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Introduction

Feed additives are nonnutritive feed ingredients that are not required by swine. In the absence of feed
additives in the diet, no deficiency symptoms will result. They may, however, enhance production and
profitability under the right circumstances. Feed additives are regulated in the U. S. by the Food and Drug
Administration (FDA), and it is very important that the regulations be followed. The official regulations can
be found in the Feed Additive Compendium [1] for antibiotics and the AAFCO (Association of American
Feed Control Officials) [2] guide which sets guidelines and definitions for animal feed use of additives that
are generally regarded as safe (GRAS). For most users, the appropriate usage and withdrawal informa-
tion is provided by the supplier and is on the feed tag. There are many classes of feed additives, including:
antibiotics and antimicrobials, anthelmintics (de-wormers), direct-fed microbials (probiotics), prebiotics,
pellet binders, flavors, enzymes, growth and feed efficiency enhancers, supplemental nutrients, mold
inhibitors and preservatives, and a beta-adrenergic agonist (ractopamine).

Objective
e Describe the general use and potential effects of many feed additives for swine
Antibiotics

Antibiotics have been used in animal agriculture for over 50 years. Their use has been primarily to prevent
colonization by pathogenic microorganisms in the intestine and to aid in control of respiratory and repro-
ductive bacterial diseases. Antimicrobials are used in animal production both therapeutically (to cure or
prevent certain diseases) and subtherapeutically to increase productivity (improved rate of gain and feed
efficiency). Subtherapeutic or “growth promoting” levels of antibiotics improve average daily gain and
feed efficiency of pigs under most conditions [3]. These responses to growth-promoting concentrations of
antibiotics have typically been greater in the young, nursery age pig, than the finishing pig (Table 1). They
can only be used at approved levels and in approved combinations outlined by the FDA and published in
the Feed Additive Compendium [1].

There are two main concerns with feeding antibiotics to livestock: 1) Any antibiotic residue remaining in
the animals’ tissues because of inadequate withdrawal could enter and contaminate the human food sup-
ply; 2) Microorganisms sometimes develop resistance to antibiotics, making the antibiotic less effective
in the swine operation. Producers should utilize antimicrobial products under veterinarian consultation
and according to regulations. For more information on specific antibiotics, their effectiveness and ap-
propriate feeding concentrations refer to the Feed Additive Compendium and for general feed withdrawal
timelines prior to slaughter seeTable 2.

To ensure that pork producers are handling antibiotics correctly the National Pork Board has established
a program on residue avoidance. The Pork Quality Assurance Plus program effectively acquaints produc-
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ers with the different drugs, their proper use and withdrawal times. It is advisable to obtain professional
veterinary assistance when developing an antibiotic use program for your farm.

Table 1. Efficacy of Antibiotics as growth promoters for pigs?
Stage | Control | Antibiotic Improvement, %
Starting phase (15-55 Ib)
ADG, Ib/d 0.86 0.99 16.4
Feed/gain 2.28 2.13 6.9
Growing phase (37-108 Ib)
ADG, Ib/d 1.30 1.46 10.6
Feed/gain 2.91 2.78 4.5
Growing-Finishing phase (563-200 Ib)
ADG, Ib/d 1.52 1.59 4.2
Feed/gain 3.30 3.23 2.2

aData from 453, 298, and 443 experiments for the three phases respectively.
Adapted from Hays (1977) and Zimmerman (1986) as cited by Cromwell, 2001

Anthelmintics

Swine are susceptible to infection by numerous species of internal and external parasites. The life cycle of
parasites can vary widely and involve various target organs and tissues depending on the parasite. Feed
has been used to provide effective administration for many anthelmintic products for many years. In most
applications the anthelmintic is used for a prescribed interval and dosage rate. This regimen purges the
adult parasites and may kill developing larvae depending on the product used. Once the anthelmintic is
withdrawn the animal becomes susceptible to reinfection upon exposure to a contaminated environment
or animals. The availability of feed-grade mange and lice control products has enhanced the pork produc-
ers’ ability to control both internal and external parasites. A wide range of products are available and have
variable withdrawal times prior to slaughter (Table 2). It is advisable to obtain professional veterinary
assistance when formulating a parasite control or eradication program because the anthelmintic products
are parasite specific in their control [4].

