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REVIEW

Exploring the Potentials of Betaine Supplementation in

Poultry and Pig: A Review

Alok Mishra*a, Ashok K.Vermab, Asit Dasc, Putan Singhd, Preeti Bishte

and Alok K. Wankarf

Animal Nutrition Division, Indian Veterinary Research Institute, Izatnagar-243 122, Uttar Pradesh, India

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.

Key words: Betaine; Feed supplement; Stress reducer; Performance, Immune booster, Poultry, Pig

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,

*Corresponding author: E-mail: dr.mishra04@gmail.com; aSenior Research Fellow, GB Pant University of Agriculture and Technology,

Pantnagar-263 153, Uttarakhand, India; bAnimal Nutrition Division, Indian Veterinary Research Institute, Izatnagar-243 122, Uttar Pradesh,

India; cAnimal Nutrition Division, National Dairy Research Institute, Karnal-132 001, Haryana, India. dIndian Veterinary Research Institute,

Mukteswar Campus, Mukteswar-263138, Uttarakhand, India; PhD Scholar, Department of Veterinary Pharmacology & Toxicology, GB

Pant University of Agriculture and Technology, 263 153-Pantnagar, Uttarakhand, India; fDepartment of Veterinary Physiology, College of

Veterinary & Animal Sciences, Parbhani- 431 402, Maharashtra, India.
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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

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

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



5

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.
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ABSTRACT

The aim of the present experiment was to assess the potential of rice bran crude lecithin (RBCL) as an

alternative energy source in the diet of growing cattle. Two experiments were conducted: in the first experiment

total gas and methane production along with digestibility of dry and organic matter was measured in vitro; in

the second experiment, two different experimental levels of RBCL was tested on eighteen crossbred calves. Six

substrate comprising of either 0 (T
1
), 4 (T

2
), 8 (T

3
), 12 (T

4
), 16 (

5
) or 20 (T

6
) % RBCL, replacing equal amount

of maize grain of control were tested. Response criteria during in vitro evaluation was gas and methane

production, and digestibility of dry matter and organic matter. During the second experiment, eighteen

crossbred calves were randomly distributed into three groups of six each in an experiment based on completely

randomized design. Calves of control group (GI) were fed a standard diet of concentrate and wheat straw to

meet their nutrient requirements (ICAR, 2013). However, 8 and 12% of maize of the concentrate mixture of

control group was replaced with RBCL in groups GII and GIII, respectively. The net gas production and

methane production (ml/200 mg), in vitro true dry matter and organic matter digestibility (%) decreased (P<0.001),

while, efficiency of microbial biomass production (%) increased (P<0.001) with the increased level of RBCL.

During in vivo study digestible dry matter and organic matter intake (g/kgW0.75) was significantly (P<0.05)

lower in GIII as compared to GI. The intake of total digestible nutrients and digestible crude protein was

comparable (P>0.05) among the groups. Although body weight gain apparently seemed to decrease with

increased levels of RBCL values were comparable among the groups. Clinical chemistry profile was comparable

among the groups. It was concluded that RCBL can replace up to 12% of maize grain of the concentrate mixture

without any adverse impact on plane of nutrition, clinical chemistry and performance of crossbred calves.

Key words: Clinical chemistry, Cortisol, In vitro, Plane of nutrition, Rice bran crude lecithin

INTRODUCTION

Considering the deficit of concentrates, animal

nutritionists are continuously looking for alternate feed

sources that can supply critical nutrients. During

refining process of rice bran oil, gummy materials are

removed by degumming process, this mixture of gummy

byproducts is commonly known as rice bran crude

lecithin (RBCL). It amounts to roughly 1.5-2% of oil

(Jala and Prasad, 2015), making RBCL easily available

in good amounts. The active portion of rice bran lecithin

is a complex mixture of phosphatidylcholine (PC),

phosphatidylethanolamine (PE) and phosphatidylinositol

(PI) as major phospholipids, along with glycolipids,

triglycerides, free fatty acid, oryzanol, tocols, sterols and

waxes as minor components (Adhikari and Adhikari,

1986). Feeding of raw, standardized, liquid, non-fat and/

or modified lecithin did not have any adverse effect on

rumen fermentation (Jenkins et al., 1989). Sontakke et

al. (2014b) revealed that rice bran lyso-phospholipids

supplementation did not show any adverse impact on

the performance of the dairy cows. Recently, several

research workers have studied the effect of dietary

lysophospholipid (LPL) on performance of ruminants

including sheep (Huo et al, 2019), beef cattle (Song et

al., 2015) and dairy cows (Rico et al., 2017; Lee et al.,

2019), but the responses of LPL are inconsistent.

Therefore, the present study was conducted to

investigate the effect of replacement of maize grain of

concentrate mixture with graded levels of RBCL on in

vitro fermentation, in vivo assessment of plane of

nutrition, growth performance and clinical chemistry

profile in crossbred calves.

Indian J. Anim. Nutr. 2020. 38 (1): 15-22
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MATERIALS AND METHODS

Animal care procedures were approved (approval

number: 25/2/2020-CPCSEA-DADF, dated 13

April,2020) and conducted under the established

standard of the Institutional Animal Ethics Committee

(IAEC), constituted as per the article number 13 of the

Committee for the Purpose of Control and Supervision

of Experiments on Animals (CPCSEA) rules laid down

by the Government of India.

For in vitro study, six substrates (roughage:

concentrate, 50:50) comprising either 0 (T
1
), 4 (T

2
), 8

(T
3
), 12 (T

4
), 16 (T

5
) or 20 (T

6
) % RBCL (Table 1)

were formulated. In vitro gas production was measured

following the method of Menke and Steingass (1988).

The 200 mg substrate (100 mg wheat straw: 100

mg concentrates containing graded level of RBCL

replacing maize) was weighed in plastic boat and

transferred into the bottom of glass syringe. The in vitro

medium was prepared by mixing 500 ml of distilled

water, .125 ml of micro minerals solution, 250 ml rumen

buffer solution and 250 ml macro minerals solution, 1.25

ml resazurin solution, and 50 ml reducing solution

(prepared fresh and added just prior to adding rumen

liquor). The medium was pre-warmed to 39°C and

bubbled with CO
2
 just before inoculation of rumen

liquor. Rumen liquor was collected from fistulated adult

male cattle maintained on a roughage based diet before

morning feeding and watering into a pre-warmed

thermos flask and immediately brought to the

laboratory. Just after mixing the prepared medium and

rumen liquor, 30 ml of the incubation medium was

injected to the syringes. The syringes were shaken

gently and residual air or air bubbles were removed and

outlet was closed. Each substrate was incubated in

triplicate in three different run that generated nine

measurements per substrate sample. After 24 h of

incubation, the volume of gas production was recorded

and a suitable aliquot of gas was withdrawn from the tip

of the incubation syringes using gas tight syringe and

analysed for methane using Gas chromatograph (Nucon

5700, Nucon Engineers, New Delhi) equipped with flame

ionization detector and stainless steel column packed

with porapak-Q. In vitro true digestibility (IVDMD)

and in vitro true organic matter digestibility (IVOMD)

Table 1. Chemical composition of various concentrate mixtures and wheat straw used as substrtae

Attributes (%) Concentrate mixtures Wheat straw

T
1

T
2

T
3

T
4

T
5

T
6

Ingredients (%)

Maize 42 38 34 30 26 22

Soybean meal 25 25 25 25 25 25

Wheat bran 30 30 30 30 30 30

Mineral mixture 2 2 2 2 2 2

Salt 1 1 1 1 1 1

Rice bran crude 0 4 8 12 16 20

lecithin (RBCL)

Chemical composition (% dry matter)

Dry matter 87.34 87.80 88.24 88.86 89.38 89.95 90.07

Organic matter 93.64 93.65 93.57 93.10 93.35 93.11 92.03

Crude protein 20.39 20.24 20.13 19.94 19.80 19.48 3.71

Ether extract 2.97 5.56 7.84 10.51 13.36 16.25 1.33

Total ash 6.36 6.35 6.43 6.90 6.65 6.89 7.97

Neutral detergent fibre 15.91 15.66 15.26 14.92 14.00 14.50 71.48

Nitrogen free extract 53.76 52.19 50.34 47.73 46.19 42.88 15.51

Tewari et al.
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were estimated following the procedure of Blümmel and

Lebzein (2001).

For in vivo study, after acclimatization, eighteen

crossbred male calves (Bos taurus x Bos indicus), of

same age, were randomly divided into three groups (GI,

GII and GIII) of six animals each, following Completely

Randomized Design (CRD). Calves of the control group

(GI) were fed a standard diets of concentrates and wheat

straw to meet their nutrient requirements (ICAR, 2013).

However, 8 and 12% of maize of the concentrate

mixture of control group was replaced with RBCL in

groups GII and GIII, respectively. A growth cum

feeding trial was conducted for 120 days under similar

managemental conditions in the animal shed of

Animal Nutrition Division, ICAR-Indian Veterinary

Research Institute, Izatnagar. Prior to initiation of the

experimental trial, animals were treated for ecto- and

endo-parasites as per the standard protocol. About 1.50

kg of green fodder was given to all the experimental

calves to satisfy the part of their respective

requirements of vitamins. Fresh and clean drinking

water was made available ad libitum twice a day.

The calves were individually offered measured

quantity of concentrate and wheat straw in the morning

(9:30AM). Feed offered and refusal of ration from all

calves were weighed daily and sampled at weekly

intervals for subsequent analysis of dry matter (DM) to

assess the average daily dry matter intake (DMI)

during the experimental period. For growth study, the

weight of individual calve was recorded at fortnightly

intervals in the morning before feeding and watering for

four months in order to assess the changes in body weight

and average daily gain (ADG). The plane of nutrition

was calculated using data of a metabolism trial of 8

days duration including 2 days of adaptation in

metabolic cages followed by 6 days collection. Blood

samples were collected on start (0 d) and end (120 d) of

experiment by puncture of jugular vein. Out of 10 ml

of collected blood, 4 ml was dispensed into gel

containing serum vacutainers and allowed to clot at

room temperature for 45 min. The collected sera samples

were stored in deep freeze (-20oC) for further

serum-biochemical analysis. The concentration of

haemoglobin in freshly collected blood was estimated

as per Oser (1979) and haematocrit value was estimated

as per Jain (1986). Serum concentration of alanine amino

transferase (ALT) and aspartate transferase (AST)

were estimated by using commercial diagnostic kits

(Coral clinical system, India). Serum concentration of

cortisol and testosteron were estimated by using

commercial ELISA kits (LDN IMMUNOASSAY AND

SERVICES, Germany) as per manufacturer’s

recommendations. Cortisol and testosterone ELISA kit

were based on the principle of competitive binding. The

microtiter wells were coated with a monoclonal

antibody directed towards an antigenic site on the

cortisol or testosterone molecule. Endogenous cortisol

or testosterone of a sample compete with a cortisol or

testosterone -horseradish peroxidase conjugate for

binding to the coated antibody. After incubation, the

unbound conjugate is washed off. The amount of bound

peroxidase conjugate is inversely proportional to the

concentration of cortisol or testosterone in the sample.

After addition of the substrate solution, the intensity of

colour developed is inversely proportional to the

concentration of cortisol or testosterone in the sample.

Feed and faecal samples were analyzed for

proximate principles like DM, organic matter (OM),

crude protein (CP), ether extract (EE), crude fibre (CF)

and nitrogen free extract (NFE) using standard method

(AOAC, 2012). Feed and faecal samples were also

analyzed for neutral detergent fibre (NDF) content (Van

Soest et al, 1991). Data were analysed using General

linear model of ANOVA by using SPSS computer

package (SPSS version 20.0, SPSS Inc.). The means

were compared using Duncan’s multiple range test

(Snedecor and Cochran, 1994). Significant difference

among treatments was established at P<0.05.

RESULTS AND DISCUSSION

The results of in vitro gas production (IVGP) of

substrate containing different levels of RBCL are

presented in Table 2. Total gas production (TGP) and

methane production (ml/200 mg) decreased significantly

(P<0.001) with increasing level of RBCL. In vitro

digestibility of DM (IVDM) and organic matter (IVOM)

Rice bran crude lecithin in cattle ration
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were significantly (P<0.001) higher in groups T
1
, T

2
, T

3

and T
4
 as compared to T

5
 and T

6
 groups. Partition

factor (PF, mg/ml) and microbial biomass production

(MBP, mg) were comparable among all treatment

groups. The efficiency of microbial protein synthesis

(EMP, %) was significantly (P<0.001) higher in T
6
 group

followed by T
5
, T

4
, T

3
, T

2 
and T

1
, respectively.

Gas production in rumen depends upon the

microbial degradation of feedstuffs by solubilization and

fermentation process. Both processes depend upon the

chemical composition and structure of substrate. The

TGP, methane production, IVDMD and IVOMD were

not increased after RBCL inclusion in current study.

It may be attributed to the lower soluble carbohydrate

available to the microbes for fermentation as maize was

replaced by rice bran crude lecithin. Contrary to above

findings, Sontakke et al. (2014a) found that total gas

production, IVDMD and IVOMD increased upto 6%

Table 2. In vitro fermentation pattern on various substrates containing graded level of RBCL

Attributes Treatments* SEM P value

T
1

T
2

T
3

T
4

T
5

T
6

TGP (ml/200 mg) 19.13a 18.51ab 18.11abc 17.42bc 16.89d 16.98cd 0.19 0.002

CH
4 
production 4.04a 3.90a 3.81ab 3.60bc 3.46c 3.46c 0.05 0.000

(ml/200 mg)

IVDMD (%) 69.10a 68.97a 68.62a 67.51a 64.74b 64.83b 0.43 0.000

IVOMD (%) 67.10a 67.02a 66.83a 65.78a 62.94b 63.11b 0.44 0.002

Partition factor 6.31 6.58 6.68 6.91 6.82 6.67 0.09 0.568

(mg/ml)

MBP (mg) 72.44 73.42 74.14 74.56 74.03 74.78 0.49 0.841

EMP (%) 53.98c 54.79bc 55.47bc 56.68b 58.83a 59.22a 0.39 0.000

TGP, total gas production; IVDMD, in vitro dry matter digestibility; IVOMD, in vitro organic matter digestibility; MBP, microbial biomass

production; EMP, efficiency of microbial production; a,b,c,d Mean values within a row are significantly different (P<0.05)

Table 3. Effect of graded levels of rice bran crude lecithin on feed intake (kg dry matter), feed

conversion ratio and feed cost during 120 days of trial

Attributes Dietary treatments  SEM  P value

GI GII GIII

Voluntary Feed intake (kg)

Concentrate 302.18 307.46 308.25 3.90 0.556

Wheat straw 197.59a 181.68ab 131.56b 12.06 0.055

Green fodder 36.00 36.00 36.00 0.00 0.000

Total 535.76 525.14 475.81 15.11 0.237

Feed conversion ratio 5.43 5.73 5.44 0.20 0.916

Roughage: Concentrate 43:57 41:59 35:65 - -

Feed cost ( `̀̀̀̀)

Concentrate cost** 9655.71 9713.02 9737.90 141.16 0.937

Roughage cost 2517.24a 2411.21ab 2077.09b 80.42 0.055

Total feed cost 11872.95 11824.23 11514.99 201.08 0.746

Feed cost/kg gain 120.51 129.20 132.41 4.41 0.530

Calves of the control group (GI) were fed a standard diets of concentrates and wheat straw to meet their nutrient requirements (ICAR, 2013).

However, 8 and 12% of maize of the concentrate mixture of control group was replaced with RBCL in groups GII and GIII, respectively.

Tewari et al.
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level and then decreased while the PF and MBP did not

show any change, and methane production decreased

with increasing the level of rice bran lysophospholipid

inclusion. The total gas production improved with

increasing the level of lysophospholipids (Cho et al.,

2013). Paul (1994) recorded increase in gas production

at 4% level of pure phospholipids in an in vitro study.

The results clearly indicate that upto 12% level of

inclusion there was no significant decrease in in vitro

dry and organic matter digestibility. Thus, RBCL can be

incorporated upto 12 % in the ration. Added advantage

is that at that level there was also reduction in methane

production. Hence, for in vivo study, three levels of

RBCL i.e. 0, 8 and 12% was selected.

The data pertaining to voluntary feed intake, FCR

and feed cost are shown in Table 3. Dry matter intake

through concentrate was comparable among the groups

which indicate that RBCL is palatable. However, intake

of wheat straw decreased significantly (P<0.10) with

increasing level of RBCL. Total DMI (kg) and DMI/d

(g/d) was lower by 2% in group GII fed RBCL at 8%

and by 11% in GII fed RBCL at 12% compared to

control (GI) group. The FCR was comparable while

roughage concentrate ratio tended to be wider with

increased inclusion of RBCL. Total feed cost tended to

decrease, however feed cost/kg gain tended to increase

with increase in the inclusion level of RBCL. Data on

fortnightly BW gain and DM intake is presented in

Fig. 1. The BW gain was linearly increased with the

period, however comparable between all dietary groups.

The BW gain was lowest in GIII, highest in GI, while

intermediate in GII group. The final body weight of GI

group (control) was 3% higher than GII and 6% higher

than GIII group calves. The DM intake in group fed

12% RBCL was significantly lower than other two

groups.

The results of the present study are compatible

with the findings of various previous workers (Sontakke

et al., 2014b; Rico et al., 2017; Huo et al., 2019; Lee et

al., 2019), who observed no significant difference in

Table 4. Effect of various dietary levels of rice bran crude lecithin on nutritive value and plane of

nutrition

Attributes Dietary treatments  SEM  P value

GI GII GIII

Nutrient intake

Digestible dry matter

g/d 2767.32 2633.93 2363.34 99.36 0.187

g/kgW0.75 55.35a 53.56ab 49.78b 1.00 0.068

Digestible organic matter

g/d 2688.38 2533.55 2278.31 95.33 0.154

g/kgW0.75 53.77a 51.52a 48.00b 0.95 0.033

Digestible crude protein

g/d 443.09 447.63 433.67 8.56 0.806

g/kgW0.75 8.92 9.17 9.18 0.20 0.857

Total digestible nutrients

g/d 2776.30 2762.21 2570.84 81.29 0.601

g/kgW0.75 55.54 56.21 54.40 0.88 0.766

Nutrient density (%)

Digestible crude protein 10.23 10.63 11.40 0.27 0.217

Total digestible nutrients 63.49 65.08 67.95 1.03 0.198

Calves of the control group (C) were fed a standard diets of concentrates and wheat straw to meet their nutrient requirements (ICAR, 2013).

However, 8 and 12% of maize of the concentrate mixture of control group was replaced with RBCL in groups GII and GIII, respectively.

Rice bran crude lecithin in cattle ration
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dry matter and nutrient intake on supplementation of

lecithin in lactating cows. The lower fortnightly body

weight of calves fed 8 and 12% RBCL could be related

to the lower DM and nutrient intake along with

decrease rumen fermentation. Digestible DM and DOM

intake (g/kgW0.75) were significantly (P<0.05) lower in

group III as compared to GI, while group II was in

intermediate position. The TDN and DCP intake (g/

kgW0.75) were comparable among dietary groups. The

nutrient density in terms of DCP and TDN were 4 and

2 % higher in GII & 11 and 7 % higher in GIII group as

compared to control (Table. 4). The DCP and TDN

intake was comparable among dietary groups. In the

conformity, Sontakke et al. (2014b) reported no

difference in CP and TDN intake due to RBLPL

Fig. 1. Effect of graded levels of RBCL on fortnightly body weight gain dry matter intake in calves

supplementation.

The effect of dietary levels of RBCL on

hematology (Hb, haematocrit), liver profile (ALT, AST),

stress (cortisol) and reproductive performance

(testosterone) were assessed and presented in Table 5.

The Hb (g/dl) and haematocrit (%) values were

comparable irrespective of dietary treatments, however

values were significantly (P<0.05) higher on 120 d as

compared to 0 d. The mean values of serum enzymes

viz., AST and ALT in calves did not differ significantly

(P>0.05), while these values were significantly (P<0.05)

higher at 120 d as compared to 0 d. The treatment mean

of cortisol (ng/ml) was tended to decrease with the

increasing level of RBCL. The period mean of cortisol

(ng/ml) was lower numerically at 120 d in comparison

Table 5. Effect of various dietary levels of rice bran crude lecithin on blood profile

Index Treatment SEM Sampling time SEM P value

GI GII GIII 0 d 120 d P T P*T

Hb (mg/dl) 8.53 8.48 8.48 0.12 7.89b 9.12a 0.09 0.001 0.928 0.802

Haematocrit (%) 30.13 30.00 29.50 0.72 27.75b 32.00a 0.59 0.001 0.812 0.812

ALT (IU/L) 17.70 22.05 32.10 2.41 18.05b 23.85a 1.97 0.052 0.270 0.721

AST (IU/L) 70.71 69.99 71.17 4.71 65.01b 76.10a 3.84 0.056 0.928 0.986

Cortisol (ng/ml) 91.10 90.00 76.00 18.76 94.81 76.59 15.32 0.411 0.819 0.749

Testosterone (ng/ml) 2.84 2.67 2.81 0.16 2.82 2.73 0.13 0.620 0.701 0.480

Calves of the control group (C) were fed a standard diets of concentrates and wheat straw to meet their nutrient requirements (ICAR, 2013).

However, 8 and 12% of maize of the concentrate mixture of control group was replaced with RBCL in groups GII and GIII, respectively;
a,bMeans with different superscripts within a row differ significantly; X,YMeans with different superscripts within a column differ

significantly
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to 0 d. The serum testosterone (ng/ml) concentration

among groups was non-significant (P>0.05)

irrespective of period, treatment and period treatment

interaction.

The haematological profile (Hb and haematocrit)

is considered to be an indicator of normal health status

of the animals. The Hb (g/dl) and haematocrit (%)

values were within the normal physiological range

(Kaneko et al., 2008). RBCL supplementation showed

no adverse impact on haematological profile. ALT is

the enzyme normally found in hepatocytes only, whereas,

AST is present in hepatocytes, RBC and in cardiac and

skeletal muscle. These enzymes are considered as

biomarkers of hepatic affections (Evans, 2009) and their

activity is an indicator of damage to liver and muscle

(Casteel, 1999). The mean values were within the

suggested normal physiological range (Kaneko et al.,

2008). The results are in accordance with Huo et al.

