext/ajcds-v4-id1062.php
https://pjms.org.pk/index.php/pjms/article/view/6591
https://pjms.org.pk/index.php/pjms/article/view/6591
https://pjms.org.pk/index.php/pjms/article/view/6591
https://pjms.org.pk/index.php/pjms/article/view/6591
https://www.tandfonline.com/doi/full/10.1080/1745039X.2019.1614849
https://www.tandfonline.com/doi/full/10.1080/1745039X.2019.1614849
https://www.tandfonline.com/doi/full/10.1080/1745039X.2019.1614849
https://www.tandfonline.com/doi/full/10.1080/1745039X.2019.1614849