Pharmacological concentrations of Copper and Zinc

Copper Sulfate (CuS04) has been used at elevated growth-promoting levels in nursery and grower pig
diets between 125 to 250 ppm (copper requirement is 3 - 6 ppm) for an antibiotic-like growth effect for de-
cades in swine production [3]. The average response to feeding 200-250 ppm copper from copper sulfate
is improved nursery pig ADG (11.9%) and feed efficiency (4.5%) and 6.9% ADG and 3.6% feed efficiency im-
provements in the grower pig, with the finishing pig response being one-half of the grower pig response
[3]. The 250 ppm level corresponds to 0.1% copper sulfate, or 2 pounds per ton inclusion level. Generally
levels between 125-250 ppm copper are most effective, with the 100-125 ppm level resulting in 75-80% of
the response of the 250 ppm level [3]. Tribasic copper chloride fed at 100 or 200 ppm has been reported to
provide a similar improvement in nursery pigs as 100 or 200 ppm copper sulfate [5]. Lower levels (50-100
ppm) from copper sulfate or copper chloride have improved early grower pig growth and feed efficiency
and overall grow-finish pig growth and feed efficiency when pig performance was low [6]. The use of Cop-
per-lysine complexes appears to have the same effect as copper sulfate in improving nursery pig growth
performance [7,8]. Levels above 250 ppm (500+ ppm) border on toxicity, producing negative effects on pig
performance [3].

Zinc oxide (Zn0O) is commonly being added to nursery diets at le aFeed Additive Compendium, 2008 [1]
bWithdrawal times may increase when fed at therapeutic levels or in approved combinations.

vels to provide between 1500 and 3000 ppm zinc (the zinc requirement is 100-165 ppm). Research has
reported improvements in nursery pig growth rate and reductions in diarrhea when these levels of zinc
are fed [9,10,11]. However, if 3000 ppm zinc is fed too long (more than 5 weeks), toxicity symptoms may
result along with other mineral deficiencies [3]. Tetrabasic zinc chloride has been reported to be effective
at improving pig nursery pig performance at 1500 ppm zinc similar to the response at 3000 ppm zinc from
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zinc oxide [12]. Zinc chloride may be an option to provide a similar zinc effect in nursery pig diets at lower
inclusion levels. The feeding of organic zinc sources has not yielded a consistent improvement in nursery
pig growth compared to zinc oxide [13]. In a small study, a Zn-polysaccharide complex fed at 300-450
ppm has produced a similar growth effect compared to feeding inorganic zinc oxide at 2,000, but requires
further evaluation [14]. However, a large study evaluating zinc -methionine found that zinc-methionine
improved nursery pig growth above the negative control but not to the level of 2,500 ppm zinc oxide and
when they tested 5 other organic zinc sources, none provide the same improvement in growth as the
2,000 ppm zinc from zinc oxide [13] .

The combination of 3000 ppm zinc from zinc oxide and 250 ppm copper from copper sulfate do not seem
to provide an additive response when both are provided in the diet at the same time [9,11]. However,
when antibiotics are used for growth promotion during the nursery period an additive effect from adding
copper sulfate and/or zinc oxide to the diet is often observed to further enhance pig growth and feed ef-
ficiency [3]

It has also been reported that when pigs are fed an organic zinc source they will excrete significantly less
zinc than pigs fed 2,000 ppm ZnO, while maintaining similar pig growth performance [14,15]. Organic
copper sources may also be as effective as copper sulfate at lower inclusion concentrations, 50-75 ppm,
with a significant reduction in copper excretion [15]. Field observations that the manure from pigs fed high
levels of zinc is more caustic to flooring, plus creating extremely high zinc levels in the manure may play a
part in management decisions about durations and level of zinc in nursery diets [16,17].

