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Summary

Effects of nutritional strategies on co-
lostrum quality and yield are variable
as influenced by sow colostrum produc-
tion capacity, parity, farrowing induc-
tion protocol, and gestation length.

The greatest opportunity to maximize
colostrum yield and quality is through
proper management of body condition
in gestation such that sows are notin a
negative energy balance when entering
farrowing. Total colostrum fat percent-
age can be increased through the addi-
tion of dietary fat or oil. Colostrum fatty
acid composition can also be changed
by addition of dietary oil or increased
branched chain amino acids. Colostrum
protein and immunoglobulins are more
challenging to influence.
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Resumen - Estrategias de alimentacion
para aumentar la calidad y el ren-
dimiento del calostro de las cerdas

Los efectos de las estrategias nutriciona-
les sobre la calidad y el rendimiento del
calostro son variables, ya que estdn in-
fluenciados por la capacidad de produc-
cién de calostro de la cerda, la paridad,
el protocolo de induccién al parto, y la
duracidén de la gestacién. La mejor opor-
tunidad para maximizar el rendimiento
y la calidad del calostro es a través de un
manejo adecuado de la condicién cor-
poral durante la gestacidn, para que las
cerdas no tengan un balance energético
negativo al iniciar el parto. El porcentaje
de grasa total del calostro se puede au-
mentar mediante la adicién de grasa o
aceite en la dieta. La composicién de 4ci-
dos grasos del calostro también se puede
cambiar mediante la adicién de aceite
dietético o aumentando los aminoacidos
de cadena ramificada. Las proteinas del
calostro y las inmunoglobulinas son mas
dificiles de influir.

Résumé - Stratégies d’alimentation
pour augmenter la qualité et la quantité
de colostrum chez les truies

Les effets des stratégies d’alimentation
sur la qualité et la quantité de colostrum
sont variables et influencés par la ca-
pacité de production de colostrum par la
truie, la parité, le protocole d’induction
de la parturition, et la durée de la ges-
tation. La plus grande opportunité de
maximiser la quantité et la qualité du co-
lostrum est obtenue par la gestion appro-
priée de la condition corporelle lors de
la gestation afin que les truies ne soient
pas en balance énergétique négative lors
du début de la parturition. Le pourcent-
age de gras total du colostrum peut étre
augmenté par l'ajout de gras ou d’huile
alimentaire. La composition en acides
gras du colostrum peut également étre
modifiée par I'ajout d’huile alimentaire
ou 'augmentation des acides aminés
embranchés. Une influence sur les pro-
téines et les immunoglobuline du colos-
trum représente un plus grand défi.

dequate colostrum intake (=250 g
Ais recommended) after birth is es-

sential for piglet survival.! As lit-
ter sizes have increased in recent years,
the demand for colostrum proportion-
ately increases to achieve this desired
level of intake. The lactose and fat con-
tent of colostrum provides energy, which
is needed to maintain piglet body tem-
perature early in life.? Additionally, co-
lostrum protein includes immunoglobu-
lins (Ig) for passive immunity, which is
necessary for long-term survival.? The
concentration of these nutrients rap-
idly changes over the first 24 hours of

lactation with the percentage of total
solids and protein decreasing over time
and the percentage of fat and lactose
increasing (Figure 1).2 The ability for
piglets to consume these nutrients is a
balance between piglet demand (nurs-
ing interval, duration of nursing, and
physical capacity to remove colostrum)
and the sow’s capacity to produce colos-
trum.* This practice tip will cover pre-
farrowing feeding strategies and poten-
tial nutritional interventions that can be
used to increase colostrum quality and
yield, while also briefly discussing com-
mon herd management practices that
impact colostrum synthesis.

Prefarrowing feeding
strategies that affect
colostrum yield

The effect of sow nutrition on colostrum
yield is not well understood. Likewise,
the multi-faceted nature of colostrum
yield and extreme variation between
individual sows makes it challenging to
consistently detect meaningful differ-
ences in the amount and composition

of colostrum.® Based on the formation
of lipid droplets in mammary tissue
and increased prolactin levels (due to
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Figure 1: Average reported concentrations of macronutrient components and immunoglobulin G (IgG) of sow colostrum.

