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Abstract
Background: The increase use of antibiotics continues to posse a threat to public health due to the
increasing concern of antibiotic residue. Tea tree oil [TTO] is an extract of the Australian plant Melaleuca
alternifolia with anti-in�ammatory and anti-oxidant properties. However, there is little information on TTO
supplementation on the diet of �nishing pigs. Hence, the aim of the present study was to investigate the
effect of TTO supplemented diets on serum biochemical indices, fatty acid composition, the mRNA
expression of genes, and antioxidant capability in �nishing pigs.

Results: Our results showed that TTO supplementation increased (P < 0.05) the mRNA expression of
insulin-like growth factors -I (IGF-I), growth acceleration hormone [GH] and heart fatty acid binding protein
(H-FABP), while the mRNA expression of myostatin gene (MSTN) and calpain-1 (CAST) decreased by TTO
supplementation, compared with control group. In addition, TTO supplementation increased (P < 0.05)
serum alkaline phosphatase (ALP), immunoglobulin G (IgG), and IgM levels but decreased (P < 0.05)
serum aspartate transaminase (AST) concentration, relative to controls. The TTO supplementation
increased (P < 0.05) C18:2n6t concentration and decreased (P < 0.05) C12:0 and C16:0 concentration,
relative to control group. Dietary supplementation with TTO decreased (P < 0.05) malondialdehyde (MDA)
and increased (P < 0.05) glutathione peroxidase (GSH-Px) activity in serum. Compared with control group,
TTO supplementation at 200mg/kg increased (P < 0.05) GSH-Px activity in LD muscle.

Conclusions: These results indicated that TTO supplementation could improve serum biochemical
indices, fatty acid contents, the relative mRNA of expression, and antioxidant capacity of �nishing pigs.
Therefore, TTO has potential positive effects as a feed additive in pigs industry.

Introduction
Antibiotics have been used in livestock to improve feed e�ciency, prevent diseases, and increase animal
production since the 1950s [1]. In recent decades, with improvement in living standards, consumers are
increasing their demand for quality meat products, which provides a healthy balance of nutrients [2–4].
The increase use of antibiotics continues to posse an environmental risk and a threat to public health due
to the increasing concern of antibiotic residue [5]. Therefore, an effective alternative to antibiotics,
especially from plant, in pigs production are vital for improving meat quality and human health.

Essential oils extracted from aromatic plants are potential alternative to antibiotics [6]. Tea tree oil (TTO),
an essential oil derived from the Australian plant Melaleuca alternifolia, contains more than one hundred
different compounds, which are mainly monoterpenes and their derivatives. The main components of
TTO include terpinene-4-ol, γ-terpinene, α-terpinene, 1,8-cineole, and α-terpineol [7]. Zhan et al [8]
demonstrated that supplement of TTO could alleviate in�ammatory response in bovine mammary
epithelial cells (BMEC) exposed to Staphylococcus aureus. Previous studies have focused on
antibacterial activity and anti-in�ammatory properties [9]. In addition, TTO could activate the antioxidant
signaling pathway [10], thus increasing antioxidant capacity [11] and ameliorate oxidative damage in
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animals [12]. Based on TTO anti-in�ammatory and antioxidant properties, numerous research on TTO
have also been investigated in animals. TTO can enhance growth performance, meat quality, antioxidant
status, and anti-in�ammatory function in animals [13–14]. Previous research showed that TTO
supplementation could improve the growth performance, promote liver and thymus development, and
ameliorate intestinal mucosal immunity by activating Notch2 signaling pathway in weaning pigs [11, 15].
Since dietary lipids are associated with the emergence of coronary heart disease, the lipid content of pork
is another concern for consumers. Although it has been demonstrated that a positive effect exist between
essential oils and body lipid metabolism [16], however, there is very limited information regarding diets
supplemented with TTO on pork fatty acids pro�le in �nishing pigs.

Therefore, in the present study, we investigated the effects of TTO supplementation on the serum
biochemical indices, fatty acid composition, the mRNA expression of genes, and antioxidant capability of
�nishing pigs.

Material And Methods

Animals and experimental design
A total of 64 �nishing pigs (Duroc × Landrace × Yorkshire) with an average initial body weight (BW) of
68.13 ± 0.46 kg were randomly divided into 4 treatment groups. Each treatment group contained 16 pigs
raised in 4 pens, each with 4 pigs (2 male and 2 female). The 4 treatment groups included the control
treatment (CON, feed with only basal diets) and the low-, middle- and high-level TTO-supplemented diets
(LTO, MTO and HTO, feed with the basal diets supplemented with 100 mg/kg, 200 mg/kg and 300 mg/kg
TTO (net content of TTO), respectively). In addition, the feed supplemented with TTO was formulated
every day to reduce TTO oxidation. The experiment was conducted in Jinzhu Agricultural Development
Company, Taicang, Suzhou province, China on June 2016.

The TTO utilized was the Australian tea tree oil powder type provided by Chen Fang Biotechnology
Company, Wuxi, China. The TTO was puri�ed and processed by the company so that the constituents,
such as 4-terpineol, were not completely the same as other TTOs (the details are proprietary of the
company). Furthermore, TTO was absorbed in microcrystalline cellulose (the net content of the TTO is
20%).

The composition of the basal diet is illustrated in Table 1. Two samples were analyzed for the measured
values, and the mean value calculated as shown in Table 1. The basal diet (Table 1) was formulated to
meet or exceed the nutrient requirements recommended by NRC (1998) nutrient requirements. All pigs
were fed ad libitum and had free access to water. The experiment lasted 56 days. All pigs were fed ad
libitum and had free access to water. At the end of the experiment, three pen were randomly selected from
each treatment, from which two pigs were selected per treatment pen, given a total of 6 pigs (3 male and
3 female) for the collection of sample data.

