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What mineral and vitamin levels to recommend in swine diets?
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ABSTRACT -Minerals, including trace-elements, and vitaminsare currently introduced into the pig diet in order to obtain
suitable performances for the modern pig genotype bred in confinement. Most of the mineral and vitamin contents of cereals
and usual protein compounds are characterized by their poor and variable availability. Supplemental diets are then usually
needed. Thispaper, based on literature data, reviewsthe pig requirement for mineralsand vitaminsin order to ensure economic
and profitable performance. Recent research hasfocused on phosphorus due to environmental considerations. The widespread
use of microbial phytase has decreased the need for inorganic phosphates. Cereals are particularly deficient in calcium and
sodium, consequently limestone and salt are necessary to meet the pig need for these minerals. Zinc and copper arerecognized
as growth promoting agents but their use at high levels is detrimental to the environment. The pig diets usually contain
supplemental contents of iron, manganese, cobalt, iodine and selenium. The need for these elementsin pig dietsis described
individually. Vitamin E and choline represent the most expensive vitamins added. Choline is then usually not incorporated
into the pig fattening diet taking into account the choline contents of the raw materials, whilevitamin Eisincluded at alower
level than those which improve the meat quality. Our recent research has dealt with increased levels of vitamins added in
combination, cal culating higher requirement of the modern pig genotype. Fewer improvements have been obtained in thisway,
suggesting that recommendations proposed by INRA in 1984 are mainly justified.
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Que niveis de vitamina e mineral sdo recomendados em ragfes de suinos?

RESUMO -Minerais, inclusive elementostragos, e vitaminas sdo atual mente adi cionados nasragdes de suinos obj etivando
obter performance adequada paragendtipos modernos criados em confinamento. A maioriado contetdo de mineral evitamina
dos cereais e compostos protéicos é caracterizada por sua baixa e variavel disponibilidade. Dietas suplementares sdo entéo
geralmente necessarias. Este artigo, baseado em dados de literatura, revé a exigéncia do suino para minerais e vitaminas
objetivando assegurar desempenho econdmico e rentavel. Recente pesquisa tem focado no fosforo devido as considerages
ambientais. A propagacdo do uso de fitase microbial reduziu a necessidade de fosfato inorganico. Cereais séo particularmente
deficientes em célcio e sddio, consequentemente calcério e sal sdo necessarios para atender a necessidade do suino para estes
minerais. Zinco e cobre s&o reconhecidos como agentes promotores de crescimento, mas sua utilizagdo em elevados niveis
s8o prejudiciais a0 meio-ambiente. As ragdes de suinos geralmente contém quantidades suplementares de ferro, manganés,
cobalto, iodo e selénio. A necessidade para estes elementos nas ragdes de suinos é descrita individualmente. A vitaminaE e
acolina sao as vitaminas mais caras a serem adicionadas. Consequentemente, a Colina ndo € incorporada haragdo de suinos
emterminagao, levando-se em contao contelido das matérias-primas, enquanto queavitaminaE éincluidaem nivel maisbaixo
do que aquel es que melhoram a qualidade da carne. Nossa pesquisa recente lidou com niveis elevados de vitaminas adicionadas
em misturas, cal culando exi géncias maisel evadas dos genéti pos suinos modernos. Poucos avancosforam obtidos dessamaneira,
sugerindo que as recomendacdes proposta pelo INRA em 1984 sdo até hoje justificadas.
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Introduction

Minerals, including trace-minerals, and vitamins are
essential nutrients for pigs. They are usually
incorporated into the feed, because common feedstuffs
do not have high enough concentration levels in these
nutrients, when comparedtotheneedsof the conventional
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breeding pig. Thepoor and variableavailability of minerals
and vitamins from raw materials also support this need.
Incorporation rates of added minerals and vitamins
represent lessthan 3% of thefeed. Currently, the cost of
theseingredientsis mainly incurred by phosphates and
supplemental vitamins, the prices of which tend to vary
greatly especially in recent times.
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Inpractice, vitaminsand trace mineralsare usually put
together into the feed and represent on average, 0.10, 0.15
and 0.30 % of the growing-fattening, sow and piglet feeds,
respectively. Macro minerals are introduced separately or
could be added to the vitamin and trace mineral pre-mix, in
the case of home mixer (25 % of the pig feed production in
France). A trend has been observed over recent years,
especially in feed manufacture, to decrease the inclusion
level of thevitaminand trace element pre-mix (from 1.0inthe
early 90’ stolessthan 0.3 % nowadays), in order to reduce
the total feed cost. Precautions must be taken to preserve
the quality of the feed mixing. This topic must be kept in
mind when dealing with mineral and vitamin
supplementations.

The aim of the first part of this paper is to review the
pig’ srequirementsfor macro and trace minerals. Emphasis
will be given on minerals with special importance on the
environment and/or their cost. The second part dealswith
pig requirements for vitamins and special attention will be
paid on recommended levels to ensure economic
performances. It should be pointed out that the purpose of
thisarticleisnot to describethe metabolic function of each
vitamin as thisis covered in other research.

