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Abstract
In swine production, diets supplemented with high levels of copper and zinc
are widely used due to their growth-promoting effects similar to antibiotics.
However, the potential hazards associated with the dietary use of high-dose
copper and zinc have been frequently reported. This article reviews the current
application status, potential hazards of high-dose copper and zinc, and proposes
corresponding solutions.
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Abstract: In swine production, high-dose copper (Cu) and zinc (Zn) diets are
widely used for their growth-promoting effects that resemble those of antibiotics.
However, numerous studies have reported potential hazards associated with the
use of high dietary levels of these minerals. This paper reviews the current
application status of high-dose Cu and Zn, examines their potential hazards,
and proposes corresponding mitigation strategies.
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In recent years, the proportion of intensive farming systems has increased, sub-
jecting pigs to significant stress that compromises gastrointestinal health, partic-
ularly in piglets. Under such stress, pigs become more susceptible to disease as
their nutritional metabolism and immune functions are impaired, limiting diges-
tive and absorptive capacity while reducing their ability to resist and eliminate
pathogenic microorganisms. To mitigate these adverse effects, antibiotics were
initially the focus of producers and researchers. However, large-scale antibiotic
use has led to problems including bacterial resistance and drug residues in ani-
mal products. Consequently, high-dose copper and zinc have been investigated
and applied as prophylactic additives in pig diets as alternatives to antibiotics.

As early as 1945, Braude first discovered that dietary supplementation with
high-dose copper promoted growth in pigs. Initially, researchers speculated
that copper and antibiotics functioned similarly in swine production, but this
proved incorrect. Subsequent studies revealed that copper’s growth-promoting
effects are systemic, relating to feed intake, various enzyme activities, and neural
regulation. Research on zinc in pig diets dates to the 1990s, when various zinc
compounds demonstrated excellent growth-promoting effects in weaned piglet
diets, showing important value in reducing diarrhea and improving survival
rates.

1.1 Mechanism of Growth Promotion by High-Copper Diets

Copper is an essential trace element in pig nutrition, serving as a necessary
component and cofactor for numerous enzymes and directly participating in
metabolism. It plays a vital role in bone formation and hematopoiesis, while
also enhancing resistance to pathogens, improving immunity and antioxidant
capacity, increasing feed intake, and boosting production performance. In swine
production, the growth-promoting effects of high-copper diets have been a major
research focus. Adding high-dose copper (125–250 mg/kg) to early-weaned piglet
diets significantly improves growth rate, feed intake, and feed efficiency, with
studies confirming that different inorganic copper sources at equivalent doses
produce similar growth-promoting effects.

1.1.1 High-Copper Diets and Growth Axis Regulation High-dose cop-
per induces various growth axis regulatory factors, increasing dopamine (DA)
content in the hypothalamus. DA directly acts on the pituitary to stimu-
late growth hormone (GH) secretion and regulates concentrations of growth
hormone-releasing hormone (GHRH), somatostatin (SS), and ghrelin in the
growth axis, thereby improving production performance. High-copper chyme
stimulates gastric fundic glands, increasing ghrelin mRNA expression. Ghre-
lin shares biological functions with motilin, promoting pepsin secretion and
gastric emptying while protecting gastric mucosal integrity. In vitro studies
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confirm that ghrelin promotes GH secretion from primary pituitary cells, stimu-
lating animal growth. Additionally, high-dose copper increases neuropeptide Y
(NPY) expression in the pig hypothalamus, which interacts with satiety signal-
ing pathways to enhance feeding desire and stimulate saliva secretion, playing
an important role in feed intake regulation and nutrient digestion.

1.1.2 Improvement of Intestinal Structure and Function by High-
Copper Diets Proper use of high-copper diets not only improves digestive
enzyme activities but also enhances digestive tract structure, increasing villus
height and the villus height-to-crypt depth ratio. Studies show that high-copper
diets improve activities of various digestive enzymes including pepsin, trypsin,
pancreatic amylase, and lipase, enabling more efficient nutrient breakdown in
chyme and facilitating subsequent absorption and deposition. Furthermore, cop-
per participates in forming various antioxidant enzymes, enhancing antioxidant
capacity and stress resistance while reducing environmental stress impacts on
pigs.

