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Abstract

This study aimed to investigate the effects of a compound preparation of plant
essential oil and sodium butyrate on growth performance, serum antioxidant
indices, fecal microbiota, and ammonia emission in weaned piglets. Three hun-
dred healthy 28-day-old Duroc x Landrace x Yorkshire piglets with a body
weight of (11.20$+80.29) kg were randomly allocated into three groups, with
four replicates per group and 25 piglets per replicate. The control group re-
ceived a basal diet, the plant essential oil group (EO group) received the basal
diet supplemented with 1000 mg/kg plant essential oil preparation, and the
compound group of plant essential oil and sodium butyrate (ES group) received
the basal diet supplemented with 1000 mg/kg compound preparation of plant
essential oil and sodium butyrate. The experimental period lasted 28 days. The
results showed that: 1) Compared with the control group, the final body weight
of the EO and ES groups increased by 2.64% (P>0.05) and 3.40% (P<0.05), re-
spectively, and the average daily gain increased by 4.74% (P<0.05) and 6.48%
(P<0.05), respectively. The average daily feed intake of both the EO and ES
groups was significantly higher than that of the control group (P<0.05), while
the feed conversion ratio was lower than that of the control group (P>0.05). 2)
On day 14, the serum total antioxidant capacity (T-AOC) of the EO and ES
groups was significantly higher than that of the control group (P<0.05), and
the serum malondialdehyde (MDA) content was significantly lower than that of
the control group (P<0.05). On day 28, the serum T-AOC of the EO group was
significantly higher than that of the control group (P<0.05). 3) The number of
Escherichia coli in the feces of the EO and ES groups on days 7, 14, and 21 was
significantly lower than that of the control group (P<0.05), and the number of
Escherichia coli in the feces of the ES group on days 7 and 14 was significantly
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lower than that of the EO group (P<0.05). The number of Lactobacillus in
the feces of the EO and ES groups on days 7 and 14 was significantly higher
than that of the control group (P<0.05), the number of Lactobacillus in the
feces of the ES group on day 7 was significantly higher than that of the EO
group (P<0.05), and the number of Lactobacillus in the feces of the ES group
on day 21 was significantly higher than that of the control group (P<0.05). 4)
The ammonia nitrogen content and urease activity in the feces of the EO and
ES groups on days 14 and 28 were significantly lower than those of the control
group (P<0.05). On day 14, the ammonia nitrogen content in the feces of the
ES group was significantly lower than that of the EO group (P<0.05); on day
28, the ammonia nitrogen content and urease activity in the feces of the ES
group were significantly lower than those of the EO group (P<0.05). These
results indicate that both the plant essential oil preparation and the compound
preparation of plant essential oil and sodium butyrate have beneficial effects on
the growth performance of piglets,
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Abstract

This experiment was conducted to investigate the effects of plant essential oil
and sodium butyrate compound preparation on growth performance, serum an-
tioxidant indices, fecal flora, and ammonia loss in weaned piglets. A total of 300
healthy 28-day-old “Duroc x Landrace x Large White” piglets with an average
body weight of (11.20$+30.29) kg were randomly allocated to three groups with
four replicates per group and 25 piglets per replicate. The control group was
fed a basal diet, the plant essential oil group (EO group) received the basal
diet supplemented with 1,000 mg/kg plant essential oil preparation, and the
plant essential oil and sodium butyrate compound group (ES group) received
the basal diet supplemented with 1,000 mg/kg of a compound preparation con-
taining both plant essential oil and sodium butyrate. The experimental period
lasted 28 days.

