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ABSTRACT
The present review explores the nutritional and performance boosting functions of betaine in poultry

and pig ration as a feed additive. Betaine, a trimethyl derivative of glycine is a normal metabolite in many plant

and animal tissues. In all the animals, betaine is produced by oxidation of choline or supplied through feed. Its

characteristics chemical structure makes betaine a dipolar zwitterion, conferring it osmoprotective and methyl

donating properties. Over the past decades, numerous studies have investigated and published the favorable

effects of betaine on performance in different animal species. Betaine is involved in transmethylation reactions

for the synthesis of several metabolically active substances like creatine, carnitine etc. Also, it has shown

evidence to increasing nutrient utilization, digestibility and methionine availability. Boosting immune status

and reducing oxidative or heat stress are also some of the important functions of betaine. Most of the

researches have specifically studied the growth promoting, carcass modulating, immune boosting or stress

reducing properties of betaine in different species. Literature covering on different benefits of betaine as an

essential feed supplement is not yet abundant. As both poultry and pig are important species of domesticated

animals, betaine can be a better and cheaper, alternative feed supplement for enhancing the nutrient utilization

and performance of poultry and pig. Therefore, an attempts have been made to delineate the functional effects

of supplementary betaine in poultry and pig.
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INTRODUCTION

There will be an exponential increase in human

population by the year 2067 (United Nations, 2013, 2017)

placing tremendous pressure on the food industry.

Agriculture and animal husbandry enterprise currently

employs more than 1.3 billion people globally and

contribute to 40 % of the world’s gross domestic

product. This sector needs to deliver in accordance with

increased demand for animal products that is expected

to be doubled by 2050 (Hurst and Karl, 2005; Gaughan

et al., 2010; Rojas-Downing et al., 2017). On the other

hand, a steady increase in environmental temperature

up to 4.8oC is predicted at the end of 21st century (IPCC,

2014, 2018). Consequently, there could be decline in

animal production, which is going to be further

aggravated by 2050 and 2080, respectively (Mauger et

al., 2015). Only, climate resilient and smart animal

husbandry interventions will make the agriculture

sustainable in the coming times (Wright et al., 2012).

Poultry and pigs are important agricultural

animal, and demand for the products derived from these

two food species is ever increasing globally. The broiler

industry is also taking leaps and bounds and there are

over 23 billion poultry and our consumption of poultry

meat per annum increased from 2.88 kg to 14.13 kg

(FAOSTAT, 2016). This increase in poultry production

and exports are mainly from China, Brazil, US, EU,

Russia, India, Britain and Mexico.The market affected

by the COVID-19, African swine fever (ASF) and avian

influenza (AI) in 2019-2020 is now back on the growth,
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with expected 102.9 million tons by 2021 (USDA, 2020).

Currently, there are total 677.7 million pigs in the world

producing 94.33 million metric tons of pork in the year

2020 (Shahbandeh, 2020a). The major exporters and

importers for pork are, EU, United States, China and

Mexico, Japan, South Korea and Canada, respectively

(Shahbandeh, 2020b). Both poultry and pig have

tremendous potential for growth and trade, but one of

the main constraint is the availability of grains (Gerber

et al., 2015). On the contrary, the ruminant species

which utilize the fodder, food by-products and crop

residues do not substantially challenge the existing

resources. Therefore, the poultry and pig production

is constantly challenged by grain prices which are

dependent on many market-driven factors. The search

for quality and cheap feed additives that will improve

the efficiency of nutrient utilization, performance,

profitability and welfare of the animals is continuously

going on, and till date many new or modified additives

have been identified and incorporated into animal feed.

One such additive for poultry and pig ration

is betaine, having an extensive application on

animal welfare and performance. Betaine (trimethyl

glycine) is a quaternary stable, nontoxic, ammonium

compound having osmo-protective and methyl donor

characteristics (Yancey, 1982; Cronje, 2018). Betaine

is a potent methyl donor supplying methyl group to the

various biological methylation reactions including DNA

methylation (Dominguez et al., 2013), thereby can

exert epigenetic change and alter modulate the

expression of genes at the transcriptional levels.

Maternal betaine supplementation also improves

methionine metabolism with enhanced hepatic

expression of metabolic genes (Lee et al., 2014) and

modulating embryonic and fetal development in pigs

(Cai et al., 2014). The beneficial effects of betaine

supplementation in animals have been reported before

(Dunshea et al., 2008; DiGiacomo et al., 2014; Dunshea

et al., 2019). Betaine has also been successfully used

as feed additive for poultry and livestock with

improvment in growth, performance and other

economic traits (Eklund et al., 2005; Alirezaei et al.,

2012). Therefore, this paper will explore the potential

benefits of betaine as a feed additive and its role in

improving nutrient utilization, animal growth of carcass

characteristics, performance and wellbeing of poultry

and pig.

Dietary sources of betaine

A large number of natural and processed

products contain betaine in appreciable levels (Table 1).

Grains, some vegetables, fruits, meats and some dairy

products are good source of betaine. Grains, especially

whole grains, wheat bran (Westberg, 1951), wheat

(Virtanen et al, 2005, Kidd et al., 1997), some marine

organisms (Clarke et al., 1994), spinach and beets

are also good betaine source. The highest levels of

this compound can be found in sugar beet, which

naturally accumulates in condensed molasses as soluble

by-product. Not all the available forms of betaine are

equally potent; food grade anhydrous betaine and

betaine monophosphate are more readily soluble and

available as compared to betaine hydrochloride

(EU-Safety Data Sheet, 1999a,b,c). Betaine hydro-

chloride supports the pH decline in the stomach, that aid

in improving nutrient digestibility. Processing pure

betaine from soluble molasses involves extraction

process which might interfere with the osmolytic

capacity.

Mechanism of action of betaine

There are two major working mechanisms for

betaine; which acts as an osmolytic agent and as

methyl donor. Betaine has a dipolar structure, which is

neutral in charge, hence readily forms bonds with water

(hydrogen bonding). This property facilitates, its easy

absorption within the cellular structures, effectively

raising the osmoconcentration inside the cell (Hammer

et al., 2002). Hence,  minimum cellular energy is

expended for osmoregulation, that upscale the normal

proteins and enzyme synthesis and other metabolic

pathways.

Methylation is essential for a variety of metabolic

processes, including protein synthesis, neuro-

transmission, muscle contraction, hormonal signaling, cell

growth and membrane integrity. Betaine is one of the

important methyl donors (Cronje, 2018). Synthesis of

phospholipids, epinephrine, DNA expression regulation,

Mishra et al.
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betaine manifest better metabolism, optimum growth

rates and carcass traits. As an alternative to choline

and methionine, betaine fed animals showed higher

thermotolerance and better heat stress tolerance and

adaptability.

Effect of betaine supplementation on nutrient

utilization and digestibility

The benefits of feeding betaine on nutrient

digestibility and utilization are shown in Table 2.

In coccidiotic or diarrheal broilers, supplementation of

betaine resulted in higher absorption of amino acids like,

lysine and methionine than the control group (Remus et

al., 1995; Augustine and Danforth, 1999). Similarly,

total G.I. tract nitrogen digestibility and energy

digestibility was observed to be greater in broilers fed

0.12% betaine (Park and Kim, 2019). El-Husseiny et

al. (2007) have reported that supplementation of higher

doses of betaine from 0.05 to 0.08% significantly

promoted crude fiber digestibility in broiler chickens.