1.1.3 Relationship Between High-Copper Diets and Intestinal Mi-
crobiota Copper exhibits antibacterial effects against Gram-positive bacte-
ria, leading some researchers to attribute its growth-promoting properties to
this characteristic. Interestingly, intravenous copper injection also promotes
growth performance in weaned piglets, indicating that high-copper diets pos-
sess both growth-promoting and antibacterial properties. Højberg et al. found
that dietary supplementation with 175 mg/kg copper sulfate reduced popula-
tions of lactic acid bacteria, Lactobacillus, and Streptococcus in the gastrointesti-
nal tract—bacteria considered important for maintaining intestinal homeostasis.
This may occur because reduced total bacterial populations decrease nutrient
consumption from the diet, making more nutrients available for pig growth.

1.2 Mechanism of Growth Promotion by High-Zinc Diets

Zinc is an essential trace element that primarily participates in forming various
enzymes and acts as a metal enzyme activator. It is involved in protein and
RNA synthesis, playing crucial roles in animal growth, development, reproduc-
tion, and immunity. In pig production, zinc serves as a prophylactic additive,
significantly improving diarrhea and edema in weaned piglets. Initially, zinc
oxide (ZnO) was commonly used as a zinc source in weaned piglet diets. Re-
search indicates that ZnO effectively reduces diarrhea rates while improving
growth performance and feed efficiency, showing antibiotic-like effects in im-
proving piglet health and production performance. Consequently, therapeutic
doses of ZnO (2,000–3,000 mg/kg) have been widely adopted as prophylactic
additives in the swine industry.

1.2.1 High-Zinc Diets and Improved Pig Immunity Zinc’s preventive
functions primarily manifest in improving immunity, stress resistance, and in-
testinal structure and function. Pig immunity and stress resistance are reflected
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by antioxidant capacity, immunoglobulin content, and T-lymphocyte transfor-
mation rate. Studies show that high-zinc diets significantly increase antioxidant
enzyme activities in piglet tissues, such as metallothionein and copper-zinc su-
peroxide dismutase, while elevating serum immunoglobulin levels including IgG,
IgM, and IgA.

1.2.2 High-Zinc Diets and Improved Intestinal Health Zinc nutrition
is closely related to small intestine health—the most important digestive organ
and the largest immune organ. Zinc promotes secretion of insulin-like growth
factors (IGFs) from small intestinal epithelial mucosa, stimulating villus growth
to rapidly establish a complete intestinal barrier during early weaning and im-
proving small intestinal structure and function. Research demonstrates that
high-zinc diets significantly increase villus height and the villus height-to-crypt
depth ratio in weaned piglets while enhancing intestinal cytokine and tight junc-
tion protein expression. Additionally, zinc regulates ghrelin secretion to improve
feed intake and modulate the growth axis, thereby enhancing growth perfor-
mance. High-zinc diets also regulate intestinal microbiota diversity and reduce
nutrient fermentation in the small intestine.

2.1 Adverse Effects of High-Copper and High-Zinc Diets on Pigs

While high-copper diets demonstrate good growth-promoting and disease-
preventing effects in weaned piglets, long-term use shows limited benefits and
may even produce negative effects including organ oxidative stress, increased
inflammatory factor expression, intestinal microbiota imbalance, reduced
growth rate, and deteriorated meat quality. Studies show that high-copper
diets catalyze Fenton reactions in the intestine, generating anions and hydroxyl
radicals that damage, detach, or kill intestinal cells, causing oxidative stress
and barrier damage. Additionally, high copper content in chyme reduces total
bacterial populations in the digestive tract, inhibiting both harmful and bene-
ficial bacteria such as Lactobacillus and Bifidobacterium. Therefore, long-term
high-copper diets disrupt intestinal microecological balance and severely impair
intestinal function. Regarding meat quality, prolonged high-copper diets
increase unsaturated fatty acid content in pork, making it more susceptible to
lipid oxidation, resulting in softer texture and reduced flavor.

Although high-zinc diets improve piglet performance, high dietary zinc may
cause toxic reactions and disrupt intestinal microbiota balance. Excess zinc di-
rectly affects various membrane structures, altering membrane permeability, re-
ducing ATP production, and decreasing active transport capacity. As one of the
first organs exposed to zinc stimulation, the small intestine suffers epithelial cell
membrane damage from long-term high-dose zinc exposure, reducing digestive
and absorptive capacity and inhibiting pig growth. Long-term high-zinc feeding
not only suppresses immune organ development but also affects T-lymphocyte
transformation and leukocyte phagocytosis rates, causing significant decreases
in serum immunoglobulin levels.
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After absorption, dietary copper and zinc are distributed to various tissues and
organs including the liver, kidneys, and brain through the circulatory system.
Heavy metal deposition in the liver significantly reduces its antioxidant capacity,
detoxification ability, and growth factor release. Kidney deposition of heavy
metals affects glomerular filtration and tubular reabsorption by altering cell
membrane permeability. Heavy metal accumulation in the pig brain affects
central nervous system endocrine function, inhibiting feeding regulation, growth
control, and memory. In summary, long-term use of high-dose copper and zinc
diets not only reduces animal performance but also compromises animal health.