The results demonstrated several significant effects. First, compared with the
control group, the final body weight of piglets in the EO and ES groups increased
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by 2.64% (P>0.05) and 3.40% (P<0.05), respectively, while their average daily
gain increased by 4.74% (P<0.05) and 6.48% (P<0.05), respectively. Both the
EO and ES groups exhibited significantly higher average daily feed intake than
the control group (P<0.05), and their feed-to-gain ratio was lower than that of
the control group (P>0.05). Second, on day 14, the serum total antioxidant ca-
pacity (T-AOC) in both EO and ES groups was significantly higher than in the
control group (P<0.05), whereas serum malondialdehyde (MDA) content was
significantly lower (P<0.05). On day 28, the serum T-AOC in the EO group re-
mained significantly higher than in the control group (P<0.05). Third, the fecal
Escherichia coli counts in both EO and ES groups were significantly lower than
in the control group on days 7, 14, and 21 (P<0.05), with the ES group showing
significantly lower counts than the EO group on days 7 and 14 (P<0.05). The
fecal Lactobacillus counts in both treatment groups were significantly higher
than in the control group on days 7 and 14 (P<0.05), with the ES group ex-
hibiting significantly higher counts than the EO group on day 7 (P<0.05) and
significantly higher counts than the control group on day 21 (P<0.05). Fourth,
on both days 14 and 28, the fecal ammoniacal nitrogen content and urease ac-
tivity in EO and ES groups were significantly lower than in the control group
(P<0.05). On day 14, the ES group showed significantly lower fecal ammoniacal
nitrogen content than the EO group (P<0.05), and on day 28, the ES group
demonstrated significantly lower fecal ammoniacal nitrogen content and urease
activity than the EO group (P<0.05). These findings indicate that both plant
essential oil preparation and the compound preparation of plant essential oil
with sodium butyrate exert positive effects on growth performance, serum an-
tioxidant indices, fecal flora, and ammonia loss in piglets, with the compound
preparation showing superior efficacy.

Keywords: plant essential oil; sodium butyrate; piglets; growth performance;
microbial flora

Introduction

Plant essential oils and sodium butyrate represent safe and environmentally
friendly antibiotic alternatives that have attracted widespread attention from
animal scientists worldwide. Plant essential oils demonstrate significant effects
in regulating animal intestinal flora, exerting antimicrobial activity, enhancing
immunity, providing antioxidant benefits, and improving growth performance.
Sodium butyrate, whose main active component is butyric acid, serves as a
primary energy source for gastrointestinal epithelial cells, thereby improving
intestinal health and promoting animal growth. Previous research by Wen et
al. found that dietary supplementation with 1,000 mg/kg sodium butyrate effec-
tively influenced intestinal flora populations and small intestinal mucosal mor-
phology in weaned piglets, significantly enhancing growth performance. Our
laboratory’ s preliminary research demonstrated that plant essential oils and
sodium butyrate can synergistically inhibit the growth of Escherichia coli and
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Salmonella in vitro. However, few studies have investigated the practical appli-
cation of combined plant essential oil and sodium butyrate supplementation in
production settings. Therefore, this experiment was designed to evaluate the
effects of a plant essential oil and sodium butyrate compound preparation on
growth performance, serum antioxidant indices, fecal flora, and ammonia loss
in weaned piglets, providing a theoretical reference for its practical application
in swine production.

Materials and Methods

1.1 Experimental Design A total of 300 healthy 28-day-old “Duroc x Lan-
drace x Large White” piglets with an average body weight of (11.20$+£$0.29)
kg were randomly allocated to three groups with four replicates per group and
25 piglets per replicate. The control group received a basal diet, the plant es-
sential oil group (EO group) received the basal diet supplemented with 1,000
mg/kg plant essential oil preparation, and the plant essential oil and sodium
butyrate compound group (ES group) received the basal diet supplemented with
1,000 mg/kg of a compound preparation containing both plant essential oil and
sodium butyrate. The experimental period lasted 28 days. The basal diet was
formulated according to the nutrient requirements for swine established by NRC
(1998) and contained antibiotics (chlortetracycline). The composition and nu-
trient levels of the basal diet are presented in Table 1 . The plant essential
oil preparation contained 15% cinnamaldehyde and 5% thymol, while the com-
pound preparation contained 40% sodium butyrate, 15% cinnamaldehyde, and
5% thymol. Both preparations were microencapsulated using solid dispersion
technology and were purchased from Zhejiang Wanfang Biotechnology Co., Ltd.

1.2 Management Practices The feeding trial was conducted at Zhengxin
Animal Husbandry Co., Ltd. in Anji County, Zhejiang Province. Piglets were
weaned at 28 days of age and transferred to disinfected nursery pens. Following a
5-day transition period, the formal experimental period began at approximately
33 days of age and lasted 28 days. Piglets had ad libitum access to feed and
water throughout the trial, and were vaccinated and dewormed according to the
farm’ s standard procedures.

1.3 Measurements 1.3.1 Growth Performance

Piglets were weighed at 08:00 after overnight fasting at the beginning and end
of the experiment to calculate average daily gain. Daily feed consumption was
recorded to calculate average daily feed intake and feed-to-gain ratio.