Table 2. Withdrawal time prior to slaughter for antibacterials and anthelmitics in
swine feeds?®.

Antibacterial Feed withdrawal prior to slaughter, days®

Bacitracin, methylene disalicylate none
Bacitracin, zinc none
Bambermycins none
Chlortetracycline none
Lincomycin none
Oxytetracycline none
Penicillin none
Tylosin none
Virginiamycin none
Tiamulin 2
Neomycin 3
Arsanilic acid or Sodium Arsanilate 5
Roxarsone 5
Neomycin/oxytetracycline 5
Tilmicosin 7
Chlortetracycline/sulfathiazole/penicillin 7
Chlortetracycline/sulfamethazine/penicillin 15
Tylosin/sulfamethazine 15
Carbadox 42
Anthelmitics

Dichlorvos none
Fenbendazole none
Pyrantel Tartrate 1
Levamisole Hydrochloride 3
Ivermectin 5
Piperazine 21

aFeed Additive Compendium, 2008 [1]

bWithdrawal times may increase when fed at therapeutic levels or in approved combinations.
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Chromium (picolinate, nicotinate, yeast, propionate)

Chromium is sometimes considered an essential nutrient, but the requirement is likely so low that it will
never be deficient, and no deficiency disease has ever been described. Chromium participates in carbo-
hydrate-metabolism by improving glucose utilization through potentiating the effects of insulin binding to
cell receptors. Chromium must be added to the diet in a chelated form to be utilized by the pig [18]. Chro-
mium supplementation (200 ppb) has been proposed to enhance leanness in grow-finish pigs by decreas-
ing backfat and increasing loin eye area (LEA), however, the data is not consistent. When averaged across
10 experiments, LEA increased 0.4 inches, backfat declined 0.1 inches, and percent lean increased 1.9%
[18]. Corresponding with these slight changes in lean content of grow-finish pigs was a slight improve-
ment in nitrogen digestibility and retention and improved feed efficiency when pigs are fed near their
amino acid requirements [18]. When pigs are fed above their nutrient requirements the feed efficiency
response to supplemental chromium was very small. Therefore, routine inclusion of chromium in grow-
finish diets is situation dependent and may not be profitable in all operations [18].

Several studies indicate chromium picolinate may positively affect the breeding herd by increasing pigs
born alive 0.5 to 1 pig after feeding chromium for two parities. In addition, increased farrowing rate has
been observed when chromium was fed in finishing and/or gestation and lactation phases [18,19]. Based
on these findings, chromium is included in several sow add packs at the maximum legal addition of 200
ppb chromium.

Carnitine

Carnitine is a lysine metabolite that functions within the cell to transport lipids into the mitochondria for
use as energy [20]. Young neonatal mammals do not have the ability to synthesize carnitine from lysine
and that has been the driving force for interest in using carnitine in nursery pig diets. For swine, carnitine
has shown some promise in reducing backfat in finishing pigs when fed at 50 ppm [21, 22]. Carnitine may
also increase birth and weaning weights of piglets when fed at 50 ppm to sows and influence muscle fiber
development in fetuses of gestating sows [19]. Because of the effects of L-carnitine on sow performance, it
is added to several commercial sow vitamin premixes. Additionally, there may be some additive effects of
adding chromium and carnitine to sow diets because carnitine works through fat metabolism and chro-
mium works through glucose metabolism and potentially creating some synergistic effects between the
two feed additives [19].

Betaine

Betaine has been proposed to increase leanness and enhance feed efficiency in finishing pigs, but research
data has shown mixed results to support this claim [20]. Betaine is a choline metabolite that is involved in
osmotic regulation, methionine metabolism, and serves as a methyl donor. The impact of betaine in pigs
is dependent on the sulfur amino acid and energy concentrations in the diet with the response to betaine
being greater in diets low in energy and marginally deficient in sulfur amino acids (methionine, cystine).
Betaine’s role as a methyl donor could have a sparing effect of methionine when it fills this role in diets
that are marginally deficient in methionine [20].