2.2 Environmental Pollution

Pigs have low absorption rates for dietary copper and zinc, with only a small
portion deposited in the body while most are excreted in feces. Research data
show that when pigs consume high-copper diets (250 mg/kg), fecal copper con-
tent is 14 times that of the diet. Most swine manure is composted and returned
to farmland. Although China has gradually recognized the potential environ-
mental threats from heavy metals in feed and adjusted the maximum limits for
copper and zinc in pig diets in the Feed Additive Safety Use Guidelines (copper:
$�$125 mg/kg in piglet diets; zinc: $�$110 mg/kg in piglet diets, $�$1,710 mg/kg
for two weeks post-weaning, $�$100 mg/kg in sow diets, and $�$80 mg/kg in
other pig diets), the large swine population produces massive amounts of ma-
nure. Since copper and zinc are difficult to degrade in soil, their deposition will
increase annually with the development of China’s swine industry, eventually
causing severe environmental and food chain contamination, particularly near
pig farms. To protect soil and the ecological environment, China’s Soil Envi-
ronmental Quality Standards specify maximum allowable concentrations: copper
$�$50–100 mg/kg and zinc $�$200–300 mg/kg (secondary standard). High soil
copper content not only affects crop yield but also impacts biodiversity and
health of various organisms. Studies show soil copper content positively cor-
relates with soil hardness; excessively hard soil is unsuitable for cropping and
affects plant growth, development, and yield. Additionally, long-term work in
high-copper environments may cause liver cirrhosis and jaundice. High soil
zinc content inhibits plant uptake, with levels >200 mg/kg generally considered
contaminated. Beyond soil pollution, copper and zinc pose greater threats to
water sources, as aquatic life is highly sensitive to these metals. Research indi-
cates that excessive copper and zinc in water pose significant threats to aquatic
organisms.

2.3 Bacterial Resistance

In recent years, bacterial antibiotic resistance has attracted widespread atten-
tion from scholars worldwide, as enhanced resistance poses potential threats to
human health. Hölzel et al. demonstrated that long-term use of high-dose cop-
per as a feed additive increases resistance of intestinal bacteria in pigs. Bednorz
et al. found that dietary supplementation with 2,500 mg/kg ZnO increased resis-
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tance of certain bacteria in piglet gastrointestinal tracts and enhanced multidrug
resistance in E. coli. Slifierz et al. reported that high-dose ZnO in weaned piglet
diets increased prevalence and infectivity of methicillin-resistant Staphylococcus
aureus. Long-term high-copper diets induce copper resistance in bacteria. Cur-
rent swine production often employs combined high-dose copper and antibiotic
strategies for growth promotion and bacterial inhibition, with synergistic effects
dramatically increasing bacterial resistance rates and creating deeper hidden
dangers for future production. Studies show that long-term use of high-dose
copper and zinc diets specifically selects for resistant bacteria, making these
metals important factors in inducing bacterial resistance.

Furthermore, research has documented synergy between antimicrobial metals
(copper, zinc, etc.) and antibiotic tolerance. Some bacteria isolated from en-
vironments already show co-resistance to antimicrobial metals and antibiotics.
These resistance traits can be transmitted vertically to offspring or horizontally
to other bacteria through two transmission mechanisms that jointly regulate cop-
per resistance, zinc resistance, and enhanced antibiotic resistance. This means
resistant bacteria may spread their resistance genes to different biological pop-
ulations, threatening human health.

3 Solution Strategies
To ensure growth-promoting effects of copper while reducing excessive emissions
and lowering the induction of resistant bacteria, more efficient feeding methods
are needed in pig production. Some suggest using probiotics, acidifiers, and
plant extracts to reduce environmental pollution and antibiotic resistance. Oth-
ers propose changing the form of copper and zinc supplementation in diets to
reduce dosage without compromising efficiency.

3.1 Alternative Strategies

Probiotic supplementation in pig diets has gained widespread industry attention,
with various probiotic products emerging. Probiotics are live microorganisms
that regulate host microbial balance. They compete with pathogens for nu-
trients and binding sites on intestinal walls, activate the immune system, and
produce substances harmful to pathogens. Wang et al. reported that Enterococ-
cus faecium promotes piglet weight gain and health with effects similar to ZnO
(2,500 mg/kg).