The mRNA expression analysis by real-time PCR
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The total RNA was isolated from the liver, LD muscle, and back-fat using TRIzol (Takara, Code No.
RR036A). The RT reaction mixtures contained 1 µg total RNA and 5× PrimeScript RT Master Mix in a �nal
volume of 20 µL. The RT reactions were performed for 15 min at 37°C. Reverse transcriptase was
inactivated by heating to 85°C for 5 s. qRT-PCR was performed with a SYBR® Premix Ex Taq™ II Kit
(Takara, Code Nos. RR820A and RR420A). The qRT-PCR included an initial denaturation at 95°C for 30 s,
followed by 40 cycles at 95°C for 5 s and 60°C for 30 s. The primers used are listed in Table 1. The
relative expression of target genes was normalized to that of GAPDH and calculated using the 2−ΔΔCT

method.

Serum biochemical indices
Total serum levels of immunoglobulin IgG, IgA and IgM (g/L) were measured by commercially available
ELISA kits from Nanjing Jiancheng Bioengineering Institute (Nanjing, China). Alanine aminotransferase
(ALT), aspartate aminotransferase (AST) and alkaline phosphatase (ALP) were analyzed by automatic
biochemical analyzer.

Measurement of serum, liver, and LD muscle antioxidant
Approximately 0.3 g of liver and LD muscle samples were homogenized (1:9, wt/vol) with ice-cold 154
mmol/L sodium chloride solution, and centrifuged at 3000 r/min for 15 min at 4 ℃. The supernatant was
then collected and stored for liver and LD muscle antioxidant analysis. The total protein concentration,
malondialdehyde (MDA), total superoxide dismutase (T-SOD) activity, Catalase (CAT) activity, and
glutathione peroxidase (GSH-PX) activity were measured using diagnostic kits (Nanjing Jiancheng
Bioengineering Institute, Nanjing, Jiangsu, P. R. China) according to the manufacturer’s instructions.

Fatty acid composition of longissimus muscle
Fatty acid content was determined according to GB/5413.27–2010. A 4 g thick section of longissimus
muscle was removed from the center (in the region of the 10th rib) of a boneless pork loin. The sample
was trimmed free of all subcutaneous fat and epimysial connective tissue. All the samples were
immediately frozen at -80°C until fatty acid analysis.

Longissimus muscle were placed in 30 ml beakers, which were then placed into vacuum �asks attached
to the manifold of a Labconco freeze-dryer (LyoQUEST-55, USA). After freeze-dried, 0.5 g of LD muscle
was weighed and placed in 15 mg spiral glass tube. 5.0ml toluene and 6.0ml 10% acetyl chloromethanol
was added and the tube �lled with nitrogen to ensure total air removal within the tube. The mixture was
homogenized, placed it in a water bath at 80℃ for 2 hours, and vibrated once every 20 minutes. The
mixture was taken out and cooled to room temperature. The cooled liquid was transferred to a 50 mL
centrifuge tube, and the centrifuge tube was cleaned with sodium carbonate solution and transferred to a
50 mL another centrifuge tube. The glass tube was shaken and mixed, centrifuged at 5000 r/min for
5min, and the supernatant was measured by meteorological chromatograph; equipped with a 100-m
capillary column (0.25-mm i.d.; Model 2560 fused-silica capillary column, Supelco Inc., Bellefonte, PA)
and helium as the carrier gas at 1 ml/min (1:30 split ratio). Oven temperature was maintained at 140°C
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for 5 min, increased at 4°C/min to 240°C for 15min, whereas injector temperatures were maintained at
260°C and detector temperatures were maintained at 280°C.

Statistical analysis.
Statistical analysis was performed by one-way analysis of variance (ANOVA) followed by the least
signi�cant difference (LSD) test for post-hoc correction for multiple comparisons of treatment means
using the SPSS 16.0 software (SPSS Inc.; Chicago, IL, USA). The P values are represented in the �gures
as follows: statistical signi�cance was set at P < 0.05.

Results
Relative gene expression of growth performance of �nishing pigs

The effect of TTO on the relative gene expression of growth performance is shown in Table 2. Relative to
CON pigs, MTO and HTO supplementation increased (P < 0.05) the mRNA expression of GH and IGF-I in
LD muscle, the mRNA expression of IGF-I was up-regulating (P < 0.05) with TTO supplementation in liver.

Immune response 

The effect of TTO on the immune response is shown in Table 3. To investigate TTO immunomodulation
effects were quanti�ed in serum 28 and 56 days using immunonephelometry. On day 28, the diets
supplemented with TTO increased (P < 0.05) IgG and IgM, but the levels of IgA did not alter (P > 0.05),
compared with control group. On day 56, TTO supplemented diets had increased (P < 0.05) levels of IgG,
unlike the levels of IgA and IgM which did not alter, compared to control.

Serum biochemical indexes

The effect of TTO on serum biochemical indexes of �nishing pigs are illustrated in table 4. In 28 days,
TTO supplementation increased (P < 0.05) serum ALP levels and decreased (P < 0.05) serum AST
concentration, relative to controls. In 56 days, serum AST concentration was decreasing (P < 0.05) with
TTO supplementation, compared with controls.

Fatty acid composition in LD muscle

The effect of TTO on fatty acid composition and content in LD muscle of �nishing pigs are summarized
in Table 5. The concentration of C12:0 and C16:0 was decreased (P < 0.05) in MTO compared with
control group. Diets supplemented with TTO had increased (P < 0.05) C18:2n6t concentration, relative to
control group.

The genes expression of H-FABP, CAPN1, CAST, and HAL in LD muscle

The effects of TTO supplementation on the genes expression of H-FABP, CAPN1, CAST, and HAL in LD
muscle in �nishing pigs are showed in Table 7. The mRNA expression of H-FABP and CAPN1 increased
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by supplementation with 200mg/kg TTO, compared with control group.

Antioxidant status

As shown in Table 8, MTO and HTO supplementation decreased (P < 0.05) MDA and increased (P < 0.05)
GSH-Px activity in serum, GSH-Px activity was increased with 200mg/kg TTO supplementation in LD
muscle, compared with control groups. 