1.3.2 Serum Antioxidant Indices

On days 14 and 28 of the experiment, eight piglets were randomly selected from
each group and 5 mL of blood was collected from the anterior vena cava into
procoagulant tubes after overnight fasting. After standing for 20 minutes, serum
was separated by centrifugation at 3,500 rpm for 5 minutes. Serum antioxidant
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indices including total antioxidant capacity (T-AOC), total superoxide dismu-
tase (T-SOD) activity, and malondialdehyde (MDA) content were measured
using assay kits purchased from Nanjing Jiancheng Bioengineering Institute ac-
cording to the manufacturer’ s instructions.

1.3.3 Fecal Microbial Flora

On the mornings of days 7, 14, 21, and 28, approximately 50 g of uncontaminated
fecal samples were collected from each replicate. Plate counting methods were
used to enumerate Lactobacillus and Escherichia coli populations in the feces.

1.3.4 Fecal Ammonia Loss Indices

On days 14 and 28, approximately 50 g of uncontaminated fecal samples were
collected from each replicate and fixed with 10% hydrochloric acid. Fecal am-
moniacal nitrogen content and urease activity were measured using assay kits
purchased from Nanjing Jiancheng Bioengineering Institute according to the
manufacturer’ s instructions.

1.4 Statistical Analysis Data were analyzed using one-way ANOVA with
SPSS 16.0 statistical software. Results are expressed as means 4+ standard
error, with P<0.05 considered statistically significant.

Results

2.1 Effects on Growth Performance As shown in Table 2 , compared
with the control group, the final body weight of piglets in the EO and ES
groups increased by 2.64% (P>0.05) and 3.40% (P<0.05), respectively, while
their average daily gain increased by 4.74% (P<0.05) and 6.48% (P<0.05), re-
spectively. Both the EO and ES groups exhibited significantly higher average
daily feed intake than the control group (P<0.05), and their feed-to-gain ratio
was lower than that of the control group (P>0.05). These results indicate that
dietary supplementation with either plant essential oil preparation or the com-
pound preparation improved piglet growth performance, with the compound
preparation demonstrating superior efficacy.

2.2 Effects on Serum Antioxidant Indices Table 3 presents the effects
on serum antioxidant indices. On day 14, both EO and ES groups showed
significantly higher serum total antioxidant capacity than the control group
(P<0.05) and significantly lower serum malondialdehyde content (P<0.05). On
day 28, the EO group maintained significantly higher serum total antioxidant
capacity compared to the control group (P<0.05), while no significant differences
were observed in total superoxide dismutase activity or malondialdehyde content
between groups (P>0.05). These findings suggest that dietary supplementation
with plant essential oil preparation or the compound preparation enhanced the
antioxidant capacity of weaned piglets.
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2.3 Effects on Fecal Escherichia coli and Lactobacillus Counts Table
4 summarizes the effects on fecal microbial populations. Compared with the
control group, both EO and ES groups showed significantly reduced fecal Es-
cherichia coli counts on days 7, 14, and 21 (P<0.05), with the ES group also
showing significantly lower counts on day 28 (P<0.05). The ES group exhib-
ited significantly lower Escherichia coli counts than the EO group on days 7
and 14 (P<0.05). Regarding Lactobacillus populations, both treatment groups
showed significantly higher counts than the control group on days 7 and 14
(P<0.05). The ES group demonstrated significantly higher Lactobacillus counts
than the EO group on day 7 (P<0.05) and significantly higher counts than the
control group on day 21 (P<0.05). These results indicate that both prepara-
tions increased fecal Lactobacillus populations while reducing Escherichia coli
populations, with the compound preparation showing greater effectiveness.

2.4 Effects on Fecal Ammonia Loss Indices As presented in Table 5 , on
day 14, the EO and ES groups showed 16.9% (P<0.05) and 25.1% (P<0.05) re-
ductions in fecal ammoniacal nitrogen content, respectively, and 17.5% (P<0.05)
and 23.0% (P<0.05) reductions in urease activity, respectively, compared with
the control group. The ES group exhibited significantly lower fecal ammonia-
cal nitrogen content than the EO group on day 14 (P<0.05). On day 28, the
EO and ES groups showed 10.8% (P<0.05) and 21.2% (P<0.05) reductions in
fecal ammoniacal nitrogen content, and 10.6% (P<0.05) and 25.4% (P<0.05)
reductions in urease activity, respectively. The ES group demonstrated signifi-
cantly lower fecal ammoniacal nitrogen content and urease activity than the EO
group on day 28 (P<0.05). These findings indicate that both preparations sig-
nificantly reduced fecal ammoniacal nitrogen content and urease activity, with
the compound preparation showing superior effects.