Prebiotics positively affect animal health and selection of beneficial intestinal
microorganisms. Yeast derivatives and polysaccharides can regulate piglet im-
mune systems. Studies show 𝛽-glucan has anti-inflammatory properties, pro-
moting production of anti-inflammatory factors in pigs. Yeast derivatives also
remove anti-nutritional factors from feed while promoting growth.

In recent years, plant extracts such as polysaccharides, saponins, and essential
oils have been widely used as pig feed additives. Research demonstrates that
natural plant extracts promote pig growth, benefit pig health, and do not pollute

chinarxiv.org/items/chinaxiv-201812.00317 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00317


the environment. Some plant extracts also enhance immunity, digestive enzyme
activity, and stress resistance. International research on plant extracts for pig
health and growth has focused on seaweed extracts due to their high yield, easy
availability, and economic benefits. Domestic research has also explored aquatic
plants and traditional Chinese herbal additives.

Acidifiers inhibit pathogen activity by reducing digestive tract pH. Organic acids
such as lactic and citric acid decrease pH to reduce bacterial populations. Re-
ports indicate that formic, acetic, propionic, and sorbic acids effectively lower
digestive tract pH and inhibit Gram-negative bacterial proliferation. Dietary
supplementation with compound organic acids reduces populations of E. coli,
Salmonella, and Enterococcus in pig intestines, improving growth performance.
However, some scholars note that acidifiers cannot completely eliminate threats
from harmful microorganisms.

3.2 New Usage Patterns

Traditional copper and zinc additives are primarily inorganic compounds such as
copper sulfate and ZnO. Inorganic copper and zinc in diets are easily oxidized,
have low absorption and utilization rates, and cause environmental pollution.
Therefore, improving copper and zinc efficacy while reducing dietary levels has
become a notable research area.

Studies indicate that copper and zinc in chyme bind to digestive tract mucosa,
activating pathways that regulate secretion of various growth factors to promote
protein deposition and tissue development. Therefore, the biological efficacy of
copper and zinc correlates with their contact surface area with the digestive
tract. Reducing particle size effectively increases surface area. Micron- and
nano-sized particles can increase surface area several-fold for the same mass.
However, research on nano- and microparticles shows that while they increase
biological efficacy, they also enhance toxicity. Nanoparticles can penetrate bio-
logical membranes, alter membrane potential and permeability, cause oxidative
stress, and damage genetic material in cell nuclei, causing irreversible DNA
damage. Comparative toxicity studies found that oral administration of micron
copper (200 mg/kg BW) for 28 days showed no toxicity, suggesting micron-sized
copper and zinc premixes may have positive impacts on future swine production.

Additionally, attapulgite clay can be used as a carrier for copper and zinc pre-
mixes in pig diets. Attapulgite clay possesses ion exchange, physical adsorption,
trace element carrying, and mucosal protection properties. Copper- and zinc-
loaded attapulgite clay protects intestinal mucosal structure while delivering
growth-promoting and antibacterial effects, playing important roles in increas-
ing intestinal immunoglobulins, improving digestive enzyme activity, and repair-
ing and protecting digestive tract mucosa.
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4 Summary
High-copper and high-zinc diets promote pig growth, particularly in weaned
piglets. However, excessive use causes heavy metal accumulation in feces and
soil, severely contaminating soil and water sources. While copper and zinc
are important for animal growth, organ development, immune response, and
reproductive regulation, improper use of high-dose diets causes serious health
problems including reduced immunity, impaired digestive function, growth re-
tardation, and increased susceptibility. Therefore, research on rational use of
high-copper and high-zinc diets, improving their efficacy, and exploring syner-
gistic effects with other substances will be key to advancing their application.

Meanwhile, the growth-promoting mechanisms of high-copper and high-zinc di-
ets and their mediated signaling pathways require further investigation. On one
hand, improving utilization efficiency of copper and zinc in pig diets can reduce
excessive addition of antibiotics and these minerals, alleviating resistance and
food safety issues. On the other hand, seeking new alternative strategies and
usage patterns for high-copper and high-zinc diets will provide references for
efficient, green, and sustainable development of China’s swine industry.

References:
DĘBSKI B.Supplementation of pigs diet with zinc and copper as alter-
native to conventional antimicrobials[J].Polish Journal of Veterinary Sci-
ences,2016,19(4):917–924.

RHOUMA M,FAIRBROTHER J M,BEAUDRY F,et al.Post weaning diarrhea
in pigs:risk factors non-colistin-based control strategies[J].Acta Veterinaria Scan-
dinavica,2017,59(1):31.