Material and Methods

Minerals and trace elements

Pig diets are usually supplemented with limestone,
phosphates and salt to meet calcium (Ca), phosphorus (P)
and sodium (Na) needs. Table lillustratesthedeficiencies
in Caand Naof cerealsand soybean meal compared to the
pig’ srequirements. Phosphorusispresent at higher levels
in current raw materials, but at a level of about 60 to 75
percent, intheform of phytate, whichispoorly availableto
the pig. Therefore, inorganic phosphates are added. Since
the earlier 90’s, microbial phytase has been incorporated
into thefeed, toimprovetheavailability of P from phytate,
through the separation of Pfrom phytate, makingitavailable
for intestinal absorption. Recently, the use of such an
additive has been generalized and amplified, due to the
sharp increase in the price of inorganic phosphates.

Table1l- Ca, PandNacontentsof several raw materials (INRA-

AFZ, 2004)
a/kg Ca P Na
Wheat 0.7 3.2 0.1
Corn 0.4 2.6 0.04
Wheat bran 1.4 9.9 0.1
Soybean meal 3.4 6.2 0.3
Fish meal 38.5 25.2 11.3

Several trace minerals are commonly added to the pig
diet to ensure that the pig requirements for iron, copper,
manganese, zinc, iodine, cobalt and selenium are met. Raw
material s contain insufficient amounts of these nutrients,
especially zinc, iodine and sel enium (table 2). Furthermore,
their availabilities are low and often unknown. Hence,
modern pig breeding conditions tend to impose such
supplementation in the form of inorganic salts. However,
decision makers must be aware that interaction between
mineralscouldleadtoadeficiency inonemineral duetothe
excessivelevel of another (Perez, 1978): antagoni sm between
copper and iron, copper and zinc, iodine and iron, calcium
and copper and calcium and zinc are generally cited.

The content of other minerals i.e. magnesium,
potassium, sul phur, chlorine, chromium or molybdenumare
much higher inraw materials, compared to the requirements
of the pig, specific supplementation is rare.

Theenvironmental risk represented by theaccumulation
of mineralsinthelaboured soilshasbeen pointed out over
thelast few decades, especially in countrieswherethereis
a high concentration of animal production. Hence, many
studies havefocused ontheway to reducethepig excretion
of P, copper and zinc. Atthe sametime, national or European
regulations have been adopted to limit the dietary
incorporation of inorganic sources of these minerals. The
trend is not over because mineral content in the plant and
exported harvestislower thanthelevel intheliquid manure.
Additionally, treatment costs of the slurry are detrimental
to the pig industry development.

Macro minerals

Calcium and phosphorus

Calcium and P are essential to the development and
constitution of the skeletal system. In the feed, Ca is
essentially provided from limestone (on average 38 %).
Inorganic phosphates contain high levels of Caand P (on
average 24.5 and 17.5 % of Ca and P for the bi-calcium
phosphate). Fishmeal, whey productsand meat meal contain
high levels of available Caand P, but their useislimited or
evenforbiddeninwestern European countries. The Caand
Prequirement of the pigisestimated by thefactorial method
which takes into account the needs for maintenance and
production during growth, gestation or lactation periods.
According to the factorial approach, the needs during
growth are cal cul ated to opti mizethe skel etal mineralisation
(INRA, 1984). A coefficient of net intestinal absorptionis
then appliedtothetotal need, inorder todeterminethedaily
requirement of thepig. Thismethod|eadstoaCarequirement
of about 7 to 11 g per kg of bodyweight gain, considering
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Table 2 - Iron, zinc, manganese, copper, iodine, cobalt and selenium contents of several raw materials (INRA-AFZ, 2004)

mg/kg Iron Zinc Manganese Copper lodine Cobalt Selenium
Wheat 47 27 34 5 0.06 0.02 0.12
Corn 32 19 8 2 0.09 0.05 0.10
Wheat bran 143 74 112 17 0.08 0.09 0.47
Soybean meal 283 a7 38 18 0.15 0.26 0.20
Fish meal 351 85 13 7 2.00 0.09 0.40

acoefficient of net absorption near to 50 % (INRA, 1984).
In the case of P, this coefficient ismuch more variable and
depends on the raw materials. Several studies have been
conducted over recent decades to estimate P digestibility
for the principal components of the pig diet. According to
INRA-AFZ (2004), Pdigestibility coefficientsaverageto 28
and 32 % for corn and soybean meal respectively, which
lead to the digestible P contentsof 0.7and 2.0 g/kg. Inthe
caseof inorganic sourcesthedigestiblecoefficientsof Pare
69 and 83 % for the bi and mono-calcium phosphates
respectively. A vegetable phytase is naturally present in
straw cereal sthat theoretically improvesthe Pdigestibility
from 1.0 to 1.4 g/kg of wheat and 1.1 to 1.4 g/kg of barley.
Due to the lack of stability of the vegetable phytase in
pelletsand insufficient knowledge of itsactivity and ways
to predict its content in raw materials, feed manufacturers
usually ignore the contribution of this phytase. Focusis
then made on microbial phytases, the activity profile of
which has been defined. Table 3 presents those of 3-
phytase provided from Aspergillus Niger (BASF AG,
Ludwigshafen, Germany). It must be highlighted that the P
digestible equivalency due to the use of 100 Ul/kg feed of
phytase, decreaseswith increasing amounts of phytase. In
other words, 1000 Ul/kg of phytaseareequivalentto 0.95 g/
kg of digestible P, when 500 Ul/kg represent 0.75 g/kg.
Therefore, it is suggested to define several “microbial
phytases” in the feedstuffs database used for diet
formulation, i.e phytases with decreasing activity and/or
digestible P equivalency (Gaudré et al., 2008).