Discussion
Dietary supplementation with antibiotics improve feed e�ciency and prevent diseases that has been
widely used in pigs production [17-19]. However, many consumer are concerned about the public health
threat posed by antibiotic residues in animal products [20-21]. In addition, supplementation with
antibiotic in diet has been fully or partially banned in several countries [22]. Consequently, the
development of alternative, thus reducing antibiotics residues is imperative to improve meat quality and
human health. Many essential oil extracted from some plants contain secondary metabolites that
exhibits antioxidant, promotes growth performance, and shows anti-in�ammatory roles [22-24]. TTO
extract from the leaves of M. alternifolia exhibits anti-in�ammatory, antioxidant, and anti-bacteria
properties [22]. Dong et al [15] reported that TTO has the potential to replace the usage of antibiotics in
weanling pigs. In our current study, dietary supplementation with TTO improve meat quality by increasing
intramuscular fat content and tenderness [14]. Meat is a primary source of essential fatty acids to human
health [25]. It has been shown that a positive effects exist between essential oil and lipid metabolism [16],
however, there is limited information in the existing literature regarding the effect of TTO on fatty acids
pro�le in �nishing pigs. Hence, the present study investigated the effect of TTO on growth performance,
serum pro�le, fatty acid composition, mRNA expression of genes, and antioxidant capability in �nishing
pigs.

Relative gene expression of growth performance of �nishing pigs

GH-IGF axis components play important roles in regulating growth in �nishing pigs. GH is a vital gene
regulating the growth and development of pigs. Skarp et al [26] reported that GH can promote protein
synthesis, while the degradation rate of protein was not affected. IGF-I can stimulate cell proliferation,
differentiation, and other cellular functions in different kinds of tissues [27]. IGF-I level is a valuable tool
for estimating growth rate and is positively correlated with growth rate in cattle and pigs [27]. The positive
correlation between the expression of IGF-I in the liver and growth performance has been demonstrated
[28]. Our results demonstrated that TTO supplementation increase the mRNA expression of GH and IGF-I
in liver and LD muscle, which indicate that protein metabolism might be improved due to TTO
supplementation. In addition, the IGF-I and IGF-II have similar functions, which can promote growth
performance. In this study, the expression of IGF-II was not affected in the liver, LD muscle, and back fat
tissues by supplementation with TTO, which is consistent with the study that IGF-II plays a vital role in
embryonic development rather than in postnatal development [29]. MSTN, a member of the transforming
growth factor type b (TGFβ) super-family, is a negative regulator of muscle growth [30]. This research
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showed that the mRNA expression of MSTN was decreased in liver and LD muscle by TTO
supplementation. The increased expression of GH and IGF-I as well as decreased expression of MSTN by
supplementing with TTO may serve as another evidence to explain the improved growth performance in
�nishing pigs.

Serum pro�le

The ability of TTO supplemented diet to mount an innate immune response is well documented [8].
Serum IgA, IgG, and IgM levels shows a positive correlation with body immunity. IgG is the major
immunoglobulin that can protect animals against infections by microorganisms [31]. Our result showed
that supplementation with TTO increased the serum IgG and IgM concentration. Based on these research,
it indicated that supplementation with TTO could enhance the immune response in �nishing pigs.

The liver is a digestive gland which secretes bile, participates in the metabolism of protein, sugars, and
fat and has important functions, including detoxi�cation and provision of immunity [32]. The ALT and
AST are clinically useful in evaluating acute hepatocellular injury in viral hepatitis [33-34]. The levels of
ALT and AST activities are negatively correlated with the health of hepatocytes. The biologically active
compounds in TTO also in�uence liver metabolism, as lower activity of AST was determined in blood
plasma, which agrees with the present that dietary supplementation with TTO increased the liver weight,
indicating improve liver health originating from TTO supplementation.

Fatty acid composition

Meat is a primary source of fat in human diets. It has been reported that saturated fatty acid (SFA) may
increase cholesterol level and the risk of cardiovascular diseases [35-36]. Previous experiments
conducted on TTO supplementation mainly focused on its anti-in�ammatory and anti-oxidative ability.
Although the essential oils have a positive effect on body lipid metabolism [16]. The concentration of
fatty acid can in�uence the meat quality and meat products [37]. However, limited studies have been
conducted to evaluate the effect of TTO supplementation on the fatty acid composition of pork.
Therefore, we hypothesized that dietary supplementation with TTO could increase the polyunsaturated
fatty acid (PUFA) and SFA concentration in meat. The mass consumption of SFA has been associated
with increased risk of obesity and inception of other related diseases, conversely UFA, especially PUFA,
reduced the risk of coronary heart disease [38]. Fatty acid composition positively correlates with meat
quality by determining the nutritional value of muscle and oxidative stability. The level of fatty acid
saturation can affect the degree of fat �rmness, consequently in�uencing the quality and acceptability of
meat products [37]. Therefore, appropriate levels of SFA and PUFA should be maintained to ensure
superior meat quality. In the current study, diets supplemented with TTO had decreased SFA (lauric acid
(C:12:0) and palmitic acid (C:16:0) and increased PUFA (mainly methyl linolelaidate (C18:2n6t) levels in
meat, which con�rmed our hypothesis. H-FABP is involved in intracellular targeting of fatty acids and
facilitates the transport of fatty acids from the membrane to the sites of fatty acid oxidation or
esteri�cation into TAG or phospholipids [39-40]. H-FABP, �rst discovered in the heart, has been associated
with the intramuscular fat content of pigs, meanwhile the mRNA expression of H-FABP affect



Page 8/19

intramuscular fat content of pigs [41]. In the present study, diet supplemented with TTO increase the
mRNA expression of H-FABP. It has been reported that mRNA expression of H-FABP was positively
correlated with intramuscular fat content [42], which is in agreement with our results. Tenderness is
another index of meat quality. The extent of protein proteolysis is the main factor to determine tenderness
[43]. Calpains belong to the protease family and play a vital role in meat quality. Moreover, there is a
positive association between calpain activity and meat quality [44]. It has been demonstrated that
calpain 1 is mainly responsible for the degradation of myo�brillar protein in skeletal muscle [45]. The
CAST act as calpain-speci�c endogenous inhibitor [46]. In the present study, supplementation with TTO
increased the mRNA expression of CAPN1 but the expression of CAST was not affected in LD muscle.

