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Betaine: A potential feed additive for poultry sector

Patel NJ, Patel HP, Katara PH, Patel HM, Vohra Al, Patel VR and Raval
AP

Abstract

Present review summarizes the potential effects of betaine supplementation in poultry. In last few
decades, the poultry sector has adopted intensive system of rearing to achieve cope up with global food
and nutrient shortages. Betaine, a timethylglycne, is mainly known as methyl donor. Betaine can be
choice of methyl donor over Choline, methionine and folic acid. Betaine is a powerful osmolyte, a potent
antioxidant that can be useful in alleviating heat stress conditions in poultry. Betaine is an excellent
carcass modifier which increases lean meat production in poultry and improves meat quality by delaying
postmortem changes in meat. Thus, Betaine can be potent feed additives for poultry farming.
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Introduction

Poultry sector has grown tremendously during last few years and it has shifted towards
intensive production system. Intensive production system is profitable but it is difficult to
manage as it demands better growth performance in stress free conditions. In the current global
climatic scenario, environmental heat stress in tropical countries like India is a major challenge
as it negatively affects growth rate and production performance of poultry (Singh et al., 2022)
[l Heat stress also increases oxidative stress which also increases reproductive tract problems
and mortality rate which ultimately leads to huge economic damages to poultry owners
(Shakeri et al., 2018) 71

A feed additive seems to be most economical and sustainable way to cope up with intensive
production and heat stress in animals. Different types of feed additives are normally used in
livestock rearing. However, looking to global environmental issues feed additives that can be
beneficial in intensive production and heat stress are gaining interest among researchers i.e.,
Antioxidants, methyl donors etc. Methyl donors are emerging area of interest due to its wide

range of effects to cope up against heat stress conditions in poultry (Deshpande et al., 2020)
[131,

Chemical structure of betaine

Betaine is a zwitter ion having a positively charged trimethyl ammonium and a negatively
charged carboxyl group (Singh et al., 2022) [*1l, Betaine, a trimethyl derivative of glycine, is
small molecule, highly soluble and neutral in nature. Chemically, it is termed as N, N, N-
trimethylammonioacetate (Alagawany et al., 2022) 121,

Sources

Scheibler discovered and isolated betaine from sugar beet (Beta vulgaris) in 1869. Betaine
Sugar beets are the primary sources of betaine but it is also found in high levels in lucerne,
wheat, ground nut meal, microorganisms and certain aquatic vertebrates (Singh et al., 2022;
Zhao et al., 2018) 152 | Betaine can be synthesized in body through metabolism of choline or
can be of dietary origin (Zhao et al., 2018; Willingham et al., 2020) [52 ], Betaine can be
added to the poultry diet in dry powder, a liquid or in a drinking water (Alagawany et al.,
2022) 21,
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Physiological role of betaine

Currently importance of natural plant based extracts is gaining
attention in poultry farmers. Betaine is a byproduct of sugar
beet processing industry and abundantly available in plant
kingdom. Betaine can be a potential feed additive that can
improve production performance of poultry (Dunshea et al.,
2019; Rao et al., 2011) 124301,

Role of betaine as methyl donor

Methyl donors and the methionine cycle

The term "methyl donor" typically refers to a chemical
compound or molecule that can transfer a methyl group (-
CH3) to another molecule during various biochemical
reactions. A methyl group is a simple chemical unit composed
of one carbon atom bonded to three hydrogen atoms (Cronje,
2016) M. Folate, choline and betaine are important methyl
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donor that play important role in methionine regeneration
following transmethylation where the transfer of methyl
group from the activated form of methionine (S-
adenosylmethionine) to S-adenosylhomocysteine (Sharma et
al., 2006) %1, S-adenosylhomocysteine, further changed into
homocysteine, which can either be remethylated to
methionine utilizing methyl groups derived from betaine, or
irreversibly removed from the cycle by transsulfuation to
cysteine, choline or tetrahydrofolate, a folate derivative
(Cronje, 2016) M4, S-adenosylmethionine coordinates the
partitioning of homocysteine between remethylation and
trassulphuration which inhibits two remethylation enzymes 1)
Methyltetrahydrofolate reductase (MTHFR) and 2) betaine
homocysteine methlytransferase (BHMT), and activates the
transsulfuration enzymes, cystathione b-synthase (Cronje,
2016; Selhub and Miller, 1992) (1. 361,
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Fig 1: The methionine cycle (Source; Rao, et al., 1998) 31

Insufficient methyl groups for remethylation will cause
increase buildup of toxic homocysteine. Transmethylation
regulates DNA expression, protein synthesis, muscle
contraction, hormone signalling, neurotransmission, protein
synthesis, cell division and maintains integrity of cell
membrane. Notably, methylation processes also impact the
proliferation of macrophages and lymphocytes (Sharma et al.,
2006) 1,

Betaine directly used in the transmethylation cycle, spares
methionine and reduces toxic homocysteine. Betaine donates
its methyl group to homocysteine and converts to methionine
(Singh et al., 2022) ™ and this reaction is dependent up on
betaine homocysteine methyltransferase (BHMT). Due to its
aminoacid and methyl donor functions betaine is directly
involved in energy and protein metabolism (Eklund et al.,
2005 Craig, 2004) 1159