The digestible P requirement of the growing-fattening
pig was estimated by Castaing et al. (2003). Based on
17 experiments, they concluded that the optimal growth
performanceisobtained with 2.5 and 2.0 g/kg feed during
the growing (25-65 kg bodyweight) and fattening
(65-115 kg) periods respectively. Such levels are in
agreement with the estimated values obtained from the
factorial approach. The digestible P requirement is
estimated to be 3.5 to 4.0 g/kg for the weaned piglet and
the lactating sow, and 2.7 g/kg for the gestating sow.

Themetabolismsof Caand Pareclosely linked, soitwas
standard to take into account the Ca/P ratio when

Table 3- Digestible P equivalencies of the 3-phytase produced
by Aspergillus Niger from 0 to 1000 FTU/kg feed
(Jondreville, 2004)

a/kg Digestible P/100 FTU
0 to 250 FTU/kg 0.196
250 to 500 FTU/kg 0.104
500 to 750 FTU/kg 0.052
750 to 1000 FTU/kg 0.028

formulating thediet. Instead of the Ca/total Pratio, theuse
of digestible P now involvesreferring to the Ca/digestible
P ratio. According to Jongbloed et al. (1999) this ratio
should range between 2.7 and 3.2 g/g for piglets and
growing pigs. An excess of Caisparticularly detrimental to
the phytase activity, making a Ca-phytate combination that
is inaccessible to the enzyme, and thus reducing the P
digestible equivalency per unitof phytase added.

Sodium

Pig feeds are currently supplemented with 3to 5 kg/
ton of sodium chloride (38 % Na) to meet the pig’'s
requirement of 1.5 g Naper kg of dry matter feed (INRA,
1984). Despite the fact that the recommendations of
Jongbloed et al. (1999) are lower (1.0 g/kg feed), it must
be emphasised that the Na deficiency led to a loss of
appetite. On the other hand, sodium chloride is toxic
above 20 kg/ton, especially when water supply is
restricted (Perez, 1978). The amounts of Na, potassium
(K) and chlorine (Cl) are usually taken into account
together in the dietary electrolyte balance (dEB). The
dEB iscalculated as Na+ K — Cl and expressed as mEq/
kg feed. In this way, the dEB decreases when the diet
tendsto beacidic. Thereduction of total protein contents
of the feed leads to a decrease of K amounts. As a
consequence, thedEB isreduced. Thisreductioniseven
worse when lysine content is kept at the same level
through synthetic sources in such diets. Based on a
literature review, Quiniou (2002) indicated that the dEB
must be kept between 100 and 275, and 175 and 300 mEq/kg
for the weaned piglet and the growing-fattening pigs
respectively. Furthermore, alow dEB diet isestimated to
induce skeletal demineralisation of the sow (Dourmad &
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Meschy, 1998). Such arisk sometimes|eadsto the use of
sodium bicarbonate in order to increase the dEB.

Trace minerals

Under most housing conditions, pigs do not have
accessto soil or forage. Asaconsequence, their needsfor
mineral supplementation may have increased with the
generalization of confinement (NRC,1998). With the
exception of iodine (1) for thethyroxin, andiron (Fe) for the
haemoglobin, trace minerals are not the constituent of
tissue, unlikemacro-minerals, but play acatal ytic function
(Perez, 1978). The role of trace elements in several
deficiency symptoms was summarized by Perez (1978,
Table 4). When estimating the pig’'s requirements, the
occurrence of interactions between trace minerals or
between trace minerals and other compounds of the feed
must be kept in mind. It should also be noticed that the
deficiency symptomsof tracemineral sarenot specific. For
these reasons, recommended levels generally include a
safety margin (Table5).

Iron

Ironiswell knownto betheconstituent of haemoglobin
intheredbloodcells, butitisal sothecomponent of several
molecules, like myoglobin in the muscle or ferritin in the
liver. Intra-muscular injection of iron iscommon practiced
to meet the needs of the suckling piglet becausethe sow’s
milk is deficient in this trace mineral. After weaning, the
requirement isabout 80 mg/kg and tendsto decreaseduring

thefattening periodinrelationtothelower relative content
of bloodinbodyweight gain(NRC, 1998). Although, contents
and availabilitiesof iron from raw material sare high enough
forthepig (NRC, 1998), dietsareusual ly suppliedwithonly
100 mg/kg of iron sulphatein order to avoid any deficiency.