Table 1. Betaine content of selected feed ingredients

Feed ingredient Betaine content (mg/kg) Reference

Wheat bran 2675 Westberg, 1951

Wheat middlings 2675

Lucerne meal 3175–3850

Maize Below detection limit

Wheat 3960 Chendrimada et al., 2002

Wheat middlings 4980

Groundnut meal 2520

Lucerne meal 1770

Fish meal 1180

Maize gluten meal Below detection limit

Sesame meal Below detection limit

Soyabean meal Below detection limit

Maize Below detection limit

Condensed molasses soluble 11600 Eklund et al., 2005

Wheat 1400 Virtanen et al., 2005

Fish meal 400

Oats 590

Barley 730

Rapeseed meal Below detection limit

Soyabean meal Below detection limit

muscle contraction, protein synthesis and cell growth

require betaine (Sharma et al., 2006; Cronje, 2018).

In protein or amino acids (methionine and other

sulphur containing amino acids) deficit diets, betaine

might act as a methyl donor (Pesti et al., 1980; Campbell

et al., 1995). Once inside the intestines, betaine

is rapidly and nearly fully absorbed (Kettunen et al.,

2001) and its metabolism principally occurs in liver

and kidney mitochondria by the enzyme betaine

homocysteine methyltransferase (BHMT). Here,

by trans-methylation via methionine cycle, methionine

is spared, homocysteine is detoxified and

S-adenosylmethionine is produced (Barak et al., 1996;

Schrama et al., 2003).

Betaine when used as a feed additive in poultry

and pig diet can reduce the inclusion cost of choline or

methionine, thereby significantly reducing the feed

expenditure. Due to its potent osmoprotective and

methyl donor characteristics, poultry and pigs fed

Betaine supplementation in poultry and pig
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In eight weeks old piglets betaine

supplementation improved the overall digestibility

and absorption of amino acids, neutral detergent fibre

(NDF), acid detergent fibre (ADF), minerals and other

nutrients in the gut, without any variations in the AA

absorption in ileum (Eklund et al., 2006 a, b). Similarly,

Xu and Yu (2000), reported higher dry matter (DM) and

crude protein (CP) digestibility’s by 4.2% and 6.4%, in

weaned piglets supplemented with betaine. The

bacterial derived metabolite of betaine, trimethylamine

oxide ((CH
3
)

3
NO) also had a beneficial effect on

digestibility of crude fat in pigs (Overland et al., 1999).

The digestibility of CP, nitrogen free extract (NFE), crude

fibre (CF) and other nutrients also increased significantly

in pigs fed 1.0 and 1.5 g betaine/kg diet (Awad et al.,

2014). Others have observed similar improvement in

organic matter, as well as DM digestibility in animals

fed betaine (Eklund et al., 2006a, b; Mosenthin et al.,

2007; Ratriyanto et al., 2007). This higher CF

digestibility might be attributed to functional properties

of betaine, making the fiber fractions available to

microbes, resulting in better fermentation and

absorption (Wenk et al., 1993).The osmolytic action of

betaine might alter the electro-physiological functions

of the enterocytes synergizing the microbial

fermentation, short-chain fatty acids production and

improving the mineral absorption in animals (Butzner et

al., 1994).Other than the osmolytic and methyl donor

functions of betaine, the stress reducing property

cannot be overlooked which may be due to osmo-

protective function in intestine (Amerah and Ravindran,

2015), resulting in better mprphology and function

leading to improved nutrient absorption.

Effect of betaine supplementation on animal

performance and carcass characteristics

Faster growth rate, feed conversion efficiency and

lean mass production are some of the most desirable

traits for meat animals as they upscale the profitability

and reduce the production costs (Campbell, 1997).

In laying hens supplementation of betaine at the dose of

0.06 to 0.08% improved the performance by up to 8.7%

(Zou et al., 1998; Zou and Lu, 2002). Others have

reported increased average daily weight gain in broilers

when betaine was supplemented at 0.05–0.15% and

0.65%, respectively (Virtanen and Rosi, 1995; Garcia

et al., 2000). The methyl transfer activity of betaine,

might improve the weight gain and feed efficiency by

up to 15% in supplemented growing chicks (Hassan et

al., 2005). Improved performance in birds on low

methionine diets confirms the methionine sparing action

of betaine (Virtanen and Rosi, 1995; Kidd et al., 1997).

Not only the performance and efficiency increased but,

there also was a reduction in abdominal fat and increase

in breast lean meat in commercial poultry supplemented

Table 2. Effect of dietary betaine supplementation on nutrient digestibility in poultry and pigs

Animal Response to betaine Reference

supplementation

Poultry ↑ CP, EE digestibility Remus et al., 1995

Poultry ↑ Methionine digestibility  Augustine and Danforth, 1999

Poultry No effect Hassan et al., 2005

Poultry ↑ OM, CP, EE, CF, NFE digestibility El Husseiny et al., 2007

Poultry No effect Attia et al., 2009

Piglets (5 weeks) ↑ DM,CP digestibility (total tract) Xu and Yu, 2000

Barrows(13.50-15.10kg) ↑ OM, CF, NDF, ADF, NFE digestibility Eklund et al., 2006a

Barrows (5 weeks) ↑ DM, CF digestibility Mosenthin et al., 2007

Barrows, 5 weeks ↑ OM, CF digestibility(Illeum) Ratriyanto et al., 2007

Grower pigs (30.00 kg) No effect (total tract) Fernandez Figares et al., 2008
*DM, dry matter; OM, organic matter; CP, crude protein; CF, crude fibre; EE, ether extract, NFE, nitrogen free extract; NDF, neutral detergent
fibre; ADF, acid detergent fibre; ↑, increase; ↓, decrease

Mishra et al.
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with betaine (Noll et al., 2002; Wang et al., 2004; Zhan

et al., 2006). However, others have reported no

improvement in carcass characteristics in betaine fed

poultry (Waldroup and Fritts, 2005). The beneficial

effects of betaine supplementation in Eimeria and

coccidia infected poultry included decrease in

pathogenesis, protection of the intestinal structural

integrity and functions (Augustine et al., 1997; Matthews

et al., 1998; Matthews and Southern, 2000). Alleviation

of stress is also one of the potent functions of betaine,

mainly due to its methyl donor and osmo-protectant

functions, resulting into improved growth rates, feed

efficiency, enhanced egg production rate and egg shell

quality in poultry (Ryu et al., 2002; Honarbakhsh et al.,

2007a, b).

In swine production the current challenge is to

increase the lean mass by reducing the excess back fat.

Information available on back fat thickness lowering

effect of betaine are compiled in Tables 3 and 4.

However, response of betaine on lean meat production

may also depend on energy levels, energy metabolism,

lysine:calorie ratio of the diet, sex of animal and

prevailing environmental conditions (Haydon et al., 1995;

Matthews et al., 1998).There was substantial

reduction in back fat by 14.8 % in betaine fed female

pigs (Cadogan et al.,  1993). Since then many

researchers have established the potency of betaine in

reducing body fat and increasing lean mass in pigs

(Matthews et al., 2001; Yan, 2001). Huang et al. (2006)

reported that supplementation of betaine at 0.125%

improved carcass traits, increased in lean mass and

reduced back fat thickness in barrows (Lawrence et

al., 2002) and increased leanness in finishing gilts

(Casarin et al., 1997). However, there are some

reports which indicate that betaine supplementation may

not always be effective in influencing the back fat

thickness, leanness and other desirable carcass traits

(Lawrence et al., 1995; Matthews et al., 1998;

Overland et al., 1999). Albuquerque et al. (2017)

evaluated the effects of betaine supplementation at

the dose of 1 g/kg for a period of 20 weeks and

found increase in total cholesterol in different muscles.