(2019), who did not find significant change in ALT and

AST after phospholipid supplementation in lambs. The

normal range of ALT and AST indicates that rice bran

crude lecithin supplementation to calves had no harmful

effect on liver, heart, other soft organs and skeletal

muscles of the body. Cortisol mobilizes organism to fight

stress, by affecting functioning of many organs and

systems. It regulates nutrient partitioning through

increasing lipolysis in adipose tissue (Larsen, 2013). The

lower cortisol level in RBCL supplemented groups clearly

shows that RBCL is helpful to reduce the stress of the

body. Similar to the results of the present study, Ahmed

et al. (2018) found no significant difference in

plasma testosterone level after rumen protected fat

supplementation in rams. Steroid hormones such as

testosterone are biosynthesized from cholesterol and

most steroidogenic cholesterol come from circulating

lipoproteins (Miller, 2013) and feeding diet high in fat

may increase the concentration of serum cholesterol

and later increase serum steroid hormone.

CONCLUSION

It can be concluded that, RBCL can be

incorporated at 12% in the concentrate mixture of

crossbred calves replacing equal amount of maize grains

without any negative impact on plane of nutrition,

clinical chemistry and performance of crossbred calves.

Further studies in large number of livestock are

warranted to explore the potential of RBCL at

appropriate level in the ruminant ration.
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ABSTRACT

An experiment was conducted to ascertain the effect of active dry yeast (ADY) on the performances,

nutrients digestibility and rumen metabolite profile in Surti goat kids. Sixteen male castrated Surti goat kids of

average BW 7.53±0.08 (4-month-old) were randomly assigned to one of the two different groups with eight

animals each. ADY (Saccharomyces Cerevisiae CNCM I-1077) was supplemented in one experimental group at

the rate of 2 % of dry matter intake (DMI) (~ 10 g) for a period of 120 days including 6 days period of digestibility

trial. At the end of the experiment, rumen liquor was collected from all animals 4 hours post feeding to assess for

fermentation metabolites. There was a significant improvement (P<0.05) in final body weight, dry matter intake,

feed to body weight gain ratio and digestibility of nutrients except ether extract in ADY supplemented group as

compared to non-supplemented group. ADY supplementation significantly increased (P<0.05) the ruminal pH,

TVFA and TCA precipitated nitrogen with a decreased concentration of ammonia and lactic acid in the ruminal

fluid. It was concluded that supplementation of ADY (S. Cerevisiae CNCM I-1077) at 2% of DMI is beneficial

in terms of performances, nutrient digestibility and rumen fermentation characteristics in Surti goat kids.

Key words: Active dry yeast, Digestibility, Goat, Performance, Rumen metabolites

INTRODUCTION

Goat has been playing an important role in

livelihood of the rural people; providing income,

employment, nutrition, supporting crop production and

risk aversion in case of crop failure (Singh et al., 2018).

In India marginal and small farmers are the custodian

of more than 76 % of the total goats in the country

(GOI, 2018) with foraging as the major chunk of their

feed resources. Conversely, tropical forages have some

important limitation like higher amount of lignin, silica

and cutin resulting in lower fermentation of structural

carbohydrate that leads to their poor ruminal digestion

and prolonged retention time; affecting the intake by

the animals (Bello and Escboar, 1997). However,

Considerable scope exist for manipulation of ruminal

fermentation to improve the utilization of forages

particularly in tropical as well as developing countries to

maximize the productivity of goats by using available

feed resources (Das and Ghosh, 2001; Das and Ghosh,

2007). In recent years, use of probiotic has been used

to manipulate the rumen microbial ecosystem to

enhance the nutritive value and utilization efficiency of

low-quality roughages (Tang et al, 2008). Among the

different microbial feed additives, Saccharomyces

cerevisiae and Aspergillus oryzae are more effective

in rumen, whereas lactobacilli are effective during

pre-ruminant stage (Khuntia and Chaudhary 2002;

Singh et al., 2021). Yeast culture supplementation

in ruminant diets can increase dry matter intake,

production performance, cellulose degradation, and

nutrient digestibility (Lesmeister et al., 2004). However,

there are variable yeast products, active dry yeast, wet

yeast, cream and killed dry yeast (Vyas et al., 2014).

Active dry yeast (ADY) consists of pure dried yeast

cells with viability counts ranging from 15-25 billion live

yeasts cells or colony forming units (CFU) per gram

(Stone, 1998). The yeast cultures are complex fermented

products containing yeast and the metabolic products

produced by the yeast fermentation that provide

undefined fermentation factors which were recognized

Indian J. Anim. Nutr. 2021. 38 (1): 23-30
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to simulate bacteria in the digestive tract (Stone, 1998).

However, the responses of yeast supplementation were

variable possibly due to the strain of yeast and

differences in cell viability during production, storage,

and delivery of different yeast products (Sullivan and

Bradford, 2011; Vyas et al., 2014). Furthermore,

several studies have demonstrated that not all yeast

strains are equally capable of stimulating ruminal

bacteria, only 7 strains of over 50 strains tested had the

ability to stimulate the growth and multiplication of fiber

digesting bacteria in the rumen (Widmeier et al., 1987;

Dawson et al., 1990; Dawson et al., 1990; Kumar et.

al., 1997; Saha et al., 1999). Further it was apparent

that few strains of yeast have the ability to stimulate

both the beneficial bacteria and the bacteria associated

with lactate utilization (Newbold et al., 1996).

Convincingly, supplementation of yeast in diets of

ruminants had conflicting results (Wang et al., 2016)

which might be due to differences in diet composition,

forage to concentrate ratio, type of forage feed, yeast

dose, feeding strategy and more predominantly the

form and strain of yeast (Yalcin et al., 2011; Newbold

et al., 1996; Arcos-Garcia et al., 2000). Therefore,

the present study was undertaken to assess the effect

of live ADY (Saccharomyces cerevisiae CNCM

I-1077) supplementation on growth performance,

nutrient utilization and rumen metabolites profile in Surti

goat kids.

MATERIALS AND METHODS

The experiment was conducted at Livestock

Research Station, Navsari Agricultural University,

Navsari. Sixteen male castrated Surti goat kids of

average body weight (BW) of 7.53±0.08 kg (~ 4-month-

old) were selected for this experiment. The animals were

housed in individual pens (1m × 2 m). In the first day, all

kids were dewormed with albendazole (10 mg/kg BW).

The pens were cleaned and disinfected by normal

disinfectant before the onset of the experiment. The

animals were randomly assigned to one of the two

different groups, each with eight animals. ADY

consisted of pure dried yeast cells (S. Cerevisiae CNCM

I-1077) with viability counts ranging from 15-20 billion

live yeasts cells (CFU) per gram, was procured from

Lallemand Animal Nutrition, France. ADY

(S. Cerevisiae CNCM I-1077) was supplemented in

one of the experimental group at the rate of 2 % of

DMI (~10 g) and the second group without any

supplementation was control.

All the animals were offered concentrate

mixture with leguminous hay and green as the basal diet

to meet their nutrient requirements as per ICAR (2013).

The concentrate mixture consisted of maize (30%),

soybean meal (30%), wheat bran (37%), mineral

mixture (2%) and common salt (1%). Weighed amount

of concentrate mixture was provided to individual

animals at 9.30 AM daily. Leguminous hay and green

fodder were provided ad libitum after complete

consumption of concentrate mixture. The animals

had free access to clean drinking water. Standard

management practices were followed under uniform

conditions. The experimental feeding lasted for 120 days

including 6 days period of digestibility trial during 91-96

d. During this period animals were shifted to the

individual cages (1 m x 0.5m x 0.5m) having facilities of

individual feeding and faeces collection. Weighed amount

of feeds were offered and residues, if any, was

collected daily in the morning. The representative

samples of feeds offered and residues were collected,

sampled, and analyzed daily for their dry matter (DM)

content. The pooled and dried feed and residue samples

were stored in airtight containers for further chemical

analysis.

Total faeces voided by individual animals during

the preceding 24 hours period were collected into a

pre-weighed bucket, and weighed at a fixed time (9.00

AM) daily. The representative samples of faeces were

collected for further sampling after proper mixing.

Suitable aliquots of faeces were taken for DM

estimation. Dried faecal samples of the six days were

pooled and stored in LDPE bags for chemical analysis.

For estimation of nitrogen, suitable aliquots of faeces

were collected daily in glass bottles containing 20%

H
2
SO

4
. Pooled samples of 6 days collection were then

processed for further analysis. Feed, residues and
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faecal samples were analyzed for proximate principles

(AOAC, 2000) and fibre fractions (Van Soest et al.,

1991).

At the end of the experimental period, rumen

liquor was collected from all animals 4 hours post

feeding through the stomach tube and was assessed for

its metabolites viz. lactic acid, total volatile fatty acids

(TVFA) and their fractions and nitrogen fractions.

The pH of rumen liquor was recorded by immersing the

combined glass electrode of a digital pH meter into 50

ml of sample. The rumen liquor samples were analyzed

for ammonia nitrogen as per Weatherburn (1967). Total

nitrogen and tri-chloro acetate (TCA) precipitatable

nitrogen were estimated by micro- Kjeldahl method as

described by AOAC (2000). Non-protein nitrogen

(NPN) was calculated as the difference between total

nitrogen and TCA precipitatable nitrogen of rumen

liquor. Rumen liquor samples were prepared by adding

0.2 ml of 25% metaphosphoric acid per ml of rumen

liquor, allowing it to stand for 2 h followed by cryo-

centrifugation at 5000 rpm for 20 min. Supernatant was

used for estimation of volatile fatty acids (VFA).

Estimation of VFA was done using Nucon-5765 Gas

Chromatograph (AIMIL, New Delhi, India) equipped

with a double flame ionization detector as per method

described by Cottyn and Boucque (1968). Lactic acid

concentration in the rumen liquor was estimated as per

the method described by Barker and Summerson (1941).

Data were statistically analyzed by paired ‘t’ test with

SYSTAT 7.0 (1997) and significance was declared at

P<0.05.

RESULTS AND DISCUSSION

The chemical composition and fibre fractions of

concentrate, green maize and leguminous hay were within

the normal range (Table 1) with respect to different

nutrients and fibre fractions (Ranjhan 1991). A

significantly increased (P<0.05) final body weight and

average daily gain (ADG), average daily dry matter

intake (DMI) along with an improvement (P<0.05) in

feed conversion efficiency (FCE) were observed in

yeast supplemented group (Table. 2). Supplementation

of yeast to the animal feed improved it’s palatability as

the glutamic acid produced by the yeast cell improved

the taste of the feed (Agarwal, 2002). Another

plausible reason for higher DMI in the ADY

supplemented group may be the elevated ruminal pH

(Table 3) as low ruminal pH can negatively affect fiber

degradation and DMI (Chaucheyras-Durand et al.,

2008). In the present study, the increased DMI might

be responsible for an improvement in final body weight,

ADG and FCE in the yeast supplemented group.

Robinson and Erasmus (2009) reported that dietary

supplementation of yeast culture has a positive effect

on feed intake, which ultimately enhances the growth

performance of the animals. Several previous studies

reported an increase in dry matter (DM) intake and milk

production in dairy animals supplemented with active

dry yeast (EI-Ghani, 2004; Jouany, 2006; Stella et al.,

2007). Also, the improvement in performance indices

(ADG, final weight, DMI, FCE) were reported in beef

cattle or young ruminants by ADY supplementation

(Lesmeister et al., 2004; Galvao et al., 2005).

The data pertaining to the rumen metabolites

Table 1. Proximate analysis of the feed offered (% dry matter)

Particulars Concentrate Green fodder Dry fodder

Organic matter 94.2 89.85 86.78

Crude protein 17.84 7.14 7.58

Ether extract 2.92 3.32 1.67

Total carbohydrate 73.44 79.39 77.53

Neutral detergent fibre 23.24 49.13 54.88

Acid detergent fibre 14.85 31.46 37.56

Hemi cellulose 8.39 17.67 17.32.

Total ash 5.8 10.15 13.22

Effect of supplementation of active dry yeast in goats
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profile are presented in Table 3. Supplementation of

ADY had a significant effect (P<0.05). The increased

pH in ADY supplemented group might be due to the

decreased concentration of lactic acid (Table 3) because

of the low dissociative constant (pKa) of lactic acid (3.7)

as compared to the that of major VFAs (pKa is 4.8–4.9

for acetate, propionate and butyrate) which plays an

important role in upholding the ruminal pH

(Chaucheyras-Durand et al., 2008). A decreased

lactate concentration was reported in an in vitro

incubations of yeast with mixed ruminal micro-

organisms (Lynch and Martin, 2002; Lila et al., 2004),

which could be due to interactions between yeast cells

and lactate metabolising bacteria. Another in vitro study

showed that certain strain of S. Cerevisiae was able to

outnumber Streptococcus bovis, competing for the

utilization of sugars, which consequently limited the

amount of lactate produced by this bacterial species and

this effect was evident when yeast cells were alive, but

was lost when heat-inactivated cells were used

(Chaucheyras et al., 1996). Moreover, several studies

reported an enhanced growth and metabolism of

Table 2. Effect of active dried yeast (Saccharomyces cerevisiae CNCM I-1077) supplementation on

performances in Surti goat kids

Parameters Control Supplemented group P-value

Initial BW, kg 7.58±0.13 7.49±0.10 0.634

Final BW, kg 14.98±0.15 16.25±0.35 0.005

Gain in BW, kg 7.40±0.21 8.76±0.44 0.016

Average daily gain in BW, g 61.66±1.79 73.00±3.71 0.015

DMI (g/d/animal) 538.92±15.59 591.89±18.01 0.043

DMI % of BW 4.00±0.11 4.09±0.07 0.519

DMI % of BW0.75 7.67±0.21 7.98±0.16 0.264

Feed: gain in BW 8.74±0.13 8.17±0.21 0.039

BW, body weight; DMI, dry matter intake, Values in row are significant at P<0.05.

Table 3. Effect of active dried yeast (Saccharomyces cerevisiae CNCM I-1077) supplementation on

rumen metabolites profile in Surti goat kids

Parameters Control Supplemented group P-value

pH 6.56±0.02 6.66±0.03 0.011

NH3- nitrogen(mg/dl) 20.92±0.10 18.27±0.06 0.035

TCA-precipitated N (mg/dl) 93.38±1.58 98.12±1.52 0.048

NPN (mg/dl) 61.77±2.10 66.11±1.78 0.155

Total nitrogen (mg/dl) 155.15±2.84 164.24±1.98 0.029

Acetate (mmol/dl) 4.76±0.13 5.35±0.15 0.012

Propionate (mmol/dl) 1.91±0.11 2.28±0.13 0.031

Butyrate (mmol/dl) 1.20±0.05 1.19±0.03 0.931

TVFA (mmol/dl) 7.86±0.22 8.83±0.25 0.013

Lactic Acid (µmole/dl) 5.73±0.17 4.61±0.11 0.026

Acetate 60.65±0.55 60.62±0.88 0.982

Propionate 24.21±1.10 25.75±0.66 0.257

Butyrate 15.15±0.22 13.59±0.67 0.055

A/P ratio 2.55±0.15 2.36±0.07 0.299

NPN, non-protein nitrogen; TVFA, total volatile fatty acids; A/P ratio, acetate to propionate ratio; Values in row are significant at P<0.05.
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lactate utilizing bacteria like Megasphaera elsdenii or

Selenomonas ruminantium, in the presence of various

live yeasts (Nisbet and Martin, 1991; Chaucheyras et

al., 1996; Newbold et al., 1998). However, effects of

ADY on ruminal pH have been inconsistent amongst

studies probably due to differences in the basal diets

(Beauchemin et al., 2003) or to the strain of yeast

used (Chung et al., 2011). Supplementation of ADY

significantly (P<0.05) decreased the rumen ammonia

nitrogen with an increased TCA precipitated nitrogen

fraction in the rumen liquor. Supplementation of yeast

increased the total ruminal microbial population,

particularly the cellulolytic bacteria (Santra and Karim,

2003) that may explain the decreased ammonia and

increased microbial protein i.e TCA precipitated

nitrogen fraction in the rumen liquor. Mosoni et al.,

(2007) reported a two- to four folds increase in the

number of 16S rRNA gene copies of cellulolytic

bacteria i.e., Rminococcus albus and Rminococcus.

flavefaciens measured with real-time PCR in rumen

contents of sheep supplemented with ADY, and

ammonia is the most preferred source of nitrogen for

these rumen bacteria for their protein synthesis (Bryant

and Robinson, 1963). In agreement to our result several

earlier studies demonstrated a decreased ruminal

ammonia and higher microbial protein fraction due to

yeast supplementation (Harrison et al.,1988; Erasmus

et al., 1992; Dutta et al., 2001; Kamra et al., 2002).

Data pertaining to the digestibility of nutrients are

presented in Table 4. Live yeasts have influenced growth

and activity of fibre-degrading microorganisms in the

rumen (Chaucheyras-Durand et al., 2008) and

stimulated the germination of zoospores from a rumen

fungal strain of Neocallimastix frontalis (Chaucheyras

et al., 1995). In the present study, the quantification of

rumen microbes was not done but the ruminal condition

like less acidic pH, higher TCA precipitated nitrogen

and lower ruminal ammonia (Table 3) indicted the

possible increase ruminal microbial population as

evident from the more volatile fatty acid fraction in the

ruminal fluid. Further, decreased concentration of lactic

acid indicated that the lactate being metabolized to

propionic acid by the lactate utilizing bacteria (Prabhu

et al., 2012) which resulted in a significant increase in

propionic acid concentration in the ruminal fluid.

Several earlier studies demonstrated an increased

rumen VFA production in various ruminant model when

the basal diet was supplemented with either ADY or

yeast culture (EI-Ghani, 2004; Chaucheyras-Durand et

al., 2008; Kamal et al., 2013). The higher digestibility

of nutrient like protein and fibre fraction (neutral and

acid detergent fibre) in the present study (Table. 4) could

be attributed to the elevated ruminal pH (Table 3) that

plays an important role in regulating the population and

activity of fiber degrading communities (Russell and

Wilson, 1996; Chaucheyras-Durand et al., 2008).

Corroborating to our result, Williams et al. (1991)

reported that elevated ruminal pH increased the

population of fiber degrading bacteria following an

improvement in forage digestion in dairy animals.

Table 4. Effect of active dried yeast (Saccharomyces cerevisiae CNCM I-1077) supplementation on

nutrient digestibility in Surti goat kids

Parameters Control Supplemented group P-value

Dry matter 62.30±0.36 63.86±0.53 0.029

Organic matter 63.92±0.31 65.60±0.52 0.018

Crude protein 70.28±0.36 71.62±0.28 0.011

Ether extract 71.80±0.68 72.70±0.52 0.317

Total carbohydrate 61.76±0.48 63.60±0.47 0.016

Neutral detergent Fiber 49.08±0.39 50.96±0.73 0.046

Acid detergent Fiber 34.46±0.64 37.19±0.79 0.019

Hemi-cellulose 55.39±0.58 58.66±0.89 0.009

Values in row are significant at P<0.05.

Effect of supplementation of active dry yeast in goats
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CONCLUSIONS

It is concluded that supplementation of active dry

yeast (Saccharomyces cerevisiae CNCM I-1077) at

2% of DMI is beneficial in terms of gain in body weight,

feed conversion efficiency, nutrient digestibility and

improvement in rumen fermentation characteristics in

Surti goat kids.
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ABSTRACT

Concentrate mixtures formulated to contain graded levels (25, 50, 75 and 100%) of rice gluten meal (RGM)

and maize gluten meal (MGM), isonitrogenously replacing groundnut cake (GNC) were evaluated for chemical

composition, protein fractions, in vitro gas production and rumen fermentation characteristics. The

concentrate mixtures contained an average of 22.1% crude protein (CP). The range of values obtained for

various CNCPS protein fractions (% CP) was: 6.9-8.9, 12.7-24.1, 46.3-55.1, 15.3-17.6, 5.4-11.1 for A, B
1
, B

2
, B

3
 and

C, respectively across various treatments. Furthermore, rumen undegradable protein was maximum (P<0.01) at

100% MGM inclusion, whilst it was minimum (P<0.01) with GNC-based control. However, intestinal protein

digestibility did not differ across treatments. The gas volume (GV) was highest (P<0.01) in control and lowest

(P<0.01) in 100% MGM inclusion. Both in vitro dry matter and organic matter digestibility were greatest

(P<0.01) at 100% MGM and lowest (P<0.01) at 100% RGM level. Methane, expressed as ml/g was maximum

(P<0.01) in control and minimum (P<0.01) at 100% MGM inclusion. In addition, partitioning factor, microbial

biomass production (MBP) and MBP: GV were maximum (P<0.01) for 100% MGM and minimum (P<0.01) for the

control group. While pH of fermentation fluid did not vary, ammonia nitrogen and total volatile fatty acids were

found maximum (P<0.01) in control and minimum (P<0.01) at 100% MGM. Moreover, the molar percentage of

acetic acid was highest (P<0.01) at 100% MGM but lowest (P<0.01) with 100% RGM diet, whereas the opposite

results were true for propionate and butyric acid. These preliminary results suggested 50-75% substitution of

GNC by RGM and a similar level of MGM in the concentrate mixture for feeding ruminant animals.

Key words: Alternative feedstuffs, Digestibility, Gluten meals, Protein fractions, Rumen fermentation

INTRODUCTION

Incorporating sustainability strategies has become

a standard norm in the global agricultural systems

including dairying (Eisler et al., 2014). However,

factors such as fluctuating availability and price

volatility of commodity feed raw materials, among

others, pose a continuous threat for sustainable and

profitable dairy production in India. This has compelled

a strong research impetus to explore untapped

ingredients for use in ruminant diets.

Gluten meals are the by-products of the

wet-milling manufacture of starch from cereal grains.

When compared with maize gluten meal (MGM) that is

used traditionally as a high protein-energy ingredient and

as a source of high escape protein (Heuzé et al., 2018),

rice gluten meal (RGM) is relatively a new ingredient

with limited past research (Kumar et al., 2016; Mahesh

et al., 2017; Malik et al., 2017; Mahesh and Thakur,

2018). Considering its continuous availability, rich crude

protein (CP) content of >40% within a practically

feasible price, it becomes prudent to evaluate

concentrate mixtures incorporating various levels of

RGM. Hence, the objectives of the present experiment

were to evaluate concentrate mixtures with graded

inclusions of RGM and MGM substituting GNC

isonitrogenously on protein fractions, gas production and

associated parameters, digestibility as well as rumen

fermentation variables in vitro.

MATERIALS AND METHODS

Concentrate mixtures (n=9) were formulated to

contain RGM and MGM at levels of 25, 50, 75 and 100%

substitution of GNC (Control) isonitrogenously. The
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chemical composition like CP, ether extract (EE) and

ash were estimated as per AOAC (2005). Cell wall

constituents like neutral detergent fiber (NDF) and acid

detergent fiber (ADF) were determined by the

procedures delineated by Van Soest et al. (1991) with

heat-stable α-amylase (A-3306, Sigma-Aldrich, USA)

and expressed inclusive of residual ash. Acid detergent

lignin (ADL) was analysed upon solubilisation of

cellulose by 720 g/kg H
2
SO

4
 (Van Soest et al., 1991).

Hemicellulose and cellulose were calculated as

NDF–ADF, and ADF–ADL, respectively. Protein

fractions were calculated as per Cornell Net

Carbohydrate and Protein System (CNCPS) as detailed

by Sniffen et al.(1991), rumen undegradable protein

(RUP) by treating samples with Streptomyces griseus

protease (Krishnamoorthy et al., 1983) and the residue

was subjected to pepsin-pancreatin treatment to arrive

at intestinal protein digestion (IPD; Calsamiglia and Stern,

1995).

The different concentrate mixtures were analysed

for in vitro gas production using the Hohenheim gas

test (Menke and Steingass, 1988) with buffalo rumen

liquor and 200 mg of air-dried substrates. After 24 h,

blank-corrected gas volume (GV) was noted and the

contents of the syringes were quantitatively transferred

to 100 ml flasks and refluxed with neutral detergent

fibre for an hour to get in vitro dry matter and organic

matter digestibility (IVDMD and IVOMD; Goering and

Van Soest, 1970). Partitioning factor (PF) and microbial

biomass production (MBP) were estimated in

accordance with the equations proposed by Blümmel et

al. (1997), and the ratio of MBP to GV was calculated.

A separate incubation was carried out to estimate

methane (CH
4
) from gas sample drawn from the tip of

the syringe and analysed using a gas chromatograph

(Nucon 5700, India) fitted with stainless steel column

packed with Porapak-N and flame ionisation detector.

Syringe contents were centrifuged (Heraeus, Germany)

at 4500 rpm for 20 minutes. The supernatant was used

for recording pH using digital pH meter, and ammonia

nitrogen (NH
3
-N), total volatile fatty acids (TVFA) and

individual VFA (IVFA) were determined by the

procedures described previously (Mahesh and Mohini,

2015).

The data were presented as means with a pooled

standard error of means. Statistical analysis was

carried out using one-way analysis of variance using

the software package of SAS (2012). The difference

among means were considered significant at P≤0.05.

RESULTS AND DISCUSSION

The chemical composition of concentrate mixtures

revealed an average CP content of 22.1% (Table 1).

The range of values obtained for various CNCPS

protein fractions (% CP) was: 6.9-8.9, 12.7-24.1, 46.3-

55.1, 15.3-17.6, 5.4-11.1 for A, B
1
, B

2
, B

3
 and C,

respectively across various treatments. Furthermore,

rumen undegradable protein was maximum (P<0.01) at

100% MGM inclusion, whilst it was minimum (P<0.01)

with GNC-based control. However, intestinal protein

digestibility did not differ across treatments. The test

protein meals used in the study i.e., GNC, RGM and

MGM contained 43.1, 47.5 and 65.2% CP, respectively

(Mahesh et al., 2017). Variation in other parameters

like EE, NDF, ADF, carbohydrates as well as CNCPS

protein fractions, RUP and IPD across various

concentrate mixtures closely reflect the actual values

of three protein supplements (Mahesh and Thakur, 2018).

The GV was highest (P<0.01) in the control and

lowest (P<0.01) in 100% MGM inclusion (Table 2). Both

IVDMD and IVOMD were greatest (P<0.01) at 100%

MGM and lowest (P<0.01) at 100% RGM level. CH
4

expressed as ml/g was maximum (P<0.01) in control

and minimum (P<0.01) at 100% MGM inclusion. In

addition, PF, MBP and MBP:GV were maximum

(P<0.01) for 100% MGM and minimum (P<0.01) for

the control group (Table 2). The varied range of GV

obtained depicts the inherent difference in the rumen

fermentability of different substrates. The gas

production is the result of the fermentation of feed

components in the rumen (Menke and Steingass, 1988;

Pal et al., 2015). Previously, Kumar et al. (2016) noted

that RGM yielded ~5% less gas than GNC, and MGM

produced lower gas and CH
4
 when compared with

several conventional oilseed cakes/meals (Lamba et al.,

Mahesh et al.
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Table 1. Chemical composition (% DM) and protein fractions (% CP) of various concentrate mixtures

Components Control Level of RGM (%) Level of MGM (%) SEM

25 50 75 100 25 50 75 100

CP 22.0 22.0 22.0 22.1 22.3 22.0 22.2 22.2 22.1 -

EE 5.08 4.62 4.36 4.02 3.63 4.80 4.50 4.30 3.91 -

Ash 5.47 5.60 5.52 5.50 5.58 5.44 5.44 5.34 5.44 -

NDF 24.5 25.6 26.7 27.7 28.9 24.3 24.1 23.8 23.6 -

ADF 10.3 10.4 10.5 10.6 10.7 9.95 9.60 9.32 8.91 -

Hemicellulose 14.2 15.3 16.2 17.1 18.2 14.4 14.5 14.5 14.6 -

Cellulose 6.92 7.14 7.45 7.71 7.98 6.82 6.73 6.70 6.54 -

ADL 3.38 3.22 3.07 2.90 2.75 3.12 2.87 2.63 2.37 -

CHO 64.9 65.4 65.3 65.2 65.7 64.8 64.6 64.1 64.4 -

Protein fractions*

A 8.97 8.75 8.76 8.68 8.56 8.27 7.55 6.94 6.10 -

B
1

24.1 20.4 17.7 14.6 11.3 21.2 18.4 16.0 12.7 -

B
2

46.3 48.1 49.8 51.3 53.2 48.6 50.8 52.9 55.1 -

B
3

15.3 15.7 15.6 15.6 15.9 15.9 16.4 16.7 17.6 -

C or ADICP 5.36 7.00 8.22 9.90 11.1 6.10 6.90 7.51 8.50 -

RUP (% CP) 41.1e 44.8d 47.5c 50.6b 53.8a 44.4d 47.7c 50.7b 54.7a 0.49

IPD (% RUP) 85.8 85.3 85.0 84.7 84.3 85.5 85.4 84.6 84.1 0.53

Means bearing different superscripts in a row differ significantly (P<0.01); *Expressed as rounded percentage, hence cumulative fractions

may not add exactly to 100; CHO (%)=100–CP (%)–EE (%)–ash (%); RGM: rice gluten meal; MGM: maize gluten meal; DM: dry matter;

CP: crude protein; EE: ether extract; NDF: neutral detergent fibre; ADF: acid detergent fibre; ADL: acid detergent lignin; CHO: carbohydrates;

A: instantaneously degradable non-protein nitrogen compounds (ammonia, nitrates, amino acids and peptides); B
1
: rapidly degradable

globulin and few albumins; B
2
: intermediately degradable albumin and glutelin; B

3
: slowly degradable prolamin, extensin and denatured

proteins; C: undegradable and indigestible Maillard proteins as well as proteins bound with lignin and tannin; RUP: rumen undegradable

protein; IPD: intestinal protein digestibility

Table 2. In vitro gas production and associated parameters of various concentrate mixtures

Treatment GV
 
(ml/g) IVDMD (%)IVOMD (%) CH

4 
(ml/g) PF MBP(mg) MBP: GV

Control 246a 76.4ab 78.1ab 34.7a 3.17f 205e 0.83f

Level of RGM (%)

25 242a 75.29abc 77.08abc 34.18ab 3.19ef 205e 0.85ef

50 228bc 74.17bc 76.46bc 32.70bc 3.36d 232d 1.02d

75 224c 72.19cd 74.42cd 30.71d 3.32de 220de 0.98de

100 213d 70.83d 73.02d 29.71de 3.44cd 233d 1.10cd

Level of MGM (%)

25 234b 76.9ab 78.2ab 33.1ab 3.35d 235d 1.01d

50 222c 77.1ab 79.2ab 31.2cd 3.57c 272c 1.23c

75 211d 77.6a 79.5a 28.1ef 3.77b 301b 1.43b

100 202e 78.1a 80.7a 27.4f 3.99a 333a 1.65a

SEM 1.83 0.90 0.57 0.53 0.04 7.44 0.04

Means bearing different superscripts in a column differ significantly (P<0.01); RGM: rice gluten meal; MGM: maize gluten meal; GV: gas

produced at 24 h of incubation; IVDMD: in vitro dry matter digestibility; IVOMD: in vitro organic matter digestibility; CH
4
: methane; PF:

partitioning factor; MBP: microbial biomass production

2014; Prusty et al., 2017). A similar trend has been noted

in the present experiment. Furthermore, the higher PF,

MBP and the ratio of MBP to GV observed in MGM-

based concentrate mixtures is a direct consequence of

low GV coupled with a greater digestibility. In other

words, the test protein ingredients dictated the pattern

Evaluation of gluten meals in vitro
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of in vitro GV and associated parameters in the

concentrate mixtures. These results also deduce that

RGM-based concentrate mixtures performed in between

GNC- and MGM-based concentrate mixtures.

The pH of fermentation fluid did not vary;

however, NH
3
-N and TVFA were found maximum

(P<0.01) in control and minimum (P<0.01) at 100%

MGM. Moreover, the molar percentage of acetic acid

was highest (P<0.01) at 100% MGM but lowest (P<0.01)

with 100% RGM diet, whereas the opposite results were

true for propionate and butyric acid (Table 3). No

alteration in pH indicates absence of any deleterious

effect on rumen fermentation. The protein degradability

in rumen has been known to positively correlate with

NH
3
-N (Pal et al., 2015) as well as GV, and IVOMD

with TVFA (Getachew et al., 2004, Mahesh and Mohini,

2015; Pal et al., 2015) which justifies the pattern

observed in the present study.

CONCLUSIONS

Based on the results of this in vitro study,

50-75% substitution level of GNC by RGM and a

similar level of MGM can be recommended in the

concentrate mixture for feeding ruminant animals.
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ABSTRACT

The present experiment was conducted to study the effect of feeding maize silage based ration on milk

yield and composition in lactating Barbari goats under intensive system. Twelve Barbari goats (age 2-3 years

with avg. body weight of 35.58 kg) at mid lactating stage were divided into two groups (CON and SIL) of six

each. Goats were randomly divided on the basis of body weight and milk yield. Goats of CON group were fed

with 600 g concentrate pellets and 500 g greens/head/day and ad libitum gram straw, while goats of SIL group

were fed with 600 g concentrate pellets and ad libitum maize silage. Does were kept under stall fed system with

uniform management conditions by housing them in well ventilated sheds. The duration of experimental

feeding was 37 days. Body weight changes, milk production and milk composition were recorded during

experimental feeding. There was no statistically (P<0.05) significant change in the initial and final body weight

of the goats of either group. Average daily dry matter intake (% body weight) was significantly (P<0.05) higher

in CON (5.47) as compared to SIL (3.88) group. There was also no significant (P<0.05) difference in daily milk

production between CON and SIL group of goats. Different milk constituents (%) like total solids, moisture,

solid not fat (SNF), pH, ash and protein content of the milk were statistically (P>0.05) similar between CON and

SIL group of goats. Present study concluded that lactating goats can be fed with silage based ration without

any adverse effect on milk yield and composition.

Key words: Maize silage, Feed intake, Lactating goats, Milk production, Milk composition

INTRODUCTION

Commercial goat production is coming up in

urban and peri-urban area of India to meet the demand

of milk and meat in urban market at better price. In

recent times, the demand for goat milk has increased

due to its nutraceutical properties (Kumar et al., 2016).

Hence, dairy goat farming in peri-urban areas could be

an economically viable entrepreneurial proposition.

In contrast to the traditional pastoral system of goat

rearing, in peri-urban areas, goats are generally

reared in intensive system and are fed in stalls with

concentrates, crop residues and green fodder. All these

feed resources are generally procured from nearly

localities or from feed manufactures. Though highly

labour and capital-intensive system (Sahoo et al., 2015),

this system of goat rearing is coming up in peri-urban

areas driven by better market access to cater the

growing demand for meat and milk. Feeding system

based on complete pellet feed is quite helpful in these

farms as no community grazing land is available in these

areas. Complete pellet feed is a technology that pro-

vides synchronized supply of nutrient in the rumen of

ruminant animals with higher nutrient use efficiency for

production functions. Feeding of pellet disallow the

selective ingestion habits of the goat, providing the ease

in using unconventional feeds, fortifying several limiting

dietary components that facilitates balanced nutrient

delivery for fermentation. This complete feed will

provide all the nutrients required by the goats to meet

their physiological and production demand. Whilst

complete pellet feed technology can provide good

portion of the ration, a goat farm will still need a

sustained supply of quality green fodder round the

year. Unfortunately, supply of green fodder is inadequate

and erratic. Under this circumstance, feeding of goats

with available concentrates and silage would be a

practical approach. Goats are highly selective in their

food choice (Goetsch et al., 2010). Silage feeding in

goats is not quite as widespread as in dairy cattle. In

all continents, both for lactating and dry goats, the
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roughage mainly comprise of grasses, fresh or as hay

(> 80 per cent), the rest being crop residues. (FAO and

IDF, 2014). Majority of work related with silage

feeding is in large ruminants like cattle and buffalo

(Hayashi et al., 2009; Khan et al., 2015). There are

some reports on feeding of silage in lactating goats

(Abedo et al., 2013; Canizares et al., 2011) with

variable response on milk production and composition.

Keeping these facts in view the present experiment was

conducted to evaluate the lactation performance of

Barbari goats on silage based feeding system.

MATERIALS AND METHODS

This experiment was conducted at Animal

Experimental unit, Animal Nutrition and Product

Technology Division, ICAR-Central Institute for

Research on Goats, Makhdoom, Farah, Mathura, India.

It is located at 27o 10’N latitude and 75o 28’E longitude

at169 m above sea level. The feeding trial was

conducted from 27 Dec 2020 to 01 Feb 2021 (37 days).

Maize (Zea mays) was grown in the Agriculture

farm of CIRG, Makhdoom. The variety of maize was

QPM Shaktiman 5. The maize was harvested at mid

flowering stage having 20-30 % of maize grain. The

harvested maize was cut into small pieces with the chaff

cutter. This chaffed maize was tightly packed in double

layered plastic silage bags and kept for anaerobic

fermentation for 60 days. After 60-75 days of

anaerobic fermentation the bags were opened one by

one and goats were fed with these silage.

Feeding cum lactation trial was conducted on

twelve mid-lactating Barbari goats (age 2-3 years with

average body weight (BW) of 35.58 kg). They were

divided into two groups (CON and SIL) of six each.

Goats were randomly divided on the basis of body weight

and milk yield. Goats of CON group were fed with 600

g concentrate pellets and 500 g barley green/head/day

and ad libitum gram straw while goats of SIL group

were fed with 600 g concentrate pellets and ad libitum

maize silage. Feeding was done to meet the nutrient

requirement as per NRC (1981). Composition (on dry

matter (DM) basis) of concentrate pellet was maize

grain, 20%; barley grain, 20%; groundnut cake, 6%;

soybean meal, 5%; mustard cake, 5%; guar korma, 5%;

wheat bran, 15%; de-oiled rice bran, 14%; molasses,

7%; mineral mixture, 2% and Salt, 1%.Does were kept

under stall fed system with uniform management

conditions by housing them in well ventilated sheds.

The duration of experimental feeding was 37 days (27

Dec 2020 to 01 Feb 2021). Weighed quantities of

concentrate pellet were offered to both the group of

goats at 08:00AM daily. After complete consumption of

pellet roughage portion of ration was offered to the goats.

Ad libitum water was provided and was changed twice

daily throughout the experimental period. Silage offered

and residues were sampled weekly for subsequent

analysis of DM to determine DM intake. Body weight

was recorded fortnightly by weighing each animal with

the help of digital balance. Milk yield of each of the

goats was recorded at weekly interval during

experimental feeding by individual milking. Goats were

milked twice daily at 6 AM and 3 PM. Milk was weighed

using electronic balance to estimate amount of milk

produced. Representative milk samples collected after

one month of experimental feeding were stored at -20°C

for analysis of different milk constituents.

Nutrient composition of concentrate, gram straw

and silage were analysed using the protocol described

by AOAC (1995).Neutral detergent fiber (NDF), and

acid detergent fiber (ADF) were determined as per the

method of Van Soest et al (1991).Immediately after

opening of silage bags, pH of silage was recorded with

the help of digital pH meter. Dry matter of silage was

estimated by toluene distillation method. Milk samples

were analysed for different milk constituents like fat,

solid not fat (SNF), protein and lactose using automatic

milk scanner.

The data collected during the study were

analyzed by using independent sample t-test as per

Snedecor and Cochran (1989) using statistical software

package (SPSS). Individual animals were considered

as experimental units. Significance was declared at

P<0.05.

RESULTS AND DISCUSSION

Data pertaining to chemical composition of

concentrate pellet, gram straw and maize silage used

for experimental feeding of lactating goats is presented

Silage feeding in lactating goats
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in table 1.The average pH of maize silage was 3.68

±0.010 which indicate that quality of silage was good

and fermentation was proper. The dry matter content

of maize silage was 21.35% while crude protein (CP)

content was 7.84% on DM basis.

Data on body weight changes and feed intake

of goats are presented in Table 2. There was no

statistically (P<0.05) significant change in the initial and

final body weight of goats of either of the group. Data

indicate that nutrient intake was sufficient to maintain

the body weight and milk production in both the group

of goats. Roughage intake (g/day) was significantly

(P<0.05) higher in CON as compared to SIL group,

indicating that gram straw was more palatable as

compared to maize silage. Average daily DM intake

(DMI) as proportionate to body weight was also

significantly (P<0.05) higher in CON (5.47 %BW) as

compared to SIL (3.88 %BW) group.

However, there was no significant (P<0.05)

difference in daily milk production between CON and

SIL group of goats. Maize silage is a well digestible and

high energy value feed especially for dairy animals.

Starch, in the kernels, optimizes the growth of rumen

microbial population and influences the rate of

microbial protein synthesis, nitrogen utilization and

production of volatile fatty acids (Jalèet al., 2009).

Adogla-Bessa and Aganga (2000) found that supplying

the right amount of corn silage, improved production

and reproduction of livestock. Corn silage can be an

economic source of nutrients for domestic animals

(Oelker et al., 2009). Different milk constituents viz.

total solids, solid not fat (SNFs), pH, ash and protein

content of the milk was statistically (P>0.05) similar in

CON and SIL group of goats (table 3).

Milk fat (%) was slightly more in goats fed with

maize silage based ration. The mineral content of milk

(sodium, potassium, calcium and phosphorus) was also

statistically similar in CON and SIL group of goats.

Abedo et al. (2013) studied the effect of feeding

microbe inoculated corn silage on feed consumption, milk

production and composition in dairy Zaraibi goats. They

reported that average feed consumption of silage and

total dry matter intake were increased for does fed with

microbial inoculated silage Feeding microbial inoculated

corn silage increased milk production, milk contents of

protein and lactose, and increased haemoglobin, serum

glucose, total protein, albumin and globulin.

Advantageous change in the milk composition is good

Table 1. Chemical composition of feed used in experimental feeding (on DM basis)

Attributes (%) Gram straw Maize silage Concentrate pellet Barley green

Organic matter 91.75 91.18 93.49 87.41

Crude protein 6.11 7.84 18.18 6.74

Total ash 8.24 8.82 6.51 12.58

Ether extract 0.42 1.40 3.17 2.41

Neutral detergent fibre 63.24 66.23 23.81 62.91

Acid detergent fibre 49.44 40.76 12.70 40.02

Table 2. Body weight (kg) and feed intake in different group of lactating goats

Attributes CON SIL

Initial body weight (kg) 28.55±2.46 27.20±2.28

Final body weight (kg) 28.72±2.49 26.37±2.09

Intake

Roughage intake (g/day)* 1012.12±37.17 463.53±23.17

Average daily dry matter intake (g/day)* 1552.62±26.93 1000.59±39.87

Average daily dry matter intake (% BW)* 5.47±0.11 3.88±0.19
*Differ significantly at 5% significance level

Kumar et al.
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as changes in milk composition will be reflected on the

nutritional, technological and economic values of goat’s

milk as well as of other dairy products (Huhtanen et al.,

2003). However, in present study no change in the milk

composition is reported on introduction of silage in the

ration of lactating goats. The difference in response could

be due to the fact that we did not use any microbe

inoculated silage. The beneficial effect that was observed

in previous studies could be due to positive influence of

the microbe-based silage additive.

CONCLUSION

Present study concluded that lactating goats can

be reared on silage based feeding without any adverse

effect on milk production and composition. This study

broadens the feed resource for goats mainly under the

stall feed condition and farmers can use silage in the

feeding of lactating goats.
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ABSTRACT

A study of 3 months duration was conducted in coastal belt of Odisha to assess the effect of

supplemental mineral mixture on productive performance of lactating crossbred cows. Twenty crossbred cows

were divided into two groups (T
1 
and T

2
) consisting of ten animals each. Animals in group T

1
(control) were fed

on homemade concentrate mixture in fodder based diet consisting of concentrate and roughage (40:60), whereas

the animals in group T
2
 were additionally supplemented with mineral mixture at 2% of concentrate mixture.

