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INTRODUCTION

Despite the lack of a clear definition, the term “gut health” in animal nutrition or
its etiology encompasses several physiological and functional features, including nutrient
digestion and absorption, host metabolism and energy generation, a stable and appropriate
microbiota/microbiome, defense mechanisms (i.e., barrier function and mucosal immune
mechanisms), and the interactions between these components (1). Among other gut health
variables, the gut microbiota has strong metabolic activities and plays several important roles
in animals and poultry. It includes the regulation of nutrient utilization and physiological
functions of the host, including the digestion and absorption of nutrients, fermentation of complex
macronutrients, and nutrient and vitamin production, contributing to the construction of the
intestinal epithelial barrier, the development and function of the host immune system, competing
with pathogenic bacteria to prevent their harmful propagation, and physiological metabolism in
distal organs or tissues (2–4). In addition to the composition of the gut microbiota, small molecule
metabolites derived from gut microbiota can enter into the systemic circulation and play regulatory
roles signaling molecules or toxins, affecting the performance and health of animals (1). In this
context, maintaining a healthy gut microbiota has become a prominent strategy to improve animal
and poultry’s health and production performance.

It is well-established that mammalian gut microbiota regulates host metabolism, and its
composition varies in hosts in different physiological states, such as during the pregnancy
progression. In addition, maternal physiological changes during pregnancy are highly related
to the growth and development of the fetus, which might be influenced by the gut microbiota
(5, 6). Indeed, maternal gut microbiota (e.g., Firmicutes and Proteobacteria) could colonize the
fetal/neonatal gut during pregnancy (via the placenta) or lactation (via maternal milk and mother’s
feces) and affecting the offspring’s growth and development and as well other physiological
functions later in life (7). Also, it is well-known that the gut microbiota is involved in regulating
various host gut functions, and the offspring’s growth and development largely depend onmaternal
physiological changes during pregnancy and lactation (8). Studies have found that maternal
microbiota in the gastrointestinal tract (GIT) could colonize in the fetus in utero and then could
be transmitted to the offspring through direct contact during parturition or lactation (9, 10).
Also, maternal nutrition and metabolic and physiological conditions are the pivotal factors in fetal
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development, production performance, and offspring’s growth
and development (11). Therefore, maternal nutritional
intervention during pregnancy and the perinatal period has
been used to enhance the maternal gut health and improve the
gut health of their offspring later in life (12, 13). Similarly, early
growth and development of the GIT of poultry have critical
importance to nutrients utilize and optimize the nutrients.
Unlike in animals, early nutrition programming using both in
ovo and post-hatch feeding has been used in poultry to modulate
the early growth and development of gut health and found
to be an effective strategy (14). In ovo feeding with specific
prebiotics and probiotics affects gut microbiota and metabolic
profile, ileal-histomorphology, immune functions, and growth
performance of poultry (15, 16). Therefore, it is crucial to
understand the parent-offspring integration on animals’ gut
health and physiological functions and nutritional strategies for
beneficial impacts in offsprings.

To highlight recent findings in the field, a Research
Topic entitled “Parent-offspring Integration: Gut Health and
Physiological Function of Animals” was organized and came up
with 14 relevant articles covering different aspects of the topic for
both animals and poultry.