But, the betaine supplementation didn’t result in

any significant improvement in other carcass

characteristics or yield. Also, no appreciable effect of

added betaine was observed in pigs for leaf fat weight

and dressing percent (Huang et al., 2006). Fernandez-

Figares et al. (2002) showed a linear relationship

between supplemental levels of betaine (0-0.5%) and

rate of protein deposition in carcass. They observed

significant decrease in carcass fat concentration, fat

depth and viscera weight (between10-26%) with an

incremental betaine dose, but no changes were evident

on growth performance, tissue chemical composition,

carcass fat deposition rate, and visceral fat deposition

rate in young pigs. From the above findings the role of

Table 3. Effect of dietary betaine supplementation on performance in poultry and pigs

Animal Dose of betaine,% Response to betaine Reference

supplementation

Laying hen 0.13–0.50 No effect Cere and Schinckel, 1995

Barrows and gilts 0.20 ↑ growth, 7.00% Urbanczyk, 1997

Pigs (56–113 kg) 0.11 ↑ growth Cromwell et al., 1999

Barrows (20–65 kg) 0.15 ↑ growth, 10.30% Wang and Xu, 1999

Gilts (20–65 kg) 0.15 ↑ growth, 15.60%

Piglets 0.06 ↑ growth, 11.70% Xu et al., 1999b

Barrows (36–64 kg) 0.13–0.50 No effect Fernandez-Figares

et al., 2002

Grower pigs 0.10 ↑ growth, 13.30% Feng and Yu, 2001

Finisher pigs 0.10 ↑ growth, 5.70% Feng and Yu, 2001

ADG, average daily gain; ↑, increase; ↓, decrease

Betaine supplementation in poultry and pig
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betaine in nutrient partitioning is clear, protein is

deposited at the expense of fat in carcass and visceral

tissue. Feeding of supplementary betaine also improved

performance and exhibited improved feed efficiency

(Wray-Cahen et al., 2004). Similarly, Siljander-Rasi et

al. (2003) reported improved feed efficiency and growth

rates when dietary betaine levels were raised from 0.125

to 0.5%, indicating a dose dependent response in pigs.

These results were later corroborated by Huang and

colleagues (Huang et al., 2006) who supplemented

crossbred barrows and gilts with 0.125% levels of

betaine to obtain superior average daily gain than the

control group The growth performance and energy

balance improved in Iberian pigs when combination of

betaine and conjugated linoleic acid at 0.5 and 1% of

diet were used, respectively (Rojas-Cano et al., 2013).

Ramis et al. (2011) supplemented betaine at 2

kg/ton of feed throughout the gestation length to 48 sows

and gilts and observed higher average live weight and

litter weight of piglets at weaning. Also, the weaning to

estrus duration was shorter in betaine supplemented

sows (4.7±0.4 versus 5.8±0.4 days). In another study, it

was observed that there was no variation in average

live weight and weight gain in piglets, furrowing rates

(0.79), but total litter size was greater in sows having

daily betaine intake of 7.6–9.0 g/sow, throughout

the length of gestation (Van Wettere et al., 2012).

Supplementation of betaine at 3 g/kg feed during late

gestation improved litter size and weight of piglets and

reduced the gap between weaning to estrus. In betaine

supplemented sows the concentrations of trio-iodo-

thyronine (T
3
) and thyroxine (T

4
) were higher at the

time of furrowing, while serum cortisol levels were

lower during the pregnancy (Mishra et al., 2019 a,b),

indicating modulation of hypothalamic-pituitary axis.

Similarly, Mendoza et al. (2020) reported reduction in

weaning to estrus interval (6.64 vs. 7.50 days) and a

subsequent increase in litter size and total number of

pigs born in forth parity and first parity sows. Betaine

could help in survival of the fetuses via reduction in

homocysteine concentrations, by altering methionine

metabolism, energy turnover and modulating the growth

hormones (Finkelstein, 1990; Schrama et al., 2003;

Huang et al., 2007; Van Wettere et al., 2012).

Effect of betaine on serum metabolites and

hormones

Serum metabolites and hormones are well

recognized marker for assessing metabolic profile of

animals. Park and Kim (2019) reported increased level

of total protein, albumin and glutathione peroxidase

(GPx) when betaine was supplemented at 0.12% level

in poultry ration. The higher levels of total protein were

positively correlated with body tissue growth,

confirming the essential protein sparing action of

betaine in broilers. Supplementation of betaine had a

positive effect of lipid profile, and there was a

Table 4. Effect of dietary betaine supplementation on carcass characteristics of pigs

Animal Response to betaine Reference

supplementation

Gilts (60-103 kg) ↓ Backfat thickness Cadogan et al., 1993

Barrows, gilts ↓ Backfat thickness Urbanczyk, 1997

Gilts (55-110 kg) ↑ Carcass length Matthews et al., 1998

Barrows and gilts (66-88 kg) ↑ Carcass length, Matthews et al., 2001

↓ 10th rib back fat

↓ Carcass fat

Finishing barrows (>62.50 kg) ↓ Carcass fat Feng et al., 2006

↓ 10th rib backfat

Boar, gilts (>58.00 kg) ↓ Lean tissue Dunshea et al., 2007

Barrows and gilts (55-90 kg) ↑ Carcass lean, Huang et al., 2008

↓ back-fat thickness

Mishra et al.
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significant increase in serum triglycerides (TG) and

cholesterol concentration in 42- day old broilers (Ghasemi

and Nari, 2019). There are also some contradictory

reports that betaine resulted into lowering the total

cholesterol and TG in ducks (Shin et al., 2019). While,

others have observed significant increase in serum

cholesterol when betaine was fed at 800 mg/kg (Rao et

al., 2011). In commercial ducks supplementation of

betaine at 0.5, 1.0 and 1.5 g/kg diet led to decreased

level of total cholesterol and LDL with an increase in

HDL concentration (Awad et al., 2014).

Supplementation of betaine resulted in increase

in total cholesterol and non-esterified fatty acids (NEFA)

without any influence on urea nitrogen, total protein,

serum albumin, triglycerides and HDL- cholesterol in

finishing pigs (Matthews et al., 2001). Similarly, Mishra

et al. (2019b) reported that supplemented of betaine at

3 g/kg feed resulted in decreased serum concentration

of cholesterol and triglycerides, with no significant

effect on enzymes like aspartate amino transferase

(AST), alanine amino transferase (ALT), alkaline

phosphatase (ALP), lactate dehydrogenase (LDH), and

creatine kinase (CK) in pigs (Mishra et al., 2019a). In

another study it was observed that supplementation of

betaine reduced serum concentration of triglycerides and

cholesterol in gestating sows (Mishra et al.,

2019c).However, Matthews et al. (1998) and Overland

et al.  (1999) reported no effect of betaine

Table 5. Effect of betaine supplementation on endocrine profile in pigs and poultry

Animal Dose of Response to betaine Reference

betaine,% supplementation

Laying hen 0.08 ↑ T
3
& T

4
Zou et al., 1998

Duck > 0.21 0.03–0.10 ↑ GH Wang et al., 2000

Laying hen 0.06 ↑ T
3
, week 50(43.30%) Zou and Lu, 2002

> 0.20 weeks & week 70 (44.00%)

Laying hen 0.08 ↑ FSH, LH, parathyroid hormone, Zou, 2001

estradiol & progesterone

Barrows and gilts, 0.15 ↑ GH, barrows (62.50%); Wang and Xu,1999

(20–65 kg) gilts (71.00%);

↑ GH, barrows (74.3%);

gilts (45.00%)

Grower pigs 0.10 ↑ GH (101.80%); Xu et al.,1999a

IGF-1 (44.80%);

T
3
 (26.50%)

& T
4
 (16.80%)

Finishing pigs 0.10 ↑ GH (59.10%) Xu and Feng,1998

Piglets, male 0.08 ↑ GH & IGF-1 Yu and Xu,2000

and female >10 kg

Weaned, grower 0.08–0.18 ↑ GH, weaned pigs (46.20%); Yu et al.,2001

and finishing pigs grower pigs (102.10%);

finishing pigs (58.30%);

↑ IGF-1, weaned pigs (38.70%);

grower pigs (44.70%);

finishing pigs (48.00%)

T
3
, tri-iodo-thyronine; T

4
, throxine; FSH, follicle stimulating hormone; LH, letinizing hormone; GH, growth hormone; IGF-I, insulin like

growth factor I; ↑, increase; ↓, decrease

Betaine supplementation in poultry and pig
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supplementation on serum cholesterol and NEFA levels

in pigs.