Acids

Common organic acids used in swine diets are: formic, acetic, propionic, butyric, citric, lactic acids, and
their salts (Table 3). Organic acids are fed as both individual acids and blends of several acids. Acids have
been used in swine diets to prevent mold growth in feed, but may also have antimicrobial and perfor-
mance benefits. Adding organic acids to nursery diets tends to improve ADG and feed efficiency during
the nursery period [23]. The improved performance is usually observed when less complex diets with
lower amounts of milk ingredients are being fed. Organic acids may also be of benefit when there is a
problem with E. coli in the nursery [24]. Another use for acids in swine nutrition is when feeding high
moisture grain, where the acid acts as a mold inhibitor, increasing the storage life of the grain and diets.
However, pig studies incorporating inorganic acids (hydrochloric and phosphoric acids) have been more
variable on their effects on pig growth performance and Gl pH. There is currently some interest in utiliz-
ing blends of both organic and inorganic acids in nursery pig diets, hoping to provide multiple potential
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modes of action in one product [24]. It is important to remember that these are acids, and they may be
caustic to your feeding equipment.

Table 3. Performance response of weaned piglets to dietary formic, fumaric, and citric acid and potas-
sium diformate supplementation (< 25g/kg feed) based on meta-analysis of published data.

Formic acid Fumaric acid Citric acid Potassium diformate
Experiments 6 18 9 3
Observations 10 27 19 13
Acid levels, % in feed 0.3-1.8 0.5-2.5 0.5-2.5 0.4-2.4
Dietary CP, %’ 23.4+2.2 20.8+2.7 21.6+2.1 22.2+0.5
Feed Intake, Ibs/d"
Control 1.47+0.2 1.35+0.33 1.18+0.61 1.68+0.02
Experimental 1.56+0.16 1.35+0.33 1.16+0.66 1.81+0.08
Weight gain, Ibs/d’
Control 0.85+0.14 0.79+0.22 0.84+0.27 1.05+0.09
Experimental 0.94+0.14 0.82+0.22 0.87+0.28 1.18+0.06
Feed to gain'
Control 1.64+0.13 1.59+0.16 1.67+0.25 1.60+0.02
Experimental 1.60+0.14 1.565+0.14 1.60+0.24 1.54+0.04

CP= crude protein
"Mean * standard deviation.
Partanen, 2001 [48]

Feed flavors and chocolate by-products

Pigs express definite preferences for certain substances and tastes. Feed flavors are added to enhance

the smell and taste of feed in order to stimulate feed intake, especially in post-weaning diets [25]. Most
flavoring additives are based on providing a sweet, milky, vanilla, or fruity flavor and smell to the diet.
However, if they are not given a choice, pigs will usually eat the same amount of feed as without flavoring
agents, if the feeds are of good quality. Flavors have been used in specialty feeds, for example to simulate
milk in milk replacers or milk products in nursery pig diets [26]. Some chocolate by-products are being
used as alternatives to lactose in nursery diets, but they may also serve as a sweet flavoring additive too.

Yucca plant extract

Certain extracts from the desert cactus plant, Yucca schidigera, have increased feed efficiency in some
research studies with pigs [27]. When it is used in swine manure pits or fed to pigs it reduces ammonia
production and has been used to aid in odor control [28]. The active ammonia reducing compound in
yucca extract has not been identified, but is thought to work as a urease inhibitor to decrease ammonia
levels [29]. The Yucca schidigera whole plant extract has also been reported to reduce still-births in sows
when fed prior to farrowing [29] and may serve as a production aid if still-births are an issue in your swine
operation.