NUTRITIONAL STRATEGIES FOR

PARENT-OFFSPRING INTEGRATION ON

GUT HEALTH AND PHYSIOLOGICAL

FUNCTION

During pregnancy, the maternal system can be influenced
by several extrinsic factors; nutritional status is one of those
that can program nutrient partitioning and ultimate growth,
development, and function of the major fetal organ system (11).
In addition, fetal growth and development are also associated
with the fetal nutritional environment and could change as
pregnancy progresses. Over the past few decades, different
maternal nutritional strategies (i.e., energy intake and protein
levels) have been gained interest to evaluate the fetal development
and production performance of animals. For example, specific
nutrients such as amino acids (methionine, cysteine, glutamine,
and glutamate) could improve fetal development and thus
influence the gut health of animals. These gastrointestinal
proteins- or amino acids-fermenting bacteria have the potential
function in the utilization and production of amino acids
and microbial proteins, in turn, to feed the host in return
(12). Similarly, dietary supplementation with probiotics (Bacillus
subtilis) promoted growth performance, decreased diarrhea
incidence, and ameliorated several indicators of intestinal health
through the modulation of gut microbiota composition and
metabolic activity in weaned piglets (Tian et al.). Interestingly,
Guava leaf extract improved intestinal barrier function and
enhanced the antioxidant ability of piglets challenged by
enterotoxigenic Escherichia coli (Wang D. et al.). Also, Macleaya
cordata extract combined with benzoic acid affected growth
performance, immune response, and gut microbiota in weaned
pigs (Wang F. et al.). These studies suggest that plant extracts
have the potential to be used as gut health enhancers in pigs.

As potential gut health enhancers, dietary feed supplements
(including prebiotics, probiotics, synbiotics, and fatty acids)
are gaining more attention to be used in maternal feeding
programs in parent-offspring integration. These feed additives
have been found to modulate microbial community, regulate
the production of cytokines and antibodies, and improve gut
development and the overall gut health of animals and poultry
(17–19). Wang K. et al. evaluated the effects of dietary probiotics
or synbiotics supplementation during gestation, lactation, and
nursery periods on colonic microbiota, antioxidant capacity,
and immune function of weaned piglets. This study found
that dietary probiotics or synbiotics supplementation to sows
(during pregnancy and lactation) and their offspring piglets
could increase the beneficial bacteria such as Bifidobacterium and
Lactobacillus and decrease the pathogenic bacteria Escherichia
coli in the colon of piglets. In addition, dietary probiotics or
synbiotics supplementation to sows and their offspring piglets
could improve the immune response and antioxidant capacity of
weaned piglets. The study also found that intestinal microbiota
changes were correlated with alterations of immunoglobulins
and cytokine concentration and antioxidant capacity of piglets.
Similarly, Wang X.-L et al. evaluated Lactobacillus delbrueckii
as a probiotic in weaned pigs and found that it can improve
intestinal morphology and modulate the microbiota community
to promote growth performance. To get a similar understanding
of poultry, Dunislawska et al. used bioactive substances, such as
prebiotics, probiotics, or synbiotics, to evaluate the molecular
response in intestinal and immune tissues in ovo study.
They found that prebiotics and synbiotics could improve the
gut barrier integrity and lipid metabolism and upregulate
the gut-immune-related genes in the large gut. Das et al.
reviewed different aspects of in ovo feeding and its application
for modulating the performance and gut health of poultry.
Thanabalan and Kiarie reported that feeding polyunsaturated
omega-3 fatty acids to broiler breeders modulates breeder
GIT microbiota with consequences of microbial colonization
and succession in chicks. Also, it impacts the indices of
immunocompetence, skeletal, and GIT development in chick
post-hatch. Earlier, Yang et al. characterized the intestinal
microbial community in broiler breeders to better understand
their population and functions. In another study, Hernandez et
al. evaluated the effectiveness of whole yeast cells, peppermint
oil, and γ-tocopherol in gestation and lactation on maternal
oxidative stress and offspring growth from birth to market.
This study found that dietary inclusion of whole yeast cells,
peppermint oil, and γ-tocopherol in sow diets improved
offspring performance during the suckling and post-weaning
periods. Moreover, whole yeast cell and γ-tocopherol inclusion
in sow diets during lactation showed heavier offspring, while
prenatal and postnatal inclusion of peppermint oil had
lightweight pig up to the market. Zhou et al. evaluated the
effect of supplementing all-trans retinoic acid to Hoxa1+/−