Antioxidant status

Reactive oxygen species (ROS) are produced by cells during normal metabolism [47]. However, over-
generation of ROS in pigs leads to oxidative stress, resulting in reduced immune function and decreased
growth performance [48]. The antioxidant capacity of the host was evaluated by the determination of
related enzymes inhibiting ROS formation, such as MAD, SOD, T-AOC, and GSH-Px. Broiler fed with
essential oil in diet exhibited increased T-SOD and T-AOC levels, but down-regulation of MDA
concentration has been reported [49-50]. Puvaca et al [51] reported that diet supplemented with TTO
improve the anti-oxidative ability of laying hens by increasing SOD and GSH-Px activities.
Supplementation of animal diets with essential oil to fed can improve the antioxidant status of the
animal body and increase meat quality [52]. Consistent with previous studies, our result demonstrated
that diet supplemented with TTO enhanced GSH-Px levels in serum and LD muscle and decreased MAD
levels in serum. Improved oxidative status observed when TTO supplemented diets are fed  might be due
to its ingredients, such as α-terpinene, terpinen-4-ol, and γ-terpinene, which have enhancing antioxidant
abilities which has been described in previous study [53-54]. It is hypothetical that supplementation with
TTO may improve meat quality in part due to the appropriate levels of SFA and PUFA, the up- or down-
regulation of genes associated with lipid and protein metabolism in the muscle, and improvement of anti-
oxidation status.

Conclusions
Supplementation with TTO could improve the growth performance of �nishing pigs, which was probably
associated with activating the relative mRNA expression, improvement of the body immune and health,
the appropriate levels of SFA and PUFA, and improvement of anti-oxidation status. Therefore, TTO has
potential positive effects as a feed additive in pigs industry.

Abbreviations
TTO: Tea tree oil; BW: body weight; CON: control group; LTO: low-level TTO-supplemented treatments;
MTO: middle-level TTO-supplemented treatments; HTO: hight-level TTO-supplemented treatments; IGF-I:
insulin-like growth factors-I; IGF-II: growth factors-II; MSTN: myostatin; GH: growth acceleration hormone;



Page 9/19

LD: longissimus dorsi; ALT: Alanine Transaminase; ALP: alkaline phosphatase; AST: aspartate
transaminase; SFA: saturated fatty acid; PUFA: polyunsaturated fatty acid; H-FABP: heart fatty acid
binding protein; CAPN1: Calpain-1; CAST: Calpastatin; HAL: Halothane; MDA: malondialdehyde; CAT:
Catalase; T-SOD: total superoxide dismutase; GSH-Px: glutathione peroxidase;

Declarations
Authors’ contributions

YTY performed experiment work, analyzed the data, and wrote the manuscript. FFF also performed
experiment work. JMC revised the manuscript. ZK and Osmond Datsomor: Writing-Reviewing and Editing.
ZXY and HYJ provide the support of TTO extract. Professor ZGQ contributes to the experimental idea.

Acknowledgments

We acknowledge Wuxi Chenfang Biotechnology Co., Ltd. for the TTO extract.

Authors’ contributions

YTY performed experiment work, analyzed the data, and wrote the manuscript. FFF also performed
experiment work. JMC revised the manuscript. ZK and Osmond Datsomor: Writing-Reviewing and Editing.
ZXY and HYJ provide the support of TTO extract. Professor ZGQ contributes to the experimental idea.

Funding

Jiangsu Province industry-university-research cooperation-prospective Joint Research Project
(BY2016069-12)

Availability of data and materials

The data generated or analyzed during this study are available from the corresponding author on
reasonable request. 

Ethics approval and consent to participate

The experiments were approved by the Institutional Animal Care and Use Committee of Yang Zhou
University.

Consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.



Page 10/19

References
1. Ni JQ, Shi C, Liu S, Richert BT, Vonderohe CE, Radcliffe JS. Effects of antibiotic-free pigs rearing on

ammonia emissions from �ve pairs of swine rooms in a wean-to-�nish experiment. Environ Int.
2019;131:104931. doi:10.1016/j.envint.2019.104931.

2. Henchion M, McCarthy M, Resconi VC, Troy D. Meat consumption: trends and quality matters. Meat
Sci. 2014;98(3):561–8. doi:10.1016/j.meatsci.2014.06.007.

3. Kristensen L, Stoier S, Wurtz J, Hinrichsen L. Trends in meat science and technology: the future looks
bright, but the journey will be long. Meat Sci. 2014;98(3):322–9. doi:10.1016/j.meatsci.2014.06.023.

4. Zeng W, Wen W, Deng Y, Tian Y, Sun H, Sun Q. Chinese ethnic meat products: Continuity and
development. Meat Sci. 2016;120:37–46. doi:10.1016/j.meatsci.2016.04.007.

5. Maron DF, Smith TJ, Nachman KE. Restrictions on antimicrobial use in food animal production: an
international regulatory and economic survey. Global Health. 2013;9:48. doi:10.1186/1744-8603-9-
48.

�. Li H, Zhao J, Deng W, Li K, Liu H. Effects of chlorogenic acid-enriched extract from Eucommia
ulmoides Oliver leaf on growth performance and quality and oxidative status of meat in �nishing
pigs fed diets containing fresh or oxidized corn oil. J Anim Physiol Anim Nutr (Berl).
2020;104(4):1116–25. doi:10.1111/jpn.13267.

7. Sailer R, Berger T, Reichling J, Harkenthal M. Pharmaceutical and medicinal aspects of Australian tea
tree oil. Phytomedicine. 1998;5(6):489–95. doi:10.1016/S0944-7113(98)80048-2.