Role of Betaine in Heat Stress

Betaine is a natural heat stress substance used in poultry
sector. In hot climatic condition, heat stress leads to oxidative
damage, which reduces feed intake, growth, production and
performance of poultry (Cronje, 2016) [*3, During heat stress

blood flow is redistributed to periphery and causes
compensatory decrease in blood flow to the gut,
compromising gut health and allowing the endotoxins to enter
into the bloodstream and triggering an inflammatory response
(Cronje, 2005) %, Oxidative stress activates Tumor necrosis
factor (TNF) which causes an increase in intestinal
permeability due to loosening the bonds which hold
enterocytes altogether (Al-sadi et al., 2013) . Further, heat
stress also induces fatty degeneration of liver by increasing
the plasma fatty acids concentrations (Itoh et al., 1998) 231,
Dietary betaine supplementation has alleviated the negative
effects of heat stress and improved oxidative status of animals
(Wen et al., 2019) [*71. In broilers, supplementing with betaine
reduced the levels of free fatty acids in the blood and found
improved growth rate and FCR during heat stress (He et al.,
2015) 1291, Osmotic changes at cellular level during heat stress
causes dehydration. Osmoregulatory property of betaine may
help in maintaining celluar integrity and cell hydration during
heat stress (Mahmoudnia and Madani, 2012). Dietary betaine
supplementation in poultry diets helps to cope up heat stress
by maintaining the cellular water and ionic balance (Saeed et
al., 2017) B4,
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Role of betaine in prevention of fatty liver disease

Excess triglyceride buildup in the livestock animal's liver is
the direct cause of fatty liver disease (FLD). In FLD,
mobilization of fatty acids from adipose tissue in more
quantities that cross capacity of the liver to oxidize fatty
acids. FLKS is caused by excess energy consumption (Julian,
2005) 4 and FLHS appears to be caused by excess energy
intake in combination with high concentration of estrogen,
which is secreted during egg laying to stimulate mobilization
(Hansen and Walzem, 1993) (%l Excess fatty acids cause a
variety of metabolic stresses, which activate c-Jun N-terminal
kinase (Rocha and Folco, 2011) ¥ and Insulin-receptor
substrate is inactivated by c-Jun N-terminal kinase, which
reduces the sensitivity of muscle and fat tissue to insulin
(Crojne, 2016; Tarantino and Caputi, 2011) [** %51, Moreover,
c-Jun N-terminal kinase inactivates  Adenosine
monophosphate-activated protein kinase (AMPK) which
increases the accumulation of fat in the liver because AMPK
stimulates fatty acid oxidation and inhibits fatty acid synthesis
(Daval et al., 2006) [*21,

Adenosine monophosphate-activated protein kinase (AMPK)
inhibits Acetyl-CoA carboxylase, the enzyme that converts
acetyl-CoA into malonyl-CoA. Inhibiting malonyl-CoA
synthesis results in 1) decreased fatty acid synthesis and 2)
increased fatty acid oxidation is because reduced
concentrations of malonyl-CoA increase the activity of
carnitine: palmitoyl-CoA transferase-1, which facilitates the
entry of long-chain fatty acyl CoA into the mitochondria,
where their oxidation takes place (Crojne, 2016) [,
Additionally, by enhancing mitochondrial biogenesis, AMPK
encourages the oxidation of fatty acids (Daval et al., 2006)
[12]

Betaine activates AMPK which decrease the concentration
TNF, stimulate fatty acid oxidation and decrease the
concentration of triglycerides in liver which are main
causative factor for FLD (Song et al., 2007) 2. Betaine
decreased hepatic concentrations of the lipogenic enzyme,
acetyl CoA- carboxylase. Betaine completely prevented liver
fat accumulation with improved antioxidant status in layers
when a high-fat diet was consumed (Chen et al., 2011) [€1,

Role of Betaine as Osmolyte

Betaine is most effective osmolyte amongst other organic
osmolytes, i.e. proline, glycine, glutamine due to its dipolar
zwitterion (Singh et al., 2022) (! and its high solubility in
water (Eklund et al., 2005) [*], Betaine reduces vascular
perfusion and prevents water loss from ECF (extra cellular
fluid) during hyperthermia by binding and holding with water
molecules. Betaine minimizes epidermal dehydration via
sweating. It also improves kidney electrolyte balance
(Hammer and Baltz, 2002) I8, By regulating cytoplasmic
osmotic pressure and permits cells to control the surface
tension of water and stabilizes protein structure with its
function (Willingham et al., 2020) 8], In addition, betaine has
anti-apoptotic effects that promote the proliferation of cells in
a hyperosmotic medium (Alfieri et al., 2002) Bl As betaine

https://www.veterinarypaper.com

enhances intestinal cell proliferation, the enlarged cell’s
epithelium could increase the nutrient absorption surface and
increase feed conversion efficiency in water salinity stressed
broilers (Honarbakhsh et al., 2007) 24, Diarrhoea control in
flock is important in reducing susceptibility to infection and
reducing the atmospheric ammonia level. Further,
osmoregulatory properties of betaine helps to reduces
excessive droppings and wet litter in mitigating heat stress in
poultry (Ratriyanto et al., 2017) 52,