VONDRUSKOVA H,SLAMOVA R,TRCKOVA M,et al.Alternatives to
antibiotic growth promoters prevention diarrhoea in weaned piglets:a re-
view[J].Veterinarni Medicina,2010,55(5):199–224.

THACKER P A.Alternatives to antibiotics as growth promoters for use
in swine production:a review[J].Journal of Animal Science and Biotechnol-
ogy,2013,4(1):35.

BRAUDE R.Some observations on the need for copper in the diet of fattening
pigs[J].The Journal of Agricultural Science,1945,35(3):163–167.

YANG W Y,WANG J G,LIU L,et al.Effect of high dietary copper on somato-
statin and growth hormone-releasing hormone levels in the hypothalami of grow-
ing pigs[J].Biological Trace Element Research,2011,143(2):893–900.

[7] Yang Lianyu, Wang Zhe. Relationship between copper and hypothalamic
growth regulation function[J]. Journal of Jilin Agricultural University, 2003,
25(1): 86–90.

YANGW,ZHAO C,ZHANG C,et al.High dietary copper increases catecholamine

chinarxiv.org/items/chinaxiv-201812.00317 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00317


concentrations in the hypothalami and midbrains of growing pigs[J].Biological
Trace Element Research,2016,170(1):115-118.

YANG W Y,WANG J G,ZHU X Y,et al.High lever dietary copper promote
ghrelin gene expression fundic gland growing pigs[J].Biological Trace Element
Research,2012,150(1/2/3):154–157.

[10] MORALES J,CORDERO G,PIÑEIRO C,et al.Zinc oxide at low sup-
plementation level improves productive performance and health status of
piglets[J].Journal of Animal Science,2012,90(4S):436–438.

LAURIDSEN C,HØJBERG O,KONGSTED H,et al.A critical review on
alternatives to antibiotics pharmacological prevention diarrhoea post-
weaning[R].Nationalt Center for Fødevarerog Jordbrug,[S.l.]:[s.n.],2017:26.

[12] Mei Shaofeng. Study on the growth-promoting and microecological effects
of high copper on weaned piglets[D]. Ph.D. dissertation. Ya’an: Sichuan Agri-
cultural University, 2009.

BURNELL T W,CROMWELL G L,STAHLY T S.Effects of dried whey and
copper sulfate on the growth responses to organic acid in diets for weanling
pigs[J].Journal of Animal Science,1988,66(5):1100–1108.

LIAO P,SHU X G,TANG M,et al.Effect of dietary copper source (inorganic
vs. chelated) on immune response,mineral status,and fecal mineral excretion in
nursery piglets[J].Food and Agricultural Immunology,2017:1–16.

CROMWELL G L,STAHLY T S,MONEGUE H J.Effects of source and level of
copper on performance liver copper stores in weanling pigs[J].Journal of Animal
Science,1989,67(11):2996–3002.

[16] Zheng Xin, Liu Guowen, Yang Lianyu, et al. Effect of copper on IGF-I gene
mRNA expression in the liver of growing pigs[J]. Chinese Veterinary Science,
2006, 36(6): 497–501.

[17] Zheng Xin, Liu Guowen, Liang Haitao, et al. Effect of copper on insulin-
like growth factor and its binding proteins in primary porcine hepatocytes[J].
Journal of Jilin Agricultural University, 2006, 28(3): 330–333.

SIBILIA V,RINDI G,PAGANI F,et al.Ghrelin protects against ethanol-induced
gastric ulcers in rats:studies on the mechanisms of action[J].Endocrinology,2003,144(1):353–
359.

[19] Yang Wenyan, Yang Wenjie, Gao Yunhang, et al. Effect of high-copper
diet on ghrelin secretion in the gastric fundic glands of growing pigs[J]. Animal
Husbandry and Veterinary Medicine, 2012, 44(2): 18–21.

DYER C J,SIMMONS J M,MATTERI R L,et al.cDNA cloning and tissue-
specific gene expression of ovine leptin,NPY-Y1 receptor,and NPY-Y2 recep-
tor[J].Domestic Animal Endocrinology,1997,14(5):295–303.

chinarxiv.org/items/chinaxiv-201812.00317 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00317


SCHAAF S.Effect of dietary zinc source and concentrations of cop-
per,manganese,and zinc growth performance immune response nursery
pigs[D].Ph.D thesis.Stillwater:Oklahoma State University,2017.

COBLE K,BURNETT D,GOODBAND R D,et al.299 Effect of diet type
and added copper on growth performance,carcass characteristics,total tract
digestibility,gut morphology,and mucosal expression finishing pigs[J].Journal
Animal Science,2016,94(2S):140–141.