�. Zhan K, Yang T, Feng B, Zhu X, Chen Y, Huo Y, et al. The protective roles of tea tree oil extracts in
bovine mammary epithelial cells and polymorphonuclear leukocytes. J Anim Sci Biotechnol.
2020;11:62. doi:10.1186/s40104-020-00468-9.

9. Low WL, Martin C, Hill DJ, Kenward MA. Antimicrobial e�cacy of liposome-encapsulated silver ions
and tea tree oil against Pseudomonas aeruginosa, Staphylococcus aureus and Candida albicans.
Lett Appl Microbiol. 2013;57(1):33–9. doi:10.1111/lam.12082.

10. Lee SY, Chen PY, Lin JC, Kirkby NS, Ou CH, Chang TC. Melaleuca alternifolia induces heme
oxygenase-1 expression in murine RAW264. 7 cells through activation of the Nrf2-ARE Pathway. AM
J CHINESE MED. 2017;5:1631–48. doi:10.1142/S0192415X17500884.

11. Wang SN. Effects of tea tree oil on growth performance and intestinal barrier function of weaned
pigs. (Chinese) (Master Degree Dissertation). Yangzhou University, Yangzhou, China. 2017.

12. Souza CF, Baldissera MD, Silva LD, Geihs MA, Baldisserotto B. Is monoterpene terpinen-4-ol the
compound responsible for the anesthetic and antioxidant activity of Melaleuca alternifolia essential
oil (tea tree oil) in silver cat�sh? Aquaculture. (2018) 486:217–23.

13. Nogueira MNM, Aquino SG, Rossa C, Spolidorio DMP. Terpinen-4-ol and alpha-terpineol (tea tree oil
components) inhibit the production of IL-1 beta, IL-6 and IL-10 on human macrophages. In�amm
Res. 2014;63(9):769–78. doi:10.1007/s00011-014-0749-x.



Page 11/19

14. Feng F, Fang W, Wang S, Zhan K, Wei Y, Zhao GQ, et al. Effects of tea tree oil on growth performance,
organ indexes, carcass characteristics and meat quality of �nishing pigs. Chin J Anim Nutr.
2017;29:3620–6.

15. Dong L, Liu J, Zhong ZX, Wang SN, Wang HR, Huo YJ, et al. Dietary tea tree oil supplementation
improves the intestinal mucosal immunity of weanling pigs. Anim Feed Sci Tech. (2019) 255.
doi:10.1016/j.anifeedsci.2019.114209.

1�. Acamovic T, Brooker JD. Biochemistry of plant secondary metabolites and their effects in animals. P
Nutr Soc. 2005;64(3):403–12. doi:10.1079/PNS2005449.

17. Casewell M, Friis C, Marco E, McMullin P, Phillips I. The European ban on growth-promoting
antibiotics and emerging consequences for human and animal health. J Antimicrob Chemoth.
2003;52(2):159–61. doi:10.1093/jac/dkg313.

1�. Aarestrup F. Sustainable farming: Get pigs off antibiotics. Nature. 2012;486(7404):465–6.
doi:10.1038/486465a.

19. Barton MD. Impact of antibiotic use in the swine industry. Curr Opin Microbiol. 2014;19:9–15.
doi:10.1016/j.mib.2014.05.017.

20. Maron DF, Smith TJ, Nachman KE. Restrictions on antimicrobial use in food animal production: an
international regulatory and economic survey. Global Health. 2013;9:48. doi:10.1186/1744-8603-9-
48.

21. Yu K, Mu C, Yang Y, Su Y, Zhu W. Segment-speci�c responses of intestinal epithelium transcriptome
to in-feed antibiotics in pigs. Physiol Genomics. 2017;49(10):582–91.
doi:10.1152/physiolgenomics.00020.2017.

22. Low WL, Martin C, Hill DJ, Kenward MA. Antimicrobial e�cacy of liposome-encapsulated silver ions
and tea tree oil against Pseudomonas aeruginosa, Staphylococcus aureus and Candida albicans.
Lett Appl Microbiol. 2013;57(1):33–9. doi:10.1111/lam.12082.

23. Liu X, Kim SH, Kim IH. Effects of the combination of multistrain probiotics and Castanea crenata
shell extract on growth performance, nutrient digestibility, fecal microbial shedding, meat quality,
noxious gas emissions, and blood parameters in �nishing pigs. Livest Sci (2020) 240.
doi:10.1016/j.livsci.2020.104185.

24. Li H, Zhao J, Deng W, Li K, Liu H. Effects of chlorogenic acid-enriched extract from Eucommia
ulmoides Oliver leaf on growth performance and quality and oxidative status of meat in �nishing
pigs fed diets containing fresh or oxidized corn oil. J Anim Physiol Anim Nutr (Berl).
2020;104(4):1116–25. doi:10.1111/jpn.13267.

25. Pinho CPS, Diniz AS, Arruda IKG, Lira PIC, Siqueira LAS, Batista MF. Consumo de alimentos
protetorese preditores do risco cardiovascularem adultos do estado de Pernambuco. Revista de
Nutrição. (2012) 25(3):341–351. doi:10.1590/S1415-52732012000300004.

2�. Skarp H, Power DM, Ingleton PM. Separation of rainbow trout Salmo Gairdnen growth hormone and
evidence for charge heterogeneity. Gen Comp Endocr. 1990;80:393. doi.



Page 12/19

27. Liu GM, Wei Y, Wang ZS, Wu D, Zhou AG, Liu GL. Effects of herbal extract supplementation on growth
performance and insulin-like growth factor (IGF)-I system in �nishing pigs. J Anim Feed Sci.
2008;17(4):538–47. doi:10.22358/jafs/66681/2008.

2�. Pell JM, Saunders JC, Gilmour RS. Differential regulation of transcription initiation from insulin-like
growth factor-I (IGF-I) leader exons and of tissue IGF-I expression in response to changed growth
hormone and nutritional status in sheep. Endocrinology. 1993;132(4):1797–807.
doi:10.1210/endo.132.4.8462477.