Zinc

Zincisthecomponent of many enzymesand thusplays
various roles in protein, carbohydrate, lipid and nucleic
metabolisms. Many feed constituentsareknowntoincrease
the need, especially plant phytates and Ca (NRC, 1998).
Consequently zinc sulphate or oxide (100 mg/kg) is
currently added to pig diets. At pharmacological levels
(2000t0 3000 mg/kg), zinc oxideisfed toweaned pigletsto
prevent diarrhoea and promote growth. Such use is
forbidden in France, Germany and the Netherlands while
Spain, Denmark, England and Italy have adopted the
strategy to temporarily authorize this pharmacological
treatment, during the first two weeks after weaning, under
veterinarian control. This practice is stigmatised as unfair
competition by several feed manufacturers in France, but
theadverseeffect ontheenvironment must al so be pointed
out. The retention of zinc by the pig is only 22 mg/kg
bodyweight (Dourmad et al., 2002). Hence, almost all of the
zincingested isexcreted inthe slurry (Revy et al., 2003). In
this context, the maximal zinc content (zinc provided from
feedstuffs and mineral supplementation) authorized in the
European Unionwasreduced from 250to 150 mg/kgin 2003.
The use of phytase could also reduce the level of zinc

Table 4 - Deficiency and sub-deficiency symptoms of trace mineralsin the pig (Perez, 1978)

Iron Zinc Manganese Copper lodine Selenium

Appetite * *k *

Performances * *k * * * *
Fertility disorders * ** *

Skeletal disorders * * ok * ok ?
Anaemia *k *

Skin or hair anomalies *k * *

Heart disorders *

Goitre *x

Muscular dystrophy

Table 5 - Supplemented trace minerals recommendations

(INRA, 1984)
mg/kg Piglet Pig Sow
Iron 100 80 80
Zinc 100 100 100
Copper 10 10 10
Manganese 40 40 40
lodine 0.6 0.2 0.6
Cobalt 0.1-0.5 0.1 0.1
Selenium 0.3 0.1 0.1

supply. Gaudré et al. (2006) demonstrated that 750 Ul of 3
phytase produced byAspergillusNiger, can substitute for
40 mg/kg feed of supplemented zinc.

Manganese

Manganese is essential for the development of the
skeleton. It isthe component of many enzymesinvolvedin
protein, lipid and carbohydrate metabolisms. A manganese
deficiency inthediet of the sow couldinducereproduction
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disorders(Perez, 1978). TheNRC’ srequirement for the sow
(20 mg/kg) is based on studies which demonstrated the
decrease of piglet birth weight using 5 mg/kg instead of
20 mg/kg, associated to adelayed return to oestrus after
weaning (Christianson et al., 1990). Kirchgessner et al.
(1981) estimated that the need for manganeseis 25 mg/kg
for the sow and INRA (1984) recommended 40 mg/kg to
avoid any feed deficiency. The usual form of
supplementation is manganese oxide.

Copper

Copper, involvedinthedefenceof the organism against
oxidativestress, isrequiredfor thesynthesisof haemoglobin,
and plays arole in the immune system (Jondreville et al.,
2002). While the pig’s requirement is less than 10 mg/kg
feed (NRC, 1998), usual supplementation in piglet dietsis
currently near 150 mg/kg, dueto agrowth promoting effect
duringthisstage. Thecopper retentionrepresentslessthan
2 mg/kg bodyweight (Jondreville et al., 2002). Therefore,
amost all of thecopper ingestedisthen excreted. Regulations
on total feed content of copper were adopted in 2003, for
environmental reasons. It induced a drastic change on
copper supplementation during growing and fattening
periods. The maximal authorized content of copper in the
feed is now 25 mg per kg of feed, whereas it was 100 mg
before 2003. Several veterinarians indicate an increase in
gut disordersduetothischange, especially at thebeginning
of thegrowing phaseandinlow-cleanbreeding conditions.
Itisnot known if thisregulationinducesanincreased use
of antibiotics. Copper is usually supplied in the form of
copper sulphate.

lodine

Themajority of iodineinswineispresentinthethyroid
gland as a component of the thyroxine hormone which
regulates the metabolic rate (NRC, 1998). The deficiency
status led to an increase of piglet stillbirths. The presence
of goitrogens substances from several feedstuffs like
soybean meal can increase the requirement (NRC, 1998).
Cromwell et al. (1975) established that the requirement of
the growing pig fed a corn soybean meal is approximately
0.09 to 0.14 mg/kg. Safety margins are often used in
commercial pigdietsthroughcal ciumiodateorioduresalts.

Cobalt

Cobaltisacomponent of the cyanocobalamin (vitamin
B12). There is no evidence that the pig requires cobalt
supplements (NRC, 1998). A production activity of
cyanocobalamin occurs in the hind gut of the pig (Perez,
1978). Based on cyanocobal amindiet supplementationand

What mineral and vitamin levels to recommend in swine diets?

pigtendency to coprophagy behaviour, it canbeconcluded
that di et supplementation hasno purpose. For thesereasons,
sulphate cobalt salt is sometimes omitted from the diet.