[23] DOVE C R.The effect of copper level on nutrient utilization of weanling
pigs[J].Journal of Animal Science,1995,73(1):166–171.

LUO X G,DOVE C R.Effect of dietary copper and fat on nutrient uti-
lization,digestive enzyme activities,and tissue mineral levels in weanling
pigs[J].Journal of Animal Science,1996,74(8):1888–1896.

[25] Mei Shaofeng, Yu Bing, Ju Cuifang, et al. Effects of high zinc and high
copper on performance, digestive physiology and cecal microflora of weaned
piglets[J]. Chinese Journal of Animal Nutrition, 2009, 21(6): 903–909.

CARLSON D,POULSEN H D,SEHESTED J.Influence of weaning and effect
of post weaning dietary zinc and copper on electrophysiological response to
glucose,theophylline and 5-HT in piglet small intestinal mucosa[J].Comparative
Biochemistry and Physiology Part A:Molecular & Integrative Physiol-
ogy,2004,137(4):757–765.

ZHOU W,KORNEGAY E T,LINDEMANN M D,et al.Stimulation of growth
by intravenous injection copper weanling pigs[J].Journal of Animal Sci-
ence,1994,72(9):2395–2403.

[28] HØJBERG O,CANIBE N,POULSEN H D,et al.Influence of dietary zinc
oxide and copper sulfate on the gastrointestinal ecosystem in newly weaned
piglets[J].Applied and Environmental Microbiology,2005,71(5):2267–2277.

BIKKER P,GOSELINK R M A,VAN BAAL J,et al.Copper and zinc recommen-
dations in pig diets,a review[C]//Book of Abstracts of the 65th Annual Meeting
of the European Federation of Animal Science,[S.l.]:[s.n.],2014,20:110–110.

BLAABJERG K,POULSEN H D.The use of zinc and copper in pig produc-
tion[J].Journal of Animal Science,2017,85(6):1022–1029.

[31] KIM J C,HANSEN C F,MULLAN B P,et al.Nutrition and pathology of
weaner pigs:nutritional strategies to support barrier function in the gastroin-
testinal tract[J].Animal feed Science and Technology,2012,173(1/2):3–16.

[32] MORENO M A.Survey of quantitative antimicrobial consumption per
production stage in farrow-to-finish pig farms in Spain[J].Veterinary Record
Open,2014,1(1):e000002.

ZHAN X A,WANG M,XU Z R,et al.Effects of fluoride on hepatic antioxidant
system and transcription of Cu/Zn SOD gene in young pigs[J].Journal of Trace
Elements in Medicine and Biology,2006,20(2):83–87.

chinarxiv.org/items/chinaxiv-201812.00317 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00317


BROOM L J,MILLER H M,KERR K G,et al.Effects of zinc oxide and Ente-
rococcus faecium SF68 dietary supplementation on the performance,intestinal
microbiota and immune status of weaned piglets[J].Research in Veterinary Sci-
ence,2006,80(1):45–54.

[35] Yang Gongshe. Swine Production Science[J]. Beijing: China Agriculture
Press, 2002: 183.

CARLSON M S,HILL G M,LINK J E.Early-and traditionally weaned nurs-
ery pigs benefit from phase-feeding pharmacological concentrations of zinc ox-
ide:effect on metallothionein and mineral concentrations[J].Journal of Animal
Science,1999,77(5):1199–1207.

[37] HILL G M,CROMWELL G L,CRENSHAW T D,et al.Growth promo-
tion effects and plasma changes from feeding high dietary concentrations
of zinc and copper to weanling pigs (regional study)[J].Journal of Animal
Science,2000,78(4):1010–1016.

[38] YIN J D,LI X,LI D F,et al.Dietary supplementation with zinc oxide stimu-
lates ghrelin secretion from the stomach young pigs[J].The Journal of Nutritional
Biochemistry,2009,20(10):783–790.

PÉREZ V G,WAGUESPACK AM,BIDNER T D,et al.Additivity of effects from
dietary copper and zinc on growth performance and fecal microbiota of pigs after
weaning[J].Journal of Animal Science,2011,89(2):414–425.

PIEPER R,VAHJEN W,NEUMANN K,et al.Dose‐dependent effects of di-
etary zinc oxide on bacterial communities and metabolic profiles in the
ileum of weaned pigs[J].Journal of Animal Physiology and Animal Nutri-
tion,2012,96(5):825–833.

ZHANG F,ZHENG W J,GUO R,et al.Effect of dietary copper level on the gut
microbiota and its correlation with serum inflammatory cytokines in Sprague-
Dawley rats[J].Journal of Microbiology,2017,55(9):694–702.