29. Gerrard DE, Okamura CS, Ranalletta MA, Grant AL. Developmental expression and location of IGF-I
and IGF-II mRNA and protein in skeletal muscle. J Anim Sci. 1998;76(4):1004–11.
doi:10.2527/1998.7641004x.

30. McPherron AC, Lawler AM, Lee SJ. Regulation of skeletal muscle mass in mice by a new TGF-beta
superfamily member. Nature. 1997;387(6628):83–90. doi:10.1038/387083a0.

31. Gomez GG, Phillips O, Goforth RA. Effect of immunoglobulin source on survival, growth, and
hematological and immunological variables in pigs. J Anim Sci. 1998;76(1):1–7.
doi:10.2527/1998.7611.

32. Hou Q, Qian Z, Wu P, Shen M, Li L, Zhao W. 1-Deoxynojirimycin from mulberry leaves changes gut
digestion and microbiota composition in geese. Poult Sci. 2020;99(11):5858–66.
doi:10.1016/j.psj.2020.07.048.

33. Cohen JA, Kaplan MM. The SGOT/SGPT ratio–an indicator of alcoholic liver disease. Dig Dis Sci.
1979;24(11):835–8. doi:10.1007/BF01324898.

34. Reichling JJ, Kaplan MM. Clinical use of serum enzymes in liver disease. Dig Dis Sci.
1988;33(12):1601–14. doi:10.1007/BF01535953.

35. Siri-Tarino PW, Chiu S, Bergeron N, Krauss RM. Saturated Fats Versus Polyunsaturated Fats Versus
Carbohydrates for Cardiovascular Disease Prevention and Treatment. Annu Rev Nutr. 2015;35:517–
43. doi:10.1146/annurev-nutr-071714-034449.

3�. Ruiz-Nunez B, Dijck-Brouwer DA, Muskiet FA. The relation of saturated fatty acids with low-grade
in�ammation and cardiovascular disease. J Nutr Biochem. 2016;36:1–20.
doi:10.1016/j.jnutbio.2015.12.007.

37. Perry D, Nicholls PJ, Thompson JM. The effect of sire breed on the melting point and fatty acid
composition of subcutaneous fat in steers. J Anim Sci. 1998;76(1):87–95.
doi:10.2527/1998.76187x.

3�. Picklo MJ, Idso J, Seeger DR, Aukema HM, Murphy EJ. Comparative effects of high oleic acid vs high
mixed saturated fatty acid obesogenic diets upon PUFA metabolism in mice. Prostaglandins Leukot
Essent Fatty Acids. 2017;119:25–37. doi:10.1016/j.plefa.2017.03.001.

39. Krag MB, Gormsen LC, Guo ZK, Christiansen JS, Jensen MD, Nielsen S, et al. Growth hormone-
induced insulin resistance is associated with increased intramyocellular triglyceride content but
unaltered VLDL-triglyceride kinetics. Am J Physiol-Endoc M. 2007;292(3):E920-E7.
doi:10.1152/ajpendo.00374.2006.



Page 13/19

40. Tyra M, Ropka-Molik K. Effect of the FABP3 and LEPR gene polymorphisms and expression levels on
intramuscular fat (IMF) content and fat cover degree in pigs. Livest Sci. 2011;142(1–3):114–20.
doi:10.1016/j.livsci.2011.07.003.

41. Gerbens F, van Erp AJM, Harders FL, Verburg FJ, Meuwissen THE, Veerkamp JH, et al. Effect of
genetic variants of the heart fatty acid-binding protein gene on intramuscular fat and performance
traits in pigs. J Anim Sci. 1999;77(4):846–52. doi:10.1016/j.livsci.2011.07.003.

42. Gerbens F, Verburg FJ, Van Moerkerk HTB, Engel B, Buist W, Veerkamp JH, et al. Associations of heart
and adipocyte fatty acid-binding protein gene expression with intramuscular fat content in pigs. J
Anim Sci. 2001;79(2):347–54. doi:10.2527/2001.792347x.

43. Koohmaraie M, Geesink GH. Contribution of postmortem muscle biochemistry to the delivery of
consistent meat quality with particular focus on the calpain system. Meat Sci. 2006;74(1):34–43.
doi:10.1016/j.meatsci.2006.04.025.

44. Sentandreu MA, Coulis G, Ouali A. Role of muscle endopeptidases and their inhibitors in meat
tenderness. Trends Food Sci Tech. 2002;13(12):400–21. doi:10.1016/S0924-2244(02)00188-7.

45. Geesink GH, Kuchay S, Chishti AH, Koohmaraie M. Micro-calpain is essential for postmortem
proteolysis of muscle proteins. J Anim Sci. 2006;84(10):2834–40. doi:10.2527/jas.2006-122.

4�. Chen L, Feng XC, Zhang WG, Xu XL, Zhou GH. Effects of inhibitors on the synergistic interaction
between calpain and caspase-3 during post-mortem aging of chicken meat. J Agric Food Chem.
2012;60(34):8465–72. doi:10.1021/jf300062n.

47. Yu BP. Cellular defenses againstdamage from reactive oxygen species. Physiol Rev. 1994;74:139–
62. doi:10.1152/physrev.1994.74.1.139.

4�. Lauridsen C, Højsgaard S, Sørensen MT. In�uence of dietary rapeseed oil, vitamin E, and copper on
the performance and the antioxidative and oxidative status of pigs. J Anim Sci. 1999;77(4):906–16.
doi:10.2527/1999.774906x.

49. Faix S, Faixova Z, Placha I, Koppel J. Effect of Cinnamomum zeylanicum Essential Oil on
Antioxidative Status in Broiler Chickens. Acta Vet Brno. 2009;78(3):411–7.
doi:10.2754/avb200978030411.

50. Habibi R, Sadeghi G, Karimi A. Effect of different concentrations of ginger root powder and its
essential oil on growth performance, serum metabolites and antioxidant status in broiler chicks
under heat stress. Brit Poultry Sci. 2014;55(2):228–37. doi:10.1080/00071668.2014.887830.