Probiotics and Yeasts

The use of probiotics or direct-fed microbials (DFM) to enhance intestinal health has been proposed for
many years. In fact, probiotics have been used for as long as people have eaten fermented foods. Pro-
biotics are traditionally defined as viable microorganisms that have a beneficial effect in the prevention
and treatment of specific pathologic conditions when ingested [30]. Pigs have a diverse gut microflora,
containing over 400 bacterial species; with bacterial cells outhnumbering host cells by a factor of 10 [31].
One strategy for preventing colonization of the GIT by pathogenic bacteria is to include DFM in the diets of
pigs. Direct fed microbials are defined by the FDA as “a source of live (viable), naturally occurring micro-
organisms.!” The use of “naturally occurring microorganisms” in the above definition negates the use of
genetically modified microorganisms as DFM. Furthermore, DFM cannot be bacterial strains selected to
produce antibiotics [2]. As of 2010 there were 46 microorganisms approved for use in animal feeds (Table
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Table 4. List of microorganisms approved for use in United States animal feeds.

Aspergillus niger Enterococcus cremoris Lactobacillus lactis

Aspergillus oryzae Enterococcus diacetylactis Lactobacillus plantarum

Bacillus coagulans Enterococcus faecium Lactobacillus reuteri

Bacillus lentus Enterococcus intermedius Leuconostoc mesenteroides

Bacillus licheniforms Enterococcus lactis Pediococcus acidilactici

Bacillus pumilus Enterococcus thermophilus Pediococcus cerevisiae (damnosus)

Bacillus subtilis Lactobacillus acidophilus Pediococcus pentosaceus

Bacteroides amylophilus Lactobacillus brevis Propionibacterium acidipropionici

Bacteroides capillosus Lactobacillus buchneri Propionibacterium freudenreichii

Bacteroides ruminocola Lactobacillus bulgaricus Propionibacterium shermanii

Bacteroides suis Lactobacillus casei Saccharomyces cerevisiae

Bifidobacterium adolescentis Lactobacillus cellobiosus Yeast / yeast products — as defined by
AAFCO

Bifidobacterium animalis Lactobacillus curvatus

Bifidobacterium bifidum Lactobacillus delbruekii

Bifidobacterium infantis Lactobacillus farciminis

Bifidobacterium longum Lactobacillus fermentum

Bifidobacterium thermophilum Lactobacillus helveticus

AAFCO, 2010

In general these microorganisms can be grouped into three categories: 1) lactic acid producing bacteria
(i.e. enterococci, streptococci, and lactobacillus), 2) bacteria belonging to the bacillus genus, which are
spore formers, and 3) saccharomyces yeasts. In general it is recommended that the microorganisms be
included in the diet at a level of 104 to 105 colony forming units (CFU'’s) per Ib of feed. There is concern
with regards to the viability of these microorganisms post-feed processing, especially following pelleting.
Certainly, the spore forming bacteria are capable of withstanding high temperatures of pelleting, but many
of the other microorganisms may be more heat sensitive.

In a review of 44 published experiments by Simon et al. (2003) [32], a numerical improvement in ADG
was observed in over 70% of the experiments reported (Figure 1). However, only 6.8% of the experiments
reported improvements in ADG that were statistically significant. Similar results were reported for ADFI.
Simon et al. (2003) hypothesized that one reason for the lack of statistical improvements in performance
parameters may be the variability in individual pig response to DFM [32]. The inconsistency in responses
to probiotics reported by early research and more recent research may also be partially explained by the
use of different DFM strains. Earlier studies were dominated by the use of mixtures of microorganism
with lactobacillus as the primary strain compared to later studies where mainly bacillus and enterococ-
cus strains were used. Recently, Risley and Lopez (2004) [cited by 24] reviewed 6 experiments in which
improvements in ADG ranging from approximately 4 to 7% were observed in all 6 experiments (Figure 1),
although, none of the improvements proved to be statistically significant. A review of ten experiments
where the incidences of diarrhea were measured, significant reductions in diarrhea were observed in 8 of
10 experiments [32].