Supplementation of betaine at optimum levels may

also improve the endocrine function via modulation of

the hypothalamus-pituitary axis in animals (Table 5). In

poultry, betaine addition in feed resulted in increase in

hormone-sensitive lipase activity, which might modulate

the lipid metabolism and also decrease the cholesterol

and TG levels (Zou et al., 1998; Zhan et al., 2006).

In pigs supplemented with beatine (0.125% of

diet) resulted in elevated concentrations of growth

hormone, insulin-like growth factor I (IGF-1), free

tri-iodothyronine, and free thyroxine and insulin by 45.6,

55.5, 57.9, 51.8 and 42.3%, respectively. They also

reported an elevated fatty acid synthase activity (Huang

et al., 2006). Mishra et al, (2019b) found that the

levels of triidothyronine (T
3
) and thyroxine (T

4
) were

higher and that of cortisol was lower in sows fed

supplementary betaine. However, other studies reported

no any influence of betaine on serum cortisol levels in

sows (Cools et al., 2010; Cabezon et al., 2016).

Effect of betaine on antioxidant profile and heat

stress

Due to global warming and climate change our

livestock are now more susceptible to heat stress,

especially in tropical and sub-tropical regions (Reynolds

et al., 2010). Inter-Governmental Panel on Climate

Change has already confirmed that, the global

temperature is higher by 1.5oC and further predicted a

future rise by 0.3 to 4.8oC by end of 21st century (IPCC

2014, 2014a, 2018). This sustained heat stress will

challenge the homeothermy and can lead to metabolic

disturbances and oxidative imbalance, thereby negatively

affecting performance and production in livestock

(Collier et al., 2019). The need for amelioration of heat

stress is thus of paramount importance. In recent times

betaine has emerged as a potent feed additive that may

ameliorate stress (Sizeland et al., 1993; Suzuki et al.,

2003; Lever and Slow, 2010). The antioxidant activity

of betaine can be attributed to its ability to reduce mito-

chondrial lipid peroxidation, scavenge free radicals and

preserve optimum cellular functions (Ganesan et al.,

2007; Lu and Cederbaum, 2008). Although the exact

molecular mechanism is not yet clear, feeding betaine

significantly reduced reactive oxygen species (ROS),

free radicals and improved the total antioxidant

machinery in animals (Decker and Zhimin, 1998;

Gheisari and Motamedi, 2010). The effect of both acute

and chronic heat stress, is well documented in different

species like poultry (Mujahid et al., 2005; Mujahid,

2011), pigs (Montilla et al., 2013, 2014; Liu et al., 2015),

and also in ruminants (Bernabucci et al., 2002;

Chauhan et al., 2014; Wankar et al, 2017, 2020).

Supplementation of betaine hydrochloride (2 g/kg diet)

resulted in lower rectal temperatures and respiration

rates, which is indicative of optimum heat loss function

in poultry reared under different environmental

conditions (Singh et al., 2015). Alirezaei et al. (2011)

reported significantly higher glutathion peroxidase and

catalase activity with improved meat quality in betaine

fed broilers. Supplementation of different doses of

ascorbic acid and betaine in combination resulted in

decreased body temperature, alongwith significantly

increased growth rate and performance in heat stressed

broilers birds (Attia et al., 2009).

Mishra et al. (2019a) reported higher serum

levels of catalase and total antioxidant activity with

significant reduction in malondialdehyde level in sows

fed supplementary betaine as compared to control group.

Total heat production was substantially lower in pigs

supplemented with betaine at 1.25 g/kg feed, indicating

optimum thermoregulation (Schrama et al., 2003).

Similarly, Gabler et al. (2013) reported beneficial

effects of betaine supplementation (0.125%) on normal

physiological functions when growing pigs were exposed

to 36oC continuously for six hours.

CONCLUSION

In case of poultry, betaine supplementation

improved the growth rate, meat quality and laying

performance. Also, the improved feed conversion

efficiency, which is the direct measure of profitability

was evident in betaine fed animals. In case of swine,

there is reduction in back fat or body fat with

concurrent increase in lean meat and increased growth

which is a very promising attribute of betaine. While,

Mishra et al.
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Betaine can be a powerful nutri-biotic compound to

alleviate heat stress in growing pigs and poultry. In

future, betaine can be a major additive in animal feed

due to its cost effectiveness as compared to purified

proteins or amino acids and as performance enhancer

or growth promoter. Further research is essential to

unveil the underlying cellular pathways to elucidate the

full potential benefits of this compound in pregnant sows,

newborn piglets, growing pigs, broilers, layers and other

livestock alike.

REFERENCES

Albuquerque, A., Neves, J.A., Redondeiro, M., Laranjo, M.,

Félix, M.R., Freitas, A. and Martins, J.M. 2017. Long

term betaine supplementation regulates genes involved

in lipid and cholesterol metabolism of two muscles from

an obese pig breed. Meat Sci. 124: 25-33.

Alirezaei, M., Gheisari, H.R., Ranjbar, V.R. and Hajibemani, A.

2011. Betaine: a promising antioxidant agent for

enhancement of broiler meat quality. Br. Poult. Sci. 53:

699-707.

Amerah, A.M. and Ravindran, V. 2015. Effect of coccidia

challenge and natural betaine supplementation on

performance, nutrient utilization, and intestinal lesion

scores of broiler chickens fed suboptimal level of

dietary methionine. Poult. Sci. 94: 673-680.

Attia, Y.A., Hassan, R.A. and Qota, E.M.A. 2009. Recovery

from adverse effects of heat stress on slow-growing

chicks in the tropics 1: Effect of ascorbic acid and

different levels of betaine. Trop. Anim. Health Prod.

41: 807-818.

Augustine, P.C. and Danforth, H.D. 1999. Influence of

betaine and salinomycin on intestinal absorption of

methionine and glucose and on the ultrastructure of

intestinal cells and parasite developmental stages in

chicks infected with Eimeria acervulina. Avian Dis. 43:

89-97.

Augustine, P.C., McNaughton, J.L., Virtanen, E. and Rosi, L.

1997. Effect of betaine on the growth performance of

chicks inoculated with mixed cultures of avian Eimeria

species and on invasion and development of Eimeria

tenella and Eimeria acervulina in vitro and in vivo.

Poult. Sci. 76: 802-809.

Awad, A.L., Fahim, H.N., Ibrahim, A.F. and Beshara, M.M.

2014. Effect of dietary betaine supplementation on

productive and reproductive performance of Domyati

duck under summer condition. Egyptian Poult. Sci. 34:

453-471.

Barak, A.J., Beckenhauer, H.C. and Tuma, D.J. 1996. Betaine,

ethanol, and the liver: a review. Alcohol.13: 395-398.

Bernabucci, U., Ronchi, B., Lacetera, N. and Nardone, A. 2002.