Average daily dry matter intake (DMI), milk yield, milk composition were recorded at fortnight intervals during

the trial. A digestibility trial of six days duration was conducted at the end of experimental feeding. DMI was

not influenced by mineral mixture supplementation. Apparent digestibility of crude protein and ether extract

were higher (P<0.05) in mineral mixture supplemented group than control group. Supplementation of mineral

mixture improved the serum mineral level and improved milk yield by 18%. It was concluded that dietary

supplementation of mineral mixture improved nutrient utilization, mineral bioavailability and milk production

performance in dairy cows fed fodder based diet and enhanced income of farm families by 30%.

Key words: Cow, Feed intake, Mineral mixture, Milk yield, Milk composition, Serum metabolite

INTRODUCTION

Farm women in peri-urban dairy farming usually

feed homemade concentrate and rarely practice

mineral mixture supplementation of concentrates. Role

of feeding balanced ration with mineral mixture in

lactating cows is of paramount importance in improving

productive performance. Minerals play crucial roles in

metabolism, lactation, reproduction and microbial

fermentation in rumen. Mineral deficiency and

metabolic diseases in dairy animals were reported due

to lower content and lower bioavailability of some

essential macro- and micro-mineral in different

feedstuff. More than 90 percent of mineral deficiencies

exist at sub-clinical level in livestock (Underwood and

Suttle, 1999). Supplementation of area specific mineral

mixture to dairy animals are not practiced in most part

of the country. National survey work conducted by

NDDB indicated that Zn, Cu, S, Mn, and Co were

deficient in the ration of dairy animals (Bhanderi et al.,

2006). Forages usually supplied to animals for meeting

their mineral requirements may not be sufficient for

optimum productive performance. The feeds and

fodder in coastal area were deficient in Zn and Cu, but

rich in Fe, Mn and Co (Gouda et al., 2017). Dietary

deficiencies result in failure of the mineral homeostasis

mechanism affecting the productive potential of the

animals. Supplementation of mineral mixture under such

circumstances is likely to improve metabolism and

productive performance of animals. The response of

mineral supplementation varies with production status,

type of feedstuff and its mineral content, requirement

of minerals for animals etc. (Underwood, 1999) and a

blanket recommendation may not be the most viable

option. Therefore, the study was designed to assess the

effect of supplemental mineral mixture on nutrient

utilization, mineral bioavailability, milk production

performance and profitability of peri urban dairy

farming.

MATERIALS AND METHODS

The present study was conducted at established

dairy farm in Jagannath Vihar, nearby ICAR-CIWA,

Bhubaneswar. Twenty milch crossbred cows with

average lactation yield of 2300 litres (milk yield, 7.5±0.25

kg; 65±0.75 days post calving), were selected from the

Indian J. Anim. Nutr. 2021. 38 (1): 41-47



42

local dairy farms, were randomly divided into 2 groups

(T
1,
 control and T

2, 
treatment) of 10 based upon body

weight, parity, days in milk and milk yield. Animals were

kept under uniform managemental conditions by

housing them in well ventilated pucca shed with

facilities for individual feeding. Feeding trial of three

months was carried out. Animals in group T
1
 were fed

homemade concentrate mixture (rice bran 47, de-oiled

soybean cake 15, mustard oil cake 5, maize 25, pulse

chuni 7, and salt 1 part). Concentrate mixture of the

cows of group T
2 
were additionally supplemented with

a commercial grade mineral mixture at 2% to meet the

nutrient requirement (ICAR, 2013). The concentrate and

roughage ratio were maintained at about 40:60 level.

The concentrate mixture was fed twice in the morning

and evening, whereas hybrid Napier was offered to the

animals, preferably after the feeding of concentrate

mixture. Fresh water was offered ad libitum twice daily.

Each cow was milked twice daily at 6.30AM and

5.00 PM. Milk samples were collected and subjected to

analysis of fat, solid not fat (SNF), protein, and total

solids content. Milk constituents were analyzed using

milk analyzer. FCM was calculated as per formula

(4%FCM=0.4M+0.15XFXM) of Tyrell and Reid (1965).

After 90 days of feeding, a digestibility trial of six

days duration was conducted preceded by a three day

adaptation period of cows. During the collection period,

the representative samples of feed offered, orts, and

faeces were collected daily. Total daily faecal output

was recorded and sub-samples (20%) were collected

and dried at 80±2°C for 48 h in a hot air oven, pooled

for each animal, ground and stored for chemical

analysis. Representative samples of faecal collection of

individual animals were pooled for six days and

preserved in diluted (1:4) sulfuric acid for nitrogen and

mineral estimation. Blood samples were collected by

puncturing the jugular vein with the help of a clean,

sterilized needle into test tubes containing sodium EDTA

in the morning before feeding on days 0 and 90 of

feeding trial, serum was harvested by slanting and

centrifugation, and stored at -20°C for further analysis.

Representative samples of feed offered, residues

and faeces collected during the digestion trial were

grinded, passed through a 1 mm sieve and analyzed for

proximate principles (AOAC, 2000) and fibre

components (Van Soest et al., 1991) following standard

methods. Calcium (Ca) and inorganic phosphorus (P) in

feed, faeces, and serum were also estimated (AOAC,

2000). Trace elements (Zn, Cu, Fe, and Mn) were

estimated sing atomic absorption spectrophotometer

(AAS; Model 4141, Electronic Corporation of India

Limited, Hyderabad, and India). For this, samples were

processed following wet digestion method in triple acid

mixture, i.e., perchloric acid, sulfuric acid, and nitric acid

(1: 2: 4). Serum concentration of glucose, protein,

albumin, globulin, cholesterol, alkaline phosphatase

(ALP), alanine transaminase (ALT) and aspartate

transaminase (AST) were analyzed using diagnostic kits

(Span Diagnostic Limited, Surat, India). Data

generated were statistically analyzed using SPSS 17.0

package. For comparison of groups, Generalized

Linear Model ANOVA procedure and Duncan’s

multiple range tests were used with a test of

significance at P<0.05.

RESULTS AND DISCUSSION

The chemical composition, fibre fraction, and

mineral profile of concentrate mixture and green fodder

offered to dairy cows were found to be within the

normal range (ICAR, 2013). Organic matter content of

concentrate mixture of group T
2 
was lower than that of

group T
1
. This was expected and according to

experimental protocol as mineral mixture was

incorporated at 2% of concentrate mixture in group T
2

(Table 1). Feed intake was similar in both the

treatments (Table 2). However, apparent digestibility of

crude protein and ether extract was found to be higher

(P<0.05) in mineral supplemented group of animals.

Although the digestibility coefficient of DM, total

carbohydrate and neutral detergent fibre were higher in

mineral supplemented group of animals, the values were

statistically non-significant. Minerals like Cu, Zn and

Fe are having a direct role on energy and protein

metabolism as activator of many digestive enzymes like

carboxylase, peptidase, dehydrogenase, transferase and

arginase (Prasad et al., 2005).

Supplementation of mineral mixture improved

Sahoo et al.
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(P<0.05) serum levels of Ca, P, Cu, Zn, Fe and Mn

in dairy cows (Table 3). Similar to our findings, Samanta

et al. (2005) found significantly higher serum

phosphorus level in mineral supplemented group than

non-supplemented cows. Satapathy et al. (2016)

reported significantly higher serum Ca, P, Zn, Cu and

Mn levels in mineral supplemented crossbred cows. In

consistent with the present findings, the serum levels of

Ca, Cu and Mn was found to increase (P<0.05) due to

dietary supplementation of mineral mixture in dairy cows

(Gouda et al., 2017).

Increased (P<0.05) mineral level with the advance

in experimental feeding showed that lactating cows

were earlier deficient in minerals, and mineral mixture

supplementation overcome the deficiency (Garg et al.,

2008; Minz et al., 2013; Raju et al., 2015). In the present

study, the serum concentration of Ca and P at 0 days

was found to be lower than critical level. This signifies

that control diet was deficient in these elements and

supplementation of mineral mixture was able to

overcome the deficit. Our finding corroborates well with

previous reports (Tiwari et al., 2012; Panda et al., 2015).

Table 1. Chemical composition (% DM basis) of feed and fodder

Nutrients Concentrate(CM-I) Concentrate(CM-II) Hybrid Napier

Organic matter 91.65 90.35 91.25

Crude protein 17.75 17.05 7.74

Ether extract 3.15 3.21 3.05

Total carbohydrates 70.75 70.09 80.46

Neutral detergent fibre 48.51 48.25 72.15

Acid detergent fibre 13.15 12.37 48.72

Calcium (%) 1.55 2.27 0.65

Phosphorus (%) 0.65 1.05 0.39

Zinc (ppm) 85 150 39

Copper (ppm) 18 41 11

Iron (ppm) 140 205 225

Manganese (ppm) 77 110 46

CM-I, Concentrate mixture without added mineral mixture; CM-II, concentrate mixture supplemented with mineral mixture @2%

Table 2. Nutrient utilization in lactating cows fed mineral mixture supplemented diet

Attributes T
1

T
2

SEM P value

Dry matter intake (kg/day)

Concentrate 4.55 4.61 0.55 1.05

Roughage 6.82 6.97 0.75 0.65

Total DM intake 11.37 11.58 0.68 0.78

Apparent digestibility (%)

Dry matter 60.44 62.62 1.81 0.79

Organic matter 62.10 61.05 1.79 0.72

Ether extract* 62.30a 64.23b 1.26 0.05

Crude protein* 59.91a 62.64b 0.58 0.04

Total carbohydrate 56.89 59.52 1.93 0.71

Neutral detergent fibre 60.04 62.31 1.75 0.50

Acid detergent fibre 55.03 56.34 1.62 0.45
*a,bMean bearing different superscripts in a row differ significantly (P<0.05)

Mineral mixture supplementation in lactating cows
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In consistent with the present findings, the serum level

of Ca, Cu and Mn was reported to be increased

from below critical level to normal level by dietary

supplementation of mineral mixture in dairy cows

(Samanta et al., 2005; Hackbart et al., 2010; Sharma

et al., 2009; Agrawalla et al., 2017).

Among the different serum biochemical

parameters, glucose concentration varied significantly

(P<0.05) between control and treatment groups at 90

days of the experiment (Table 4). Satapathy et al. (2016)

reported that serum glucose concentration increased

(P<0.05) after the mineral mixture supplementation

(44.55±2.43 vs. 54.85±2.06 mg/dl). The higher blood

glucose concentration in treatment groups might be due

Table 3. Effect of mineral mixture on serum mineral level in lactating cows

Treatment Days post experiment Mean ±SEM P value

0 90 T P

Calcium (mg/dl)

T
1

8.11 8.17 8.14a±0.15 0.05 0.04

T
2

8.03A 8.90B 8.47b±0.33

Phosphorus (mg/dl)

T
1

4.33 4.39 4.37a±0.27 0.05 0.04

T
2

4.25A 4.98B 4.62b±0.17

Zinc (ppm)

T
1

0.87 0.89 0.88a±0.40 0.03 0.03

T
2

0.85A 1.55B 1.20b±0.77

Copper (ppm)

T
1

0.83 0.91 0.87a±0.31 0.03 0.03

T
2

0.81A 1.42B 1.11b±0.37

Iron (ppm)

T
1

10.75 11.01 10.88a±3.29 0.03 0.05

T
2

10.64A 11.75B 11.19b±2.58

Manganese (ppm)

T
1

2.05 2.11 2.08a±0.13 0.04 0.05

T
2

2.11A 2.63B 2.37b±0.31
*A,B Mean bearing different superscripts in a row, and a, b Mean bearing different superscripts in a column differ significantly (P<0.05)

Table 4. Effect of mineral mixture on blood metabolites in lactating cows

Attributes T
1

T
2

SEM P value

Glucose* 42.14 46.86 0.84 0.04

Total protein 6.87 7.16 0.16 0.42

Albumin 3.26 3.28 0.06 0.88

Globulin 3.61 3.88 0.19 0.51

Cholesterol 218 225 10.32 0.65

HDL cholesterol 117 129 2.69 0.094

Alkaline phosphatase 133 142 3.12 0.18

Alanine transaminase 68 89 7.26 0.18

Aspartate transaminase 134 157 9.33 0.26
a, b Means with different superscripts in a row differ significantly (P<0.05).

Sahoo et al.
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to altered molar proportion of VFA in the rumen with an

increase in propionate concentration resulting in

increased glucose level in the plasma due to mineral

supplementation (Aliarabi and Chhabra, 2006; Mushtaq

et al., 2017). The post-partum plasma glucose level was

increased by supplying 50 g of mineral mixture and 1500

IU of vitamin E which might be due to effect of

minerals either as the cofactors and/or activators of many

enzymatic systems associated with the metabolism of

nutrients. Zn is known to alter molar proportion of VFA

in the rumen with an increase in propionate (Arelovich

et al., 2000; Aliarabi and Chhabra, 2006; Khan et al.,

2015). Serum concentrations of protein, albumin,

globulin and activity of serum enzymes (ALP, ALT and

AST) were similar between the groups. Our results

corroborate well with that of a previous report which

indicate no influence of mineral supplementation on these

parameters (Ashry et al., 2012). Apparrently, HDL

cholesterol level was found to be higher (P>0.05) in

mineral supplemented group however, the value were

found to be non-significant.

The milk yield and fat corrected milk (FCM)

yield were increased (P<0.05) by 18% and 26% by

supplementing mineral mixture to lactating cows (Table

5). In consistent with the present findings, average daily

milk yield, peak yield and total milk yield were found to

be higher by 13.4%, 16.17% and 13.07 % in crossbred

cows fed supplemental mineral mixture (Gupta et al.,

2017). Other study also reported that supplementation

of mineral mixture to lactating cows improved milk yield

(0.5–1.0 kg/animal/day) and milk fat (0.3–0.5%)

content (Prasad et al., 2005). Mineral supplemented

cows were able to hold peak yield for longer duration

than the control group which revealed that mineral

mixture could improve milk production potential of

crossbred cows because micro- and macro-element

positively modulate the working of mammary cell to

enhance milk production (Verma et al., 2009; Singh et

al., 2016).

Composition of milk was not influenced by

mineral supplementation. Similarly, supplementation of

phosphorus and organic trace minerals to dairy animals

Table 5. Effect of mineral mixture on milk yield (l/d) and composition

Attributes T
1

T
2

P-value % increase

Milk Yield (l/day)* 7.05a 8.25b 0.05 18

Fat (%) 4.08 4.77 0.09 14

SNF (%) 8.59 8.78 1.12 -

Protein (%) 3.07 3.2 1.05 -

FCM Yield (l/day)* 7.20a 9.10b 0.05 26

SNF, solid not fats; FCM, fat corrected milk

Table 6. Effect of mineral mixture supplementation on feed cost

Attributes T
1

T
2

SEM P value

Dry matter intake (kg/day)

Concentrate (kg) 4.5 4.6 0.19 0.98

Roughage (kg) 7.1 7.0 0.55 0.23

Total dry matter intake (kg) 11.6 11.9 0.60 0.28

Economics of feeding

Total feed cost (`/d) 116 123 0.19 0.24

Total income (`./d)* 211 247 0.55 0.05

Net return over feed cost* (`/d) 95 124 0.85 0.04

Feed cost/kg FCM yield (`)* 16.10 13.50 0.82 0.05
a, b Means with different superscripts in a row differ significantly (P<0.05).

Mineral mixture supplementation in lactating cows
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supported high milk production without any alteration in

milk components (Rabiee et al., 2010; Begum et al.,

2010). The DM intake through concentrate and

roughage was similar in both the groups. However, milk

and FCM yield was higher in mineral supplemented

group. As a result, the feed efficiency and economics

was found to be better (P<0.05) in mineral supplemented

group (Table 6).

CONCLUSION

It was concluded that supplementation of mineral

mixture improved milk production, and feed conversion

efficiency without any adverse impact on milk

composition. Further, it improved the profitability of

peri-urban dairy farming, and thus opening up a new

vista for women empowerment.
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ABSTRACT

The present study was conducted to evaluate the effect of incorporation of paddy stray on quality of

maize fodder based bale silage. Treatments consisted of increasing proportion of paddy straw (brought to 60%

moisture) starting at 0 parts (PS0), to 15 (PS1), 25 (PS2), 35 (PS3) and 95 parts (PS4), with decreasing maize

fodder from 100, to 80, 70, 60 and 0 parts, respectively. Five parts of molasses and Lactobacillus casei (NCDC

-17) at 106 CFU/g on fresh weight basis was added to each treatment. The bale silage was prepared by using a

100 kg bailing machine. Each treatment was evaluated after 60 days of ensiling in terms of quality parameters,

chemical composition, fermentation characteristics, lactic acid bacteria (LAB) counts and in vitro digestibility.

A significant (P<0.001) increase in pH was observed in PS1, PS2 and PS3 with increase (P<0.001) in ammonia

nitrogen content in PS1 and PS2. There was a significant (P<0.001) decrease in crude protein, ether extract,

water soluble carbohydrates and hemicellulose content with the increase in proportion of paddy straw in the

silage. There was no significant effect on content of total volatile fatty acids, however, proportion of acetate

reduced (P<0.01) in PS3 with a significant (P<0.001) increase in butyrate content. The amount of lactic

acid reduced significantly (P<0.001) with the increase in proportion of paddy straw in bale silage. In vitro

digestibility was significantly (P<0.001) reduced in PS3, with no effect on methane (ml/g DM) production in any

treatment. The microbial counts were found significantly (P<0.001) decreased in PS1, PS2 and PS3, with

increase (P<0.001) in yeasts and mould counts. It was concluded that the inclusion of paddy straw decreased

the overall fermentation of maize fodder; however the inclusion levels of 15% of paddy straw (PS2) can make

good silage without compromising much of its quality.

Key words: Bale Silage, in vitro digestibility, Lactobacillus casei, Molasses, Paddy Straw

INTRODUCTION

Large amount of crop residues are being

generated every year and only about 20% are utilized

for industrial and domestic purposes. In most

developing countries like India paddy straw is used as

part of feeding ingredients for the ruminants. However,

due to its low nutritive value like low protein content

and high level of lignin and silica, there is limitation to its

utilization. Only about 20% of these straws are used for

livestock feeding and industrial (e.g., fertilizer, paper,

and ethanol) purposes (Kadam et al., 2000). Most of

the remaining paddy straw is left undisturbed to serve

as mulch, ploughed into the ground to add nutrients to

the soil after getting decayed, or burnt down. Burning

of paddy straw is the fastest mode of straw disposal but

causes environmental pollution by increasing the amount

of greenhouse gas in the air (Kaur et al., 2008). One

way of addressing this issue would be to increase the

use of paddy straw as ruminant feed. In spite of its low

nutritive value as measured in the laboratory, it still can

serve as a valuable emergency feed, particularly during

the period of feed scarcity. In low input farming

systems, straw is the basic feed supplemented with field

or roadside grazing, kitchen wastes, vegetable wastes,

fruit wastes or whatever is available at homestead. In

high input farming systems, paddy straw is substituted

by cultivated green fodder or high levels of concentrate.

Irrespective of the systems in which it is used, poor

nutritive value of paddy straw is a concern that must be

addressed before widespread use of paddy straw to stop

its burning and protecting the environment from

associated pollution. In the past, many attempts have
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been made to increase the digestibility and utilization of

paddy straw through various physical, chemical and

biological methods including ensiling (Khanday et al.,

2018). One of them is biological treatment (white rot

fungi and enzyme). Of all the available methods of

improving quality of paddy straw, biological and

chemical treatments are mostly used (Van Soest, 2006).

In recent years, Japanese and Korean studies showed

an improvement in feeding value of Paddy straw by

ensiling it (Kim et al., 2017; Marbun et al., 2020).

Successful ensiling of paddy straw has been done by

addition of glucose and lactic acid bacteria (LAB) (Li

et al., 2010), corn steep liquor (Li et al., 2016), potato

vines (Li et al., 2017), molasses (Zhao et al., 2019) and

sorbic acid (Zhao et al., 2020). Successful ensiling of

paddy straw is difficult due to the presence of hollow

stem, low water-soluble carbohydrates (WSC), and

lesser number of natural epiphytic LAB (Cai, 2006). In

order to improve the fermentation quality of paddy straw

silage, some commercial LAB have been developed as

additives for ensiling. Sugar or sugar-rich materials are

also commonly used as effective additives for ensiling

crops that have low WSC. However, adding sugar

alone might induce the proliferation of undesirable

microorganisms and thus result in fermentation losses

(Cai, 2004). Considering the benefits it was hypothesized

that use of combination of sugar and LAB would

facilitate incorporation of more amount of paddy straw

in fodder maize based bale silage without compromising

the quality parameters. Hence, this experiment was

conducted to study the effect of incorporation of graded

levels of paddy straw on quality of maize fodder based

bale silage.

MATERIALS AND METHODS

Treatments consisted of increasing proportion of

paddy straw (brought to 60% moisture) starting at 0

parts, to 15, 25, 35 and 95 parts, with decreasing maize

fodder from 100, to 80, 70, 60 and 0 parts in treatments

PS0, PS1, PS2, PS3, and PS4, respectively. Five parts

of molasses and Lactobacillus casei (NCDC -17) at

106 CFU/g on fresh weight basis was added to each

treatment. The bale silage was prepared by using a 100

kg bailing machine. Duration of ensiling was 60 d.

However ensiling of last treatment (PS4) with 95 parts

of paddy straw was found practically impossible as lot

of moisture was required to ensile it leading to the

blocking of the bale machine. Hence, further evaluation

was restricted only to four treatments.

The silage sample was analyzed for colour,

texture, and aroma. The texture was observed by

pressing the silage between two fingers. Colour was

observed visually. Mildly ammonical, pleasantly acidic

and natural yogurt aroma was preferred (Breirem and

Ulvesli, 1960). Paddy Straw silage samples were oven

dried at 60°C for 72 h. The dried samples were ground

to pass through a 1 mm screen for subsequent analyses

of neutral detergent fibre (NDF), acid detergent fibre

(ADF), water soluble carbohydrates (WSC), crude

protein (CP), and in vitro dry matter digestibility

(IVDMD) and in vitro organic matter digestibility

IVOMD. NDF and ADF were determined according

to the method of Van Soest et al. (1991). WSC was

determined by the method of Yemm and Willis (1954).