[42] Liu Bo, Yang Wenyan, Yang Lianyu. Research progress on the regula-
tory mechanism of copper intestinal homeostasis balance[J]. China Animal Hus-
bandry and Veterinary Medicine, 2017, 44(9): 2662–2667.

[43] MILLER E R,ULLREY D E,ELLIS D J,et al.Comparison of copper sul-
fate and a selected antibiotic for growing-finishing swine[J].Journal of Animal
Science,1969,29:140–144.

[44] Luo Zhibin, Wu Jiahui, Shi Jingquan, et al. Effect of toxic dose of zinc
on the ultrastructure of rat small intestinal mucosa[J]. Acta Nutrimenta Sinica,
1999, 21(1): 34–37.

[45] Chen Liang. Immunopathological study on the effects of long-term expo-
sure to high-zinc diet on weaned piglets[D]. Master’s thesis. Hefei: Anhui
Agricultural University, 2008.

chinarxiv.org/items/chinaxiv-201812.00317 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00317


[46] KLIMPEL K R,ARORA N,LEPPLA S H.Anthrax toxin lethal factor con-
tains a zinc metalloprotease consensus sequence which is required for lethal toxin
activity[J].Molecular Microbiology,1994,13(6):1093–1100.

[47] HEO J M,OPAPEJU F O,PLUSKE J R,et al.Gastrointestinal health and
function in weaned pigs:a review of feeding strategies to control post ‐ wean-
ing diarrhoea without using in ‐ antimicrobial compounds[J].Journal of Animal
Physiology and Animal Nutrition,2013,97(2):207–237.

ROOF M D,MAHAN D C.Effect of carbadox and various dietary copper levels
for weanling swine[J].Journal of Animal Science,1982,55(5):1109–1117.

[49] Xu Jiakuan, Yang Lianxin, Wang Zhiqiang, et al. Effect of soil copper
content on nitrogen uptake, utilization and yield of rice[J]. Journal of Yangzhou
University (Agricultural and Life Science Edition), 2008(2): 72–76, 86.

LOMBARDI L,SEBASTIANI L.Copper toxicity in Prunus cerasifera:growth
and antioxidant enzymes responses vitro grown plants[J].Plant Science,2005,168(3):797–
802.

BRUGGER D,WINDISCH W M.Environmental responsibilities of livestock
feeding using trace mineral supplements[J].Animal Nutrition,2015,1(3):113–
118.

JENSEN J,LARSEN M M,BAK J.National monitoring study in Den-
mark finds increased critical levels copper arable soils fertilized with
slurry[J].Environmental Pollution,2016,214:334–340.

[53] HÖLZEL C S,MÜLLER C,HARMS K S,et al.Heavy metals in liquid
pig manure in light of bacterial antimicrobial resistance[J].Environmental
Research,2012,113:21–27.

BEDNORZ C,OELGESCHLÄGER K,KINNEMANN B,et al.The broader con-
text of antibiotic resistance:zinc feed supplementation of piglets increases the
proportion of multi-resistant Escherichia vivo[J].International Journal of Medi-
cal Microbiology,2013,303(6/7):396–403.

SLIFIERZM J,FRIENDSHIP R,WEESE J S.Zinc oxide therapy increases preva-
lence and persistence of methicillin‐resistant Staphylococcus aureus in pigs:a
randomized controlled trial[J].Zoonoses and Public Health,2015,62(4):301–308.

[56] AGGA G E,SCOTT H M,AMACHAWADI R G,et al.Effects of
chlortetracycline and copper supplementation on antimicrobial resis-
tance of fecal Escherichia coli from weaned pigs[J].Preventive Veterinary
Medicine,2014,114(3/4):231–246.

[57] MEDARDUS J J,MOLLA B Z,NICOL M,et al.In-feed use of heavy
metal micronutrients in US swine production systems and its role in per-
sistence of multidrug-resistant salmonellae[J].Applied and Environmental
Microbiology,2014,80(7):2317–2325.

chinarxiv.org/items/chinaxiv-201812.00317 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00317


[58] Ji Xu. Study on the synergistic effect of feed high copper on antibiotic resis-
tance of Escherichia coli in pig intestine[D]. Master’s thesis. Nanjing: Nanjing
Agricultural University, 2015.

[59] MAZEL D,DAVIES J.Antibiotic resistance in microbes[J].Cellular and
Molecular Life Sciences,1999,56(9/10):742–754.

SUMMERS A O.Genetic linkage and horizontal gene transfer,the roots of the an-
tibiotic multi-resistance problem[J].Animal Biotechnology,2006,17(2):125–135.