Markers of oxidative status in plasma and erythrocytes

of transition dairy cows during hot season. J. Dairy

Sci. 85: 2173-2179.

Butzner, J.D., Meddings, J.B. and Dalal, V. 1994. Inhibition of

short-chain fatty acid absorption and Na+ absorption

during acute colitis in the rabbit. Gastroenterol. 106:

1190-1198.

Cabezon, F. 2017. Heat Stress Alleviation in Boars and

Lactating Sows by Betaine Supplementation and

Floor Cooling. PhD Thesis, Department of Animal

Sciences, West Lafayette, Indiana.

Cadogan, D.J., Campbell, R.G., Harrison, D. and Edwards, A.C.

1993. The effects of betaine on the growth performance

and carcass characteristics of female pigs. In:

Batterham, E.S. (Ed.), Manipulating Pig Production.

Australasian Pig Science Association, Attwood,

Victoria, Australia, 219.

Cai, D., Jia, Y., Lu, J., Yuan, M., Sui, S. and Song, H. 2014.

Maternal dietary betaine supplementation modifies

hepatic expression of cholesterol metabolic genes via

epigenetic mechanisms in newborn piglets. Br. J. Nutr.

112: 1459-1468.

Campbell, R.G., Cadogan, D.J., Morley, W.C., Vusitale, R. and

Virtanen. E. 1995. Interrelationship between dietary

methionine and betaine on the growth performance of

pigs from 65 to 100 kg. J. Anim. Sci. 73: 82.

Campbell, R.G. 1997. Achieving 700 grams per day from

birth- is it worthwhile? In: Pig Production: The A T

Reid Course for Veterinarians Proceedings, 285,

February 17-21, Post Graduate Foundation in

Veterinary Science University of Sydney. 125-131.

Casarin, A., Forat, M. and Zabaras-Krick, B.J. 1997.

Interrelationships between betaine and level of feed

intake on the performance parameters and carcass

characteristics of growing-finishing pigs. J. Anim. Sci.

75- 75.

Cere, K. R. and Schinckel, A.P. 1995. Carcass and performance

response to feeding betaine in pigs. J. Anim. Sci. Suppl.

73:82.

Chauhan, S.S., Celi, P., Fahri, F.T., Leury, B.J. and Dunshea,

F.R. 2014. Dietary antioxidants as supranutritional doses

modulate skeletal muscle heat shock protein and

inflammatory gene expression in sheep exposed to heat

stress. J. Anim. Sci. 92: 4897-4908.

Chendrimada, T.P., Garcia, N.M., Pesti, G. M., Davis, A.J. and

Bakalli, R.I. 2002. Determination of the betaine content

Betaine supplementation in poultry and pig

Indian J. Anim. Nutr. 2020. 38 (1): 1-14



10

of feed ingredients using high-performance liquid

chromatography. J. Sci. Food Agric. 82: 1556-1563.

Clarke, W.C., Virtanen, E., Blackburn, J. and Higgs, D. 1994.

Effects of a dietary betaine/amino acid additive on

growth and seawater adaptation in yearling chinook

salmon. Aquaculture. 121: 137-145.

Collier, R.J., Baumgard, L.H., Zimbelman, R.B. and Xiao. Y.

2019. Heat stress: physiology of acclimation and

adaptation. Anim. Front. 9, 1, 1-19.

Cools, A., Maes, D., Buyse, J., Kalmar, I.D., Vandermeiren,

J.A. and Janssens, G.P.J. 2010. Effect of N, N-dimethyl-

glycine supplementation in parturition feed for sows

on metabolism, nutrient digestibility and reproductive

performance. Animal. 4: 2004-2011.

Cromwell, G.L., Lindemann, M.D., Randolph, J.R., Monegue,

H.J., Laurent, K.M. and Parker, J.R. 1999. Efficacy of

betaine as a carcass modifier in finishing pigs fed

normal and reduced energy diets. J. Anim. Sci. Suppl.

77: 179.

Cronje, P. 2018. Essential role of methyl donors in animal

productivity. Anim. Prod. Sci. 655-665.

Decker, E.A. and Zhimin, X.U. 1998. Minimizing rancidity in

muscle foods. Food Technol. 52: 54-59.

DiGiacomo, K., Warner, R., Leury, B., Gaughan, J. and

Dunshea, F. 2014. Dietary betaine supplementation has

energy-sparing effects in feedlot cattle during

summer, particularly in those without access to shade.

Anim. Prod. Sci. 54: 450-458.

Dunshea, F., Cadogan, D. and Partridge, G. 2008. Dietary

betaine and ractopamine combine to increase lean

tissue deposition in finisher pigs, particularly gilts.

Anim. Prod. Sci. 49: 65-70.

Dunshea, F.R., Cadogan, D.J. and Partridge, G.G. 2007. Dietary

betaine and ractopamine have additive effects on lean

tissue deposition, particularly in restrictively-fed gilts.

In: Manipulating Pig Production XI.) Australasian Pig

Science Association, Scott Print, Perth, Western

Australia, 120.

Dunshea, F.R., Oluboyede, K., DiGiacomo, K., Leury, B.J. and

Cottrell, J.J. 2019. Betaine Improves Milk Yield in

Grazing Dairy Cows Supplemented with Concentrates

at High Temperatures. Animals. 9: 57.

Eklund, M., Bauer, E., Wamatu, J. and Mosenthin, R. 2005.

Potential nutritional and physiological functions of

betaine in livestock. Nutr. Abstr. Rev. 18: 31-48.

Eklund, M., Mosenthin, R. and Piepho, H.P. 2006b. Effects of

betaine and condensed molasses solubles on ileal and

total tract nutrient digestibilities in piglets. Acta Agric.

Scand. Sect. A. 56: 83-90.

Eklund, M., Mosenthin, R., Tafaj, M. and Wamatu, J. 2006a.

Effects of betaine and condensed molasses solubles

on nitrogen balance and nutrient digestibility in

piglets fed diets deficient in methionine and low in

compatible osmolytes. Arch. Anim. Nutr. 60: 289-300.

El-Husseiny, O.M., Abo-El-Ella, M.A., Abd-Elsamee, M.O. and

Ab-Elfattah, M.M.2007. Response of broilers

performance to dietary betaine and folic acid at

different methionine levels. Int. J. Poult. Sci. 6: 515-

523.

EU–Safety Data Sheet, 1999a Product Name: Betaine

Hydrochloride. http://www.aminoactives.com/pdf/

eumsds/ BetaineHydrochloride.pdf

EU–Safety Data Sheet, 1999b Product Name: Betaine.

http:// www.aminoactives.com/pdf/eumsdsBetaine

Anhydrous.pdf

EU–Safety Data Sheet, 1999c Product Name: Betaine

Monohydrate. http://www.aminoactives.com/pdf/

eumsds/ BetaineMonohydrate.pdf

FAOSTAT, 2016. Food and agricultural organization

statistical database http://www.apps.fao.org.

Feng, J. and Yu, D.Y. 2001 Effect of betaine on growth

performance and methyl transfer function in finisher

pigs. Chinese J. Anim. Sci. 37: 8-10.

Fernandez-Figares, I., Wray-Cahen, D., Steele, N.C., Campbell,

R.G., Hall, D.D., Virtanen, E. and Caperna, T.J. 2002.

Effect of dietary betaine on nutrient utilization and

partitioning in the young growing feed-restricted pig.

J. Anim. Sci. 80:421-428.

Finkelstein, J. D. 1990. Methionine metabolism in mammals. J.

Nutr. Biochem. 1:228-36.