Figure adapted from Hurley, 2015.3
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decreased progesterone), it is believed
that colostrum production begins dur-
ing the last 7 to 10 days of gestation and
continues through parturition’*® Dur-
ing this time period, mammary tight
junctions are considered “leaky,” which
allows for the transfer of hormones,
growth factors, and Ig into alveolar cells
for storage until suckling stimuli oc-
curs.’ While the role of endocrine hor-
mones in regulating colostrogenesis is
not fully understood, the data available
may suggest that nutritional strategies
applied during the last 7 to 10 days of
gestation could provide the greatest op-
portunity to increase colostrum yield.
Likewise, little is known about the meta-
bolic state of sows in colostrogenesis;
thus, implementing feeding strategies to
manage sow body reserves in late gesta-
tion may be an additional opportunity
to improve colostrum yield. Supplying
more nutrients through increased feed
allowance is thought to decrease sow
catabolism, therefore increasing the
amount of nutrients available for colos-
trum synthesis and body condition (BC)
maintenance.® This should prevent ex-
cessive body tissue mobilization which
can negatively affect colostrum yield and
composition. For example, females that
were underfed (1.0 kg/d) the last 14 days
prior to farrowing had a greater percent-
age of colostral fat and reduced colos-
tral protein.” The authors speculated
that this response was because under-
fed sows were synthesizing colostrum
directly from body tissue. Increased

colostral fat concentrations have also
been observed in sows with innately
low colostrum production. Although the
authors did not address this response,
low yielding sows exhibited a leakier
mammary epithelium and reduced co-
lostral lactose concentrations. These
responses were related to delayed reduc-
tions in prolactin prepartum,® which
may suggest that underfed sows have an
abnormal endocrine response due to in-
adequate nutrient intake. More research
in this area is needed to understand the
potential mode of action between nutri-
ent status and endocrine control.

Overfeeding sows during gestation has
negative implications on colostrum
yield. This is largely associated with BC
because fat sows (backfat > 23 mm) of-
ten exhibit decreased colostrum yield,
which is thought to be associated with
increased fat accumulation in mammary
tissue.®® Because a high BC is generally
a consequence of over feeding for an ex-
tended period, it is important to make
sure females enter farrowing with an
appropriate BC to maximize colostrum
yield. In contrast, prefarrowing feed al-
lowance appears to have a low impact
on colostrum yield. Data by Gourley et
all® showed no difference in colostrum
yield if females were fed increased ly-
sine and energy from day 107 or 113 of
gestation to farrowing. Colostrum yield
was also similar for females that were
fed 2.7 kg/d or ad libitum starting at day
113 of gestation.!! However, Decaluwé

et al® observed a tendency for increased
colostrum yield when sows were fed

4.5 kg/d compared to 1.5 kg/d starting

at day 108 of gestation, with the great-
est yield observed for sows that entered
the farrowing house with a moderate BC
(backfat =19 mm). The feed allowance of
1.5 kg/d for control sows was below the
sow maintenance requirements which
could explain the response observed.
While it appears that prefarrowing feed
allowance has limited effects on colos-
trum yield, these data highlight the im-
portance of making sure sows are fed at
or slightly above requirement during co-
lostrogenesis to prevent the use of body
fat and protein reserves for colostrum
production. These data are supported
by earlier reports that showed increased
serum non-esterified fatty acids and
decreased backfat the week prior to far-
rowing were negatively associated with
colostrum yield.!?

Nutritional impacts on

colostrum quality

Colostrum quality can be defined by the
concentration of macronutrients, includ-
ing carbohydrates (lactose), fat, and pro-
tein (specifically IgG) within a colostrum
sample. Several experiments have been
conducted to better understand the ef-
fects of sow nutrition on colostrum com-
position, however, the data lacks consis-
tency. Of the macronutrients, colostral
fat is the most easily changed through
nutritional strategies.!® Increasing the
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energy density of gestation diets through
the addition of fat, such as choice white
grease, tallow, soybean oil, or corn oil,
provides the greatest opportunity to
increase total colostrum fat.!*17 Oil in-
clusion has also been shown to alter the
fatty acid profile of colostrum,!®1° re-
gardless of prefarrowing timing (day 107
vs 112).20