51. Puvaca N, Lika E, Cocoli S, Kika TS, Bursic V, Vukovic G, et al. Use of Tea Tree Essential Oil
(Melaleuca alternifolia) in Laying Hen's Nutrition on Performance and Egg Fatty Acid Pro�le as a
Promising Sustainable Organic Agricultural Tool. Sustainability-Basel (2020) 12(8).
doi:10.3390/su12083420.

52. Jiang, et al, 2009 Jiang H, Zhan WQ, Liu X, Jiang SX. Chemical Composition and Antioxidant Activity
of the Essential Oil From Oxytropis falcate Bunge. J Essent Oil Res. (2009) 21(4):300-2. doi:
10.1080/10412905.2009.9700176.



Page 14/19

53. Ruberto G, Baratta MT. Antioxidant activity of selected essential oil components in two lipid model
systems. Food Chem. 2000;69(2):167–74. doi:10.1016/S0308-8146(99)00247-2.

54. Kim HJ, Chen F, Wu C, Wang X, Chung HY, Jin Z. Evaluation of antioxidant activity of Australian tea
tree (Melaleuca alternifolia) oil and its components. J Agric Food Chem. 2004;52(10):2849–54.
doi:10.1021/jf035377d.

Tables
Table.1 composition and nutrient levels of the basal diets

Ingredient g/kg Content

Corn 670

Soybean meal 250

Wheat bran 40

Pre-mixturea 40

Total 1000

Nutrition levels, g/kg  

Digestible energy, MJ/kg 13.36

CPb 162.5

Cab 5.8

Total Pb 3.8

Lys 8.6

Met 2.0

Thr 6.5

Trp 2.8

a The premix provided the following per kg of the diet: Fe ( as ferrous sulfate) 80 mg, Cu ( as copper
sulfate) 15 mg, Zn ( as zinc sulfate) 80 mg, Mn ( as manganese sulfate ) 5 mg, Se ( as sodium selenite )
0.1 mg, I ( as potassium iodide) 0.1 mg, VA 4 480 IU, VD3 500 IU, VE 20 IU, VK3 2.20 mg, VB1 1.80 mg, VB
2 2.20 mg, VB 6 1.50 mg, VB12 12 μg, folic acid 0.30 mg, biotin 0.05 mg, nicotinic acid 10 mg, calcium
pantothenate 8 mg.

b CP, crude protein; Ca, calcium; P, phosphorus; Three samples were analyzed for the analyzed values and
the mean value was calculated and showed.
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Table 2 Effect of TTO on the genes expression of GH, IGF-I, IGF-II, and MSTN of �nishing pigs (n=6).

    Treatment1    

Sites  

Symbol

CON LTO MTO HTO SEM P-value

Liver GH 1.06 1.02 1.52 1.13 0.09 0.21

  IGF-I 1.03b 2.98a 4.25a 3.06a 0.33 0.002

  IGF-II 1.01 0.93 0.93 0.78 0.05 0.47

  MSTN 1.02a 0.69b 0.73b 0.70b 0.47 0.03

LD muscle GH 1.02b 1.17ab 1.88a 1.94a 0.15 0.04

  IGF-I 1.00b 1.11b 1.72a 1.24b 0.07 <0.001

  IGF-II 1.02 1.29 1.03 0.98 0.66 0.36

  MSTN 1.00a 0.72b 0.73b 0.74b 0.04 0.007

Backfat GH 1.01 1.10 1.32 1.26 0.08

 

0.48

  IGF-I 1.01 1.12 1.10 1.08 0.07 0.95

  IGF-II 1.01 1.04 1.20 0.96 0.07 0.70

a, b Means in the same row with different superscripts differ signi�cantly for treatment effect. 1CON
(control), pigs receiving a control diet; LTO (low tea tree oil supplemented treatment), pigs receiving a
control diet supplemented with 100 mg/kg tea tree oil; MTO (middle tea tree oil supplemented treatment),
pigs receiving a control diet supplemented with 200mg/kg tea tree oil; HTO (high tea tree oil
supplemented treatment), pigs receiving a control diet supplemented with 300 mg/kg tea tree oil; TTO, tea
tree oil.

Table 3. Effects of tea tree oil on the serum immunity of �nishing pigs (n=6).



Page 16/19

      Treatment1    

Item    

Time /d

CON LTO MTO HTO SEM  

P value

IgA/ μg/mL   28 104.26 165.44 151.70 120.34 9.23 0.06

  56 114.90 123.58 116.85 126.10 4.68 0.83

IgG/ μg/mL   28 384.90b 490.47a 575.80a 463.71a 18.61 <0.001

  56 273.04b 371.49a 407.97a 366.82a 17.24 0.03

IgM/ μg/mL   28 82.05b 116.96a 122.48a 89.44b 5.14 0.003

  56 83.07 91.18 89.31 87.62 3.4 0.87
a, b Means in the same row with different superscripts differ signi�cantly for treatment effect.

1CON (control), pigs receiving a control diet; LTO (low tea tree oil supplemented treatment), pigs receiving
a control diet supplemented with 100 mg/kg tea tree oil; MTO (middle tea tree oil supplemented
treatment), pigs receiving a control diet supplemented with 200mg/kg tea tree oil; HTO (high tea tree oil
supplemented treatment), pigs receiving a control diet supplemented with 300 mg/kg tea tree oil; TTO, tea
tree oil.

Table 4. Effects of tea tree oil on the serum enzyme of �nishing pigs (n=6).

      Treatment1    

Item   Time /d CON LTO MTO HTO SEM  

P value

ALT/ U/L   28 54.50 51.50 47.67 47.50 1.08 0.052

  56 50.91 56.17 51.33 54.33 1.58 0.63

AST/ U/L   28 47.00a 44.17ab 40.83bc 36.83c 1.35 0.04

  56 49.00a 54.67a 39.50b 36.00b 2.08 0.001

ALP/ U/L   28 70.66b 73.17b 93.33a 85.93a 2.52 <0.001

  56 130.00 148.50 143.17 138.00 4.90 0.61

a, b, c Means in the same row with different superscripts differ signi�cantly for treatment effect.