CP was determined according to the Association of

Official Analytical Chemists (AOAC, 2005). Ash was

estimated by combustion of the samples in a muffle

furnace at 550°C for 5 h. The IVDMD, IVOMD and

in vitro gas production was measured following

methods of Menke and Steingass (1988). Approximately

200 mg of sample was weighed, placed into a

graduated glass syringe provided with a piston, and ûlled

with 30 ml of buffered rumen ûuid. Each of the

incubation was run in triplicate. The glass syringes

containing samples, rumen ûuid and buffer mixtures were

incubated in a water bath at 39°C and the gas

production was subsequently measured before

incubation (0 h), and at 8, 24, and 48 h after incubation.

Total gas values were corrected for blank. After the

incubation of feeds, suitable aliquot of gas was

withdrawn from the tip of the syringe using Hamilton

gas syringe and was analyzed for methane, using Gas

chromatograph (Nucon 5700, India). For the

measurements of pH, ammonia nitrogen, and total

volatile fatty acid (TVFA), water extract of silage was

Paddy straw incorporated silage
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prepared by adding 90 ml of distilled water to 10 g

of fresh samples in a beaker and homogenized by

mechanical homogenizer. A few drops of 0.1%

mercuric chloride were added in the sample, stirred

thoroughly and kept in refrigerator at 4°C. After 48

hours, the material was filtered through four layers of

cheese cloth and stored in refrigerator at 4°C. The pH

was measured by using a Eutech pH meter (Oakton

Instruments, IL, and USA) and the buffering capacity

of the sample was measured as per the method of Playne

and McDonald (1996). For determining individual VFA,

5 ml of water extract was taken in a beaker and 1 ml of

25 % metaphosphoric acid (prepared in 5N H
2
SO

4
) was

added. Samples were kept overnight and centrifuged at

3500-4000 rpm for 15-20 minutes. The supernatant was

injected in gas chromatograph (Nucon 5700, Nucon

Engineers, New Delhi) equipped with flame ionization

detector and stainless steel column packed with

Chromosorb –101 to serve as a stationary phase.

Analytical conditions for fractionation of VFA were as

follows: Injection port temperature, 250ºC; column

temperature, 190ºC and detector temperature, 260ºC.

The flow rate of carrier gas (nitrogen) was 40 ml/min;

hydrogen 30 ml/min; air 300 ml/min. Injection volume

was 3µl. The injection was performed by means of 10

µl Hamilton syringe (Hamilton, Nevada, USA).

Different VFA’s of the samples were identified on the

basis of their retention time and their concentration (mM)

was calculated by comparing the retention time as well

as the peak area of standards after deducting the

corresponding blank values. The nitrogen (N) content

was measured using the Kjeldahl method (AOAC, 1990).

The CP was calculated as N*6.25. Lactic acid (LA)

concentration was determined following Barker and

Summerson (1941) method. Estimation of lactic acid

bacteria, and yeast and moulds was done by plate count

method after using Rogosa agar (selective medium for

Lactobacillus) and potato dextrose agar (selective

medium for yeast and molds).

The effects of the treatment on the quality

characteristics of silage were evaluated by analyses of

variance (ANOVA). If the ANOVA was significant,

the means of different treatments were further

compared using the procedure of Tukey-Kramer

comparison. All these analyses were performed by SAS

program (SAS Inst. Inc. Cary, NC, 2001).

RESULTS AND DISCUSSION

After opening of the silage a preliminary sensory

evaluation was performed by a group of experts. The

silage was evaluated for colour, aroma, visible fungal

growth and acidic tastes. The results are presented  in

Table 1. The fermented aroma and acidic taste of the

silage were related to the amount of fermented acids

generated. None of the treatments had visible fungal

growth and/or sliminess. Absence of fungal growth

and sliminess in all the treatment were because of

preservative effect of fermented acids produced during

ensiling or very low pH of the ensiled products, which

prevented the growth of fungi and moulds.

Table 2 is showing the DM content, pH, BC weight

loss and ammonia nitrogen of bale silage. There was no

significant difference among different groups with

respect to DM content, moisture content and dry

matter loss. The DM (%) content ranged from 27.91 to

Table 1. Sensory evaluation of the silage

Treatment Treatments#

PS0 PS1 PS2 PS3

Colour Dark Brown Light Brown Light Yellow Yellowish

Aroma Ammonical Ammonical Mild Ammonical Mild Ammonical

Acidic Highly Acidic Highly Acidic Mild Acidic Mild Acidic

Visible No moulds No moulds No moulds No moulds

Sliminess Little slimy Little slimy Little slimy Little slimy
#Bale silage containing 0, 15, 25 and 35 % paddy straw in PS0, PS1, PS2 and PS3 respectively.

Khanday et al.
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29.94 % (PS2 vs. PS3). Dry matter loss of bales ranged

from 1.90 to 4.14%. It seems that silage made by bales

wrapping in plastic densely compress the fodder

leaving no air pocket behind for any DM losses. Filya

(2006) found no effect of lactic acid bacteria (LAB)

culture on DM content of wheat straw silage. The pH

of the silage of group PS2 (4.22) and PS3 (4.38) was

significantly (P<0.001) higher in comparison to PS1 (4.03)

and control PS0 (3.85). This suggests that introduction

of paddy significantly (P<0.001) increased the pH of

the silage. The ammonia nitrogen content of PS1 (0.33)

and PS2 (0.35) showed a significant P<0.001 increase,

while no change was observed in PS3 group. A

significant (P<0.05) reduction in total nitrogen was

observed in each treatment when compared to control

group. Several previous studies (Sucu and Filya, 2006;

Gao et al., 2008; Li et al., 2010; Li et al., 2017) have

reported increase in pH and ammonia nitrogen levels of

the straw silages with different additives like LAB and

molasses. The buffering capacity was found to increase

by the ensiling of paddy straw with maize fodder.

Data pertaining to chemical composition of bale

silage is presented in Table 3. There was a significant

(P<0.001) decrease in CP content of the silage with

increase in the paddy straw content. There was a

significant (P<0.001) decrease in EE content of the

silage in PS3 (1.87), Kamra et al. (1983) observed a

significant decrease in protein and ether extract content

Table 2. Effect of Paddy straw incorporation on dry matter, weight loss, pH, ammonia nitrogen and

buffering capacity of bale silage

Parameters Treatments# P value

PS0 PS1 PS2 PS3

DM (%) 28.36a±0.79 28.06a±0.89 27.91a±0.70 29.94a±0.64 0.943

Weight loss (kg/bale) 4.87a±0.66 1.90a±0.41 2.41a±1.56 4.14a±2.11 0.468

pH 3.85 a±0.01 4.03ab±0.03 4.22ab±0.09 4.38c±0.09 <0.001

NH
3
-N (g/100 g DM) 0.27 a±0.02 0.33b±0.01 0.35b±0.02 0.26a±0.01 <0.001

Total N (g/100 g DM) 1.43 c±0.02 1.37b±0.01 1.30b±0.03 1.01a±0.02 <0.05

BC (mEq NaOH/100 g) 75.77a±2.62 92.99b±3.93 88.87ab±6.13 80.33ab±2.39 <0.001
a,b,cMeans with different superscripts in row differ significantly; BC, buffering capacity; #Bale silage containing 0, 15, 25 and 35 % paddy

straw in PS0, PS1, PS2, and PS3 respectively; NDF, neutral detergent fibre; ADF, acid detergent fibre; TSC, total soluble carbohydrates; BC,

Buffering capacity

Table 3. Effect of Paddy straw incorporation on chemical composition of bale silage

Parameters Treatments# P- value

PS0 PS1 PS2 PS3

Dry matter 28.36a±0.79 28.06a±0.89 27.91a±0.70 29.94a±0.64 0.943

On % dry matter basis

Crude protein 8.94b±0.05 8.55b±0.11 8.14b±0.24 6.34a±0.18 <0.001

Ether extract 2.52 b±0.22 3.49 b±0.17 3.06 b±0.22 1.87a±0.18 <0.001

Ash 5.92a±0.15 9.56b±0.06 10.97c±0.07 12.33d±0.17 <0.001

Organic matter 94.08d±0.15 90.44c±0.06 89.03b±0.07 87.67a±0.17 <0.001

NDF % 53.14a±0.74 57.21b±0.54 61.74c±0.77 67.58d±0.54 <0.001

ADF % 25.15a±0.63 33.32b±0.42 40.43c±8.51 43.41d±0.76 <0.001

TSC 3.30b±0.11 3.99bc±0.13 3.67c±0.19 2.66a±0.14 <0.001
a,b,cMeans with different superscripts in row differ significantly; #Bale silage containing 0, 15, 25, 35 % paddy straw in PS0, PS1, PS2 and PS3

respectively; NDF, neutral detergent fibre; ADF, acid detergent fibre; TSC, total soluble carbohydrates

Paddy straw incorporated silage
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of the maize silage with the increased proportions of

paddy straw from 5 to 15% on fresh matter basis. There

was a significant (P<0.001) increase in ash, NDF and

ADF content of the silage with increase in the paddy

straw content. Further the soluble carbohydrates

decreased significantly (P<0.001) with increase in the

paddy straw in the silage. Similarly, other research

worker (Kamra et al., 1983; Sucu and Filya 2006;

Li et al., 2017) reported significant decrease in soluble

sugar content of the maize silage with the increased

proportions of paddy straw.

Data pertaining to VFA content of bale silage are

presented in Table 4. Content of TVFA and acetate were

similar among the groups. However, the content of

propionate increased (P<0.05) and that of lactate

decreased (P<0.01) with increased level of paddy straw

in the silage. There was a significant (P<0.001) increase

in butyric acid levels in PS1 (0.67), PS2 (0.73) and PS3

(0.75) as compared to control PS0 (0.56). Kamra et al.

(1983) reported a significant decrease in TVFAs, lactic

acid and acetic acids of the maize silage with the

increased proportions of paddy straw.

Table 5 is showing the data on in vitro

digestibility of bale silage. Data reveals reduction

in IVDMD (P<0.01) and IVOMD (P<0.05) due to

incorporation of paddy straw, however, a significant

impact was noted only in PS3 that contained 35% paddy

straw. Thus, it is evident that upto 25% of incorporation

paddy straw caused no adverse impact on digestibility

of DM and OM. Kamra et al. (1983) observed a

significant decrease in the digestibility of the maize

silage with the increased proportions of paddy straw.

The methane percent of total gas decreased (P<0.01)

but methane production per gram DM showed no

significant difference among the treatments. Data

implies that at lower level of incorporation paddy straw

may be beneficial in mitigating methane losses.

A similar pattern of observations were made by Fang et

al. (2012) with the inoculation of LAB, molasses and

urea on paddy straw before ensiling it.

Table 6 is showing the data on microbial quality

of the silage at the time of opening silage and three days

after exposure to the air. There was a significant

(P<0.001) decline in the microbial counts of the silage

Table 4. Effect of Paddy straw incorporation on volatile fatty acids (mM/100g DM) content of bale silage

Parameters Treatments# P- value

PS0 PS1 PS2 PS3

Total volatile fatty acids 38.07±2.20 37.96±1.63 40.06±1.87 39.02a±1.40 0.210

Acetate 28.31±1.57 27.81±1.64 28.81±1.77 27.34±1.24 0.981

Propionate 6.17a±0.65 7.59ab±0.83 10.16b±1.16 10.99b±1.15 <0.05

Butyric acid 0.56a±0.04 0.67a±0.12 0.73a±0.14 0.75a±0.15 <0.001

Lactic acid 6.59a±0.06 5.99b±0.09 5.24c±0.09 4.46d±0.11 <0.001
a,b,cMeans with different superscripts in row differ significantly; #Bale silage containing 0, 15, 25 and 35 % paddy straw in PS0, PS1, PS2 and

PS3 respectively.

Table 5. Effect of paddy straw incorporation on in vitro digestibility and gas production of bale silage

Parameters Treatments# P- value

PS0 PS1 PS2 PS3

IVDMD (%) 69.85a±0.95 65.12ab±0.93 61.81ab±0.63 58.84b±0.75 <0.001

IVOMD (%) 67.50b±0.52 66.28 ab±2.37 63.58ab±0.98 60.93a±0.99 <0.05

ME (MJ/kg DM) 5.89a±0.05 6.41a±0.60 6.25a±0.55 5.69a±0.27 0.604

CH
4
(% total gas) 30.36b±0.58 28.43a±0.56 30.40ab±1.43 29.47ab±1.08 <0.01

a,b,cMeans with different superscripts in row differ significantly;  #Bale silage containing 0, 15, 25 and 35 % paddy straw in PS0, PS1, PS2 and

PS3 respectively.
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Table 6. Effect of Paddy straw on microbial counts (log 
10

 cfu/g) of bale silage

Parameters Treatments# P- value

PS0 PS1 PS2 PS3

On the day of opening

Microbial Counts 8.48a±0.02 8.19b±0.01 8.11c±0.02 8.02d±0.03 <0.001

Yeast and Moulds 4.07c±0.02 4.62b±0.03 4.72bc±0.02 4.98c±0.03 <0.05

pH 3.85 a±0.01 4.03ab±0.03 4.22ab±0.09 4.38c±0.09 <0.001

After three days of exposure

Yeast moulds 5.31a±0.14 6.50b±0.00 6.64b±0.02 6.08b±0.02 <0.05

pH 5.53a±0.15 5.77a±0.14 6.19b±0.08 5.79a±0.17 <0.05
a,b,cMeans with different superscripts in row differ significantly; #Bale silage containing 0, 15, 25, 35 % paddy straw in PS0, PS1, PS2 and

PS3 respectively.

with increased level of incorporation of paddy straw.

Further the yeasts and moulds showed reverse trend,

with increase (P<0.001) in their numbers with the

increase in paddy straw. Further the yeast and mould

counts after 3 days exposure to the air also increased

significantly (P<0.05) with increased proportion of paddy

straw. A similar pattern was observed in pH of the

silages after exposure to air for a period of 3 days. This

indicated paddy straw decreased the microbial quality

of the silage and tolerance of silage to the aerobic

exposure. Kamra et al., (1983) reported the decrease

in LAB and increased yeasts, moulds and fungi with

increase in paddy straw from 18 to 29% of DM with

maize fodder.

CONCLUSION

There was reduction in methane production at

15% level of incorporation of paddy straw in bale

silage. Further, in vitro dry matter and organic matter

digestibility was maintained till 25% level of inclusion.

However, even at 15% level of incorporation lactic acid

production decreased and butyric acid production

increased. A further concern is aerobic stability of paddy

straw incorporated bale silage.
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ABSTRACT

The objective of the present study was to determine the synergistic effect of lauric acid and probiotic on

the performance of broiler chicken. A total of 250-day-old male broiler chicks were randomly distributed into five

dietary treatment groups each having ten replicates with five chicks in each and were raised for a period of 42

days. Diets contained T
1
- control diet, T

2
- 0.05% antibiotic (AB), T

3
- 0.05% lauric acid (LA), T

4
- 0.1% probiotic

in the form of Bacillus subtilis PB6 (BS), and T
5
-0.05% organic acid +0.1% probiotic. The results revealed

significantly (P<0.05) higher body weight gain, feed consumption and better feed conversion in LA+BS

combination group followed by LA and BS alone compared to antibiotic (AB) and control diet at 42 d. The

percent breast yield and thymus weights were increased (P<0.05) in LA and BS as compared to control diets.

Humoral immune response (NDV titers) was higher (P<0.05) in LA+BS group followed by BS compared to

control and AB. Further, no significant ((P>0.05) effect was observed on cutaneous basophilic hypersensitivity

response among different treatments. Therefore, it can be concluded that supplementation of lauric acid

(0.05%) + probiotic (0.1%) combination could be safely included as an alternative to antibiotic growth promoter

in broilers.

Key words: Antibiotic, Broilers, Lauric acid, Probiotic, Performance, Immunity

INTRODUCTION

Conventionally, antibiotic growth promoters (AGP)

are being utilized to stabilize the intestinal microbial

flora to improve the gut health and overall performances

of chickens. However, lately, because of negative

human health issue of antibiotic resistance, feed

manufacturers and the animal growers have been

effectively looking to a viable alternative to AGP.

Probiotics are viable micro-organisms that provide

beneficial effects on host by modifying the intestinal

ecosystem (Fatufe and Matanmi, 2011), which improves

absorption of nutrients (Awad et al., 2006) and also

positively modulate the immune system (Apata, 2008).

Bacillus subtilis (BS) PB6 strain (BS PB6) is capable

of stimulating growth of beneficial intestinal bacteria,

such as Lactobacillus species and improved weight gain

and feed efficiency of broilers (Teo and Tan, 2006).

Lauric acid is a fatty acid with a chain length of 12

carbon atoms, which have antibacterial function similar

to short chain fatty acids (Dibner and Buttin, 2002;

Skrivanova et al., 2006; Nava et al., 2009). Even though

the beneficial effects of both BSPB6 and lauric acid

have been documented, there is a scarcity of data on

the efficacy of combining lauric acids and BSPB6.

Therefore, this study was designed to evaluate the

effect of lauric acid and BSPB6 either alone or in

combination on growth performance of broiler chicken.

MATERIALS AND METHODS

To conduct the above study, 250 day-old male

broiler chicks (cobb 400) were randomly distributed into

five dietary treatment groups each having 10 replicates

with 5 chicks each. The chicks were housed in battery

brooder cell (2'×2') with an average floor space of 82

square inches per bird. Birds were immunized against

Newcastle disease (ND) with lasota vaccine on 7th

(primary) and 28th (booster) days of age, and infectious

bursal disease (intermediate – Georgia strain) vaccine

on 14th (primary) and 21st (booster) days of age. Five

experimental diets were formulated: Control diet (T
1
),

control diet+0.05% antibiotic (T
2
), control diet+0.05%
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lauric acid (LA) (T
3
), control diet+0.1% Bacillus subtilis

PB6 (BS PB6) (T
4
), and control diet+0.05% LA+0.1%

BSPB6 (T
5
). Feed was offered ad lib. to the birds

during pre-starter (0-14 d), starter (15-28 d) and

finisher (29-42 d) period (Table 1) to meet the nutrient

requirements (BIS, 2007).

Body weight of individual birds were recorded at

the beginning of the trial and thereafter on weekly basis

up to 42 days of age. Feed consumption was recorded

at weekly intervals up to 42 days of age. One bird from

each replicate was randomly selected, starved over night

with free access to water, weighed and sacrificed by

cervical dislocation on the next day to study the carcass

parameters.

The humoral immunity was estimated in birds by

measuring antibody titre to Newcastle disease (ND)

vaccine (antibody production against ND virus), and the

antibody titers (log
2
) were measured following the

standard procedure (Wegmann and Smithies, 1966). The

cell mediated immune (CMI) response was tested

using a standard procedure (Corrier and DeLoach, 1990)

to measure cutaneous basophilic hypersensitivity (CBH)

to phytohaemagglutinin phosphate (PHA-P).

Data obtained were analyzed for mean, standard

errors and analysis of variance as per method

of Snedecor and Cochran (1989). Comparison of

means were done using Tukey’s test using software of

Statistical Package for Social Sciences (SPSS) 15.0

version and significance was considered at P<0.05.

RESULTS AND DISCUSSION

Cumulative body weight gain was significantly

(P<0.05) higher in birds fed LA, BSPB6 and LA+BSPB6

during the 42 days trial period, as well as during starter

(15-28 d), and finisher (29-42 d) phase of the trial

compared to AB and control diet (Table 2). These

results are in agreement with Fatufe and Matanmi (2011)

and Rout et al. (2016) who reported that

supplementation of probiotic+ acidifier resulted in higher

body weight gain. No significant (P>0.05) difference

was observed in feed consumption during pre-starter

phase (Table 3). In starter phase, feed consumption was

significantly (P<0.05) higher with the inclusion of LA,

Table 1. Ingredient composition of basal diet (kg/100 kg)

Ingredient Pre-starter Starter Finisher

Maize 54.0 55.5 59.1

Oil 3.00 5.30 5.90

Soybean meal 38.5 34.8 30.95

Shell grit 1.36 1.40 1.60

Dicalcium phosphate 1.80 1.70 1.90

Salt 0.40 0.40 0.40

DL-Methionine 0.25 0.29 0.20

L-Lysine HCl 0.25 0.34 0.18

Additives* 0.13 0.13 0.13

Nutrient composition(calculated)

ME (kcal/kg) 2912 3080 3166

Crude protein (%) 22.5 21.0 19.5

Lysine (%) 1.26 1.24 1.03

Methionine (%) 0.56 0.58 0.47

Calcium (%) 0.93 0.92 1.00

Available phosphorous (%) 0.45 0.43 0.45
*Supplied per kg of diet: retinol acetate 2.75 mg, cholecalciferol 0.03 mg, á tocopherol 10 mg, pantothenic acid 10 mg, riboflavin 10 mg, biotin

0.08 mg, menadione 2 mg, choline 650 mg, copper 8 mg, boron 45 mg, manganese 80 mg, zinc 60 mg, selenium 0.18 mg, monensin sodium 50

mg and hydrated sodium calcium alumino silicates 800 mg.
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BSPB6 and LA+BS compared with AB and control

diets. During finisher phase (29-42d), feed intake was

significantly (P<0.05) higher in birds fed BSPB6

compared to birds fed AB and control diet, and

was intermediate in birds fed LA and LA+BSPB6.

Cumulative feed consumption (0-42 d) was significantly

(P<0.05) higher among the groups fed diet contained

LA, BSPB6 and LA+BSPB as compared to diets

containing AB and control diets. Similar results were

shown by Paul et al. (2007) and Rout et al. (2016) in

chickens fed diet supplemented with probiotics

and organic acids. Improved body weight and feed

consumption might be due to the beneficial effects of

probiotics and organic acid on the gut microflora (Anjum

et al., 2005), resulting in improved palatability (Haque

et al., 2009) and nutrient digestibility (Jeong and Kim,

2014).