Selenium

Asacomponent of theenzyme gl utathione peroxidase,
selenium helps cellular membranes to protect against
perodixedamage, in associationwith vitamin E (NRC, 1998).
Based on glutathion peroxidase activity in the plasma,
Mahan et al. (1999) concluded that 0.10 and 0.05 mg/kg of
added selenium are sufficient in growing and fattening
periods respectively, but they didn’t notice any changein
performances and carcass characteristics up to 0.3 mg/kg.
Compared to a negative control, an improved newly born
piglet survival rate is obtained with 0.15 mg/kg of added
seleniumintheform of sodium sel enite or enriched selenium
yeast (Mahan & Peters, 2004). No additional effect is
observed with 0.3 mg/kg, while the organic source results
in greater selenium concentration in the milk. Due to the
extremely variable concentration and availability of
seleniumin soil, several regions of the United States must
use selenium supplements to ensure animal health and
productivity (Ullrey, 1992). With regard to the risk of
selenium deficiency, nutritionists called for regulation in
favour of the use of supplemented selenium. It was then
authorized in 1974 in the U.S and the maximal authorized
level increased from 0.1t0 0.3 mg/kg between 1974 and 1987.
The effect of excess dietary selenium on the environment
has been pointed out. In the European Union, the maximal
content of the feed must not exceed 0.5 mg/kg, while only
5 mg/kg is considered to be toxic for the pig (Perez, 1978).

Vitamins

Nutrient functionsand general considerationsonvitamin
requirement estimation

Vitamins are essential nutrients for animals. Most of
them can be defined as substancesthat theanimal isunable
to synthesize, acting in low dose, and not interchangeable
(Ferrandoetal., 1986). Two groupsof vitaminsarecurrently
distinguished based on their solubility. Vitamins A, D, E
and K are lipid-soluble, whereas B vitamins are water-
soluble. VitaminsD and K areinvolvedin mineral metabolism
and blood coagulation respectively. Vitamins A and E are
involved in a lot of metabolism pathways, and in
consequence could beimplicated in overall performances.
Group-B vitamins are co-enzymes required in numerous
metabolisms (carbohydrates, lipids, proteins, nucleic acids).

Feedstuffs contain vitamins, but it must be underlined
that their contributionsarevery difficulttotakeinto account.
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The amount of vitamins in feedstuffs varies between
publications. Pyridoxine (B6) exists in the form of three
active compounds that complicate laboratory analyses
(INRA,1984). It could alsovary between crops, harvest and
variety, asitisthe casefor biotin (H) from cereals (INRA,
1984). Vitamins from raw materials could exist in different
molecular forms with varied activities. The L-isomer of
biotinisabiologicallyinactiveformfor thepig (NRC, 1998).
Vitamin E is present in feedstuffs in eight natural forms
(@, b, gand dtocopherols and tocotrienols), each
characterized by its own vitamin E activity. Interactions
with feed components also need to be mentioned, because
they canincreaseor decreasetheneedfor supplementation.
The presence of methionine reduces the need for
cyanocobalamin (B12), asdoesthepresenceof tryptophane
for niacin (PP). Niacin in cerealsis largely unavailable to
young pigs(NRC, 1998). Furthermore, it must be specified
that the vitamins naturally present in raw materials are
unstable, especially in the case of tocopherols and
tocotrienols, and al sowith thiamin (B1) when heat treatment
isapplied.

The gastro intestinal tract is colonized by numerous
bacterial populations. A production activity of vitaminskK,
folic acid (B9), cyanocobalamin, niacin, and biotin can be
observedinthelargeintestine. Except for vitamin K which
can bedirectly digested, the absorption of B vitaminsneeds
coprophagy. Thegeneralization of slatted floorsinmodern
breeding conditions, tends to reduce this vitamin supply.

However, the contribution from raw materials and
intestinal syntheses is usually considered in the case of
thiamin, riboflavin (B2), pantothenicacid (B5), niacin, biotin,
choline, pyridoxine, folic acid and vitamin E provided from
raw materials, and vitamins K, folic acid, cyanocobalamin,
biotin and niacin due to intestinal bacterial activity.

Investigations into vitamin needs of animals are
particularly complex. Deficiency symptomsare not specific,
especially for water-soluble vitamins. Synthetic dietsare
necessary to avoid the presence of vitamins from raw
materials, and attention must be paid on interaction with
intestinal synthesis, and with other nutrientsthat increase
or decrease the need. Liver storage would interact with
requirement assessments for vitamins A, E and B12, by
buffer effect. The variability of needs among individuals
and evolution of needs with genetic improvement must
also be emphasized; most of the determination of vitamin
requirementswere conducted inthe 40’ sand 50’ s, with an
animal model far removed from our current pig. The
observed performances are considered to be, in several
cases, insufficient criteriato estimatethereal need. Other

parameters provided from blood, bone, liver, colostrum or
milk are therefore measured to complete the data. Such
parametersarechoseninrelationtothemetabolicroleof the
vitamin studied. Sometimes, the levels optimising
performancesarelower thanthoseoptimisingthe parameter.
In such a case, decision makers must be aware of the
supplemental cost of the vitamin.

Literaturereview

This literature review aims to point out recent and
noteworthy resultsthat could help the reader to define diet
supplemental levels of vitamins needed by the modern
breeding herd.