Supplementing diets with high levels

of leucine (Leu), valine (Val), and iso-
leucine (Ile) while maintaining the
Leu:Ile:Val ratio may be another option
to change the fatty acid profile of colos-
trum.?! Valine by itself has also been
shown to increase colostrum fat and pro-
tein concentrations when fed above NRC
requirements.??2% Furthermore, some
studies suggest that prefarrowing feed
allowance influences protein and Ig con-
centrations, but the results are variable.
Decaluwé et al® observed that increasing
feed allowance from 1.5 to 4.5 kg/d start-
ing on day 108 of gestation resulted in
decreased colostrum protein percent, but
not total protein. This also did not trans-
late to differences in Ig content, which
suggests that increased feed allowance
did not change the nutrient composition
of colostrum, but rather had a dilution ef-
fect. In contrast, Gourley et al'® observed
that increasing feed allowance from 2.7
to 3.8 kg/d starting on day 113 of gestation
resulted in increased colostrum IgG con-
centrations (107 vs 125 mg/mL for gilts;
114 vs 131 mg/mL for sows) but not total
protein percent (14.8% vs 14.9% for gilts;
15.3% vs 14.9% for sows). Other data sug-
gests that supplementing the diet with
conjugated linoleic acid, beta-carotene,
or high levels of vitamin D can increase
Ig.2+27 Additional data has been gener-
ated for other nutritional strategies, but
results are generally variable and addi-
tional research is needed to understand
further. Protein levels in colostrum ap-
pear to be negatively correlated with
lactose level,?® which suggest a greater
emphasis should be put on total colostral
protein rather than lactose because of
the Ig fraction of protein and its role in
passive immunity.

Management impacts on
colostrum quality and
yield

Parity structure, farrowing induction,
and gestation length contribute to varia-
tions in colostrum yield.?® Nutritional in-
fluences on colostrum are challenging to
replicate for this reason, which suggests
management strategies may provide a
better influence on colostrum yield and
quality. The sow farm parity structure

will influence colostrum output, conse-
quently impacting litter performance.
More specifically, multiparous females
tend to have greater colostral IgG con-
centration than primiparous females,
whereas primiparous females tend to
have higher colostral fat concentra-
tions.10:29-32 Likewise, colostrum yield is
generally greater in parity 2 and 3 sows
compared to parity 4 and higher.1? In ad-
dition to parity, sows that are induced
prior to their expected farrowing date
often exhibit decreased colostral fat and
Ig concentrations. If early induction pro-
tocols are in place, feeding increased di-
etary energy prefarrowing can help miti-
gate these negative effects.* More recent
data also suggests that administering
oxytocin early post farrowing (75 IU
oxytocin given twice daily beginning 12
to 20 hours after farrowing the last pig-
let for a total of 4 injections) will delay
the tightening of mammary tight junc-
tions, therefore increasing the output

of colostrum protein and I1g.33 However,
follow up research is needed to identify
if these results are able to be replicated.
Gestation length is another factor that
should be taken into consideration when
assessing colostrum outputs, although it
is often confounded with induction pro-
tocols. Increasing the gestation length
beyond a sows expected farrow date will
likely result in decreased colostral IgG
concentrations.!430

Acknowledgments

This work was supported by contribu-

tion No. 23-078-] from the Kansas Agri-
cultural Experimental Station in Man-
hattan, Kansas.

Conflict of interest
None reported.

Disclaimer

Drs Gebhardt and Tokach, both members
of this journal’s editorial board, were not
involved in the editorial review of or de-
cision to publish this article.

Scientific manuscripts published in the
Journal of Swine Health and Production
are peer reviewed. However, informa-
tion on medications, feed, and man-
agement techniques may be specific to
the research or commercial situation
presented in the manuscript. It is the
responsibility of the reader to use infor-
mation responsibly and in accordance
with the rules and regulations governing
research or the practice of veterinary
medicine in their country or region.