Gabler, N.K., Frouel, S., Awati, A., Owusu-Asiedu, A., Amerah,

A., Patridge, G.G. and Dunshea, F.R. 2013. Betaine

mitigates intestinal permeability in growing pigs

induced by heat stress. In: Manipulating Pig

Production XIV. (Eds JR Pluske, JM Pluske), 85.

Ganesan, B., Rajesh, R., Anandan, R. and Dhandepani, N.

2007. Biochemical studies on the protective effects of

betaine on mitochrondrial function in experimentally

induced myocardial infection in rats. J. Health Sci. 53:

671-681.

Garcia, M.N., Pesti, G.M. and Bakalli, R.I. 2000. Influence of

dietary protein level on the broiler chicken’s response

to methionine and betaine supplements. Poult. Sci. 79:

1478-1484.

Gaughan, J.B., Mader, T.L., Holt, S.M., Sullivan, M.L. and

Hahn, G.L. 2010. Assessing the heat tolerance of 17

beef cattle genotypes. Int. J Biometeorl. 54: 617-627.

Gerber, P.J., Mottet, A., Opio, C.I., Falcucci, A. and Teillard, F.

Mishra et al.

Indian J. Anim. Nutr. 2020. 38 (1): 1-14



11

2015. Environmental impacts of beef production:

Review of challenges and perspectives for durability.

Meat Sci. 109: 2-12.

Ghasemi, H.A. and Nari, N. 2019. Effect of supplementary

betaine on growth performance, blood biochemical

profile, and immune response in heat-stressed broilers

fed different dietary protein levels. J. Appl. Poult. Res.

https://doi.org/10.1016/j.japr.2019.11.004

Gheisari, H.R. and Motamedi, H. 2010. Chloride salt type/ionic

strength and refrigeration effects on antioxidant

enzymes and lipid oxidation in cattle, camel and chicken

meat. Meat Sci. 86: 377-383.

Hammer, M.A. and Baltz, J.M. 2002. Betaine is a highly

effective organic osmolyte but does not appear to be

transported by established organic osmolyte

transporters in mouse embryos. Mol. Rep. and

Develop. Incorpor. Gam. Res. 62: 195-202.

Hassan, R.A., Attia, Y.A. and El-Ganzory, E.H. 2005. Growth,

carcass quality and serum constituents of slow

growing chicks as affected by betaine addition to

diets containing different levels of choline. Int. J. Poult.

Sci. 4: 840-850.

Haydon, K.D., Campbell, R.G. and Prince, T.J. 1995. Effect of

dietary betaine additions and amino acid: calorie ratio

on performance and carcass traits of finishing pigs. J.

Anim. Sci. 73: 83.

Honarbakhsh, S., Zaghari, M. and Shivayad, M. 2007b.

Interactive effects of dietary betaine and saline water

on carcass traits of broiler chicks. J. Biol. Sci. 7: 1208-

1214.

Honarbakhsh, S., Zaghari, M. and Shivazad, M. 2007a.

Canexogenous betaine be an effective osmolyte in

broiler chicks under water salinity stress? Asian-

Australas. J. Anim. Sci. 20: 1729-1737.

Huang, Q.C., Xu, Z.R., Han, X.Y. and Li, W.F. 2007. Effect of

betaine on growth hormone pulsatile secretion and

serum metabolites in finishing pigs. J. Anim. Physiol.

Anim. Nutr. 91: 85-90.

Huang, Q.C., Xu, Z.R., Han, X.Y. and Li, W. F. 2006. Changes

in hormones, growth factor and lipid metabolism in

finishing pigs fed betaine. Livest. Sci. 105: 78-85.

Huang, Q.C., Xu, Z.R., Han, X.Y. and Li, W.F. 2008. Effect of

dietary betaine supplementation on lipogenic enzyme

activities and fatty acid synthase mRNA expression in

finishing pigs. Anim. Feed Sci. Technol. 140: 365-375.

Hurst, P. Termine, P. and Karl, M. 2005. Agricultural workers

and their contribution to sustainable agriculture and

rural development. FAO, Rome ftp://ftp.fao.org/docrep/

fao/008/af164e/af164e00.pdf

Intergovernmental Panel on Climate Change. 2014a, Climate

change. 2014: impacts, adaptation and vulnerability.

Part A: global and sectoral aspects contributions of

working group II to fifth assessment report of IPCC.

Cambridge (UK)/New York (NY). Cambridge

University press: 1132.

Intergovernmental Panel on Climate Change, IPCC. 2014.

Climate Change 2014: Synthesis Report. Contribution

of Working Groups I, II and III to the Fifth Assessment

Report of the IPCC, Geneva, Switzerland: 151.

Intergovernmental Panel on Climate Change, IPCC. 2018. 2018-

special report: global warming of 1.5oC and Climate

change synthesis report.

Kettunen, H., Peuranen, S., Tiihonen, K. and Saarinen, M.2001

Intestinal uptake of betaine in vitro and the

distribution of methyl groups from betaine, choline,

and methionine in the body of broiler chicks. Comp.

Biochem Physiol. Part A, Mol. Integr. Physiol. 128:

269-278.

Kidd, M.T., Ferketm, P.R. and Garlichm, J.D. 1997. Nutritional

and osmoregulatory functions of betaine. World’s

Poult. Sci. J. 53: 125-139.

Lawrence, B.V., Schincke, A.P., Adeola, O. and Cera, K. 2002.

Impact of betaine on pig finishing performance and

carcass composition. J. Anim. Sci. 80: 475-482.

Lawrence, B.V., Schinckel, A.P., Adeola, O. and Cera, K. 1995.

Performance of pigs fed betaine from 60 to 110 kg body

weight. J. Anim. Sci. 73: 195.

Lee, E.J., An, D, Nguyen, C.T., Patil, B.S., Kim, J. and Yoo, K.S.

2014. Betalain and betaine composition of greenhouse-

or field-produced beetroot (Beta vulgaris L.) and

inhibition of HepG2 cell proliferation. J. Agric. Food

Chem. 62: 1324-1331.

Lever, M. and Slow, S. 2010. The clinical significance of

betaine, an osmolyte with a key role in methyl group

metabolism. Clini. Biochem. 43: 732-744.

Liu, F., Celi, P., Chauhan, S.S., Cottrell, J.J., Abrasaldo, A.,

Talukder, S., Leury, B.J. and Dunshea, F.R. 2015.

Effects of heat stress and antioxidants (selenium or

vitamin E) supplementation on oxidative status in

growing pigs. In: Proceedings of American Dairy

Science Association and American Society of Animal

Science midwest meeting. (American Dairy Science

Association and American Society of Animal Science:

Des Moines, IA).

Lu, Y. and Cederbaum, A.I. 2008. CYP2E1 and oxidative liver

injury by alcohol. Free Rad. Biol. Med. 44: 723-738.

Matthews, J.O., Southern, L.L., Pontif, J.E., Higbie, A.D. and

Binder, T.D. 1998. Interactive effects of betaine, crude

Betaine supplementation in poultry and pig

Indian J. Anim. Nutr. 2020. 38 (1): 1-14



12

protein and net energy in finishing pigs. J. Anim. Sci.

76: 2444-2455.

Matthews, J.O. and Southern, L.L. 2000. The effect of dietary

betaine in Eimeria acervulina-infected chicks. Poult.

Sci. 79: 60-65.

Matthews, J.O., Southern, L.L., Higbie, A.D., Persica, M.A.

and Bidner, T.D. 2001. Effects of betaine on growth,

carcass characteristics, pork quality and plasma

metabolites of finishing pigs. J. Anim. Sci. 79: 722-728.