Discussion

3.1 Effects on Growth Performance Zhou et al. investigated the effects of
plant essential oils on growth performance, blood indices, and immune function
in weaned piglets, finding that dietary supplementation with 200 mg/kg plant
essential oil enhanced immune capacity, improved post-weaning health, and
promoted growth. Zhe et al. reported that microencapsulated sodium butyrate
added during late gestation and lactation increased sow feed intake during lac-
tation, reduced body weight loss, shortened the weaning-to-estrus interval, and
improved offspring birth and weaning weights. The plant essential oil prepa-
ration and compound preparation used in this study were produced through
microencapsulation technology, providing intestinal slow-release functionality.
Our results demonstrate that both preparations improved piglet growth perfor-
mance, with the compound preparation showing superior effects to the plant
essential oil preparation alone, indicating a positive interactive effect between
plant essential oils and sodium butyrate in improving piglet growth performance.
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3.2 Effects on Serum Antioxidant Indices The active components of plant
essential oils primarily include esters, phenols, aromatic hydrocarbons, aldehy-
des, and alcohols, which possess free radical-scavenging and antioxidant proper-
ties. Duan et al. found that birch leaf essential oil has potential developmental
value in antibacterial and antioxidant products. Yue et al. reported that dietary
sodium butyrate supplementation significantly improved growth performance in
gestating and lactating sows and their newborn piglets, significantly increased
serum superoxide dismutase activity, and significantly reduced serum malondi-
aldehyde content. Ju et al. demonstrated that both sodium butyrate and coated
sodium butyrate improved nutrient metabolism and maintained antioxidant and
anti-inflammatory functions in broilers under lipopolysaccharide stress. In our
study, on day 14, both EO and ES groups showed significantly higher serum
total antioxidant capacity and total superoxide dismutase activity, along with
significantly lower serum malondialdehyde content, compared with the control
group. These results indicate that both plant essential oil preparation and the
compound preparation effectively improved the antioxidant capacity of weaned
piglets.

3.3 Effects on Intestinal Microflora Piglet diarrhea is a major concern in
intensive swine production, with many researchers considering intestinal flora
imbalance as an important and direct contributing factor. Fecal microbial analy-
sis can reflect changes in the digestive tract microbial community. Li et al. found
that dietary supplementation with a plant essential oil compound containing
cinnamaldehyde and thymol significantly reduced fecal Escherichia coli counts,
increased Lactobacillus populations, and decreased diarrhea incidence during
the first week post-weaning, demonstrating beneficial effects on intestinal flora.
Sodium butyrate has also been widely reported to improve intestinal microflora.
Lu et al. found that dietary supplementation with 1,000 mg/kg sodium butyrate
significantly improved growth performance and reduced intestinal Clostridium
and Escherichia coli populations in weaned piglets. Cerisuelo et al. reported
that the combination of plant essential oils and sodium butyrate effectively con-
trolled Salmonella proliferation, and our previous research demonstrated that
this combination effectively inhibited Escherichia coli and Clostridium perfrin-
gens growth in vitro. Jerzsele et al. found that a combination of ginger oil,
carvacrol, and sodium butyrate showed therapeutic and preventive potential
against necrotic enteritis. Our study confirms that dietary supplementation
with both preparations affected fecal Escherichia coli and Lactobacillus popu-
lations, with the compound preparation showing superior effects. While the
exact mechanism underlying the enhanced antimicrobial effect of the combined
treatment remains unclear, a widely accepted hypothesis suggests that plant
essential oils and sodium butyrate exhibit synergistic effects on cell membranes,
accelerating membrane structure disruption and functional loss.