References

1. Farmer C, Quesnel H. Current knowledge
on the control of onset and cessation of colos-
trogenesis in swine. J Anim Sci. 2020;98(Suppl
1):S133-S139. https://doi.org/10.1093/jas/
skaal32

2. Theil PK, Lauridsen C, Quesnel H. Neo-
natal piglet survival: Impact of sow nutri-
tion around parturition on fetal glycogen
deposition and production and composition
of colostrum and transient milk. Animal.
2014;8:1021-1030. https://doi.org/10.1017/
S1751731114000950

3. Hurley WL. Composition of sow colos-
trum and milk. In: Farmer C, ed. The Ges-
tating and Lactating Sow. Wageningen Aca-
demic Publishers; 2015:193-229. https://doi.
0rg/10.3920/978-90-8686-803-2_9

4. Krogh U, Quesnel H, Le Floch N, Simon-
giovanni A, van Milgen J. A dynamic mam-
mary gland model describing colostrum im-
munoglobulin transfer and milk production
in lactating sows. J Anim Sci. 2021;99:skab030.
https://doi.org/10.1093/jas/skab030

5. Quesnel H, Farmer C. Nutritional and
endocrine control of colostrogenesis in
swine. Animal. 2019;13:526-S34. https://doi.
0rg/10.1017/S1751731118003555

6. Decaluwé R, Maes D, Cools A, Wuyts B,

De Smet S, Marescau B, De Deyn PP, Jans-
sens GPJ. Effect of peripartal feeding strategy
on colostrum yield and composition in sows.
J Anim Sci. 2014;92:3557-3567. https://doi.
org/10.2527/jas.2014-7612

7. Goransson L. The effect on late pregnancy
feed allowance on the composition of the
sow’s colostrum and milk. Acta Vet Scand.
1990;31:109-115. https://doi.org/10.1186/
BF03547583

8. Foisnet A, Farmer C, David C, Quesnel H.
Relationships between colostrum produc-
tion by primiparous sows and sow physiology
around parturition. J Anim Sci. 2010;88:1672-
1683. https://doi.org/10.2527/jas.2009-2562

9. Farmer C, Comi M, Duarte CRA, Vignola M,
Charagu P, Palinet M-F. Differences in body
condition of gilts that are maintained from
mating to the end of gestation affect mamma-
ry development. J Anim Sci. 2016;94:3206-3214.
https://doi.org/10.2527/jas.2016-0531

10. Gourley KM, Swanson AJ, DeRouchey JM,
Tokach MD, Dritz SS, Goodband RD, Wood-
worth JC. Effects of increased lysine and ener-
gy feeding duration prior to parturition on sow
and litter performance, piglet survival, and
colostrum quality. J Anim Sci. 2020;98:skaal05.
https://doi.org/10.1093/jas/skaal05

11. Gourley KM, Swanson A]J, Royall RQ, DeR-
ouchey JM, Tokach MD, Dritz SS, Goodband
RD, Hastad CW, Woodworth JC. Effects of
timing and size of meals prior to farrowing
on sow and litter performance. Transl Anim
Sci. 2020;4:724-736. https://doi.org/10.1093/
tas/txaa066

12. Decaluwé R, Maes D, Declerck I, Cools A,
Wuyts B, De Smet S, Janssens GPJ. Changes
in back fat thickness during late gestation
predict colostrum yield of sows. Animal.
2013;7:1999-2007. https://doi.org/10.1017/
S1751731113001791

Journal of Swine Health and Production— Volume 31, Number 3

135


https://doi.org/10.1093/jas/skaa132
https://doi.org/10.1093/jas/skaa132
https://doi.org/10.1017/S1751731114000950
https://doi.org/10.1017/S1751731114000950
https://doi.org/10.3920/978-90-8686-803-2_9
https://doi.org/10.3920/978-90-8686-803-2_9
https://doi.org/10.1093/jas/skab030
https://doi.org/10.1017/S1751731118003555
https://doi.org/10.1017/S1751731118003555
https://doi.org/10.2527/jas.2014-7612
https://doi.org/10.2527/jas.2014-7612
https://doi.org/10.1186/BF03547583
https://doi.org/10.1186/BF03547583
https://doi.org/10.2527/jas.2009-2562
https://doi.org/10.2527/jas.2016-0531
https://doi.org/10.1093/jas/skaa105
https://doi.org/10.1093/tas/txaa066
https://doi.org/10.1093/tas/txaa066
https://doi.org/10.1017/S1751731113001791
https://doi.org/10.1017/S1751731113001791

13. Farmer C, Quesnel H. Nutritional, hor-
monal, and environmental effects on co-
lostrum in sows. J Anim Sci. 2009;87:56-64.
https://doi.org/10.2527/jas.2008-1203

14. Jackson JR, Hurley WL, Easter RA, Jen-
sen AH, Odle J. Effects of induced or delayed
parturition and supplemental dietary fat on
colostrum and milk composition in sows.