Direct-fed microbials function to indirectly affect all intestinal systems, intestinal microbial populations,
epithelial lining, gut associated lymphoid tissue and neuro-endocrine systems alike. Due to the complexity
of the intestine, individual variations of animals to direct-fed microbials inclusion may be the rule and not
the exception.
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Figure 1. The effects of direct fed microbial supplementation to the diets of pigs on ADG relative to
control-fed pigs (Solid shaded bars represent data adapted from the summary of Simon et al. (2003)
and open bars represent data adapted from the summary of Risley and Lopez (2004). A “*” indicates
that the improvement was significant (P < 0.05) relative to control fed pigs.)

Prebiotics

The term prebiotic was first coined by Gibson and Roberfroid (1995) [33] and given the formal definition
of “a non-digestible food ingredient that beneficially affects the host by, selectively stimulating the growth
and/or activity of one or a limited number of bacteria in the colon that can improve the health of the host”
This translates to the addition of a particular feed substrate that will foster growth of a specific bacteria or
group of bacteria that are advantageous to the health and normally functioning of the host digestive sys-
tem. Non-digestible carbohydrates include non-digestible oligosaccharides, non-starch polysaccharides
and resistant starches. All of these non-digestible carbohydrates are resistant to mammalian enzyme di-
gestion, however, are hydrolyzed by bacteria in the small intestine, cecum and large intestine. An advan-
tage of prebiotics over DFM is that prebiotics are not affect by heat processing.

Fructo-oligosaccharides

The chemical structure of fructo-oligosaccharide (FOS) consists of short chain polymers of K1-2 linked
fructose units and they are not hydrolyzed by mammalian enzymes. Fructo-oligosaccharide are produced
commercially either by hydrolysis of inulin or by enzymatic synthesis from sucrose or lactose. Specific
non-digestible oligosaccharides promote the proliferation of certain strains of bacteria. The purpose of
supplementing FOS in the diet of weanling pigs is to maintain a healthy microbial balance by selectively
promoting the proliferation of beneficial bacteria such as bifidobacteria and lactobacilli. The predominant
species of bifidobacteria in pigs is Bifidobacterium pseudolongum-Type A [34]. Bifidobacteria are saccha-
rolytic bacteria which means that their energy substrate of choice are sugars such as glucose, galactose,
and fructose. Through the specific selection for beneficial bifidobacteria, FOS may have a role to play

in combating post-weaning diarrhea caused most frequently by enterotoxigenic Escherichia coli (ETEC)
strains. Bifidobacteria have antibacterial effects because they can suppress the growth of potentially
pathogenic E. coli bacteria. A review of the literature however suggests that the effects of dietary FOS on
growth performance of weanling pigs is often inconsistent and conflicting and may have a greater poten-
tial in operations with a history of E. coli challenges [24].
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Mannan-oligosaccharides

Mannan-oligosaccharides (MOS) are a glucomannoprotein complex derived from the yeast cell wall of
Saccharomyces cerevisiae. This oligosaccharide carries out two distinct functions in the gastrointestinal
tract, adsorption of enteric pathogens and immunomodulation. If one were to adhere rigidly to the defini-
tion of a prebiotic, mannan-oligosaccharides would not qualify as a true prebiotic. Their primary mode of
action is not to enhance the growth of a specific strain of bacteria. Under normal conditions pathogenic
bacteria in the intestine will bind to mannose-containing cells and colonize causing disease [35]. Mannan-
oligosaccharides function by providing a mannose-rich source for bacterial attachment and bacteria that
would otherwise attach to the intestine are adsorbed to the mannose compound and then excreted. Like
all other oligosaccharides, mammalian enzymes fail to degrade mannan-oligosaccharides and are passed
from the small intestine with the pathogenic bacteria attached. Miguel et al. (2003) carried out a meta-
analysis of the performance response of weanling pigs to mannan-oligosaccharides in which they reported
an increase in ADG (4.15%), ADFI (2.08%), and a 2.34% improvement in feed efficiency across experiments
[36].