1CON (control), pigs receiving a control diet; LTO (low tea tree oil supplemented treatment), pigs receiving
a control diet supplemented with 100 mg/kg tea tree oil; MTO (middle tea tree oil supplemented
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treatment), pigs receiving a control diet supplemented with 200mg/kg tea tree oil; HTO (high tea tree oil
supplemented treatment), pigs receiving a control diet supplemented with 300 mg/kg tea tree oil; TTO, tea
tree oil.

Table 6. Effects of TTO supplementation on fatty acids composition and content in Longissimus dorsi
muscle in �nishing pigs. (n=6) 

    Treatment1    

Item   CON LTO MTO HTO SEM  

P value

C10:0   0.12 0.09 0.12 0.14 0.01

 

0.14

C12:0   0.12a 0.10ab 0.07b 0.13a 0.04 0.02

C14:0   1.08

 

1.06 1.12 1.13 0.02 0.46

C16:0   22.77a

 

22.06ab 21.83b 22.07ab 0.13 0.04

C16:1   2.90 3.06 2.61 3.02 0.07 0.08

C18:0   9.37 9.97 9.40 11.34 0.31 0.08

C18:1   41.94 41.57 41.77 38.96 0.50 0.11

C18:2n6t   3.63b 4.06a 4.08a 4.06a 0.05 <0.001

C18:2n6c   12.70 12.27 13.26 12.26 0.18 0.16

C20:1   0.53 0.44 0.43 0.80 0.06 0.10

C20:4   1.94 1.96 1.93 1.92 0.10 0.99

C22:4   0.49 0.35 0.39 0.45 0.03 0.54

SFA2   33.47 33.29 32.54 34.81 0.31 0.06

MUFA3   45.37 45.07 44.82 42.78 0.47 0.20

PUFA4   18.77 18.64 19.66 18.70 0.18 0.17

PUFA/SFA   0.56b 0.56b 0.60a 0.54b 0.01 0.003

a, b Means in the same row with different superscripts differ signi�cantly for treatment effect.
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1CON (control), pigs receiving a control diet; LTO (low tea tree oil supplemented treatment), pigs receiving
a control diet supplemented with 100 mg/kg tea tree oil; MTO (middle tea tree oil supplemented
treatment), pigs receiving a control diet supplemented with 200mg/kg tea tree oil; HTO (high tea tree oil
supplemented treatment), pigs receiving a control diet supplemented with 300 mg/kg tea tree oil; TTO, tea
tree oil.

2SFA = C10:0+C12:0+C14:0 + C16:0 + C17:0 + C18:0;

3MUFA = C16:1 + C18:1+ C20:1;

4PUFA = C18:2n6t + C18:2n6c + C20:4 + C22:4;

Table 7. Effects of TTO supplementation on the genes expression of H-FABP, CAPN1, CAST, and HAL in
Longissimus dorsi muscle in �nishing pigs. (n=6)

    Treatment1    

Symbol   Control LTO MTO HTO SEM P-value

H-FABP   1.00b 1.08b 1.37a 0.60c 0.06 <0.001

CAPN1   1.00b 0.96b 1.29a 1.34a 0.05 0.001

CAST

 

 

  1.01 1.01 1.10 1.20 0.09 0.89

 

HAL   1.00 1.09 1.14 1.06 0.09 0.96

a, b, c Means in the same row with different superscripts differ signi�cantly for treatment effect.

1 CON(control), pigs receiving a control diet; LTO (low tea tree oil supplemented treatment), pigs receiving
a control diet supplemented with 100 mg/kg tea tree oil; MTO (middle tea tree oil supplemented
treatment), pigs receiving a control diet supplemented with 200mg/kg tea tree oil; HTO (high tea tree oil
supplemented treatment), pigs receiving a control diet supplemented with 300 mg/kg tea tree oil; TTO, tea
tree oil.

Table 8. Effects of tea tree oil supplementation on antioxidant activity in �nishing pigs (n=6).
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    Treatment1    

Sites  

Symbol

CON LTO MTO HTO SEM P-value

Serum MDA(nmol/ml) 2.97a 3.08a 1.99b 1.93b 0.17

 

0.014

  CAT(U/ml) 5.68 4.76 5.68 5.04 0.17 0.13

  T-SOD(U/ml) 114.52 114.84 120.52 126.57 4.02 0.71

  GSH-PX(U/ml) 879.02b 889.69b 963.49a 966.73a 10.83 <0.001

Liver MDA(nmol/mg prot) 0.52 0.63 0.45 0.60 0.03

 

0.36

  CAT(U/mg prot ) 40.39 49.53 54.08 40.38 3.2 0.37

  T-SOD(U/ mg prot ) 136.41 136.76 146.51 149.15 7.82 0.92

  GSH-PX(U/mg prot ) 239.95 239.90 244.12 232.23 6.06 0.92

LD muscle MDA(nmol/mg prot) 0.32 0.42 0.35 0.31 0.01

 

0.09

  CAT(U/mg prot) 0.93 0.90 1.66 1.16 0.15 0.28

  T-SOD(U/mg prot) 12.36 16.47 15.26 13.94 0.83 0.33

  GSH-PX(U/mg prot) 11.85b 13.19ab 17.80a 10.45b 0.96 0.03

a, b Means in the same row with different superscripts differ signi�cantly for treatment effect.

1CON (control), pigs receiving a control diet; LTO (low tea tree oil supplemented treatment), pigs receiving
a control diet supplemented with 100 mg/kg tea tree oil; MTO (middle tea tree oil supplemented
treatment), pigs receiving a control diet supplemented with 200mg/kg tea tree oil; HTO (high tea tree oil
supplemented treatment), pigs receiving a control diet supplemented with 300 mg/kg tea tree oil; TTO, tea
tree oil.

MDA = malondialdehyde; CAT = Catalase; T-SOD = total superoxide dismutase; GSH-Px = glutathione
peroxidase.