J Anim Sci. 1995;73:1906-1913. https://doi.
org/10.2527/1995.7371906x

15. Averette LA, Odle J, Monaco MH, Dono-
van SM. Dietary fat during pregnancy and
lactation increases milk fat and insulin-like
growth factor I concentrations and improves
neonatal growth rates in swine. J Nutr.
1999;129:2123-2129. https://doi.org/10.1093/
jn/129.12.2123

16. Heo S, Yang YX, Jin Z, Park MS, Yang BK,
Chae BJ. Effects of dietary energy and lysine
intake during late gestation and lactation on
blood metabolites, hormones, milk composi-
tion and reproductive performance in pri-
miparous sows. Can J Anim Sci. 2008;88:247-
255. https://doi.org/10.4141/CJAS07060

17. Che L, Hu L, Wu C, Xu Q, Zhou Q, Peng X,
FangZ,LinY, XuS, Feng B, LiJ], TangJ,
Zhang R, Li H, Theil PK, Wu D. Effects of in-
creased energy and amino acid intake in late
gestation on reproductive performance, milk
composition, metabolic, and redox status of
sows. J Anim Sci. 2019;97:2914-2926. https://
doi.org/10.1093/jas/skz149

18. Bai YS, Wang CQ, Zhao X, Shi BM, Shan AS.
Effects of fat sources in sow on the fatty acid
profiles and fat globule size of milk and im-
munoglobulins of sows and piglets. Anim

Feed Sci Technol. 2017;234:217-227. https://doi.
org/10.1016/j.anifeedsci.2017.10.006

19. Llaurad-Calero E, Badiola I, Delpino-

Rius A, Lizardo R, Torrallardona D, Esteve-
Garcia E, Tous N. Fish oil rich in eicosatetrae-
noic acid and docosahexaenoic acid in sow di-
ets modifies oxylipins and immune indicators

in colostrum and milk. Animal. 2021;15:100403.

https://doi.org/10.1016/j.animal.2021.100403

20. Holen JP, Woodworth JC, Tokach MD,
Goodband RD, DeRouchey JM, Gebhardt JT,
DeDecker AE, Martinez X. Evaluating the im-
pact of essential fatty acids in lactation diets
on sow and litter performance. J Anim Sci.
2022;100(Suppl 2):112. https://doi.org/10.1093/
jas/skac064.190

21.MaC, Liu Y, Liu S, Lévesque CL, Zhao F,
Yin J, Dong B. Branched chain amino acids al-
ter fatty acid profile in colostrum of sows fed
a high fat diet. J Anim Sci Biotechnol. 2020;11:9.
https://doi.org/10.1186/s40104-019-0423-9

22. National Research Council. Nutrient Re-
quirements of Swine. 11t ed. National Academy
Press; 2012:228-235.

23. Holen JP, Tokach MD, Woodworth JC,
DeRouchey JM, Gebhardt JT, Titgemeyer EC,
Goodband RD. A review of branched-chain
amino acids in lactation diets on sow and
litter growth performance. Transl Anim Sci.
2022;6:txac017. https://doi.org/10.1093/tas/
txac017

24. Bontempo V, Sciannimanico D, Pas-
torelli G, Rossi R, Rosi F, Corino C. Dietary
conjugated linoleic acid positively affects im-
munologic variables in lactating sows and
piglets. J Nutr. 2004;134:817-824. https://doi.
org/10.1093/jn/134.4.817._

25. Corino C, Pastorelli G, Rosi F, Bontempo V,
Rossi R. Effect of dietary conjugated linoleic
acid supplementation in sows on performance
and immunoglobulin concentration in pig-
lets. J Anim Sci. 2009;87:2299-2305. https://doi.
org/10.2527/jas.2008-1232