Mauger, G., Bauman, Y, Nennich, T. and Salathé, E. 2015.

Impacts of Climate Change on Milk Production in the

United States. Prof. Geogr. 121-131.

Mendoza, S.M., Boyd R.D., Remus, J., Wilcock, P., Martinez,

G. E. and van Heugten, E. 2020. Sow performance in

response to natural betaine fed during lactation and

postweaning during summer and non-summer months.

J. Anim. Sci. Biotechnol. 11: 69 https://doi.org/10.1186/

s40104-020-00471-0

Mishra, A., Verma, A.K., Das, A., Singh, P., Chaudhary, S.K.

and Munde, V.K. 2019a. Effect of dietary betaine

supplementation on production and reproductive

performance, milk composition and serum antioxidant

profile in gestating sows. Indian J. Anim. Sci. 89: 246-

250.

Mishra, A., Verma, A.K., Das, A., Singh, P. and Sahoo, N.R.

2019b. Effect of betaine supplementation on

haematology, serum enzymes and hormone profile in

gestating sows. Indian J. Anim Sci. 89: 506-510.

Mishra, A., Verma, A.K., Das, A., Singh, P. and Sahoo, N.R.

2019c. Effect of betaine supplementation on serum

metabolite profile in gestating sows. Indian J. Anim.

Nutr. 36: 202-206.

Montilla, S.I.R., Johnson, T.P., Pearce, S.C., Gardan-Salmon,

D., Gabler, N.K., Ross, J.W., Rhoads, R.P., Baumgard,

L.H., Lonergan, S.M. and Selsby, J.T. 2013. Heat stress

triggers an antioxidant response in porcine skeletal

muscle. FASEB J. 27S: 1201-1202.

Montilla, S.I.R., Johnson, T.P., Pearce, S.C., Gardan-Salmon,

D., Gabler, N.K., Ross, J.W., Rhoads, R.P., Baumgard,

L.H., Lonergan, S.M. and Selsby, J.T. 2014. Heat stress

causes oxidative stress but not inflammatory

signaling in porcine skeletal muscle. Temperature.

1: 42-50.

Mosenthin, R., Eklund, M. and Ratriyanto, A. 2007. Effects of

betaine on ileal and faecal digestibilities and

intestinal microbial fermentation of crude fibre in

piglets. In: Manipulating Pig Production XI. (Eds. J.E.

Paterson and J.A. Barker). Australasian Pig Science

Association, Scott Print, Perth, Western Australia, 187.

Mujahid, A. 2011. Nutritional strategies to maintain efficiency

and production of chickens under high environmental

temperature. Jpn. J. Poult. Sci. 48: 145-154.

Mujahid, A., Yoshiki, Y., Akiba, Y. and Toyomizu, M. 2005.

Superoxide radical production in chicken skeletal

muscle induced by acute heat stress. Poult. Sci. 84:

307-314.

Noll, S.L., Stangeland, V., Speers, G., Brannon, J. and

Kalbfleisch, J. 2002. Betaine and breast meat yield in

turkeys. Proc. Multistate Poultry Nutrition and

Feeding Conf., Indianapolis, IN. Universities of

Kentucky, Illinois, Michigan State, Purdue and Ohio

State Cooperating.

Overland, M., Rorvik, K.A. and Skrede, A. 1999. Effect of

trimethylamine oxide and betaine in swine diets on

growth performance, carcass characteristics, nutrient

digestibility, and sensory quality of pork. J. Anim. Sci.

77: 2143-2153.

Park, J. H. and Kim. I. H. 2019. The effects of betaine

supplementation in diets containing different levels of

crude protein and methionine on the growth

performance, blood components, total tract nutrient

digestibility, excreta noxious gas emission, and meat

quality of the broiler chickens. Poult. Sci. J. 98:

6808-6815 http://dx.doi.org/10.3382/ps/pez412

Pesti, G. M., Harper, A. E. and Sunde, M. L. 1980. Choline/

methionine nutrition of starting broiler chicks: Three

models for estimating the choline requirement with

economic considerations. Poult. Sci. J. 59: 1073-1081.

Ramis, G., Evangelista, J.N. and Quereda, J.J. 2011. Use of

betaine in gilts and sows during lactation:effects on

milk quality, reproductive parameters, and piglet

performance. J. Swine Health Prod. 19: 226-232.

Rao, R.S.V., Raju, M.V.L.N., Panda, A.K., Saharia, P. and

Sunder, G. S. 2011. Effect of supplementing betaine on

performance, carcass traits and immune responses

in broiler chicken fed diets containing different

concentrations of methionine. Asian-australas. J.

Anim. Sci. 24: 662-669.

Ratriyanto, A., Eklund, M. and Mosenthin, R. 2007. Effects of

betaine supplementation on ileal and fecal

digestibilities and intestinal microbial fermentation of

nutrients in piglets. Proceedings International

Scientific Symposium on Physiology of Livestock.

Lithuanian Veterinary Academy, Kaunas, Lithuania:

34-35.

Remus, J., Virtanen, E., Rosi, L. and McNaughton, J. 1995.

Effect of betaine on nutrient utilization of 21-day-old

Mishra et al.

Indian J. Anim. Nutr. 2020. 38 (1): 1-14



13

Betaine supplementation in poultry and pig

Indian J. Anim. Nutr. 2020. 38 (1): 1-14

broilers during coccidiosis. In Proceedings of the 10th

European Symposium on Poultry Nutrition, 15–19

October 1995, 371-372. Antalya, Turkey: World

Poultry Science Association.

Reynolds, C., Crompton, L. and Mills, J. 2010. Livestock and

climate change impacts in the developing world.

Outlook Agric. 39: 245-248.

Rojas-Cano, M.L., Lara, L., Lachica, M., Aguilera, J.F. and

Fernández-Fígares, I. 2011. Influence of betaine and

conjugated linoleic acid on development of carcass

cuts of Iberian pigs growing from 20 to 50 kg body

weight. Meat Sci. 88: 525-530.

Rojas-Downing, M., Melissa, A., Nejadhashemi, P., Harrigan,

T. and Woznicki, S.A. 2017. Climate Change and

Livestock: Impacts, Adaptation, and Mitigation.

Climate Risk Management, 16: 145-63 https://doi.org/

10.1016/j.crm.2017.02.001.

Ryu, M. S., Cho, K.H., Shin, W.J. and Ryu, K.S. 2002.

Influence of dietary supplemental betaine on

performance and egg quality of laying hens during the

heat stress. Korean J. Poult. Sci. 29: 117-123.

Schrama, J.W., Heetkamp, M.J.W., Simmins, P.H. and Gerrits,

W.J.J. 2003. Dietary betaine supplementation affects

energy metabolism of pigs. J. Anim. Sci. 81: 1202-1209.

Shahbandeh, M. 2020a. Global pork production 2020, by

country. Source: https://www.statista.com/statistics/

273232/net-pork-production-worldwide-by-country/

Shahbandeh, M. 2020b. Number of pigs worldwide 2020, by

country. Source: https://www.statista.com/statistics/

263964/number-of-pigs-in-selected-countries/

Sharma, P., Senthilkumar, R.D., Brahmachari, V.,

Sundaramoorthy, E., Mahajan, A., Sharma, A.

and Senguta, S. 2006. Mining literature for a

comprehensive pathway analysis: a case study for

retrival of homocysteine related genes for epigenetic

studies. Lipids Health Dis. 5, 1.

Shin, J.S., Um, K.H., Park, H.J., Choi, Y.S., Lee, H.S. and Park,

B.S. 2019. Effect of betaine and ascorbic acid in

drinking water on growth performance and blood

biomarkers in meat ducks exposed to heat stress. S.