ROSELLI M,PIEPER R,ROGEL-GAILLARD C,et al.Immunomodulating ef-
fects of probiotics for microbiota modulation, gut health and disease resistance
in pigs[J].Animal Feed Science and Technology,2017,233:104–119.

[62] WANG Z Y,BURWINKEL M,CHAI W D,et al.Dietary Enterococcus fae-
cium NCIMB 10415 and zinc oxide stimulate immune reactions to trivalent in-
fluenza vaccination in pigs affect virological response challenge infection[J].PLoS
One,2014,9(1):e87007.

[63] HEIM G,WALSH A M,SWEENEY T,et al.Effect of seaweed-derived
laminarin and fucoidan and zinc oxide on gut morphology,nutrient trans-
porters,nutrient digestibility,growth performance and selected microbial
populations in weaned pigs[J].British Journal of Nutrition,2014,111(9):1577–
1585.

REILLY P,O’DOHERTY J V,PIERCE K M,et al.The effects of seaweed extract
inclusion on gut morphology,selected intestinal microbiota,nutrient digestibil-
ity,volatile fatty acid concentrations and the immune status of the weaned
pig[J].Animal,2008,2(10):1465–1473.

[65] Yang Hongzao, Wang Dongsheng, Dong Shuwei, et al. Research progress
on etiology and traditional Chinese medicine prevention and treatment of piglet
diarrhea[J]. Progress in Veterinary Medicine, 2016, 37(10): 89–93.

[66] Yang Mei, Jiang Yan, Huang Gongming, et al. Research progress on ap-
plication of traditional Chinese medicine in prevention and control of swine
diseases[J]. Guizhou Animal Husbandry and Veterinary Medicine, 2015, 39(5):
26–28.

CASTRO M.Use of additives on the feeding of monogastric animals[J].Cuban
Journal of Agricultural Science,2005,39:439–445.

[68] MISSOTTEN J A M,GORIS J,MICHIELS J,et al.Screening of isolated
lactic acid bacteria as potential beneficial strains for fermented liquid pig feed
production[J].Animal Feed Science and Technology,2009,150(1/2):122–138.

[69] AHMED S T,HWANG J A,HOON J,et al.Comparison of single and
blend acidifiers as alternative to antibiotics on growth performance,fecal
microflora,and humoral immunity in weaned piglets[J].Asian-Australasian
Journal of Animal Sciences,2014,27(1):93–100.

chinarxiv.org/items/chinaxiv-201812.00317 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00317


LEE I C,KO J W,PARK S H,et al.Comparative toxicity and biodistribution
assessments in rats following subchronic oral exposure to copper nanoparticles
and microparticles[J].Particle and Fibre Toxicology,2016,13(1):56.

[71] KARLSSON H L,GUSTAFSSON J,CRONHOLM P,et al.Size-dependent
toxicity of metal oxide particles—a comparison between nano-and micrometer
size[J].Toxicology Letters,2009,188(2):112–118.

CHEN Z,MENG H,XING G M,et al.Acute toxicological effects of copper
nanoparticles in vivo[J].Toxicology Letters,2006,163(2):109–120.

[73] KARLSSON H L,CRONHOLM P,GUSTAFSSON J,et al.Copper oxide
nanoparticles are highly toxic:a comparison between metal oxide nanoparticles
carbon nanotubes[J].Chemical Research in Toxicology,2008,21(9):1726–1732.

LV Y F,TANG C H,WANG X Q,et al.Effects of dietary supplementation
with palygorskite on nutrient utilization in weaned piglets[J].Livestock
Science,2015,174:82–86.

[75] YAO D W,YU Z Z,LI N,et al.Copper-modified palygorskite is effective in
preventing and treating diarrhea caused by Salmonella typhimurium[J].Journal
of Zhejiang University:Science B,2017,18(6):474–480.

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

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201812.00317 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00317

	High-dose copper and zinc in swine diets: applications, potential hazards, and mitigation strategies (postprint)
	Abstract
	Full Text
	Application, Potential Hazards, and Solution Strategies of High-Dose Copper and Zinc in Pig Diets
	1.1 Mechanism of Growth Promotion by High-Copper Diets
	1.2 Mechanism of Growth Promotion by High-Zinc Diets
	2.1 Adverse Effects of High-Copper and High-Zinc Diets on Pigs
	2.2 Environmental Pollution
	2.3 Bacterial Resistance

	3 Solution Strategies
	3.1 Alternative Strategies
	3.2 New Usage Patterns

	4 Summary
	References:


