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Summary

Objectives: To study the effects of betaine
inclusion in the feed on gilts and multipa-
rous sows and their litters.

Material and methods: Forty-eight sows

and gilts were randomly assigned to Control
and Betaine groups, with the Betaine group
receiving betaine-supplemented feed from 5
days before their due dates until the end of
the lactation period of approximately 18 days.
Production parameters were assessed over two
consecutive parities, and colostrum and milk
were quantitatively and qualitatively analyzed.

Results: In the first studied parity, only average
daily feed intake differed between Betaine and
Control group females (5.43 £ 0.10 kg and
5.91£0.10 kg, respectively; P < .01). Litter
weight at weaning was greater for the Betaine
group than the Control group (P < .05).
Weaning-to-estrus interval was shorter for

the Betaine group (4.7 £ 0.4 days versus

5.8 £ 0.4 days; P < .05). In the second studied
parity, means for the Betaine group were sig-
nificantly greater for piglets born alive (13.9
versus 13.2, P < .05) and pigs weaned per
sow (10.9 versus 10.5, P < .01). The content
of betaine in milk was significantly greater

in the Betaine group (0.219 mg per g versus
0.125 mg per g; P < .05).

Implications: Treatment with betaine from
5 days before farrowing to the end of the
lactation period can reduce the weaning-
to-estrus interval, improve reproductive
performance of gilts and sows, and increase

body weight gain of the piglets.
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Resumen - Uso de la betaina en primipa-
ras y multiparas durante la lactancia: efec-
tos en la calidad de la leche, parametros
reproductivos, y desempefio del lechén

Objetivos: Estudiar los efectos de la inclu-
sion de betaina en el alimento de hembras
primiparas y multiparas y sus camadas.

Materiales y métodos: Se asignaron al azar,
cuarenta y ocho hembras y primiparas a los
grupos Control y Betaina; recibiendo el
grupo Betaina, alimento suplementado con
betaina desde 5 dias antes de la fecha de parto
hasta el término del periodo de lactancia de
aproximadamente 18 dias. Se evaluaron los
pardmetros de produccién durante dos partos

consecutivos, y el calostro y la leche se anali-
zaron cuantitativa y cualitativamente.

Resultados: En el primer parto estudiado,
solo el consumo de alimento diario promedio
difiri6 entre las hembras del grupo Betaina
yel Control (543 +0.10 kgy 5.91 £0.10

kg, respectivamente; P < .01). El peso de

la camada al destete fue mayor en el grupo
Betaina que en el grupo Control (P < .05). El
intervalo de destete al estro fue mas corto en
el grupo Betaina (4.7 £ 0.4 dfas contra 5.8 =
0.4 dias; P <.05). En el segundo parto estudi-
ado, los promedios del grupo Betaina fueron
significativamente mayores en lo que se refiere
alechones nacidos vivos (13.9 contra 13.2,

P <.01) ylos cerdos destetados por hembra
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(10.9 contra 10.5, P < .01). El contenido de
Betaina en la leche fue significativamente
mayor en el grupo Betaina (0.219 mg per g
contra 0.125 mg per g; P < .05).

Implicaciones: El tratamiento con betaina
desde S dias antes del parto hasta el término
del periodo de lactancia puede reducir

el intervalo de destete a estro, mejorar el
desempefio reproductivo de primiparas y
multiparas, y aumentar la ganancia de peso
corporal en los lechones.

Résumé - Utilisation de la bétaine chez les
cochettes et les truies durant la lactation:
effets sur la qualité du lait, les paramétres
reproducteurs, et la performance des
porcelets

Objectifs: Ecudier les effets de I'inclusion de
la bétaine dans l'alimentation des cochettes
et des truies multipares et de leurs portées.

Matériels et méthodes: Quarante-huit tru-
ies et cochettes ont été réparties de maniére
aléatoire aux groupes Témoin et Bétaine, ce
dernier recevant un aliment supplémenté en
bétaine a partir du cinqui¢me jour précédant
la date prévue de mise-bas jusqua la fin de la
période de lactation d'une durée approxima-
tive de 18 jours. Les parametres de production
ont été évalués durant deux parités consécu-
tives, et le colostrum et le lait ont été analysés
quantitativement et qualitativement.
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Résultats: Lors de l'examen des données de
la premicre parité, seule la quantité moyenne
daliment ingéré différait entre les femelles
des groupes Bétaine et Témoin (respective-
ment, 5.43 % 0.10 kg et 5.91 +0.10 kg;

P < .01). Le poids de la portée au sevrage
était supérieur pour le groupe Bétaine com-
parativement au groupe Témoin (P < .05).
Lintervalle sevrage-cestrus était plus court
pour le groupe Bétaine (4.7 + 0.4 jours vs
5.8 £ 0.4 jours; P < .05). Lors de l'examen
des données de la seconde parité, des moy-
ennes significativement supérieures pour le
groupe Bétaine étaient notées pour le nom-
bre de porcelets nés vivants (13.9 vs 13.2,

P <.01) et de porcs sevrés par truie (10.9 vs
10.5, P < .01). Le contenu de bétaine dans le
lait était significativement supérieur dans le
groupe Bétaine (0.219 mg/gvs 0.125 mg/g;
P <.05).

Implications: Un traitement avec de la
bétaine 4 partir du Se jour avant la parturi-
tion jusqu’a la fin de la période de lactation
peut réduire lintervalle sevrage-cestrus,
améliorer les performances de reproduction
des cochettes et truies, et augmenter le gain
de poids corporel des porcelets.

etaine, a natural extract from beet

root, is used in animal nutrition to

improve productive performance. 12
Much research in the literature regarding
betaine applies to finishing pigs,3’4 but there
is little published information concerning
the effects of betaine on reproductive traits
in female breeders.

Several effects of betaine have been previ-
ously described. The extract acts as an
osmotically active substance, retaining water
in the cells, aiding the function of ionic
pumps, and saving energy used in electrolyte
balance.> It also improves liver function,
contributing to homeostasis, and acts as a
methyl-donating compound.? When feed
intake is reduced or limited (eg, during the
summer season in hot climates), pregnant
and lactating sows are unable to obtain
enough energy through the feed, resulting
in a severe body-weight loss in 3 to 4 weeks
due to mobilization of fat stores or loss of
muscle mass. Even when the current litter

is not affected, the size of the subsequent
litter may be smaller.” The effects of betaine
are more pronounced when feed intake is
restricted, and this suggests that an advan-
tage may be derived from its use to improve
reproductive traits.® Follicular development
may be poor after weaning when the lactat-

ing sow has been in a catabolic state,” and
hormonal balance may be altered by nutrient
consumption during lactation, resulting in

a non-adequate luteinization of the corpus
luteum.1© Thus, an increase in feed energy
during lactation might raise the luteinizing
hormone (LH) peak, favoring an increase in
litter size in the following parity.!!

Betaine’s activity as an osmolyte is particu-
larly important in situations of cellular
dehydration, as osmolytes help to minimize
water loss against a prevailing osmotic
gradient.12 There is also some evidence that
betaine reduces energy expenditure for

ion pumping, and the spared energy may
promote cell proliferation and consequently
stimulate growth in young animals.2® In
the gut, betaine’s osmolytic activity might
increase the thickness of the intestinal
mucosa, providing a greater surface area for
nutrient absorption. Betaine also regulates
the transmethylation cycle, with a positive
effect on protein metabolism in muscle,
liver, and kidney.?

The aims of this study were to assess the
effect of betaine on reproductive parameters
in betaine-treated and control gilts and mul-
tiparous sows and to evaluate body-weight
gain of the piglets during lactation.

Materials and methods

The University of Murcia Animal Care Com-
mittee reviewed and approved the experimen-
tal protocols. All facilities were committed

to the Spanish and European Union Laws
regarding welfare and protection of pigs.

Animals and treatment groups

The 24 Landrace x Large White gilts and
24 multiparous Landrace x Large White
sows used in the study were housed in the
Veterinary Teaching Farm of the University
of Murcia (Spain), in a farrow-to-finish unit
accommodating 250 breeders. The animals
were specific pathogen free for porcine
reproductive and respiratory syndrome
virus, pseudorabies virus, Mycoplasma hyo-
pneumoniae, and Actinobacillus plenropneu-
moniae, as assessed by serological ELISAs
and through a sentinel program.

Twelve gilts and 12 multiparous sows were
randomly assigned to the treated group
(Betaine), and the remaining 12 gilts and

12 sows were assigned to the control group
(Control). Lactation length did not differ by
group (18.6 £ 0.9 days and 18.0 + 0.9 days
for the Betaine and Control groups, respec-
tively; P =.59).

Facilities and animal management
The farm had a farrowing barn divided into
eight farrowing rooms with six farrowing
crates (2.10 % 0.90 x 0.65 m) per room.
Each crate was provided with a feeder and a
nipple drinker. The floor was partially solid,
with a slatted section behind the sow over a
manure pit.

The barn had an environmental control sys-
tem with heaters, coolers, and exhaust fans.
In each crate, a heating zone was provided
for the piglets with either infrared lamps or
a heating mat. The ambient temperature in
the farrowing room was recorded on a daily
basis using an environmental infrared ther-
mometer. Temperature did not differ among
rooms, ranging from 21.7°C to 26.8°C and
averaging 22.3°C minimum and 25.1°C
maximum.

Female breeders were housed in the farrow-
ing rooms, with equal numbers of gilts and
sows in each room. The animals remained in
gestation crates until they were moved to a
farrowing room 5 days before their predicted
due dates. Farrowing rooms were managed
all-in, all-out and were cleaned and disin-
fected between groups of females. Animals
were assisted at parturition and care was
provided to all piglets after birth, including
an injection of 200 mg of iron dextran (24
hours post farrowing) and identification

by tattooing. Litters were standardized by
cross-fostering within study group within 24
hours after farrowing.

Artificial insemination was used in all
females, with each female receiving two
doses of semen within a 24-hour interval.
Semen was obtained on-farm using a com-
mercial extender. Females were inseminated
with fresh semen using a standard artificial-
insemination catheter. Semen from two
different boars was pooled in cach dose, with
3 x 10” spermatozoa per dose. The same two
boars were used for all matings. Fertility of
the boars was assessed on a yearly basis using
the homologous in vitro penetration test.

Feed

Pelleted feed was offered twice daily, and
water was available ad libitum via nipple
drinkers. Feed intake was assessed for each
animal by weighing the feed remaining 30
minutes after it was delivered to the feeder.

Two different diets were provided: a basal
diet for the Control group, and for the
Betaine group, the same diet containing 2
kg per tonne of Betafin S1 (96% pure anhy-
drous betaine; Danisco Animal Nutrition,
Naantali, Finland), with betaine replacing
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an equal amount of wheat and providing
1.92 g of betaine per kg of feed. The study
diets were offered to gilts and sows begin-
ning when they were moved to the farrowing
room, 5 days before their predicted farrowing
date, and continued throughout lactation.
Composition and nutritional values for the
basal and betaine diets are shown in Table 1.

A pelleted prestarter feed, not supplemented
with betaine, was offered to piglets in small
removable feeders beginning when they
were 9 days old, and water was available ad
libitum from nipple drinkers.

Measurements

Two consecutive parities of each female were
studied. All sows that began the trial far-
rowed a second time. Body weights of gilts
and sows were recorded at the beginning
and end of lactation. Parameters recorded or
calculated included body weight loss during
the first lactation, P2 backfat thickness at
the beginning and end of lactation, backfat
loss, average daily feed intake of gilts and
sows, total born piglets, piglets born alive,
stillborn piglets, litter weight at birth, lit-
ter weight at weaning, weaned piglets per

Table 1: Composition of basal diet provided to sows and gilts during a study
assessing the effects of betaine on reproductive and litter performance®

Component Basal diet
Ingredients (g/kg)

Wheat 242.8
Soy (44% crude protein) 160
Barley 160
Corn 150
Barley ecoproteint 120
Beetroot 110
Calcium carbonate 11.8
Fat 11.6
Liquid lysine 6.6
Monocalcium phosphate 5.6
Calcium 4.0
Phosphorus 3.2
Sodium chloride 4.0
Vitamin-mineral premix 104
Calculated levels of nutrients (g/kg)

Crude protein 170
Crude fat 35
Crude fibre 60
Crude ash 55
Lysine 10
Additive (g/kg)

Phytase 0.01

*

For the Betaine diet the basal diet was supplemented with betaine anhydrous (1.92 g/kg)

by adding 2 kg/tonne of Betafin S1 (96% pure anhydrous betaine; Danisco Animal
Nutrition, Naantali, Finland) to replace an equal quantity of wheat. Treated sows and
gilts were fed the basal and test diets beginning day 5 before the expected farrowing
date and throughout lactation. Metabolizable energy = 13.6 MJ/kg. Twelve gilts and 12
multiparous sows were randomly assigned to the betaine group, with the remaining 12

gilts and 12 sows as controls.
t Distillery dried grain with solubles.

# Provided (mg/kg): vitamin A, 3.9; vitamin D3, 0.05; vitamin E, 45; vitamin B12, 20; vitamin
B6, 2; vitamin K3, 1; vitamin B2, 1; vitamin B1, 5; nicotinic acid, 20; CuSQOy, 10; ZnO, 100;
FeCoy, 80; Mn, 50; Se, 0.2; 1, 1; Co, 0.5; calcium pantothenate, 10; folic acid, 3; biotin,

0.25; CoSQy, 0.50; choline chloride, 250.

gilt or sow, weaning-to-estrus interval, and
lactation duration. The following parameters
were recorded for the second studied parity:
total born piglets, piglets born alive, still-
born piglets, and weaned piglets per sow.

Gilts and sows were weighed on a digital
mobile scale with a range of 0 to 300 kg,
accurate to 0.1 kg, and litters were weighed
on a digital mobile scale with a range of 0 to
30 kg, accurate to 0.1 kg. Backfat thickness
at P2 for gilts and sows was measured with
an A-mode ultrasonic instrument (Renco
Lean-Meater series 12; Renco, Minneapolis,
Minnesota).

Colostrum and milk sample
collection

The quality of colostrum and milk was
assessed for each female in the study.
Samples were collected from all sows and
gilts on the day of farrowing (Day 0) and on
Day 13. Sows and gilts were injected intra-
muscularly with 20 IU of oxytocin and were
hand milked. A total of 50 mL of colostrum
and 50 mL of milk were collected in sterile
polypropylene tubes and immediately frozen
and stored at -20°C until analysis.

Colostrum and milk analysis
Colostrum and milk samples were analyzed
at the Laboratory of the Food Technol-
ogy Department of the Veterinary School
in the University of Murcia. Parameters
analyzed included fat, protein, lactose, non-
fat solids, total solids, and freezing point
using a Milkoscan FT6000 (Foss, Hillered,
Denmark) and somatic cell count using a
Fossomatic FC (Foss).

Methyl-donating compounds content was
analyzed in the laboratory of Danisco Kant-
vik (Kantvik, Finland). The compounds
analyzed were methionine, carnitine, beta-
ine, and creatine plus creatinine using a YSI
2700 SELECT Biochemistry Analyzer (YSI
Incorporated, Yellow Springs, Ohio).

Fatty acid composition of milk was analyzed
in the Chemical Analysis Service of the
University Autonoma of Barcelona (Spain)
using a gas chromatography system (6890
Agilent with FID detector; Agilent Tech-
nologies, Santa Clara, California) and using
as standard a Supelco 37 FAME mix (Sigma-
Aldrich, Bellefonte, Pennsylvania). The
fatty acids analyzed were butyric, caproic,
caprylic, capric, undecanoic, lauric, trideca-
noic, myristic, myristoleic, pentadecanoic,
cis-10-pentadecenoic, palmitic, palmitoleic,
heptadecanoic, cis-10-heptadecenoic,
stearic, elaidic, oleic, cis-vaccenic, linole-
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laidic, linoleic, arachidic, gamma-linolenic,
cis-11-eicosenoic, linolenic, heneicosanoic,
cis-11, 14-eicosadienoic, behenic, cis-8,

11, 14-eicosatrienoic, erucic, cis-11, 14,
17-eicosatrienoic, arachidonic, tricosanoic,
cis-5, 8, 11, 14, 17-cicosapentaenoic, cis-13,
16-docosadienoic, lignoceric, nervonic, and
cis-4, 7, 10, 13, 16, 19-docosahexaenoic.
Results were expressed as percentages of the
total fatty acid content.

Calculations and statistical analysis
Production data were subjected to a multi-
factorial analysis of variance (MANOVA) in
SPSS version 14 (SPSS Inc, Chicago, Illinois).
A power study showed that a sample size of
18 females would have 90% power to detect a
difference of 0.5 piglets born alive at o = .05.
For breeders, the following model was used:

Yijklm = Ti + P] + BWLk + PZI + (Tl X Pl)lJ +
(T; x BWL)ik + (T; x P2y + (Pj X BWLk)jk
+ (PJ x P2 l)jl + Eijklm

Where Yijldm = general mean

i = treatments (Betaine and Control)
j = parity (gilts and sows)

k = body-weight loss during suckling
| = P2 backfat thickness (ultrasound)
ij = treatment X parity interaction

ik = treatment x body-weight loss during
lactation interaction

il = treatment x P2 backfat thickness
interaction

jk = parity x body-weight loss during lacta-
tion interaction

jl = parity x P2 backfat thickness interaction
Eijklm = error
For piglets, the following model was used:

Yijkl = Ti + P) + LWk + (Tl X PJ)IJ + (T[ X
LW )ik + (Opj+ LW )j + Ejja,

where Y = general mean

i = treatments (Betaine and Control)

j = parity (gilts and sows)

k = litter weight

ij = treatment X parity interaction

ik = treatment X litter weight interaction
jk = parity x litter weight interaction
Ejjlg = error

Data for milk and colostrum quality were
analyzed usingan ANOVA in SPSS version
14. For all analyses, P < .05 was considered
significant.

Results

Performance of females and litters
At the beginning of lactation in the first
studied parity, weight averaged 219 +9.1 kg
and 223 + 11.4 kg in gilts in the Control
and Betaine groups, respectively, and P2
backfat thickness averaged 18 £ 1.6 mm and
21.1+£ 1.2 mm, respectively. In multiparous
sows, weight averaged 246 + 5.4 kg and
245 £ 5.2 kg for the Control and Betaine
groups, respectively, and P2 backfat thick-
ness averaged 20.5+ 0.9 mm and 19.4 £ 0.4
mm, respectively. These parameters did not
differ between treatment groups (P > .05).
Body-weight loss and backfat loss during
lactation did not differ (P > .05) either by
treatment group or by parity group (gilt

or sow) (Table 2). Average daily feed intake
was lower in the Betaine group than in the
Control group (Table 2), but there was no

difference between gilts and sows in either
group (P > .05). The maximum difference
in average daily intake was observed in gilts
(5.20%0.17 and 6.31 £ 0.77 for Betaine and
Control groups, respectively; P < .001).

Litter weight at weaning in the first studied
parity and liveborn piglets and number of
weaned piglets per sow in the second studied
parity were higher in the Betaine group
(Table 2). Weaning-to-estrus interval was
shorter in the Betaine group (Table 2). Aver-
age daily body-weight gain of piglets during
lactation was 200.0 g per day and 183.5 g per
day for Betaine and Control groups, respec-
tively. There was a significant negative correla-
tion between body-weight loss during the first
studied lactation and total piglets born in the
second studied parity (R2 =0.534;P<.01)

Colostrum and milk composition.
Results of colostrum and milk analyses

Table 2: Results for production and reproduction parameters over two successive
parities in gilts and sows fed either a basal diet (Control) or the same diet supple-

mented with betaine (Betaine)*

Parameter

Control Betaine
(n=24) (n=24) SE Pt

Body weight loss, first studied
lactation (kg)

Average daily feed intake (kg)

P2 backfat thickness, start of
lactation (mm)

P2 backfat thickness, end of lactation (mm)

Backfat loss (mm)

Piglets born alive, first studied parity
Stillborn piglets, first studied parity
Total born piglets, first studied parity
Litter weight at birth (kg)

Litter weight at weaning (kg)

Weaned piglets per sow,
first studied parity

Lactation duration (days)
Weaning-to-estrus interval (days)
Piglets born alive, second studied parity

Stillborn piglets, second studied parity

Total born piglets, second studied parity

Weaned piglets per sow, second
studied parity

30.21 2883 191 >.05
5.91 543 0.10 <.05
19.44 1983 0.80 >.05
16.17 1700 0.80 >.05
3.25 2.83 0.60 >.05
12.1 11.5 063 >.05
0.7 1.6 051 >.05
12.8 13.1 072 >.05
18.57 1823 098 >.05
51.26 5735 212 <.05
10.4 10.4 022 >.05
18.0 18.6 09 >.05
57 4.7 04 <.05
13.2 14.0 045 <.05
14 1.1 0.16 >.05
14.6 15.1 025 >.05
10.5 11.0 0.11 <.01

*

Diets described in Table 1. Study diets were fed beginning 5 days before the expected

farrowing date and throughout the lactation of approximately 18 days.

t P for treatment effect. Production data were subjected to a multifactorial analysis of vari-
ance. Data were collected over the course of two successive parities. Average daily feed
intake was calculated for the entire lactation period (approximately 18 days).
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expressed as least squares means are shown in
Table 3. Colostrum and milk composition did
not differ either by parity or treatment group.

Methyl-donating compounds
analysis

The results for methyl-donating compounds
are shown in Table 4. The only parameter
that differed significantly between the
Betaine and Control groups was the content
of betaine in milk, which was higher in the
Betaine group. Although the content of
betaine in colostrum was numerically higher
in the Betaine group, there was no signifi-
cant difference.

Fatty acid composition
The results for analysis of fatty acid composi-

tion are shown in Table 5. There were no
significant differences between the Betaine
and Control groups for any of the fatty
acids. Fatty acids of the highest percentages
were oleic, palmitic, linoleic, palmitoleic,
stearic, myristic, and vaccenic (Table 5).
Total fatty acids were 961.80 g per kg and
961.22 g per kg for the Betaine and Control

groups, respectively.

Discussion

There were no significant differences in
reproductive performance in the first studied
parity, as was expected because the treatment
with betaine started 5 days before farrowing.
However, litter weight at 18 days of age was
greater in the litters of treated sows and gilts.
This might suggest that milk production

was higher in the Betaine group, as qualita-
tive analysis of colostrum and milk did not
differ between groups. However, it should
also be taken into account that the content
of betaine in the milk was higher in treated
sows than in controls. Piglets in the treated
group received 0.219 g of betaine per kg of
milk, compared with control piglets that
received 0.125 g betaine per kg milk. Betaine’s
activity as an organic osmolyte might lower
the maintenance energy requirements of the
piglets, resulting in energy savings.* Betaine
supplementation in the diet enhances intes-
tinal function and increases digestibility of
most nutrients in piglets.lz*’15 It also alters
water retention in muscle cells, which might
increase total body weight.16 In addition,
betaine is a methyl donor that promotes
betaine-homocysteine-methyltransferase

Table 3: Mean composition (least squares means) of colostrum and milk samples for females fed either a control diet (Control)
or the same diet supplemented with betaine (Betaine)*

Colostrum Milk

Parameter Control  Betaine Control Betaine

n=24 n=24 SE P+ n=24 n=24 SE P+t
Fat (g/kg) 74.42 95.96 13.66 .30 79.65 77.75 8.43 .88
Protein (g/kg) 103.24 80.31 13 26 50.322 54.41 8.12 .75
Lactose (g/kg) 34.87 37.21 4.90 .75 57.61 55.61 3.87 .75
Non-fat solids (g/kg) 146.22 124.26 10.46 .18 107.02 110.03 5.98 75
Total solids (g/kg) 203.10 206.18 6.74 76 191.48 191.57 8.66 99
Freezing point (m°C) - 606 -610 5.8 .65 -597 -593 4.7 .58
Somatic cell count (cells/mL) 128,804 166,429 622 .70 231,345 239,367 1.09 .96

*

For the treated group, the basal diet was supplemented with 1.92 g/kg of betaine anhydrous administered beginning 5 days before the

due date and throughout the lactation period of approximately 18 days. Colostrum and milk samples were collected by hand milking after
administration of oxytocin (20 [U). Colostrum was collected on the day of birth (Day 0) and milk was collected Day 13. Samples were stored

frozen (-20°C) until analysis.
+ P values for treatment effect in ANOVA.

Table 4: Results of analysis for composition for methyl-donor compounds in colostrum and milk in sows and gilts either fed a
basal diet (Controls) or that diet supplemented with betaine (Betaine)*

Colostrum Milk

Control  Betaine Control  Betaine
Methyl-donor compound n=24 n=24 SE Pt n =24 n=24 SE Pt
Methionine (g/kg)+ < 0.005 < 0.005 NA NA 0.014 0.013 0.006 .77
Betaine (g/kg) 0.198 0.289 0.009 45 0.125 0.219 0.028 .03
Carnitine (g/kg) <0.002 0.002  0.0002 .14 0.009 0.008 0.001 61
Creatinine (g/kg) + creatine 0.196 0.183 0.021 .70 0.230 0.196 0.029 42

* Diets described in Table 1.

t P values for treatment effect in ANOVA.
# Free methionine.

NA = not applicable
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Table 5: Result of analysis for composition of the most abundant fatty acids (Eercentage of total fatty acids in g/kg) in milk in

sows and gilts either fed a basal diet (Control) or that diet supplemented wit

betaine (Betaine)*

Treatment
Control Betaine

Fatty acids n=24 n=24 SE Pt

Oleic 31.5 30.6 1.68 >.05
Palmitic 21.2 20.8 1.10 >.05
Linoleic 9.3 9.6 0.56 >.05
Palmitoleic 6.2 5.5 0.86 >.05
Stearic 3.7 4.0 0.19 >.05
Myristic 2.5 2.2 0.31 >.05
Vaccenic 2.2 2.2 0.11 >.05
Linolenic 0.7 0.7 0.03 >.05
Arachidonic 0.4 0.4 0.04 > .05
Cis-11-eicosenoic 0.4 0.4 0.03 >.05
Cis-11-14-eicosadienoic 0.3 0.3 0.03 >.05
Heptadecanoic 0.2 0.3 0.20 >.05
Lauric 0.2 0.2 0.02 >.05
Miristoleic 0.1 0.2 0.02 > .05
y-linolenic 0.1 0.1 0.06 >.05
Capric 0.1 0.1 0.01 >.05
Cis-8-11-14-eicosatrienoic 0.1 0.1 0.02 >.05
Arachidic 0.1 0.1 0.01 >.05
Cis-11-14-17-eicosatrienoic 0.1 0.1 0.01 >.05

* Diets described in Table 1.
+ P values for treatment effect in ANOVA.

activity, enhancing the recycling rate of
homocysteine and maintaining S-adenosyl
methionine and homocysteine levels.?
Other effects of betaine supplementation
should be considered. For example, it
cannot be ruled out that betaine might
improve litter performance by increasing
milk production, or that betaine or its
metabolites in milk might be concentrated
in the mammary gland when milk is col-

lected by hand milking.

Interestingly, there was no difference in body-
weight loss during lactation, but it should

be taken into account that average daily feed
intake was lower in the Betaine group. This
has previously been observed in finisher pigs,
at least as a trend. 171 Greater weight loss
during lactation has been associated with
lower feed intake in other studies using vari-
ous diets.222 The absence of a difference in
body-weight loss could be the result of energy
savings resulting in less catabolism of body
reserves in the Betaine group, but further
research is required in gilts and sows.

Backfat loss did not differ between treat-
ment groups, and while Boyd et al?3 rec-
ommended that backfat loss be limited to
approximately 2 mm, Willis et al?4 observed
a backfat loss in early-weaned (14 days) and
conventionally weaned (28 days) primipa-
rous sows similar to that reported in the
current study, and without any influence

on the number of embryos surviving after
mating.B’Z4 In the current study, backfat loss
during lactation apparently did not influence
performance in the second parity studied.
The lower average daily feed intake in the
Betaine group’s second parity suggests better
use of the energy and resources mobilized
during lactation, or possibly more efficient
use of dietary nutritional resources.

Weaning-to-estrus interval was significantly
shorter in the Betaine group: 4.7 days versus
5.7 days in Control animals, a difference

0f 19%. The greater availability of energy
derived from betaine intake may improve
hormonal balance as previously reported.!!?>
Circulating levels of LH influence measures

of reproductive performance such as wean-
ing-to-estrus interval, and effects of energy
intake on secretion of LH during mid- to
late lactation have been previously reported
in sows.2% It has previously been demon-
strated that improved crude fat digestibility
follows dietary supplementation with
analogues of betaine.2® Moreover, betaine is
involved in the synthesis of chylo-microns,
which are involved in the absorption of fat,
enhancing energy intake.?’

In the second studied parity, the numbers

of piglets born alive and weaned per sow
differed significantly by treatment. Several
explanations may apply to the larger number
of piglets born alive in the Betaine group.
The metabolic status of the sow during lacta-
tion influences follicular maturation after
weaning®® and is a critical determinant of
subsequent fertility, as follicles may become
atretic or cystic due to a negative energy
balance.?” Greater availability of energy
during lactation can improve follicular
development, resulting in a larger number of
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oocytes present at mating.”3%3! The priming
effect of ad libitum feeding during the entire
lactation influences the quality of the growing
follicles and oocytes and the responsiveness
of the ovary to increased secretion of LH and
follicle-stimulating hormone by the pituitary
gland after weaning.32 As all stages of fol-
licular development may be sensitive to such
changes, the levels of hormones that influence
development of follicles at any stage of lacta-
tion may have a lasting effect on the ultimate
size of the recruited follicles and their quality
at weaning.> In our study, although the sows
and gilts in the Betaine group had a lower
average daily feed intake than the Controls,
their energy status might have been higher
because of the addition of betaine to the diet.

Under the conditions of this study, supple-
mentation of betaine beginning 5 days
before the predicted farrowing date resulted
in a greater litter weight at weaning, a
shorter weaning-to-estrus interval, and bet-
ter measures of reproductive performance
during the subsequent parity, in terms of
piglets born alive and weaned piglets per
litter. No differences in colostrum or milk
composition, methyl-donating compounds
(except for betaine), or fatty acid profile
were observed. When these effects are com-
bined, it may be predicted that the dictary
use of betaine would increase the economic
profit gained from each sow per year (taking
the cost of betaine into account). However,
before a general recommendation can be
made to use betaine as a feed ingredient in
order to improve reproductive performance
and production traits, further research is
needed using a larger sample size.

Implication

Under the conditions of this study, feeding
betaine beginning 5 days before parturi-
tion and continuing throughout lactation
can reduce the weaning-to-estrus interval,
increase the numbers of born-alive piglets
and weaned piglets per litter in the subse-
quent parity, and increase the body-weight
gain of the piglets at weaning.
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