Cure treatment of vitaminsis usually practiced on the
sow herd, but apparently it seems unjustified because,
except for vitamin B12, liver storage of vitamin B doesn't
exist. Additionally, liver storageof vitaminEislimited. Then
most of the studies and recommendations focus on the
daily rate and consequently, regular ingestion of vitamins.

Vitamin A

Vitamin A supplementations of 40000 Ul/kg for piglets
and 50000 Ul/kg for pigsfailed to improve feed efficiency
or average daily gain. On the other hand, small amounts
(<500 Ul/kg) are enough to optimise performances. Long
term studies on sows are complicated by the high storage
capacity of the liver. Due to the oxidation sensitivity of
natural andin alesser extent commercial sourcesof vitamin
A, supplementationisusually kept at ahighlevel, knowing
that the cost of 5000 Ul/kg is not expensive (approximately
0.17 €/T).

Vitamins D and K

Thepig sability to copewith adeficiency of vitamin D
is high (Pointillart, 1980), while intestinal synthesis of
vitaminK isabletomeetthebody’ srequirements. However,
becausethe supplementation of vitaminsD and K ischeap,
levelsareusually near 2000 Ul/kgfor vitamin D and between
0.5to 1.0 mg/kg for vitamin K.

Vitamin E

Vitamin Eisthemost expensivevitamin. Every 10 Ul/kg
costs approximately 0.35 €/ton. The need for vitamin E for
thegrowing pigwasreviewed by Ullrey (1981) onthebasis
of 22 publications. He recommended a level of vitamin E
between 10 and 20 Ul per kg feed and even 30 Ul/kg when
aproblemoccurredinthebreed. At the opposite end of the
scale, 5 Ul/kg appeared insufficient. Conclusionsdrawn by
Jensenetal. (1988) weresimilar; 15Ul/kgaresuitable, 30Ul/
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kg could be used taking into account the variability of the
need between pigs and including a safety margin. The
effect of vitamin E on meat quality has been the subject of
many studies. Unfortunately, an expensivelevel of vitamin
E (100to 200 Ul/kg) isneeded to modify the colour of meat
and/or resistance to oxidation. Antagonism between
vitamins A and E was demonstrated by Ching et al. (2002)
onpiglets. Blood content of tocopherol wasreduced from
20 to 30 % when the A supplementation increased from
2200t0 13200 Ul/kg. Thisantagonism must bekeptinmind
even if it hasn’'t been confirmed on fattening pigs with
20000 Ul/kg of vitamin A (Anderson et al., 1995).Vitamin
E supplementation for sows hasincreased in France since
the early 90’ s (approximately, 20 to 80 Ul/kg), in response
to the widespread use of hyper-prolific sows. Also, the
simultaneous reduction of itscost might help thistrend. In
fact, demonstration of such a high supplementation is
scarce. Mahan (1994) recommended 44 Ul/kg for both
gestating and lactating sows based on a slight increase of
the number of pigletsborn alive.

Thiamin

Thiamin is abundant in cereals and soybean meal
(>4mgl/kg). Whatever the physiol ogical stage, experiments
failed toimprove performances, when morethan 1 mg/kg of

supplemented thiaminwasadded (Newcomb & Allee, 1986;
Woodworthetal., 2000, Easteretal., 1983; Lutzetal., 1999).

Riboflavin

Recent workshave been conducted onriboflavin. Lutz
& Stahly (1998) showed alinear increase of average daily
gain, feed efficiency and body protein accretion of high-
lean piglets with 3.7 and 7.4 mg/kg of riboflavin added
(Table 6). They determined that the riboflavin need,
necessary for the protein accretion, issix timeshigher than
that necessary for thefat deposit. In other words, riboflavin
need is directly dependent on the genetic potential of the
pigs. Unfortunately, no significant changesin pig fattening
performanceswereobserved (Gaudré& Granier, 2009) with
added riboflavin up to 18 mg/kg (Table 7). But it must be
pointed out that in this experiment, the lowest level was 3
mg/kg of riboflavin added, plus 1.6 mg/kg provided from
feedstuffs.

Pantothenic acid

Slight improvementsin performance are obtained with
pantothenicacidaddition. Grinstead et al . (1988) showed on
pigletsweaned at 11 daysold, anincreasein averagedaily
gainwith 120 mg/kg of pantothenic acid added and in feed
efficiency with 30 mg/kg. Stahly & Lutz (2001) improved
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Table 6 - Effectof added riboflavin onpiglet performance(Lutz

& Stahly, 1998)
Added riboflavin mg/kg 0 3.7 7.4
ADG (g/d) 645 677 696
FCR (kg/kg) 1.43 1.36 1.34
Protein accretion (g/d) 110 115 118

Table 7 - Effectof addedriboflavinon pig performance(Gaudré
& Granier, 2009)

Added riboflavin mg/kg 3 6 9 18

ADG (g/d) 938 961 946 927
FCR (kg/kg) 2.80 2.80 2.80 2.74
Lean thickness (mm) 56.0 57.4 56.7 57.4

lean percent carcass with 30 mg/kg without any other
change in fattening performances observed.