pregnant sows and found that all-trans retinoic acid minimized
the developmental defects of Hoxa1+/− and improved the
birth weight and ear defects of Hoxa1−/− piglets. Qi et al.
reported the characteristics of intestinal microbial succession
and the correlation with the production of two important types
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of bacterial metabolites (short-chain fatty acids and bioamine)
in piglets at the early growth stage. Zhu et al. studied the
dynamic changes of metabolic profiles in maternal biofluids
during the gestation period in a native breed (Huanjiang Mini-
pigs) and found that there was a relationship with specific amino
acids concentration in amniotic and allantoic fluid with the
bodyweight of fetuses. On the other hand, Tang et al. reviewed
the mechanisms of epidermal growth factor and their effects
on animal intestinal phosphate absorption with the intention to
highlight its role in gut health.

In conclusion, maternal nutritional programming could
influence both parents’ and their offspring’s gut health and

physiological functions. However, the underlying mechanisms
of parent-offspring nutrient transportation still have remained
unelucidated. Therefore, we should consider the parent-offspring
integration, and more studies in this field are necessary to
understand the exact mechanisms and functions and the long-
term effects on gut health.

AUTHOR CONTRIBUTIONS

Both authors listed have made a substantial, direct,
and intellectual contribution to the work and approved
it for publication.

REFERENCES

1. Jha R, Fouhse JM, Tiwari UP, Li L, Willing BP. Dietary fiber and

intestinal health of monogastric animals. Front Vet Sci. (2019)

6:48. doi: 10.3389/fvets.2019.00048

2. Jha R, Berrocoso JD. Review: dietary fiber utilization and its effects on

physiological functions and gut health of swine. Animal. (2015) 9:1441–

52. doi: 10.1017/S1751731115000919

3. Azad MAK, Gao J, Ma J, Li T, Tan B, Huang X, et al. Opportunities of

prebiotics for the intestinal health of monogastric animals. Anim Nutr. (2020)

6:379–88. doi: 10.1016/j.aninu.2020.08.001

4. Yadav S, Jha R. Strategies to modulate the intestinal microbiota and their

effects on nutrient utilization, performance, and health of poultry. J Anim Sci

Biotechnol. (2019) 10:2. doi: 10.1186/s40104-018-0310-9

5. Koren O, Goodrich JK, Cullender TC, Spor A, Laitinen K, et al. Host

remodeling of the gut microbiome and metabolic changes during pregnancy.

Cell. (2012) 150:470–80. doi: 10.1016/j.cell.2012.07.008

6. Ma C, Gao QK, Zhang WH, Azad MAK, Kong XF. Alteration in the

blood parameters and fecal microbiota and metabolites during pregnant and

lactating stages in Bama mini pigs as a model. Mediators Inflamm. (2020)

2020:8829072. doi: 10.1155/2020/882907

7. Chen W, Mi J, Lv N, Gao J, Cheng J, Wu R, et al. Lactation

stage-dependency of the sow milk microbiota. Front Microbiol. (2018)

9:945. doi: 10.3389/fmicb.2018.00945

8. Rath CM, Dorrestein PC. The bacterial chemical repertoire mediates

metabolic exchange within gut microbiomes. Curr Opin Microbiol. (2012)

15:147–54. doi: 10.1016/j.mib.2011.12.009

9. Pannaraj PS, Li F, Cerini C, Bender JM, Yang S, Rollie A, et al.

Association between breast milk bacterial communities and establishment and

development of the infant gut microbiome. JAMA Pediatr. (2017) 171:647–

54. doi: 10.1001/jamapediatrics.2017.0378

10. Wampach L, Heintz-Buschart A, Fritz JV, Ramiro-Garcia J, Habier J,

Herold M, et al. Birth mode is associated with earliest strain-conferred

gut microbiome functions and immunostimulatory potential. Nat Commun.

(2018) 9:5091. doi: 10.1038/s41467-018-07631-x

11. Wu G, Bazer FW, Cudd TA, Meininger CJ, Spencer TE. Maternal nutrition

and fetal development. J Nutr. (2004) 134:2169–72. doi: 10.1093/jn/134.9.2169

12. Azad MAK, Liu G, Bin P, Ding S, Kong X, Guan G, et al. Sulfur-

containing amino acid supplementation to gilts from late pregnancy

to lactation altered offspring’s intestinal microbiota plasma metabolites.