Role of betaine as carcass modifier

Betaine is generally called as carcass modifier due to it’s
growth promoting and lipotropic effects (Gholami et al.,
2015) 2, Normally after slaughtering pH of meat is a
decrease due to lactic acid accumulation. Betaine
supplementation reduces lactic acid accumulation leading to
sluggish decline pH and results in reduced protein
denaturation, decreases the water loss of the meat and thus
prevents meat quality deterioration (Eldamrawy et al., 2023;
Matthews et al., 2001) [6. 27, Betaine increases buffering
capacity of the cells by promoting effect on muscle creatine
content which maintains phosphate with in the muscle cells
and there by delaying the post mortem pH drop due to
accumulation of lactic acid (Pettigrew & Esnaola, 2001) 29,
Due to lipotrophic effect on meat and increase muscle yield
betaine is also termed as ‘carcass modifier’. Betaine
contributes to reduction in fat accumulation in the carcass
(Partridge, 2002) [?81 by provoking the oxidative catabolism of
fatty acids through carnitine synthesis which directly reduces
carcass fat content (Abd EI-Ghany and Babazadesh, 2022) [,
An effect of betaine on carcass leanness mainly depends up
on age, sex and genetics of the animal. Increase in the muscle
yield with Betaine supplementation may result from its
methyl group donor activity, which is essential for the
synthesis of methionine, cysteine, lecithin, and glycine for
protein synthesis (Abd EI-Ghany and Babazadesh, 2022;
Yang et al., 2016) [ 491,

Role of betaine in prevention of coccidiosis

Coccidiosis is an important enteric protozoan parasitic disease
of poultry that causes diarrhea and high mortality leading to
economic losses (Abd El-Ghany and Babazadesh, 2022) [,
lonophore coccidiostats as such disturb the osmotic balance of
the gut which may be attenuated by dietary betaine
supplementation (Eklund et al., 2005) 1%, Dietary betaine
supplementation directly inhibits coccidial infection via
inhibition of developmental stages of Eimeria spp. and
indirectly by improving intestinal gut health in cooccidiosis
affected birds (Eldamrawy et al., 2023; Matthews et al., 2001)
[16. 271 Betaine improved performance parameters in broiler
chickens exposed to Eimeria (E.) acervulina infection
(Matthews and Southern, 2000) [, Further, betaine
supplememtation also decreased the intestinal crypt-to-villus
ratio and intenstinal lesions in broilers suffering from
coccidiosis (Eldamrawy et al., 2023; Amerah and Ravindran,
2015) [16.5],
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Table 1: Effects of betaine supplementation on performance of poultry
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Species

Optimum Betaine level

Betaine effect

Reference

Broiler chicken

2 gm/kg

T Fl*
LFCR*
TDressing percentage*
T Lymphocyte*

Chand et al., 2017 [1

Yellow feather broiler

0.5 gm/kg

T BwG*
T FI*

Sun et al., 2019 14

Broiler

1 gm/kg

T ADG*

L Fcre
T Serum TG*
T Cholesterol*

Ghasemi et al., 2020 7]

Broiler

1 gm/kg

T ADWG*

Shakeri et al., 2020) [38

Yellow feather broiler

1 gm/kg

T ADG*
L ADFI*
LFCR**

Song et al., 2021 3]

Broiler

2 gm/kg

L Cholesterol**
4 Hepatic MDA*
! Hepatic SOD*

Saleh et al., 2023 [39]

Broiler

2 gm/kg

T W+
TWG**
b Fcr*

Eldamrawy et al., 2023 [1]

Broiler

0.06% betaine / liter of DW

TEI*
LFCR*
T Carcass wt*

Yeasmin., 2023 [59

Broiler

3gm/kg

L V-You
vL MDA**

Eldamrawy et al., 2023 6]

Laying hen

6 gm/kg

T Egg production*
T Egg weight*
T Feed intake*
! Broken & shell-less egg*

Shin et al., 2018 9

Laying hen

1 gm/kg

T Body weight**

Attia et al., 2016 [

Laying hen

0.5 gm/kg

T Egg weight*
T Egg mass*
T Yolk color score*

Zaki et al., 2023 151

Laying hen
(Starter phase)

0.18 gm/kg

T Feed intake*
T Weekly body weight**

Wahid et al., 2021 18]

Laying hen

1 gm/kg

T Body weight**

Attia et al., 2016 6

* Significant level (p<0.05) ** Significant level (p<0.01)

Conclusions

From the present review, it can be concluded that dietary
betaine supplementation has wide applications in poultry
sector. Betaine supplementation can have heat ameliorative

effects and can be effectively used as growth promoter,

carcass modifier and anti-coccidiostat and potent antioxidant
by reducing ROS. Thus, betaine can be an effective additive

for poultry sectors.
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