Inclusion of LA and BSPB6 either alone or in

combination resulted in significantly (P<0.05) better FCR

than control birds during starter phase (Table 3). During

finisher phase (29-42d), significantly (P<0.05) better FCR

was observed in birds supplemented with LA, BSPB6,

AB and LA+BSPB6, and FCR was poor in control

group. Cumulative FCR was significantly (P<0.05)

better in birds fed with LA+BSPB6 followed by LA

supplementation and was poor in birds fed with AB and

control diet. Several researchers reported better FCR

due to feeding of LA (Venkatasubramani et al., 2014)

and BS (Patel et al., 2015) in the diets of broiler

chickens. The complimentary effect of organic acid and

probiotic on feed conversion ratio observed in this present

study might be due to high antibacterial activity of

Table 2. Effect of lauric acid and probiotic on body weight gain (BWG) (g/bird) in commercial broiler

chicken

Diets# Pre-starter Starter Finisher Cumulative BWG

(0-14 d) (15-28 d) (29-42 d) (0-42 d)

Control 269.09 557.07c 694.07c 1520.4c

AB 271.76 602.52b 750.66b 1624.9b

LA 258.78 731.06a 818.24a 1808.0a

BSPB6 268.61 707.10a 823.50a 1799.4a

LA+BSPB6 265.76 704.40a 836.94a 1823.0a

SEM 2.601 11.239 11.119 19.966

P- value 0.589 0.001 0.001 0.001
a,b,cMeans bearing different superscripts within a column are significantly (P<0.05) different; ‘“AB, 0.05% antibiotics; LA, 0.05% lauric acid;

BSPB6, 0.1% Bacillus subtilis PB6; LA+BSPB6, 0.05% lauric acid + 0.1% Bacillus subtilis PB6

Table 3. Effect of lauric acid and probiotic on feed intake (g/bird) and feed conversion ratio (FCR)

Diets# Pre-starter Starter Finisher Cumulative

Feed intake FCR Feed intake FCR Feed intake FCR Feed intake FCR

Control 323.24 1.20b 1027.96c 1.85a 1603.00b 2.31a 2954.10b 1.94a

AB 336.72 1.24a 1096.76b 1.82a 1604.10b 2.14b 3037.50b 1.87b

LA 320.80 1.24a 1217.94a 1.67b 1707.80ab 2.09b 3246.60a 1.79c

BS 329.96 1.23ab 1192.54a 1.68b 1773.30a 2.16b 3295.80a 1.83cb

LA+BS 331.68 1.25a 1177.71a 1.67b 1723.20ab 2.02b 3232.80a 1.77c

SEM 3.312 0.005 12.665 0.014 19.837 0.023 27.669 0.013

P- value 0.567 0.027 0.001 0.001 0.014 0.001 0.001 0.001
a,b, cMeans bearing different superscripts within a column are significantly (P<0.05) different; #AB, 0.05% antibiotics; LA, 0.05% lauric acid;

BSPB6, 0.1% Bacillus subtilis PB6; LA+BSPB6, 0.05% lauric acid + 0.1% Bacillus subtilis PB6

Effect of lauric acid and probiotic in broilers
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organic acids reducing the enteropathogens, and

supporting the proliferation of probiotic organisms and

other beneficial acid-tolerant bacteria in the gut (Nava

et al., 2009). The probiotics produce short chain acids

like lactic, acetic and other organic acids, which are

responsible for a reduction in the intestinal pH

(Varalakshmi et al., 2013) that facilitates the growth of

beneficial microbiota in the gut.

No significant (P>0.005) difference was recorded

for different carcass parameters, except for breast yield

and thymus weight which were higher (P<0.05) in

LA+BSPB6 groups as compared to control (Table 4).

Abudabos et al. (2013) reported similar results where

no significant difference was observed in different

slaughter variables. Whereas, Zeitz et al. (2015) and

Malik et al. (2016) reported increase (P<0.05) in breast

yield by the supplementation of organic acids and

probiotics. The increasing effects of dietary LA on breast

yield could be related to an increase in insulin action and

carbohydrate metabolism. Release of insulin enhances

glucose absorption by breast muscle and the energy

gained from glucose oxidation is utilized for protein

synthesis (Shokrollahi et al., 2014).

NDV titers were significantly (P<0.05) higher in

birds of group LA+BSPB6 followed by BSPB6, and

was lower in control and AB groups indicating better

immune status of birds fed combination of LA and

BSPB6. However, no significant difference was

Table 4. Effect of lauric acid and probiotic on carcass characteristics

Diets# Carcass Breast Abdominal Liver Heart Gizzard Bursa Spleen Thymus

Yield yield fat

Control 65.84 15.80b 0.97 2.56 0.63 1.94 0.066 0.132 0.477b

AB 66.84 15.40b 1.22 2.32 0.56 1.94 0.068 0.142 0.637ab

LA 67.27 17.60a 1.26 2.29 0.59 1.98 0.080 0.134 0.658ab

BS 67.09 17.90a 1.24 2.08 0.62 1.93 0.067 0.118 0.739a

LA+BS 67.57 18.70a 1.15 2.14 0.62 1.91 0.075 0.152 0.787a

Control 65.84 15.80b 0.97 2.56 0.63 1.94 0.066 0.132 0.477b

SEM 0.296 0.301 0.036 0.057 0.016 0.030 0.002 0.007 0.031

P- Value 0.413 0.001 0.064 0.062 0.652 0.947 0.290 0.623 0.014
a,b, Means bearing different superscripts within a column are significantly (P<0.05) different; #AB, 0.05% antibiotics; LA, 0.05% lauric acid;

BSPB6, 0.1% Bacillus subtilis PB6; LA+BSPB6, 0.05% lauric acid + 0.1% Bacillus subtilis PB6

Table 5. Effect of lauric acid and probiotic on NDV titers (log
2
) and skin thickness (mm) with response

to cutaneous injection to PHA-P

Diets# NDV titers (log
2
) Cutaneous basophilic

hypersensitivity (mm)

Control 4.00c 144.69

AB 3.87c 146.51

LA 4.50bc 155.19

BS 4.75b 152.67

LA+BS 6.62a 150.34

SEM 0.182 3.579

P-Value 0.001 0.896
a,b,cMeans bearing different superscripts within a column are significantly (P<0.05) different; #AB, 0.05% antibiotics; LA, 0.05% lauric acid;

BSPB6, 0.1% Bacillus subtilis PB6; LA+BSPB6, 0.05% lauric acid + 0.1% Bacillus subtilis PB6

Pappula et al.
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observed for cell mediated immune response among the

various groups (Table 5). It has been reported by Rout

et al. (2015) that the supplementation of LA and BS in

the diet of chickens alone or in combination increased

the humoral and cell mediated immune response. The

better immune response could be linked to an increased

(P<0.05) weight of thymus as observed in the present

study. No mortality was recorded during the entire

experimental period.

CONCLUSION

It can be concluded that supplementation of

lauric acid (0.05%) in combination with probiotic (0.1%

Bacillus subtilis PB6) improved the overall performance

and immunity of broilers. Thus, lauric acid along with

probiotic could be safely included as an alternative to

antibiotic growth promoter in broiler diets.
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ABSTRACT

The present experiment was conducted to investigate the effect of different herbal preparations on the

performance of broilers. A total of 250 day-old male broiler chicks were randomly divided into five treatment

groups with ten replicates of five birds each. The experimental design consisted of; T
1
: control diet, T

2
: Herbal

powder I (containing Withania somnifera, Phyllanthus emblica, Glycrrhiza glabra, Tribulus terrestris and

Asparagas racemosus), T
3
: Herbal powder II (containing Withania somnifera, Ocimum sanctum, Mangifera

indica and Shilajit), T
4
: Herbal powder III (Ayuce herbal powder), and T

5
: Vitamin E (70 mg per kg) and Se (0.15

mg per kg). The results indicated that supplementation of herbal preparations (T
2
, T

3
 and T

4
), and vitamin E and

Se significantly (P<0.05) increased the body weight gain and feed conversion ratio (FCR) of broilers compared

to control group at 42 d of age. However, feed intake was not affected by different herbal supplementation at 42

d of age. The Lipid peroxidation, alkaline phosphatase, blood urea nitrogen, serum cholesterol, blood glucose

levels and E. coli counts in small intestine were significantly (P<0.05) lower in herbal supplemented groups as

compared to control and was at par with vitamin E and Se supplemented group. Various carcass parameters,

serum total protein, albumin and antibody titer to Newcastle disease (ND) vaccine was similar among the

groups. From the results, it could be concluded that poly-herbal preparations can be used as a feed additive for

improving performance of broilers during heat stress conditions.

Key Words: Broilers, Body weight, Cholesterol, Herbs, Heat stress, Lipid peroxidation

INTRODUCTION

Heat stress causes huge economic losses to

Indian poultry industry leading to heavy mortality and

decreased performance. High temperatures, especially

when coupled with high humidity, impose severe stress

on broiler birds (Sahin et al., 2003; Ajakaiye et al., 2011).

In summer, most of the energy produced is shifted to

thermoregulatory adaptation, leading to reduced weight

gain, reduced immunity, oxidative stress, and high

mortality (Maini et al., 2007). The adverse effects of

heat stress are manifested in the deterioration of cell

function through changes in oxidative metabolism,

thereby damaging cell membranes (Mates et al., 1999).

Elevated ambient temperature will increase free

radicals and other reactive oxygen species (ROS) in

tissues that destroy biological macromolecules and

disrupt normal cell physiology and metabolism (Spurlock

and Savage, 1993). The antioxidants commonly

available in the body are vitamin C, vitamin E, folic acid,

zinc and chromium. In addition, antioxidant enzymes such

as catalase (CAT), superoxide dismutase (SOD) and

glutathione peroxidase (GPx) play vital roles in

protecting cells from the damaging effects of ROS

(Meister and Anderson, 1983). High ambient

temperature will deplete these antioxidants and induce

oxidative stress. In addition to oxidative stress, blood

glucose and cholesterol concentrations are also

significantly increased (Altan et al., 2000) in animal

exposed to thermal stress.

Various Ayurvedic herbal preparations have

been widely used in poultry to alleviate the negative

effects of high environmental temperatures. Herbal

products containing different immunomodulatory

herbs (Withania somnifera), and antistressor

(Phyllanthus emblica, Mangifera indica, Ocimum

sanctum) have been used to improve performance

(Reddy et al., 2012). However, these herbs differ

widely in their functional properties and a combination

of different herbs may complement each other.

Keeping this point in mind the present experiment was

Indian J. Anim. Nutr. 2021. 38 (1): 61-67
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conducted to study the effect of different herbal

preparations on the performance, immunity and

antioxidant enzyme activity of broilers.

MATERIALS AND METHODS

In this study, 250 day-old male broiler chicks

(Vencobb) were distributed randomly in to five dietary

treatments of ten replicates with five chicks in each

replicate. At day one, chicks were wing banded and

housed under deep litter system with optimum brooding

conditions. Standard management practices were

followed during the entire experimental period. The birds

were fed with maize and soybean meal-based diets

containing 3050 and 3150 kcal ME and 21.5 and 19.5

percent crude protein, respectively during starter (1-28

d) and finisher (29-42 d) phases (Table 1). The dietary

treatments consisted of; T
1
: Control without herbal

supplementation, T
2
: Herbal powder I (containing

Withania somnifera, Phyllanthus emblica, Glycrrhiza

glabra, Tribulus terrestris and Asparagas racemosus)

at 250 gm/ton of feed, T
3
: Herbal powder II (containing

Withania somnifera, Ocimum sanctum, Mangifera

indica and Shilajit) at 1 kg/ton of feed, T
4
: Herbal

powder III (Ayuce herbal powder supplied by Ayurvet

Limited, Baddi, India) at 100 gm/ton of feed, and T
5
:

Table 1. Ingredient composition of basal diets (kg/q)

Ingredient  Starter phase (0-28d)  Finisher phase(29-42d)

Maize 56.2 59.1

Oil 4.1 4.1

Soyabean meal 35 32.2

Shell grit 1.83 1.75

Dicalcium phosphate 1.95 1.89

Salt 0.4 0.4

DL-Methionine 0.19 0.15

L-Lysine HCl 0.14 0.15

Trace Mineral Mixture** 0.1 0.1

Vitamin AB
2
D

3
K 0.02 0.02

Vitamin B-Complex* 0.025 0.025

Coccidiostat 0.05 0.05

Antibiotic 0.05 0.05

Choline chloride(50%) 0.1 0.1

Toxin binder 0.1 0.1

Tylosine 0.05 0.05

Total 100 100

Nutrient composition

ME (kcal/kg) 3050 3150

Crude protein (%) 21.50 19.51

Lysine (%) 1.21 1.02

Methionine (%) 0.50 0.45

Calcium (%) 1.06 1.01

Available phosphorous (%) 0.46 0.45

Zinc (mg/kg) 22.01 20.26
*Vitamin premix provided per kg diet: vitamin A 200000 IU, vitamin D

3
 3000 IU, vitamin E 10 mg, vitamin K 2 mg, riboflavin 25 mg, vitamin

B
1
 1mg, vitamin B

6
 2 mg, vitamin B

12
 40 mg, and niacin 15 mg; **Trace mineral provided per kg diet: Manganese 120 mg, iron 25 mg, copper

10 mg, iodine 1 mg and selenium 0.1mg.
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vitamin E (70 mg per kg) and Se (0.15 mg per kg).

Weekly individual body weight and feed consumption of

each group were recorded. After the experimental

period (42 d), one bird from each replicate of all the

treatment groups were sacrificed for recording of

carcass parameters. Blood samples were collected on

42 days of age. Serum samples were separated from

the blood and were used for the estimation of

cholesterol, total protein, albumin, globulin, blood

glucose, lipid peroxidation, alkaline phosphatse and blood

urea nitrogen using standard diagnostic kits of Erba Pvt.

Ltd.

The humoral immunity was estimated in birds by

measuring antibody titer to Newcastle disease (ND)

vaccine (antibody production against ND virus).

Broilers were vaccinated against ND by occular route

at 7th and 28th day of age with Lasota strain (ND Lasota

Vac-500; Indovax Pvt. Ltd. Hyderabad, India). At 42nd

day of age blood was collected and serum was

separated for estimation of Haemagglutination

inhibition (HI) activity. The antibody titers (log2) were

measured following the standard procedure (Wegmann

and Smithies, 1966).

On day 42, eight birds from each group were

slaughtered and approximately 5 g of ileal digesta was

collected in a sterile sampling tube under aseptic

conditions and immediately transferred to the

laboratory on ice for the E. coli count. Eosin methylene

blue agar (EMB) was used for E. coli growth. Then, 9

sterile test tubes with lids containing 9 ml of phosphate

buffer solution (PBS, pH-7.4) as diluent were prepared.

Approximately 1g of the intestinal contents was taken

by sterile swab, homogenized for 3 min, aseptically

mixed, added to the tubes, and diluted up to 109. Later, 1

ml of the contents of each test tube was transferred to

agar media on petri plates (Gunal et al., 2006). Aerobic

bacterial plates (E. coli) were placed in an incubator at

37oC for 24 hours. Finally, the intestinal bacterial colony

populations formed in each plate was counted by colony

counter and the number of colonies was expressed as

log10 value.

Data obtained were analyzed for mean, standard

errors and analysis of variance as per method of

Snedecor and Cochran (1989) and comparison of means

were done using methods described by Duncan (1955)

using software of Statistical Package for Social

Sciences (SPSS) 20.0 version and significance was

considered at P<0.05.

RESULTS AND DISCUSSION

Record of temperature was maintained on daily

basis, the highest daily average temperature recorded

was 41.07 °C and the lowest temperature was 36.8 °C

during the experimental period. The temperature-

humidity index (temperature 1030F and humidity 58%)

was 107±1.10, were above the threshold established for

poultry. Thus, the birds were subjected to heat stress.

Supplementation of various herbal preparations

(T
2
, T

3
 and T

4
), and vitamin E and Se (T

5
) significantly

(P<0.05) improved the cumulative body weight gain and

feed conversion ratio (FCR) of broilers when compared

to control group at 42 d of age (Table 2). Among all the

test diets, the highest mean weight gain was recorded in

Table 2. Effect of different herbal feed additives on growth parameters of broilers at 42 days of age

Treatments Cumulative Weight gain Feed intake Feed conversion ratio

(g) /bird (g)/bird (FCR)

Control 1960b 3258 1.67b

Herbal powder I 1988ab 3299 1.65a

Herbal powder II 1977ab 3247 1.64a

Herbal powder III 2013a 3307 1.64a

Vitamin E and Se 2017a 3331 1.65a

P-value 0.006 0.814 0.003

Value bearing different superscripts within a column are significantly (P<0.05) different

Herbal Feed Additives on Performance of Broilers
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T
4
 and T

5
 groups. However, supplementation of herbal

preparations did not have any significant (P>0.05)

effect on feed intake of broilers at 42 days of age. These

findings are in accordance with results of Karangiya et

al. (2016) and Chaudhari et al. (2015) who reported

that supplementation of herbs significantly (P<0.05)

increased the body weight gain in broilers. This is also

in agreement with many studies where supplementation

of herbs (Pooja et al., 2017; Mohamed et al., 2012)

had a significant (P<0.05) positive effect on the body

weight gain and FCR of broilers. Contrary to these

findings, Ademola et al. (2009) reported that herbs did

not show significant (P<0.05) effect on FCR of

broilers. The improvement in body weight and FCR may

be due to the stimulation of digestive enzymes in the

intestines and pancreas, thus improving the digestion

of nutrients and the efficiency of feeding, thus

increasing the growth rate (Ali, 2011). In addition, herbal

preparations have appetizing and stimulatory effects in

the digestion process by increasing production of

digestive enzymes and juices, which stimulates

digestion and peristolic motion, thus improves FCR

(Langhout, 2000; Rajeswari and Andallu, 2011).

Highest mortality was noticed in control (4 out of

50 birds) group followed by T
2
 (3 out of 50 birds) and T

4

groups (2 out of 50 birds). However, the mortality rate

was within the acceptable range and no specific

disease outbreak was recorded. Similar results were

observed by Shiva Kumar et al. (2005). There was no

significant (P>0.05) influence of different treatments

on carcass parameters like dressing weight and giblet

weights (liver, heart and gizzard). Similarly, Kale et al.

(2014) reported that supplementation of ashwagandha

did not show any significant effect on dressing percent,

giblet and cooking yield. Similar observations were also

made by Dahale et al. (2014).

Lipid peroxidation, activity of alkaline phosphatase

and serum concentration of urea nitrogen were

Table 3. Effect of different herbal feed additives on carcass parameters of broilers at 42 days of age

Treatments Dressed Abdominal Gizzard Heart Liver Spleen

weight (g) Fat (g) (g) (g) (g) (g)

Control 1664 21.92 41.24 13.04 38.00 3.180

Herbal powder I 1774 20.48 41.50 12.45 42.75 2.450

Herbal powder II 1802 24.94 43.56 10.88 37.42 2.480

Herbal powder III 1784 19.03 41.72 11.55 38.83 3.517

Vitamin E and Se 1797 22.26 44.28 11.58 39.68 2.600

P-Value 0.174 0.322 0.908 0.196 0.764 0.554

Value bearing different superscripts within a column are significantly (P<0.05) different

Table 4. Effect of different herbal feed additives on lipid peroxidation, alkaline phosphatase and serum

urea nitrogen of broilers at 42 days of age

Treatments Lipid peroxidation Alkaline phosphatase Blood urea nitrogen

(nmol MDA/mg protein) (nmol MDA/mg protein) (nmol MDA/mg protein)

Control 4.526a 97.49a 65.81a

Herbal powder I 3.747b 83.04b 62.51b

erbal powder II 3.610b 80.80b 62.87b

Herbal powder III 3.371b 76.27b 62.31b

Vitamin E and Se 2.594c 78.92b 61.99b

P- Value 0.025 0.05 0.001

Value bearing different superscripts within a column are significantly (P<0.05) different

Rao and Gurram
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significantly reduced in vitamin E and Se, and herbal

supplemented diets as compared to control at 42 d of

age (Table 4). Heat stress increased red blood cell

susceptibility to lipid peroxidation because of increased

free radical generation, as indicated by increased lipid

peroxidation concentration in control group. Decreased

value of lipid peroxidation in herbal supplemented groups

indicate antioxidative effect of these products. Similar

results were also reported by Sujatha et al. (2010).

Herbal preparations are source of phyto-chemicals and

functional compounds namely polyphenols, flavonoids

and ascorbic acid which ultimately constitute for its high

antioxidant activity (Darughe et al., 2012).

Compared with the herbal supplemented groups,

the serum concentrations (mg/dl) of glucose and

cholesterol of the control group were significantly

increased (P<0.05) at 42 d of age, however, no

significant (P>0.005) difference was observed among

the herbal supplemented groups (Table 5). Similarly,

reduced levels of serum LDL, total cholesterol and

triglycerides with herbal supplementation in broilers were

reported by others (Lanjewar et al., 2008; Khwairakpam

et al. 2016). However, Dwivedi et al. (2015) did not

found any difference in blood glucose values due to

feeding of herbal preparations. The values of total

serum protein, albumin, globulin, and HI antibody titer

against Newcastle disease were similar in all the

treatments indicating that supplementation of herbal

preparations, and vitamin E and Se did not have any

significant effect on these parameters (Tables 5 and 6).

Supplementation of various polyherbal

preparations, and vitamin E and Se significantly (P<0.05)

decreased the E. coli counts in small intestine of

broilers at 42 days of age (Table 6). In agreement with

our results, Allinson et al. (2013) reported that herbal

extracts enhanced the performance of poultry by

significantly decreasing the bacterial count in the

intestine. It has been established that herbs in the diets

stimulate lactic acid bacteria and decreases pathogenic

bacteria such as mesophilic aerobic, coliform and

Escherichia coli, and thus improves absorption of

nutrients leading to better weight gain of the birds.