3.4 Effects on Fecal Ammonia Loss Indices In intensive animal produc-
tion, decomposition of animal excreta by microorganisms and enzymes produces
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harmful gases such as ammonia (NH;) and hydrogen sulfide (H,S), which pose
health risks to animals and humans, reduce animal welfare, and cause environ-
mental pollution. Urease is a key enzyme that accelerates fecal decomposition,
and inhibiting its activity represents an effective approach for reducing ammo-
nia volatilization. Cinnamaldehyde has been identified as an effective urease in-
hibitor. Wang found that dietary supplementation with 120 mg/kg cinnamalde-
hyde significantly reduced fecal urease activity, decreased ammoniacal nitrogen
content in fecal-urine mixtures, and improved total nitrogen retention, thereby
delaying urea decomposition and reducing ammonia concentration in pig houses.
Zhou et al. reported that 250 mg/kg microencapsulated cinnamaldehyde signifi-
cantly reduced ammonia concentration in pig houses and improved average daily
gain in weaned piglets; at 350 mg/kg, it significantly improved dietary protein
digestibility, total nitrogen retention, and serum total protein content while sig-
nificantly reducing urease activity produced by fecal microorganisms and slow-
ing urea decomposition in fecal-urine mixtures. Our findings are consistent with
these reports, showing that both EO and ES groups exhibited significantly re-
duced fecal urease activity and ammoniacal nitrogen content on days 14 and 28,
with the compound preparation demonstrating stronger urease inhibition than
plant essential oil alone. This enhanced inhibitory effect on urease activity is
significant for reducing ammonia emissions from piglets and improving housing
environments.

Conclusion

Both plant essential oil preparation and plant essential oil combined with sodium
butyrate compound preparation exert positive effects on piglet growth perfor-
mance, serum antioxidant indices, fecal flora, and ammonia loss, with the com-
pound preparation demonstrating superior efficacy.

References

[1] ZENG Z K, XU X, ZHANG Q, et al. Effects of essential oil supplementa-
tion of a low-energy diet on performance, intestinal morphology and microflora,
immune properties and antioxidant activities in weaned pigs[J]. Animal Science
Journal, 2015, 86(3): 279-285.

[2] JTA CH, CHEN M Y, YANG C M, et al. Regulation of plant essential oils on
production performance and health of monogastric animals[J]. Chinese Journal
of Animal Nutrition, 2015, 27(4): 1055-1060.

[3] ALIPOUR F, HASSANABADI A, GOLIAN A, et al. Effect of plant extracts
derived from thyme on male broiler performance[J]. Poultry Science, 2015, 94(1):
2630-2634.

[4] KOTUNIA A, WOLINSKI J, LAUBITZ D, et al. Effect of sodium butyrate
on the small intestine development in neonatal piglets fed by artificial sow[J].
Journal of Physiology and Pharmacology, 2004, 55(Suppl 2): 59-68.

chinarxiv.org/items/chinaxiv-201812.00161 Machine Translation


https://chinarxiv.org/items/chinaxiv-201812.00161

ChinaRxiv [$X]

[5] NIU H H, WANG Y, MA W Q, et al. Effects of coated sodium butyrate on
intestinal microbial bacterial counts in piglets[J]. Feed Research, 2010(11): 34-
36.

[6] LEESON S, NAMKUNG H, ANTONGIOVANNI M, et al. Effect of butyric
acid on the performance and carcass yield of broiler chickens[J]. Poultry Science,
2005, 84(9): 418-1422.

[7] MANZANILLA E G, NOFRARIAS M, ANGUITA M, et al. Effects of bu-
tyrate, avilamycin, and a plant extract combination on the intestinal equilibrium
of early-weaned pigs[J]. Journal of Animal Science, 2006, 84(10): 2743-2751.

[8] ZHANG H, DONG L, WANG Y J, et al. Effects of butyrin on growth perfor-
mance, nutrient apparent digestibility, slaughter performance, intestinal mor-
phology and microbial flora in broilers[J]. China Animal Husbandry & Veteri-
nary Medicine, 2016, 43(8): 2013-2019.

[9] ZHANG Y, WANG M, LI F F, et al. Effects of tributyrin and oregano
oil on growth performance, serum biochemical indices and nutrient apparent
digestibility in weaned piglets[J]. Chinese Journal of Animal Nutrition, 2016,
28(9): 2786-2794.

[10] MA X, FAN P X, LIL S, et al. Butyrate promotes the recovering of intestinal
wound healing through its positive effect on tight junctions[J]. Journal of Animal
Science, 2012, 90(S4): 266-268.