26. Wang L, Xu X, Su G, Shi B, Shan A. High
concentration of vitamin E supplementation
in sow diet during the last week of gesta-
tion and lactation affects the immunological
variables and antioxidative parameters in
piglets. J Dairy Res. 2017;84:8-13. https://doi.
org/10.1017/S0022029916000650

27. ChenJ, ChenJ, Zhang Y, Lv Y, Qiao H,
Tian M, Cheng L, Chen F, Zhang S, Guan W.
Effects of maternal supplementation with
fully oxidised B-carotene on the reproductive
performance and immune response of sows,
as well as the growth performance of nursing
piglets. Br J Nutr. 2021;125:62-70. https://doi.
0rg/10.1017/S0007114520002652

28. Devillers N, Farmer C, Le Dividich J,
Prunier A. Variability of colostrum yield
and colostrum intake in pigs. Animal.
2007;1:1033-1041. https://doi.org/10.1017/
S175173110700016X

29. Cabrera, RA, Lin X, Campbell JM, Moeser AJ,
Odle J. Influence of birth order, birth weight,
colostrum and serum immunoglobulin G on
neonatal piglet survival. J Anim Sci Biotechnol.
2012;3:42. https://doi.org/10.1186/2049-1891-3-42

30. Hasan S, Orro T, Valros A, Junnikkala S,
Peltoniemi O, Oliviero C. Factors affecting sow
colostrum yield and composition, and their
impact on piglet growth and health. Livest
Sci. 2019;227:60-67. https://doi.org/10.1016/j.
livsci.2019.07.004

31. Pedersen TF, van Vliet S, Senderby
Bruun T, Theil PK. Feeding sows during

the transition period - is a gestation diet, a
simple transition diet, or a lactation diet the
best choice? Transl Anim Sci. 2019;4:34-48.
https://doi.org/10.1093/tas/txz155

32. Segura M, Martinez-Miré S, Lépez M]J,
Madrid J, Hernandez F. Effect of parity on re-
productive performance and composition of
sow colostrum during first 24 h postpartum.
Animals. 2020;10:1853. https://doi.org/10.3390/
anil0101853

33. Farmer C, Lessard M, Knight CH, Ques-
nel H. Oxytocin injections in the postpartal
period affect mammary tight junctions in
sows. J Anim Sci. 2017;95:3532-3539. https://

doi.org/10.2527/jas.2017.1700

136

Journal of Swine Health and Production — May and June 2023


https://doi.org/10.2527/jas.2008-1203
https://doi.org/10.2527/1995.7371906x
https://doi.org/10.2527/1995.7371906x
https://doi.org/10.1093/jn/129.12.2123
https://doi.org/10.1093/jn/129.12.2123
https://doi.org/10.4141/CJAS07060
https://doi.org/10.1093/jas/skz149
https://doi.org/10.1093/jas/skz149
https://doi.org/10.1016/j.anifeedsci.2017.10.006
https://doi.org/10.1016/j.anifeedsci.2017.10.006
https://doi.org/10.1016/j.animal.2021.100403
https://doi.org/10.1093/jas/skac064.190
https://doi.org/10.1093/jas/skac064.190
https://doi.org/10.1186/s40104-019-0423-9
https://doi.org/10.1093/tas/txac017
https://doi.org/10.1093/tas/txac017
https://doi.org/10.1093/jn/134.4.817
https://doi.org/10.1093/jn/134.4.817
https://doi.org/10.2527/jas.2008-1232
https://doi.org/10.2527/jas.2008-1232
https://doi.org/10.1017/S0022029916000650
https://doi.org/10.1017/S0022029916000650
https://doi.org/10.1017/S0007114520002652
https://doi.org/10.1017/S0007114520002652
https://doi.org/10.1017/S175173110700016X
https://doi.org/10.1017/S175173110700016X
https://doi.org/10.1186/2049-1891-3-42
https://doi.org/10.1016/j.livsci.2019.07.004
https://doi.org/10.1016/j.livsci.2019.07.004
https://doi.org/10.1093/tas/txz155
https://doi.org/10.3390/ani10101853
https://doi.org/10.3390/ani10101853
https://doi.org/10.2527/jas2017.1700
https://doi.org/10.2527/jas2017.1700