Table 5. Effect of different herbal feed additives on carcass parameters of broilers at 42 days of age

Treatments Cholesterol Total Protein Albumin Globulin Blood glucose

(mg/dl) (g/dl) (g/dl) (g/dl) (g/dl)

Control 194.0a 4.327 2.047 2.280 196.92a

Herbal powder I 182.8b 4.436 1.929 2.506 187.37b

Herbal powder II 181.6b 3.902 1.935 1.967 185.81b

Herbal powder III 180.3b 4.386 2.061 2.325 183.70b

Vitamin E and Se 186.6b 4.327 1.904 2.423 186.40b

P-value 0.021 0.116 0.180 0.120 0.003

Value bearing different superscripts within a column are significantly (P<0.05) different

Table 6. Effect of different herbal feed additives on immunity and E. coli counts of broilers

Treatments HI titre(log 
2
) Escherichia coli (log 

10
 of cfu/ml)

Control 8.012 6.75a

Herbal powder I 7.625 6.66ab

Herbal powder II 7.875 6.57b

Herbal powder III 7.625 6.24c

Vitamin E and Se 8.000 6.01c

P-value 0.887 0.002

Value bearing different superscripts within a column are significantly (P<0.05) different

Herbal Feed Additives on Performance of Broilers
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Similarly, Taha et al. (2019) reported that coriander

powder supplementation reduced the ileal total

bacteria, E coli, and C. perfringens counts compared

to control group. Similar observations were also reported

by Lee et al. (2016).

CONCLUSIONS

Dietary supplementation of different herbal

supplements, and vitamin E and Se improved the body

weight gain, FCR and reduced the E. coli colonization

in the intestine. Further, these herbal supplements

reduced lipid peroxidation in broilers. Therefore, it can

be concluded that supplementing broilers with

poly-herbal preparations in summer is beneficial to

overcome the adverse effect of heat stress.
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ABSTRACT

The study was carried out to evaluate the feed consumption and performance of five coloured types of

chickens reared under intensive system in the hot and humid climate conditions. The growth parameters like

body weight, feed consumption, and feed conversion ratio of the coloured birds like Aseel, Dahlem Red,

Kaveri, Kadaknath and Rhode Island Red were studied in the intensive conditions. Carcass characteristics,

incidence of mortality and cost of production of different types of coloured chicken were measured. Kaveri

showed the highest body weight gain and Kadaknath the lowest (P≤0.05) among the five types and the

sequence found was: Kaveri>Dahlem Red>RIR>Assel and Kadaknath. Feed conversion ratio followed the

order: Kadaknath/RIR/Dahlem Red> Aseel>Kaveri, the differences being significant (P≤0.05). The mortality

rate was highest for Rhode Island Red (20%) followed by Dahlem Red (10%), Kaveri/Kadaknath (8%) and Aseel

(2%). The dressing percentage was higher in Rhode Island Red, Kaveri and Dalhem Red than Assel and

Kadaknath. Some other carcass parameters like back, thigh and drum stick yield percentage also differed

significantly among the types of chicken. The cost of production per kg live weight or per kg dressed weight

was the lowest for Kaveri and highest for Kadaknath. From the above experiment it was concluded that Kaveri

excelled the other colored chicken type in respect to the body weight gain, feed efficiency followed by RIR,

Dahlem Red and Aseel.

Key words: Coloured chicken, Feed conversion ratio, Growth, Economics, Humid climate

INTRODUCTION

Indian poultry industry is one of the fastest

growing sectors. Total poultry population in the country

is 851.81 million which is increased by 16.8% over

previous census (20th Livestock Census, 2019). The back

yard poultry population increased by 45.80 % whereas

the intensive commercial poultry production was

increased 4.50 % over the previous census. Intensive

method of poultry farming is a highly efficient system

which saves land, feed, labour and other resources and

also helps in increasing production. So it ensures

continuous production throughout the year in any

environment and seasons. Indigenous/native breeds of

chickens are playing an important role in rural

economies in most of the developing and under

developed countries. Performance of native fowl can

be improved by change in husbandry and feeding

practices and by providing better health cover.

In the present study efforts have been made to

present the importance of native fowl to rural economy

and their improvement for higher production performance

(Padhi, 2016). Aseel is an important native chicken breed

of India. Home tract of Aseel chicken is Andhra

Pradesh. But now they are also reared in Odisha,

Madhya Pradesh and Rajasthan. These birds are known

for their martial qualities i.e., aggressive fighting

abilities, pugnacity and majestic gait (Panda and

Mahapatra, 1989). Kadaknath is an important indigenous

breed of poultry distributed in the vast areas of western

Madhya Pradesh mainly in Jhabua and Dhar Districts

and adjoining areas of Gujarat and Rajasthan. Rhode

Island Red (RIR) is a single comb, prolific brown egg

layer and an efficient feed converter. It has been

popularized in most of the states of the country under

government schemes. Dahlem Red (DR), is an exotic

brown egg-laying bird which was donated to India

(under the International Collaborative EEC Project) for

production of tropical layers. Kaveri is a new poultry

strain developed by Central Poultry Development

Organization in 2015. The colour pattern of these birds
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are multi-colour with single comb and yellow coloured

shank and skin. These birds have characteristic

features like low early chick mortality, excellent flock

uniformity, early sexual maturity, withstanding

predators and brown coloured eggs which are widely

accepted by consumers. (CPDO, Eastern Region). Very

little literature is available on the performance of

coloured birds in the hot humid climate. The present

experiement was planned to see the feed consumption

and growth performance of these five coloured type

birds under intensive condition in the hot and humid

climate.

MATERIALS AND METHODS

The experiment was carried out at Central

Poultry Development Organization (CPDO), Eastern

Region, Bhubaneswar. Two hundred and fifty day-old

straight run chicks of 5 coloured type of chicken viz.

Aseel, Dahlem Red, Kaveri, Kadaknath and Rhode

Island Red, each 50 in numbers were divided into 5

replicates, and each replicate consisting of 10 birds were

used. Each pen was provided with a clean and

disinfected floor brooder maintained at a temperature

of 100°F and gradually reduced to 70°F by 3rd week of

age. During the experiment, the birds were offered

weighed quantities of feed starting from day-old till the

end of the experiment as per the feeding practices

carried out at CPDO, Bhubaneswar that was

formulated using standard specifications (BIS, 2007).

All the birds were fed chick mash (0-8 week of age)

and grower mash (9-16 weeks of age) as detailed in

Table-1. Weighed quantity of feed was offered daily in

the morning and in the afternoon while fresh ad lib

drinking water was supplied round the clock. After

completion of each week feed residues were measured

and weekly consumption of feeds was recorded

accordingly.

The minimum and maximum temperature during

the 16 weeks experimental period ranged from 13.17°C

to 39.17°C, relative humidity ranged from 22.57 to

95.14% and temperature humidity index (THI) ranged

from 69.77 to 84.5. (Crop Weather Observatory, OUAT,

Bhubaneswar, 2018). THI was calculated by taking the

dry bulb and wet bulb reading, using the formula of

Campbell and Norman (2000) i.e. THI=0.72(T
DB

+T
WB

)

+ 40.6.

The body weight of the birds was recorded

Table 1. Composition and nutritive value of experimental ration

Name of the feed ingredients Chick mash (0-8weeks) Grower mash (9-16 weeks)

Ingredients (%)

Crushed yellow maize 44.35 44.35

Rice Polish 21.60 24.60

Soya bean meal 30.00 19.00

De-Oiled rice bran - 8.00

Mineral mixture 3.50 3.50

Common salt 0.50 0.50

Feed additives 0.05 0.05

Nutrient composition

Crude protein (%) 20.00 16.00

Metabolizable energy (kcal/kg)* 2608.00 2495.00

Ether extract (%) 2.33 2.52

Crude fibre 4.17 6.95

Total ash 9.06 9.74

Nitrogen-free extract* 61.01 60.74

Calcium 1.08 0.92

Available phosphorus* 0.65 0.57

*Calculated value

Feed intake and performance of coloured chicken
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individually at day 1, 28, 56, 84 and 112 of age by using

a digital electronic balance. The birds were weighed in

the morning before supplying the feed. The feed

consumption was calculated by subtracting the residual

feed at the end of each week from the total feed

provided during that week. The cumulative feed

conversion ratio (FCR) was calculated by dividing feed

consumption to that of weight gain. Mortality of chicks

was recorded daily. The mortality percentage was

calculated by taking total chicks died at the end of

experiment period as a proportion to number of birds

taken for experiment at the beginning of the study.

The evaluation of carcass traits was done in the

male and female birds separately at the end of 16th

weeks. Four birds, 2 males and 2 females from each

breed were sacrificed for the evaluation of carcass

parameters. The birds were slaughtered by severing the

jugular vein and carotid artery below the left ear lobe by

a single incision and they were allowed to bleed for a

period of five minutes by holding the birds’ heads down.

After complete bleeding and cessation of movement the

carcass weight was recorded. The carcass was then

scalded at 55-58°C for 30 seconds and defeathered.

The eviscerated carcass was cut into different parts

such as wings, neck, breast, back and legs (thigh and

drumstick), the weights of the parts were recorded

separately and percentage yield of different cut were

calculated. The feed cost per kg live weight gain and

per kg dressed weight were calculated based on feed

cost and quantity of feed consumed during the

experimental period. Cost of feed was taken as ` 25/-

per kg feed.

The data obtained from the study were

statistically analyzed according to Snedecor and Cochran

(1980). The data were analyzed for analysis of

variance (ANOVA) and Duncans’s multiple range test

(Duncan 1955) was used to test the difference among

treatment means wherever necessary.

RESULTS AND DISCUSSION

Data pertaining to body weight gain from day-old

to 16 weeks of age for different types of birds are

presented in Table 2. At all stages from 0-16 weeks, the

highest weight gain was for Kaveri and the lowest for T
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significant (P≥0.05) difference between Aseel, Dahlem

Red and Kaveri. Kadaknath showed significantly

(P≤0.05) lower dressed yield than each of the other

type of colored birds. The order of dressed yield was:

RIR/Kaveri/Dahlem Red>Aseel >Kadaknath. The

eviscerated yield ranged from 53.89 to 69.54 percent

across the types of colored birds. Kadaknath showed a

significantly (P≤0.05) lower yield than any of the

others, there being no significant (P≥0.05) differences

among the other four colored type of birds.

The giblet yield ranged from 3.06 to 4.59

percent across the breeds. Kadaknath showed the

lowest giblet percent than any other type of birds.

The order of giblet percent was: Aseel/ RIR>Kaveri/

Dahlem Red>Kadaknath, the differences being

significant (P≤0.05).The neck yield ranged from 6.55 to

9.39 percent across the type of birds. There was no

significant (P≥0.05) difference between Aseel, Dahlem

Red, Kaveri and RIR, but Kadaknath showed a

significantly (P≤0.05) lower neck yield than others. The

wing yield ranged from 11.1 1to 13.79 percent, there

was no significant (P≥0.05) difference between the type

of birds except that Kaveri showing a significantly

(P≤0.05) lower value than Aseel.

The breast yield ranged from 20.88 to 25.77

percent among different types of colored bird. No

significant (P≥0.05) difference was noticed between

Aseel, Dahlem Red and RIR. Kaveri showed the

Kadaknath, the differences between Kadaknath and

other types of bird being significant (P≤0.05) at 4th and

8th week, while there was no significant (P≥0.05)

difference between Dahlem Red, RIR and Aseel. Pathak

et al. (2015) did not notice any significant difference

(P≥0.05) between Aseel and Kadaknath at day-old stage.

The body weight gain during the 4-8 week period, in the

present study revealed no significant (P≥0.05)

differences between Aseel and Kadaknath. This is not

in agreement with Chatterjee et al. (2007) who reported

significant (P≤0.05) differences between Aseel and

Kadaknath. The variation in findings might be due to

effect of environment and plane of nutrition.

Feed consumption increased in successive weeks

for each of the bird type and differed significantly

(P≤0.05) (Table 2). The results revealed the lowest

cumulative FCR for Kaveri and highest for Kadaknath

at all ages which implies good growth in case of Kaveri

and lowest for Kadakanath. In the present experiment,

feed consumption in RIR during 0-8 weeks was found

to be lower than that reported by Khawaja et al. (2012)

for the same age period. The differences might be due

to variations in the environment, body weight and plane

of nutrition.

Data pertaining to carcass characteristics of

different types of bird, slaughtered at 16th week of age,

are presented in Table 3. The dressed yield ranged from

57.95 to 73.98 percent across the types. There was no

Table 3. Carcass characteristics of different types of coloured chicken

Parameters Breed

Aseel Delham Red Kadaknath Kaveri RIR

Live weight (g) 1295.00b±18.80 1365.00d±37.76 922.00a±24.02 1595.00e±25.7 1296.00c±35.14

Dressing percent 69.15b±0.95 72.60bc±1.73 57.95a±0.64 73.02bc±1.19 73.98c±2.27

Eviscerated percent 64.34b±1.74 68.56b±1.74 53.89a±1.74 68.69b±1.74 69.54b±1.74

Giblet percent 4.59c±0.4 3.97b±0.16 3.06a±0.31 4.03b±0.19 4.34bc±0.14

Neck percent 8.71b±0.32 9.39b±0.56 6.55a±0.32 9.17b±0.67 8.99b±0.66

Wing percent 13.79b±0.61 12.15ab±0.4 12.47ab±0.71 11.11a±0.73 12.54ab±0.56

Breast percent 23.42b±0.53 22.46ab±1.02 20.88a±0.39 25.77c±1.03 22.53ab±1.15

Back percent 20.05b±0.29 13.68a±2.72 18.91b±0.28 20.66b±0.45 19.78b±0.07

Thigh percent 18.94c±0.5 15.60ab±0.55 14.23a±0.08 16.75b±1.19 16.18b±0.36

Drumstick percent 16.31c±0.19 14.25ab±1.14 13.73a±0.26 13.98a±1.33 16.02b±1.11
a,b,cMeans showing different superscripts in a row differ significantly (P≤0.05)

Feed intake and performance of coloured chicken
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highest and Kadaknath showed the lowest (P≤0.05)

proportionate breast yield. The thigh yield ranged from

14.23 to 18.94 percent across the type of colored chicken,

significantly higher value (P<0.05) was observed in Aseel

than other types. Highest (P<0.05) drumstick yield was

recorded for Aseel whilst lowest value was observed in

Kadaknath and Kaveri. The lowest mortality was

observed in Aseel and the maximum mortality was

observed in RIR during 16th week of age. This might be

due to the fact that Aseel is an indigenous breed, while

RIR is an exotic breed. Data pertaining to the cost of

production in terms of live weight or dressed weight

yield are presented in Table 4. It was found that the

cost of production was the lowest for Kaveri followed

by Dalham Red, Aseel, RIR and was highest for

Kadaknath.

CONCLUSION

From the above experiment it was found that

Kaveri excelled the other four types of coloured chicken

with respect to the body weight gain and feed efficiency,

closely followed by RIR, Dahlem Red and Aseel. Cost

of production was lowest for Kaveri and highest for

Kadaknath. Thus, Kaveri seems to be suitable strain

under intensive system of rearing in tropical hot and

humid climate.
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Table 4. Economics of production

Breed FI (kg) Feed cost LW (g) DP (%) DW (g) FCLW (`̀̀̀̀) FCDW (`̀̀̀̀)

Aseel 5.9 147.50 1302.00 69.15 900.33 113.28 164.00

Delham Red 6.3 157.50 1416.00 72.60 1028.00 111.22 153.21
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ABSTRACT

An experiment was conducted to assess the effect of peri-natal supplementation of amino acids

in broiler chicken. Three hundred and eighty Cobb broiler eggs set for incubation, were divided into

un-supplemented and in ovo supplemented (lysine, methionine, arginine, threonine, and glutamine at 2.2, 1, 2.5,

1.6 and 2.5 mg/egg) groups on 18 days of incubation. Following hatching, un-supplemented group was again

sub-divided into un-supplemented (control) and post-hatch supplemented group. The post hatch

supplemented diet consisted of 25 % extra amino acids (lysine, methionine, threonine, arginine, glutamine) than

that in starter diet for first 3 days. Results indicated poor hatchability of fertile eggs on in ovo supplementation.

The body weight gain, feed intake and feed conversion ratio did not differ significantly (P>0.05) among

treatments. At first week of age, longer (P<0.008) length of jejunal villus was observed in post-hatch amino acid

supplemented group (161 µm) as compared to in ovo supplemented (93.5 µm) and control (117 µm) groups.

Humoral immune response was better (P<0.013) in broiler chicks on in ovo and post-hatch supplementation.

The ileal digestibility coefficient of crude protein, calcium and phosphorus were not influenced (P>0.05) by in

ovo and post-hatch supplementation of amino acids. It could be concluded that in ovo supplementation of

(lysine, methionine, arginine, threonine, and glutamine at 2.2, 1, 2.5, 1.6 and 2.5 mg/egg) or post-hatch

supplementation of 25 % extra amino acids (lysine, methionine, threonine, arginine, glutamine) did not

influence the growth performances of broiler chicken. However, humoral immune response was better

on in ovo and post-hatch supplementation.

Key words: Amino acids, Broiler, Growth performance, Hatchability, in ovo, Immunity

INTRODUCTION

The gut development is of great importance

during the last period of broiler embryonic development

and the early post-hatch period. In ovo administration

of nutrients in amnion prepares the opportunity for chicks

to orally consume supplemented nutrients and develop

their digestive and absorptive ability prior to hatch. It

has been reported that approximately 2 to 5 % of the

hatchlings do not survive the critical post-hatch period

and many survivors exhibit stunted growth, poor feed

utilization, reduced immunity and lower meat yield (Uni

and Ferket, 2004). There may be a great demand of

amino acids such as glycine, proline, lysine and arginine

during early period of embryonic growth (Kadam et al.,

2008). Threonine (Thr) being the only precursor of

glycine, plays an important role for pre-hatch

embryonic growth. Foye et al.(2006) observed that in

ovo injection of arginine enhanced hepatic reserves

providing the fuel needed for rapid subsequent growth

during the critical post-hatch period. Samli et al. (2007)

reported that glutamine stimulates intestinal cell

proliferation, leading to increase in the absorption

through gastrointestinal mucosa and consequently the

accretion of nutrients. In ovo feeding and post-hatch

supplementation help the bird during the transition from

embryo to chick and help the broiler to achieve its full

genetic potential. Supplying the embryo with amino

acids through in ovo feeding would allow the

gastro-intestinal tract to develop the structures and

functionality to properly digest and absorb

nutrients immediately when exogenous nutritional

supplementation is provided after hatch (Uni and Ferket,

2003). These nutrients, along with the yolk sac reserves,

can contribute not only to maintaining the systems and
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metabolism already established, but also to continuing

growth, development, and proper nutritional status (Noy

and Sklan, 1998). Post- hatch supplementation of amino

acids has an overall long-term beneficial effect in

broilers as it reduces mortality and transitional weight

loss, improves growth performance, enhances

immunity, and improves breast meat yield in broilers

(Panda, 2008). The current focus of broiler

management needs to be shifted to the fortification

during the embryonic to first few days of post- hatch

phase so that the early growth impetus results in achieving

the targeted growth in less time. Keeping the above

information in view, the present study was designed to

check the effect of peri- natal supplementation of amino

acids on post hatch performance of broiler chicken.

MATERIALS AND METHODS

The experimental procedure was approved by

Ethical committee of ICAR-National Institute of

Animal Nutrition and Physiology, Bangalore, India.

Three hundred and eighty uniform sized eggs

(Cobb broiler) were procured from commercial

hatchery and incubated with the dry bulb temperature

Table 1. Ingredient and nutrient composition of experimental diet

Post- hatch Starter  Finisher

Duration and target groups 0-3 d: 0-21 d: Control & 22-35 d:

Post-hatch in ovo 4-21d: post-hatch All groups

Ingredients (%)

Maize 57.19 58.06 61.81

Soybean meal 36 36 32

Sunflower oil 2 2 2.25

Lime stone 1 1 1

Dicalcium phosphate 1.75 1.75 1.5

Salt 0.35 0.35 0.35

Celite 0 0 0.5

L-Lysine 0.59 0.37 0.2

DL-Methionine 0.33 0.22 0.14

L-Threonine 0.2 0 0

L-Arginine 0.34 0 0

L-Glutamine 0.70 0 0

Vitamin mineral premix * 0.25 0.25 0.25

Nutrient composition (%)

ME (kcal /kg)** 2990 2975 3047

Crude protein 22.7 22.1 20.5

Lysine 1.68 1.34 1.11

Methionine 0.63 0.5 0.41

Threonine 0.97 0.77 0.73

Arginine 1.74 1.4 1.28

Glutamine 3.5 2.8

Calcium 1.04 1.04 0.98

Available P** 0.45 0.45 0.4
*Trace mineral premix 0.1%, Vitamin Premix 0.1%, choline 0.05 %. Trace mineral premix supplied mg/ kg diet: Mn, 75; Se, 0.2; Fe, 40; Zn,

70; Cu, 10. The vitamin premix supplied per kg diet: vitamin A, 8250 IU; vitamin. D
3
, 1200 ICU; vitamin. K, 1 mg; vitamin. E, 40 IU; vitamin

B
1
, 2 mg; vitamin B

2
, 4 mg; vitamin B

12
, 10 mcg; niacin, 60 mg; pantothenic acid, 10 mg; ** Calculated values

Saravanakumar et al.
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ranging from 99-100°F and wet bulb temperature of

85-87°F from day 1 to 18. On 18th day, 340 fertile eggs

were assigned to two groups: control group and in ovo

group. In ovo group was supplemented with amino acid

combination (lysine, methionine, arginine, threonine, and

glutamine at 2.2, 1, 2.5, 1.6 and 2.5 mg/egg). Following

hatching, chicks from without in ovo supplemented

group were further divided into control (Group T
1
) and

post-hatch supplemented group (Group T
3
). Chicks from

in ovo supplementation were continued as in ovo

supplemented group (Group T
2
). Group T

1
 and

Group T
2
 were fed normal starter diet without any

supplementation for 0-21 days. The post hatch-

supplemented diet (with 25 % extra amino acids of lysine,

methionine, threonine, arginine, glutamine than the

starter diet) was fed to the birds of Group T
3
 for first 3

days and subsequently from 4-21 days they were fed

normal starter diet. Finisher diet was same for all

the groups. Ingredient and nutrient composition of

experimental diets are presented in Table 1.

After hatching, chicks were randomly distributed,

into battery cages (6 replicates with 9 chicks in each

replicate). Battery cages were arranged with feeders,

waterer, dropping trays, and necessary heating

arrangements. Twenty-four hours light and proper air

ventilation was provided. The temperature inside the

cage was maintained at 33°C on day 1 and gradually

reduced to 24-25°C by the end of the third week and

maintained. The feed and fresh drinking water were

provided ad lib.