Sucrose thermal oligosaccharide caramel (STOC)

Sucrose thermal oligosaccharide caramel (STOC) is produced by thermal treatment of anhydrous acidi-
fied sucrose yielding a complex mixture containing fructose-rich oligosaccharides and di-fructose di-an-
hydrides [37]. Bifidobacteria were selectively enriched by feeding a fructo-oligosaccharide [38], however
STOC failed to elicit positive growth results in nursery pigs [39].

Lactulose

Lactulose is a semi-synthetic disaccharide made from lactose by a chemical reaction. Lactulose is not pres-
ent in nature and does not occur naturally [40]. Lactulose has been shown to increase ADG in weanling
pigs fed lactulose 10 days prior to and 10 days following weaning [41]. Lactulose fed in the diet to wean-
ling pigs was found to decrease the population of gram-negative anaerobes in chyme and feces and was
also shown to decrease the concentration of VFA in pre-caecal chyme thereby demonstrating the potential
for a positive effect on microbial populations [42]. Lactulose addition to sow diets has resulted in signifi-
cant reductions in aerobic bacterial counts and Clostridium perfringens counts in the offspring [41].

Galactooligosaccharide

Among the various oligosaccharides tested for potential prebiotic application, galactooligosaccharides
(GOS) have attracted interest because these are the compounds in human milk that have been associ-
ated with the improved colonic health of breast-fed infants [43]. The addition of a novel GOS mixture to
the diet of weanling pigs increased the density of bifidobacteria, increased the acetate concentration and
decreased the digesta pH compared to the control diet [44,45].

Dietary Fiber

The addition of dietary fiber from many readily available feedstuffs may represent the easiest method of
adding fermentable substrate to pig diets to alter the pig’s microbial gut population and gut health. To
date most research has evaluated soybean hulls, beat pulp, wheat bran, oat bran, and citrus pulp in pig di-
ets. While most of the research has focused on utilization of these low cost feedstuffs on pig performance
in grow-finish pigs, only a limited amount of research has focused on the impact fiber and its various
fractions have on microbial populations and gut health. At low dietary inclusions (1-5%), fibrous feedstuffs
may provide beneficial effects on gut health and stimulate beneficial microbial populations in the gut
while improving animal growth [46,47].

Laxatives in sow diets
Laxatives can be of benefit during gestation and early lactation to improve bowel movements and feed

intake if constipation is a problem in the sow herd. However, it should be used on a farm by farm basis for
specific problems. First determine that the sows are receiving adequate water and flow rate before add-
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ing laxatives. Also, sows that are pen gestated tend to have fewer problems with constipation than sows
in stalls because of the added exercise. To aid in constipation control, mineral laxatives or simply adding
fiber to the diets can be used. The addition of fibrous feedstuffs (soybean hulls, wheat midds, wheat bran,
beet pulp, alfalfa meal) during gestation is preferred due to their low cost and low dietary energy density
can aid in maintaining sow body condition during gestation. A mineral laxative (magnesium-, potassium-,
or sodium-sulfates) during lactation would be preferred, because of the low inclusion levels and needing
to maximize energy intake during lactation [16,17].

Fatty Acids EPA and DHA

Increasing the dietary levels of omega 3 fatty acids eicosapentaenoic (EPA, C20:5) and docosahexaenoic
(DHA,C22:6) has received increased attention in recent years, primarily for sows. The omega 3 fatty acids
are thought to have health benefits in human diets. However, in swine diets the focus has been on im-
proving sow reproductive performance and improving piglet viability. Sources of omega 3 fatty acids
typically include flax seed or oil and fish oils. The supplementation of sow diets with omega 3 oils has
provided some positive, yet inconsistent results to increase born alive, number weaned, and to reduce
rebreeding days. There appears to be some promise with feeding omega 3 fatty acids, however, dose,
duration, specific fatty acid(s) responsible for the potential effects are still not clearly defined [19].