Appl Microbiol Biotechnol. (2020) 104:1227–42. doi: 10.1007/s00253-019-

10302-6

13. Wang K, Hu C, TangW, Azad MAK, Zhu Q, He Q, et al. The enhancement of

intestinal immunity in offspring piglets by maternal probiotic or syntbiotic

supplementation is associated with the alteration of gut microbiota. Front

Nutr. (2021) 8:686053. doi: 10.3389/fnut.2021.686053

14. Jha R, Singh AK, Yadav S, Berrocoso JFD, Mishra B. Early nutrition

programming (in ovo and post-hatch feeding) as a strategy to modulate gut

health of poultry. Front Vet Sci. (2019) 6:82. doi: 10.3389/fvets.2019.00082

15. Berrocoso JD, Kida R, Singh AK, Kim YS, Jha R. Effect of in ovo injection of

raffinose on growth performance and gut health parameters of broiler chicken.

Poult Sci. (2017) 96:1573–80. doi: 10.3382/ps/pew430

16. Zhang J, Cai K, Mishra R, Jha R. In ovo supplementation of

chitooligosaccharide and chlorella polysaccharide affect cecal microbial

community, metabolic pathways, and fermentation metabolites in broiler

chickens. Poult Sci. (2020) 99:4476–785. doi: 10.1016/j.psj.2020.06.061

17. Vyas U, Ranganathan N. Probiotics, prebiotics, and

synbiotics: gut and beyond. Gastroenterol Res Pract. (2012)

2012:872716. doi: 10.1155/2012/872716

18. Jha R, Mishra P. Dietary fiber in poultry nutrition and their effects on nutrient

utilization, performance, gut health, and on the environment: a review. J Anim

Sci Biotechnol. (2021) 12:51. doi: 10.1186/s40104-021-00576-0

19. Jha R, Das R, Oak S, Mishra P. Probiotics (Direct-fed microbials) in

poultry nutrition and their effects on nutrient utilization, growth and

laying performance, and gut health: a systematic review. Animals. (2020)

10:1863. doi: 10.3390/ani10101863

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Kong and Jha. This is an open-access article distributed under the

terms of the Creative Commons Attribution License (CC BY). The use, distribution

or reproduction in other forums is permitted, provided the original author(s) and

the copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Veterinary Science | www.frontiersin.org 3 January 2022 | Volume 8 | Article 808074

https://doi.org/10.3389/fvets.2021.636943
https://doi.org/10.3389/fvets.2021.670140
https://doi.org/10.3389/fvets.2019.00048
https://doi.org/10.1017/S1751731115000919
https://doi.org/10.1016/j.aninu.2020.08.001
https://doi.org/10.1186/s40104-018-0310-9
https://doi.org/10.1016/j.cell.2012.07.008
https://doi.org/10.1155/2020/882907
https://doi.org/10.3389/fmicb.2018.00945
https://doi.org/10.1016/j.mib.2011.12.009
https://doi.org/10.1001/jamapediatrics.2017.0378
https://doi.org/10.1038/s41467-018-07631-x
https://doi.org/10.1093/jn/134.9.2169
https://doi.org/10.1007/s00253-019-10302-6
https://doi.org/10.3389/fnut.2021.686053
https://doi.org/10.3389/fvets.2019.00082
https://doi.org/10.3382/ps/pew430
https://doi.org/10.1016/j.psj.2020.06.061
https://doi.org/10.1155/2012/872716
https://doi.org/10.1186/s40104-021-00576-0
https://doi.org/10.3390/ani10101863
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Editorial: Parent-Offspring Integration: Gut Health and Physiological Functions of Animals
	Introduction
	Nutritional Strategies for Parent-Offspring Integration on Gut Health and Physiological Function
	Author Contributions
	References