Pyridoxine

Woodworth et al. (2000) improved the average daily
gain of weaned piglets from day 0 to 14, with 3.3 mg of
pyridoxine added and 4.6 mg provided from feedstuffs.
They concluded that the requirement of the weaned piglet
is nearer to 7.9 mg/kg. Unfortunately, this positive effect
wasnot observed by Newcomb & Allee(1986) withthesame
supplemental level.

Folic acid

Because of the contribution by raw materials and
intestinal synthesis, theneedfor folicacidisconsidered as
low, withtheexception of theyoung animal andthe pregnant
sow. The addition of folic acids on piglets and pigs were
tested, without any positive change, by Newcomb & Allee
(1986), Easter et a. (1983) and Lutz et al. (1999). Sow
prolificacy isnot alwaysincreased by acid folic additions:
Harper et al. (1994) with 1, 2 or 4 mg/kg, Matte et al. (1992)
with5or 15mg/kgthroughout pregnancy. Thiseffect seems
dependent on the ovulation rate (Lindemann & Kornegay,
1989), since the latter increases with parity.

Cyanocobalamin

Simard et al. (2004) observed improvements in total
piglets born and weaned with high levels of vitamin B12
(cyanocobalamin) in the diets of pregnant sows (0.2 and
0.4 mg/kg). The piglet hepatic storage of B12 tends to
increase at the same time. It should be highlighted that
thistest was carried out with only 8 sows per treatment,
and needsto be confirmed on alarger scale. Furthermore,
the cost of 0.2t0 0.4 mg/kg of cyanocobalaminissimilar
totheadditionof 12to 24 Ul/kg of vitamin E. Theweaned
piglet didn’t show any increasein its performance with
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up to ten times the NRC requirement (Lindeman et al.,
1995).

Niacin

Niacin supplementationisrequired whenthe content of
niacin cal culated from raw materials, islower than 1.5 times
the minimal need (INRA, 1984): 33, 18 and 15 mg/kg for
piglet, pig and sow, respectively. This recommendation is
based on the low availability of niacin from raw materials
(corn especially), and the presence of natural antagonism
from niacin. No effect was observed by Copelinetal. (1980)
and lvers & Veum (1993) up to 22 and 81 mg/kg of added
niacin respectively, while Real et al. (2002) demonstrated
improved growth and feed efficiency performance with 13
to 55 mg/kg.
Biotin

The interest of biotin supplementation for weaned
piglets and growing-finishing pigs was not demonstrated
(Newcomb & Allee, 1986; Easter et al., 1983; Hamilton &
Veum, 1986; Bryant et al ., 1985a). On the other hand, several
studiestendto concludethat biotin supplementation needs
tobeaddedtothefeedforthesow (Hamilton & Veum, 1984,
Bryantetal., 1985b,c; Lewisetal., 1991) with the exception
of Watkins et al. (1991). Results indicate that 0.3 to
0.55 mg/kg could enhance sow performance (Table 8).

Table 8 - Effects of biotin supplementation on sow productivity

Choline

Choline is not strictly considered as a vitamin but
supplementation coul d beefficientto complement choline
provided from raw materials. The sow requirement is
2000 mg/kg taking into account each source of choline
(INRA, 1984). Additionnally, NRC (1998) indicates that
supplemental choline is not necessary for growing-
fattening pigseating adiet rich in soybean meal. Choline
is very expensive (300 mg/kg induce 0.5 €/T) and is
usually restricted to the sow and piglet feed.

Effects of vitamins added in combination

During the last few years, |FIP has carried out several
studies on vitamin requirements. The approach was to
estimate the effect of vitamins added in combination. In
these experiments, the control treatment was considered to
be represented by usual practice. The growing-fattening
trial (Gaudré & Vautier, 2006) aimed at comparing a high
level of combined vitamins (Table 9), but no significant
improvement wasobserved on breeding performancesand
carcass characteristics. A tendency to enhance average
daily gain and feed intake of piglets weaned in low-clean
conditions, was demonstrated due to a moderate increase
in added vitamins (Table 10). Thisresultissimilar to those
published recently with added vitamins B (Wilson et al.,

Author mg/kg Noticed improvement

Hamilton & Veum (1984) 0.55 Piglets weaned on first parity

Bryant et al. (1985b,c) 0.44 Trend on prolificacy, weaning-oestrus interval and foot lesions
Lewis et al. (1991) 0.33 Weaned/born alive

Watkins et al. (1991) 0.44 Nothing

Table 9 - Supplemented vitamin levels compared on growing-fattening pigs (Gaudré & Vautier, 2006)

Vitamin Unit/kg Growing period (25-60 kg) Fattening period (60-115 kg)
Control Test Control Test
A Ul 6260 10000 5700 8000
D3 ul 1200 2000 1075 1500
E ul 9 60 8 50
K3 mg 0.26 3 0.12 1.5
B1 (Thiamin) mg 0.5 2 0.4 1.5
B2 (Riboflavin) mg 2.3 10 2 8
B5 (Pantothenic Ac.) mg 7 40 6 40
B6 (Pyridoxine) mg 0.5 4 0.4 3
B12 (Cyanocobal amin) mg 0.014 0.04 0.012 0.035
PP (Niacin) mg 11 30 10 30
Folic Ac. mg 0 1 0 1
Biotin mg 0 0.25 0 0.2
Choline mg 300 300 200 200
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1992a,b; Lindemannetal., 1995; Stalhy et al., 1995) or B and
fat-solublevitamins(Castaingetal., 2001). Inacooperative
study, involving 336 sows from two herds (Quiniou &
Calvar, 2005), no improvement in productivity was noticed
when using higher than recommended levels of vitamin E,
K and arange of B vitamins (Table 11). Before publication