Beta-adrenergic agonist

Ractopamine HCI (Paylean®), a type of beta-adrenergic agonist, can substantially improve the rate and ef-
ficiency of lean growth of swine. The growth response to this feed additive is immediate and then declines
over time. Ractopamine HCI increases fat-free lean accretion by approximately 25-35% over a 28 day
feeding period prior to market. However, this response is dependent on concentration and duration of use
prior to slaughter. Because of the increased protein deposition, dietary amino acids, phosphorus, vitamin
and trace mineral concentrations need to be increased to support the improvement in lean gain. An in-
crease in SID lysine of 5 to 6 g per day when high lean gain pigs are fed ractopamine HCl is required. The
dietary lysine concentration needs to be increased by approximately 0.20 to 0.30 percentage units (while
maintaining the other amino acids in a proper ratio to lysine) relative to diets without ractopamine HCI

to meet these amino acid needs and the dietary crude protein must be at least 16% CP by law. For more
detailed information on ractopamine HCI see Factsheet 07-03-06, Feed additives for swine — Paylean.

Conjugated linoleic acid (CLA)

Several studies have demonstrated the ability to create CLA-enriched pork through feeding 0.6% CLA for 4
to 8 weeks prior to slaughter. In addition to the marketing advantages of CLA-enriched or “heart-healthy”
pork, feeding CLA-supplemented diets may provide a means by which backfat in average lean gain ge-
netics can be decreased and percent lean can be increased with improved feed efficiency and carcass fat
quality. CLA also improves fat firmness, thus improving fat quality of swine. As pork-processing plants
become increasingly mechanized, CLA may provide a nutritional tool to counteract carcass fat and belly
firmness problems from feeding dietary unsaturated fats and may enhance the overall value of extremely
lean carcasses. For more detailed information on CLA see PIG Factsheet 07-03-05 (Feed additives for swine
— conjugated linoleic acid).

Botanicals and herbal supplements

Botanicals are compounds derived from roots, leaves, bark, flowers or other parts of plants. Many of
these herbs have been used for treatment and prevention of disease in humans and animals for centuries
in many parts of the world. Some of these “natural remedies” contain compounds that may have antiviral
or antibacterial effects on pathogens, antioxidant properties, enhanced immune response, and anti-diar-
rheal effects on pigs. Herbs may also improve feed intake by enhancing diet palatability. Oregano, garlic,
mixtures of essential oils, spices and other herbs are just some of the botanicals being evaluated for use
in swine diets. Research supporting their effectiveness in swine diets is very limited and does not yet lend
itself to support general recommendations for adding these products. Additionally, there are challenges
with standardization of assaying the active compounds in these herbal supplements to determine appro-
priate inclusion rates in swine diets [4,16,17].
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Summary

Feed additives are nonnutritive feed ingredients that are not required by swine. However, they may
enhance production and profitability under the right circumstances. Many additives have their proper
production phase, usage rate, and duration of use to be effective tools to enhance the production and prof-
itability of the swine operation. It is advisable to obtain professional assistance from your nutritionist or
veterinarian when developing use programs for your farm for these many feed additives.
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Frequently asked questions:

How can the type of facility or management practice affect the results of feeding growth-promoting con-
centrations of antibiotics?

In general, animals that have a very high health status (housed in newer, clean facilities with excellent
management practices) are less likely to respond with improved growth and feed efficiency to antibiotic
feeding. In less optimal conditions, growth and feed efficiency responses of 4 to 6% are typical for growth
promoting concentrations of feed grade antibiotics.

Can feed additives claims be too good to be true?

Producers are bombarded with products and feed additives that promise improvements in growth per-
formance, sow production, etc. and the claims may sound too good to be true. When evaluating new
products, use common sense and ask to see the results of scientific testing and federal approval. Some
products are promoted based solely on testimonials and lack supporting scientific data. If you have any
questions concerning the use of a product, contact your local county educator, Extension specialist, veteri-
narian, or swine consultant for an impartial and objective evaluation.
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