Afr. J. Anim. Sci. 49: 417-423.

Siljander-Rasi, H., Peuranen, S., Tiihonen, K., Virtanen, E.,

Kettunen, H. and Alaviuhkola, T. 2003. Effect of

equimolar dietary betaine and choline addition on

performance, carcass quality and physiological

parameters of pigs. Anim. Sci. 76: 55-62.

Singh, A.K., Ghosh, T.K., Creswell, D.C. and Haldar, S. 2015.

Effects of supplementation of betaine hydrochloride

on physiological performances of broilers exposed to

thermal stress. Open Access Anim. Physiol. 7: 111-120.

Sizeland, P.C., Chambers, S.T., Lever, M., Bason, L.M. and

Robson, R.A. 1993. Organic osmolytes in human and

other mammalian kidneys. Kidney Int. 43: 448-453.

Suzuki, M., Yasumoto, E., Baba, S. and Ashihara, H. 2003.

Effect of salt stress on the metabolism of ethanolamine

and choline in leaves of the betaine producing

mangrove species. Avicennia Marina. Phytochem. 64:

941-948.

United Nations, 2013. World population projected to reach

9.6 billion by 2050. United Nations Department of

Economic and Social Affairs. http://www.un.org/en/

development/desa/news/population/un-report-world-

population-projected-to-reach-9-6-billion-by-2050.html

United Nations, 2017. Department of Economic and Social

Affairs, Population Division (2017). World Population

Prospects: The 2017 Revision. Accessed Jul. 19, 2017.

https://esa.un.org/unpd/wpp/Download/Standard/

Populations

United States Department of Agriculture Foreign Agricultural

Service, 2020. Livestock and Poultry: World Markets

and Trade. Foreign Agricultural Service/USDA. 2020

Global Market Analysis.

Urbanczyk, J. 1997. An attempt to decrease pig carcass

fatness by nutritive factors. Krmiva.39: 311-325.

Van Wettere, W.H.E.J, Herde, P. and Hughes, P.E. 2012.

Supplementing sow gestation diets with betaine

during summer increases litter size of sows with greater

numbers of parities. Anim. Reprod. Sci. 132: 44-49.

Virtanen, E. and Rosi, L. 1995. Effects of betaine on

methionine requirement of broilers under various

environmental conditions. In Proceedings of the

Australian Poultry Science Symposium, 88-92. Sydney,

NSW, Australia: University of Sydney.

Virtanen, M., Bauer, E., Wamatu, J. and Mosenthin, R. 2005.

Potential nutritional and physiological functions of

betaine in livestock. Nutr. Res. Rev. 18: 31-48.

Waldroup, P.W. and Fritts, C. A. 2005. Evaluation of separate

and combined effects of choline and betaine in diets

for male broilers. Int. J. Poult. Sci. 4: 442-448.

Wang, Y.Z., Xu, Z. R. and Chen, M.L. 2000. Effect of betaine

on carcass fat metabolism of meat duck. Chinese J.

Vet. Sci. 20: 409-413.

Wang, Y.Z. and Xu, Z.R. 1999. Effect of feeding betaine on

weight gain and carcass trait of barrows and gilts and

approach to mechanism. J. Zhejiang Agric. Univ. 25:

281-285.

Wang, Y.Z., Xu, Z.R. and Feng, J. 2004. The effect of betaine

and DL-methionine on growth performance and



14

Mishra et al.

Indian J. Anim. Nutr. 2020. 38 (1): 1-14

carcass characteristics in meat ducks. Anim. Feed Sci.

Technol. 116: 151-159.

Wankar, A.K., Singh, G. B. and Yadav, B. 2017. Biochemical

profile and methane emission during controlled

thermal stress in buffaloes (Bubalus Bubalis).Buffalo

Bull. 36: 15-22.

Wankar, A.K., Singh, G.B. and Yadav, B. 2020. Physio-

metabolic responses in buffaloes exposed to sustained

thermal stress: acclimatization dynamics. J. Entomol

Zool. 8: 1557-1561.

Wenk, C., Kölliker, R. and Messikommer, R. 1993. Whole maize

plants in diets for growing pigs: effect of 3 different

enzymes on the feed utilization. Proceedings of the 1st

Symposium Enzymes in Animal Nutrition. (Ed. C. Wenk

and M. Boessinger). Zürich, Switzerland: 165-169.

Westberg, J.K. 1951. Betaine in the Nutrition of Chickens and

Turkeys. International Minerals and Chemical

Corporation, Chicago, Illinois.

Wray-Cahen, D., Fernández-Fýìgares, I., Virtanen, E., Steele,

N.C. and Caperna, T.J. 2004. Betaine improves growth,

but does not induce whole body or hepatic palmitate

oxidation in swine (Sus scrofa domestica). Comp.

Biochem. Physiolo Part A. Mol. Integr Physiol. 137:

131-140.

Wright, I.A., Tarawali, S., Blümmel, M., Gerard, B., Teufel, N.

and Herrero, M. 2012. Integrating crops and livestock

in subtropical agricultural systems. J. Sci. Food Agric.

92: 1010-1015.

Xu, Z. R. and Feng, J. 1998. Effect of betaine on carcass

characteristics and approach to mechanism of the

effect in finishing swine. Acta Veterinaria et

Zootechnica Sinica. 29: 397-405.

Xu, Z. R., Wang, M.Q. and Huai, M.Y. 1999a. Approach of the

mechanism of growth-promoting effect of betaine on

swine. Chinese J. Vet. Sci.19: 399-403.

Xu, Z. R. and Yu, D.Y. 2000. Effect of betaine on digestive

function of weaned piglets. Chinese J. Vet. Sci. 20:

201-204.

Xu, Z.R., Yu, D.Y., Wang, Y.Z. and Zhou, L.X.1999b. Effect of

betaine on growth and digestive function of weaning

piglets. Acta Agric. Zhejiangensis. 11: 4.

Yan, X.C. 2001. Effects of betaine on growth hormone

releasing factor (GRF) and approach to the

mechanism in the hypothalamus of finishing pig.

M. D. Dissertation. Zhejiang Univ. Hangzhou, China.

Yancey, P.H, Clar, M.E., Bowlus, R.D. and Somero, G.N. 1982.

Living with water stress: Evaluation of osmolyte

systems. Science. 217: 1214-1223.

Yu, D.Y., Feng, J. and Xu, Z.R. 2001. Effects of betaine on fat

and protein metabolism in different stages of swine.

Chinese J. Vet. Sci. 21: 200-203.

Yu, D.Y. and Xu, Z R. 2000. Effects of methyl-donor on the

performances and mechanisms of growth-promoting

hormone in piglets. Chinese J. Anim. Sci. 36: 8-10.

Zhan, X.A., Li, J.X, Xu Z.R. and Zhao, R.Q. 2006. Effects of

methionine and betaine supplementation on growth

performance, carcase composition and metabolism of

lipids in male broilers. Br. Poult. Sci. 47: 576-580.

Zou, X.T. 2001. Effects of betaine on endocrinology of laying

hens and its mechanism of action. Chinese J. Vet. Sci.

21: 300-303.

Zou, X.T. and Lu, J.J. 2002. Effects of betaine on the

regulation of the lipid metabolism in laying hen. Agric.

Sci. China. 1: 1043-1049.

Zou, X.T., Ma, Y.L. and Xu, Z. R. 1998. Effects of betaine and

thyroprotein on laying performance and approach to

mechanism of the effects in hens. Acta Agric.

Zhejiangensis. 10: 144-149.

Received on 19-06-2021 and accepted on 31-07-2021