[11] WEN Z S, LU J J, ZOU X T. Effects of sodium butyrate on the intestinal
morphology and DNA-binding activity of intestinal nuclear factor- B in weanling
pigs[J]. Journal of Animal and Veterinary Advances, 2012, 11(6): 814-821.

[12] HAN Q J, ZHANG L L, CHEN M, et al. Study on in vitro synergistic an-
tibacterial effect of plant essential oils and sodium butyrate[J]. Chinese Journal
of Animal Nutrition, 2017, 29(2): 712-718.

[13] ZHOU X W, YANG K Y, CHEN D W, et al. Effects of dietary antibiotics
and plant essential oils on production performance, immune function and milk
composition of sows[J]. Chinese Journal of Animal Nutrition, 2017, 29(3): 995-
1003.

[14] ZHE L, YU R, HOU J, et al. Effects of dietary microencapsulated sodium
butyrate on production performance of sows and their offspring[J]. Feed Indus-
try, 2016, 37(18): 12-15.

[15] DUAN X L, WANG HY, YANG G T, et al. Analysis of antibacterial and
antioxidant active components of birch leaf essential oil[J]. Journal of Anhui
Agricultural Sciences, 2014, 42(33): 11746-11748, 11777.

[16] YUE M, XU L, FANG C L, et al. Effects of sodium butyrate on production
performance and antioxidant function of sows and growth of their piglets[J].
Chinese Journal of Animal Science, 2014, 50(23): 44-47.

chinarxiv.org/items/chinaxiv-201812.00161 Machine Translation


https://chinarxiv.org/items/chinaxiv-201812.00161

ChinaRxiv [$X]

[17] JU T T, GUO X Y, SUI J J, et al. Effects of different forms of sodium
butyrate on serum biochemical indices, antioxidant and anti-inflammatory func-
tions in broilers under lipopolysaccharide stress[J]. Chinese Journal of Animal
Nutrition, 2015, 27(10): 3146-3154.

[18] YU H M, LIAO L, CHEN P J, et al. Study on intestinal flora of weaned
piglets[J]. Chinese Journal of Microecology, 2000, 12(2): 81-82.

[19] LIU M, WANG G R, WANG H J, et al. Development path of pig production
in China—Ecological pig farming[J]. Chinese Agricultural Science Bulletin, 2010,
26(8): 254-258.

[20) LIP F, PIAO X S, RU Y J, et al. Effects of adding essential oil to the diet
of weaned pigs on performance, nutrient utilization, immune response and in-
testinal health[J]. Asian-Australasian Journal of Animal Sciences, 2012, 25(11):
1617-1626.

[21] LU J J, ZOU X T, WANG Y M. Effects of sodium butyrate on the growth
performance, intestinal microflora and morphology of weanling pigs[J]. Journal
of Animal and Feed Science, 2008, 17(4): 568-578.

[22] CERISUELO A, MARIN C, SANCHEZ-VIZCAINO F, et al. The impact
of a specific blend of essential oil components and sodium butyrate in feed on
growth performance and Salmonella counts in experimentally challenged broil-
ers[J]. Poultry Science, 2014, 93(3): 599-606.

[23] JERZSELE A, SZEKER K, CSIZINSZKY R, et al. Efficacy of protected
sodium butyrate, a protected blend of essential oils, their combination, and
Bacillus amyloliquefaciens spore suspension against artificially induced necrotic
enteritis in broilers[J]. Poultry Science, 2012, 91(4): 837-843.

[24] WANG S F. Study on the effect and mechanism of Cinnamomum extract
on ammonia release from growing pig manure[D]. Master’ s Thesis. Hangzhou:
Zhejiang University, 2004.

[25] ZHOU Y Z, CHEN A G. Development and utilization of inulin resources[J].
Feed Industry, 2005, 26(1): 49-52.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201812.00161 Machine Translation


https://chinarxiv.org/items/chinaxiv-201812.00161

	Effects of a Compound Preparation of Plant Essential Oils and Sodium Butyrate on Growth Performance, Serum Antioxidant Indices, Fecal Microbiota, and Ammonia Emission in Weaned Piglets: Postprint
	Abstract
	Full Text
	Effects of Plant Essential Oil and Sodium Butyrate Compound Preparation on Growth Performance, Serum Antioxidant Indices, Fecal Flora, and Ammonia Loss in Weaned Piglets
	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	References