Table 10 - Supplemented vitamin levels compared on piglets

(Gaudré, 2007)

Vitamin Unit/kg Control Test
A ul 8000 12000
D3 ul 1500 2000
E ul 20 60
K3 mg 0.5 2
B1 (Thiamin) mg 1 2
B2 (Riboflavin) mg 4 8
B5 (Pantothenic Ac.) mg 10 20
B6 (Pyridoxine) mg 1.5 3
B12 (Cyanocobalamin) mg 0.015 0.03
PP (Niacin) mg 15 45
Folic Ac. mg 0.5 1
Biotin mg 0 0.1
Choline mg 300 450

Table 11 - Supplemented vitamin levels compared on sows

(Quiniou & Calvar, 2005)

Vitamin Unit/kg Control Test
A ul 9600 9600
D3 ul 1960 1960
E ul 50 90
K3 mg 0.5 1
B1 (Thiamin) mg 0.6 1.5
B2 (Riboflavin) mg 4.2 6
B5 (Pantothenic Ac.) mg 10 20
B6 (Pyridoxine) mg 0.6 2.5
B12 (Cyanocobal amin) mg 0.025 0.025
PP (Niacin) mg 17 35
Folic Ac. mg 1.8 3.5
Biotin mg 0.15 0.30
Choline mg 600 600

Table 12 - Recommended levels for vitamins (IFIP, 2005)
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of these works, there was a trend in Britanny to increase
feed vitamin supplementation, believing that common
practice of feed manufacturersled to nutrient deficiencies
in pigs. It was demonstrated that little improvement in
performances could be obtained in thisway.

Levels of vitamins recommended by phase

Based on review literature and our own recent
investigations described above, recommendations were
formulated for added vitamins (Table 12). These
recommendations are partly based on those established
by INRA in 1984. Bearing in mind the various sources of
incertitude, interval sof variation are sometimesindicated.
In some cases, recommended level s are made but they are
based on a limited number of trials. Taking into
considerations, the price and time-varying of vitamins,
feed components, the use of safety margins, as well as
newly acquired knowledge, judgements could be arrived
at in favour of contribution levels different from those
suggested here.

Conclusions

The inclusion of minerals, including trace elements,
and vitamins in pig diets is needed to ensure optimal
performance of the actual pig genotype deprived of access
to soil or forage. Recent knowledge has been collected on
phosphorus, zinc and copper in response to increasing
awareness of detrimental effects of the excess of these
minerals on the environment. As a consequence,
investigations have been conducted in order to limit the
total excretion of the pig, considering that the retention of
phosphorus, zinc and copper is generally not affected by
diet content. Partly due to a decrease in the protein in the
diet and thuspotassium content, attention hasbeen paid on

Vitamin Units/kg Cost Piglet Pig Sow

7-12 kg BW 12-25 kg BW  25-60 kg BW 60-115 kg BW  Pregnant Lactating
A ul $$ 10000 8000 7000 5000 5000 8000
D3 ul $ 2000 1500 1000 1000 2000 2000
E ul $$$ 50 20 10-15 10-15 45 45
K3 mg $ 1 0.5-1 0.5 0.5 0.5 0.5
B1 (Thiamin) mg $ 1 0.5-1 0-1 0-1 1 1
B2 (Riboflavin) mg $$ 48 4-8" 3 2 3 3
B5 (Panto. ac.) mg $$ 10 10 8 7 8 8
PP (Niacine) mg $$ 15 15 10 7 10 10
B6 (Pyridoxine) mg $$ 0-3.6" 0-1 0 0 1 0
B12 (Cyanocobalamin) mg $$ 0.035 0.03 0.02 0.02 0.02-0.2 0.02
Folic ac. mg $$ 0.5 0.5 0-0.5 0-0.3 0.2-15" 1-15"
Biotin mg $$$ 0.1 0-0.1 0-0.05 0 0.3-0.5 0.3-0.5
Choline mg $$$ 300-800 300-800 0-300 0-100 400-900 400-900

* These levels are based on alimited number of trials.
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the dietary electrolyte balance taking into account
respective levels of sodium, potassium and chlorine, but
real proof of their reliability remains scarce. Over the last
two decades, focushasbeen made on vitamin requirements,
since most of the research conducted in the 40’ sand 50's,
was based on an animal model far removed fromour current
pig. Several studies have been carried out in order to
estimate if improved performance could be obtained at
higher vitamin levels than current recommendations. Our
recent research and literaturereview have been summarized
in practical recommendations presented above. Safety
marginscould beintroduced bearingin mindtheactual cost
of each vitamin.
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