Body weight was recorded every week to

ascertain the weekly and overall body weight gain. The

experimental diets were given ad lib. and the residue

was weighed at weekly interval in order to arrive at

feed intake. Based on the data pertaining to the feed

intake and body weight gain, the feed conversion ratio

(FCR) was calculated.

On 7, 21 and 35 days of age, one chick from each

replicate was sacrificed by cervical dislocation for gut

development studies. Functional development of gut was

measured by histological examination of jejunal villi.

About 2-3 cm long jejunal samples were collected in

10% formal saline after washing the contents with

normal saline. The paraffin embedded sections were

stained with Haematoxylin and Eosin (H&E). The

weight of the immune organs was recorded at 21 and

35 days of age.

The humoral immune response was measured on

day 28 post-hatch (12 chicks per treatment) using 1 ml

of 1% (V/V) suspension of sheep red blood cells

(SRBC) as per Siegal and Gross (1980) and Vander

Zijpp (1983). The cell mediated immune response on

day 21 was assessed by cutaneous basophilic

hypersensitivity test in vivo by using phytohaema-

gglutinin lectin from Phaseolus vulgaris (PHA-P) as

described by Corrier and Deloach (1990).

After 35 days of the experiment, the ileal

contents from Meckel’s diverticulum to ileo-caecal

junction (2 chicks / replicate) were collected replicate

wise and dried in an oven at 60°C. The digesta samples

were ground and stored in air-tight containers for the

estimation of crude protein (CP), acid insoluble ash (AIA)

(AOAC, 1990). After ashing, the ash samples were

digested with dilute hydrochloric acid (1:2) and the

mineral extract was used for estimation of minerals

by Inductively Coupled Plasma-Optical Emission

Spectroscopy (ICP-OES) using a Perkin Elmer

instrument. The apparent digestibility coefficient of

nutrients was calculated from the equation:

1 – [(ileal nutrient/ ileal AIA) / (diet nutrient/ diet AIA)]

The data pertaining to the various parameters were

subjected to one way analysis of variance for completely

randomized design and tested for significance among

the dietary treatment means (SPSS Version 16.0, SPSS

Inc, Chicago, USA).

RESULTS AND DISCUSSION

Hatchability of fertile eggs was poor in in ovo

supplemented group (37 %) as compared to control (88

%) (Table 2). Egg and chick weight did not differ

significantly (P>0.05) between control and in ovo group.

In the present study, in ovo supplementation of amino

acid (lysine, methionine, arginine, threonine and

glutamine) in combinations lowered the hatchability. As

such, a possible explanation for poor results might be

Peri-natal supplementation of amino acids in chicken
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probably due to the type, number and amino acid used

in combinations for in ovo supplementation. Toghyani

et al. (2012) supplemented 35 mg Arg, 25 mg Thr and

35 mg Arg+25 mg Thr per egg individually and in

combination, and reported decreased hatchability in Arg

(76.3%) and Arg+Thr (73.8%) supplemented groups in

comparison to control (88.2%) and Thr injected group

(88.8%). Bhanja et al. (2012) on supplementation of 25

mg each of limiting amino acids viz. Lys, Met, Thr, Arg,

Gly, Ile individually on 14th d of incubation observed that

hatchability was not affected. Chick weight at hatch

was similar in comparison to un-injected control group

(Lys, 48.21; Thr 48.92; Met, 50.11; Arg, 48.09 vs

non-injected control 48.58 g/b). Shafey et al. (2013) on

in ovo injection of graded dose of glutamine at 5, 7.5,

and 10 mg/egg at 17 day of incubation did not observe

any significant difference on hatchability between

treatment groups (Gln 5 mg, 89.3; 7.5 mg, 88.5; 10 mg,

88.8%; Control: 93.6%). Chick weight at hatch did not

differ significantly among treatment groups (Gln 5 mg,

40.90; 7.5 mg, 40.80; 10 mg, 41.03 vs 40.98 g/b control

group). Al-Asadi et al. (2013) reported that in ovo

injection of 2 % lysine or arginine in broiler chicken had

significantly higher hatchability in compared to non-

injected group (Lys, 87.52; Arg, 91.75 vs control grp,

79.59 g/b), with higher chick weight in in ovo injected

amino acid group in comparison to un-injected group

(Lys, 50.20; Arg, 51.03 vs control 47.70g/b). Coskun et

al. (2014) observed that in ovo injection of 1 ml of

DL-methionine reduced the hatchability (84.7%)

compared to the un-injected control group (90.2%).

Awachat et al. (2018) injected combination of Lys 22,

Met 10 and Thr 16 mg and reported reduced

hatchability on in ovo injected group (67.8%) as

compared to (93.3%) control. Kadam et al. (2009)

recorded poor hatchability when Thr (20 mg/egg) was

injected into the albumen either through broad or

narrow end, however better hatchability was recorded

when Thr was injected into the yolk sac of the egg.

Many of the earlier studies (Kadam et al., 2008; Bhanja

et al., 2012; Shafey et al., 2014; Nayak et al., 2016;

Awachat et al., 2017; Coskun et al., 2018; Sogunle et

al., 2018) have reported better or similar hatchability on

in ovo amino acid supplementation. In all these studies,

they have supplemented mostly individual amino acids

or combination of not more than 3 amino acids with

lower doses.

There was no significant difference (P>0.05) in

body weight gain, feed intake or feed conversion ratio

due to either in ovo or post-hatch supplementation (Table

Table 2. Hatchability of eggs on in ovo supplementation

Group Treatment Egg weight (g) Chick weight (g) Hatchability (%)

I Control 69.08 50.85 88 (151/ 170)

II In ovo supplementation 68.92 52.65 37 (63/170)

SEM 0.246 0.542

P-value 0.33 0.10

Table 3. Growth performance of broiler chicken

Body weight gain (g/bird) Feed intake (g/bird) FCR

0-3 3-5 0-5 0-3 4-5 0-5 0-3 4-5 0-5

T
1

788 1065 1854 977 1771 2748 1.24 1.66 1.48

T
2

825 1036 1862 1066 1653 2719 1.30 1.60 1.46

T
3

804 1069 1863 1041 1714 2756 1.30 1.60 1.47

SEM 11.4 18.9 14.8 23.1 44.2 44.42 1.277 1.619 1.470

P-value 0.45 0.76 0.87 0.28 0.58 0.32 0.61 0.52 0.92

a,bMeans with different superscripts in a column differed significantly; T
1
, Control; T

2
, in ovo injection; T

3
, post-hatch supplementation

Saravanakumar et al.
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3). There are earlier reports of in ovo amino acids

supplementation especially on single or fewer (two

or three) amino acid combinations at lower doses in

broiler chicken. Bhanja et al. (2012) reported that

supplementation of 25 mg of each limiting amino acids

viz. lysine, methionine, threonine, arginine, glycine and

isoleucine, did not affect feed conversion ratio but there

was an improvement in body weight gain of broiler

chicken. Shafey et al. (2014) reported that amino acid

mixtures injected group had higher body weight gain

than un-injected control group. Toghyani et al. (2012)

reported that in ovo injection of Arg, 35; Thr, 25 mg

and Arg, 35 + Thr 25 mg/ egg individually and in

combination increased body weight in comparison to

un-injected control group (2155.6 g). Awachat et al.

(2017) supplemented combination of 3 amino acids, Arg

22 mg+ Glu 25 mg + Thr 30 mg/egg on 18 days of

incubation and did not observe any effect on growth

performance in broiler chicken. Coskun et al. (2018)

supplemented Lys and Met and reported non-significant

difference between live weight gain, feed intake, and

feed conversion ratio in broiler chicken. The positive

response in earlier work may be due to the stock used,

which might have been more responsive to in ovo

Table 5. Development of jejunal villus at 1, 3 and 5 week of age

Group 1 week of age 3 week of age 5 week of age

0-3 3-5 0-5 0-3 4-5 0-5 0-3 4-5 0-5

Length Breadth Crypt Length Breadth Crypt Length Breadth Crypt

(µm) (µm) Depth (µm) (µm) (µm) Depth (µm) (µm) (µm) Depth (µm)

T
1

117b 13.5 22.1 143 23.9 21.8 205  31.0 31.2

T
2

 93.5 b 28.1 16.2 120 25.0 10.9 152 30.7 25.9

T
3

161 a 26.3 20.9 118 21.6 17.4 187 39.1 26.3

SEM 10.4 3.02 1.45 8.92 2.98 2.66 15.0 1.83 2.88

P-value 0.008 0.08 0.22 0.49 0.92 0.27 0.37 0.09 0.75

Means with different superscripts are differed significantly; T
1
, Control; T

2
, in ovo injection; T

3
, post-hatchsupplementation

Table 4. Digestive organ weight (% of live weight) and length (cm / 100 g live weight) at 1st and 5th week

of age

Group Duodenum Jejunum Ileum Caecum Liver Proventri Gizzard

Length Weight Length Weight Length Weight Length Weight Weight Weight Weight

1st week

T
1

11.7 2.69 29.4 4.73 26.4 3.57 5.34 1.21 4.92 1.16 8.96

T
2

12.3 2.79 28.7 4.51 5.1 3.18 5.00 1.02 4.66 1.09 6.83

T
3

11.0 2.60 27.6 5.11 24.4 3.60 4.71 1.07 4.36 1.11 7.63

SEM 0.49 0.09 0.98 0.17 1.09 0.16 0.18 0.08 0.24 0.04 0.51

P-value 0.58 0.75 0.77 0.36 0.65 0.52 0.38 0.63 0.65 0.79 0.23

5th week

T
1

1.13 1.36 2.99 3.01 1.63 2.95 0.83 0.80 2.30 0.384 2.14

T
2

0.96 1.35 1.87 3.3 1.69 3.28 0.87 0.88 2.09 0.368 2.07

T
3

0.98 1.33 2.09 3.27 1.74 3.37 0.9 0.93 2.07 0.376 2.16

SEM 3.34 0.041 0.29 0.087 0.05 0.076 0.03 0.025 0.05 0.008 0.04

P-value 0.36 0.96 0.25 0.327 0.7 0.051 0.67 0.11 0.13 0.72 0.67

T
1
, Control; T

2
, in ovo injection; T

3
, post-hatch supplementation
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amino acid supplementation as compared to the current

commercial stocks.

A significant (P<0.008) increase in the length of

jejunal villus on post-hatch amino acid supplemented

group (161 µm) was observed as compared to in ovo

supplemented (93.5 µm) and control (117 µm) group at

first week of age. The rest of the gut parameters were

similar in all treatments (Table 5). Bhanja and Mandal

(2005) reported that supplementation of different

combination of essential and non-essential amino acids

had no influence in the digestive organs weight. Bhanja

et al. (2012) reported that supplementation of 25 mg

each of Lys, Met, Thr, Arg and Gly did not cause any

significant difference in weight of digestive organs of

day-old chick. Bartell and Batal (2007) reported that

addition of 1 or 4% glutamine to the feed or water, or

both for 4 days post-hatch had heavier relative

intestinal weights and longer intestinal villi as compared

to the chicks fed the corn-SBM control diet (1%

Gln, 838.6 um vs 778.3 um duodenal villi height).

Salmanzadeh et al. (2016) recorded increased villus

height, villus width and crypt depth in the jejunum as a

result of in ovo Glu supplementation as compared to the

non-injected and sham controls in newly hatched and

10-day old chick. Awachat et al. (2017) observed that

in ovo supplementation of Arg 22 mg+ Glu 25 mg + Thr

30 mg/egg significantly (P<0.05) increased the weights

of duodenum (1.61 vs 1.30), jejunum (2.29 vs 1.68),

proventriculus (1.13 vs 0.84) gizzard (9.81 vs 8.21) and

the length of jejunum (44.75 vs 38.34) on the day of

hatch.

Humoral immune response was significantly

(P<0.013) better on in ovo and post-hatch

supplementation (Table 6). Cell-mediated immune

response and weight of immune organs did not differ

significantly among the groups. Few of the earlier

studies reported a beneficial effect of in ovo amino acid

supplementation on immune response in broiler chicken.

Bhanja and Mandal (2005) reported higher cell-

mediated immunity in amino acid injected (14 d

injection) group in comparison to (0.22 mm) non-injected

group. Humoral immune response was also improved

on in ovo injection. Bhanja et al. (2014) reported that

arginine and threonine on 14-day of injection enhanced

the expression of growth-related genes, while threonine

and Met+Cys modulated the expression of immune genes

Table 7. Ileal digestibility coefficient of nutrients

Group Crude protein Ca P

T
1

0.812 0.535 0.439

T
2

0.827 0.517 0.423 

T
3

0.823 0.548 0.444

SEM 0.004 0.008 0.009

P-value 0.31 0.31 0.66

T
1
, Control; T

2
, in ovo injection; T

3
, post-hatch supplementation

Table 6. Immune response and weight of immune organs (% of live weight)

Group FPI (mm) HA titre (log 2) 3 wk of age 5 wk of age

Bursa Spleen Bursa Spleen

T
1

0.52 7.00b 0.247 0.100 0.248 0.115

T
2

0.57 7.57a 0.208 0.092 0.202 0.127

T
3

0.65 7.60a 0.234 0.109 0.254 0.116

SEM 0.043 0.100 0.016 0.006 0.014 0.006

P-value 0.45 0.01 0.63 0.53 0.25 0.65
a,bMeans with different superscripts in a column differed significantly; T

1
, Control; T

2
, in ovo injection; T

3
, post-hatch supplementation

Saravanakumar et al.

Indian J. Anim. Nutr. 2021. 38 (1): 73-80



79

in broiler chickens. Bakayraj et al. (2012) found that

cell-mediated immunity (0.38) was higher in chicks

injected in ovo amino acid as compared to control (0.20

mm). Awachat et al. (2018) reported that in ovo

supplementation of amino acid combination (lysine,

methionine and threonine) did not have any influence in

cell mediated and humoral immunity in broiler chicken.

There was no significant difference (P>0.05) in ileal

digestibility of CP, Ca and P among different treatments

(Table 7). Jose et al. (2016) did not observe any

significant difference between treatment groups

in apparent digestibility of CP and on in ovo

supplementation of zinc.

CONCLUSIONS

In ovo supplementation of amino acids (lysine,

methionine, arginine, threonine, and glutamine at 2.2, 1,

2.5, 1.6 and 2.5 mg/egg) or post-hatch supplementation

of 25 % extra amino acids (lysine, methionine,

threonine, arginine, glutamine) did not influence the

growth performances of broiler chicken. However,

humoral immune response was better on in ovo and

post-hatch supplementation.
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ABSTRACT

Due to the problem of antibiotic resistance, the use of synthetic antibiotics has been restricted in animal

farming, which has spurred research into the development of alternatives. This study was designed to assess

the in vitro antibiotic activity of the water and ethanolic extract of bitter leaf against Salmonella sp, Shigella

sp, Staphylococcus sp, Escherichia coli and Pseudomonas aeruginosa. Antimicrobial susceptibility test was

done using Kirby-Bauer disc diffusion method. Results obtained showed that none of the organism tested was

sensitive at 20% of the water extract. Sensitivity increased from 40% to 100% of the water extract. The highest

zone of inhibition (ZOI) of 17.00±1.00 mm was obtained for Staphylococcus sp, followed by 16.33±1.15 mm

for P. aeruginosa. The highest ZOI for the ethanolic extract of bitter leaf (27.67±2.52 mm) was recorded for

Staphylococcus sp followed by 25.00±2.00 mm for E. coli both at ethanol extract concentration of 300g /ml. We

therefore conclude that bitter leaf can be considered as potential alternative to synthetic antibiotic growth

promoters in poultry.

Key Words: Alternative to antibiotics, Bacteria, Poultry, feed additive, Vernonia amygdalina

INTRODUCTION

Bitter leaf, Vernonia amygdalina is a shrub that

is commonly used in the preparation of various

traditional African soups and foods. The plant has

several medicinal properties including hypoglycemic

(Uchenna et al., 2008), anti-parasitic including

antimalarial (Abosi and Raserika, 2003), and anticancer

properties (Izevbigie et al., 2004). Okigbo and Mmeka

(2008) reported that bitter leaf is used for treatment of

constipation, fever, high blood pressure and many

infectious diseases. Adetunji et al. (2013) reported that

the extract of bitter leaf exhibit antibiotic properties

against drug resistant microorganisms and possess

antioxidant, anti-cancer, anti-viral, anti-helminthic and

anti-inflammatory activities. Uzoigwe and Agwa (2011)

reported the antibacterial properties of bitter leaf against

selected bacteria implicated in urinary tract infection

including Klebsiella sp, E. coli and Staphylococcus

sp. Kigigha and Onyema (2015) demonstrated the

antibiotic activity of bitter leaf soup on Staphylococcus

aureus and Escherichia coli.

Due to the problems of antibiotic resistance in

humans and animals, several countries have restricted

the use of infeed antibiotics in animal farming.

Typically, antibiotic growth promoters (AGP) are added

to the feed to prevent microbial infection. With the

restrictions on the use of AGP, poultry farmers are at

loss on how to handle microbial infections. This

challenge has spurred the scientific community to

research on alternatives to AGP. Some of the promising

alternatives to AGP include prebiotics (Ohimain and

Ofongo, 2012), probiotics (Ohimain and Ofongo, 2012),

synbiotics (Awad et al., 2008); enzymes (Ohimain and

Ofongo, 2013; Ofongo et al., 2016), mushrooms (Willis

et al., 2011) and plants (Ogbe and Affiku, 2012). The

use of plant or its extracts, which have been variously

described as phytobiotics or phytogenics is becoming

more common in poultry ration. We had tested the

antibiotic potentials of some plant species including

Azadirachta indica (Ofongo and Ohimain, 2019),

Ocimum gratissimum (Ohimain et al., 2015), Zingiber

officinale (Ofongo-Abule and Ohimain, 2015). Hence,
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in this study, we assessed the antibiotic properties of

bitter leaf to selected pathogens of importance in

poultry farming with an aim to develop an alternative to

antibiotic growth promoters in poultry feed.

MATERIALS AND METHODS

Plant samples of bitter leaf (Vernonia

amygdalina) were collected freshly from the teaching

and research farm of the Faculty of Agriculture, Niger

Delta University on the 14th of November 2019. The

plant materials were washed lightly with distilled water

and sun dried for two days until a constant weight was

attained. The dried leaves were milled with electric

grinder to powder form.

About 100 g of the dried powder was mixed with

1000 ml of sterile distilled water and stirred. The

mixture was heated for 2 hours, then allowed to stand

for 24 hours. The aqueous extract was obtained by

passing the mixture through Whatman No. 1 filter

paper and the filtrate was collected. Four different

concentrations (20%, 40%, 80%, 100%) of the aqueous

extract was used for the experiment.

A hundred (100 g) gram of the dried powder of V.

amygdalina was weighed and extracted with 1000 ml

of 100 % ethanol. The mixture was vigorously stirred

intermittently, then allowed to stand for 72 hours after

which it was filtered through a Whatman No. 1 filter

paper-lined funnel into a conical flask. The solvent from

the filtrate was recovered with the aid of a rotary

evaporator under vacuum at 40oC. The extract was

further concentrated and dried using a water bath at

40o C for 48 hours. Three different concentrations (75

g/ml, 150 g/ml and 300 g/ml) were used for the study.

The antimicrobial properties of V. amygdalina

extracts were investigated using five bacterial isolates

obtained from poultry litter and confirmed after

identification with the stock culture collection of the

Department of Microbiology, Faculty of Science, Niger

Delta University, Wilberforce Island. The test isolates

were Salmonella sp, Shigella sp, Staphylococcus sp,

Escherichia coli, and Pseudomonas aeruginosa. The

isolates were confirmed using morphological features

and biochemical tests, which were performed

according to the procedures outlined in Cheesbrough

(2006) and the organisms were confirmed using Bergeys

Manual of Determinative Bacteriology (Bergey and Holt,

1993). The antimicrobial susceptibility test was done using

Kirby-Bauer disc diffusion method as outlined in

Cheesbrough (2006).

Statistical analysis including descriptive statistics

(mean and standard deviation), analysis of variance

(ANOVA) and posthoc to detect the level of

significance was done using software package of SPSS

version 21 (IBM SPSS Inc, Chicago).

RESULTS AND DISCUSSION

The result showed that the mean ZOI generally

increased as the concentration of V. amygdalina

extracts increased, but higher values were obtained for

the ethanol extract than the aqueous extract (Tables 2

and 3). None of the organism tested was sensitive at

20% of the aqueous extract. Sensitivity increased from

40% to 100%. The mean ZOI was 6.33±0.058 mm,

11.00±1.00 mm and 13.00±1.00 mm; respectively for

Salmonella sp. Values recorded for Shigella sp was

9.33±2.52 mm, 11.00±1.00 mm and 13.00±1.00 mm. A

value of 10.33±0.58 mm, 11.67±1.15 mm and 17.00±1.00

mm was obtained for Staphylococcus sp. Antibacterial

activity of V. amygdalina extract against E. coli was

7.33±0.58 mm, 7.67±0.58 mm and 11.67±1.53 mm. a

value of 10.67±0.58 mm, 13.67±0.58 mm and 16.33±1.15

mm was obtained against P. aeruginosa at 40%, 80%

and100% aqueous V. amygdalina extract; respectively.

The differences in the mean ZOI were significant in all

the test organisms (P<0.05) except Shigella sp that

was not significant (P>0.05). The highest ZOI of

17.00±1.00 mm was obtained against Staphylococcus

sp, followed by 16.33±1.15 mm for P. aeruginosa both

at 100%.

The results obtained for the ethanolic extract of

V. amygdalina indicate that mean diameter (mm) of

ZOI was 10.00±2.00, 13.67±2.31 and 19.00±1.73;

respectively for Salmonella sp. A value of 12.67±1.16,

19.33±1.16 and 24.00±2.00 was recorded against

Shigella sp. The value recorded for Staphylococcus

sp was 13.67±1.16, 17.33±1.53 and 27.67±2.52;

Weniafere et al.
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respectively. The value recorded against E. coli was

13.67±1.16, 18.00± 2.65 and 25.00±2.00. While a value

of 10.67±0.56, 17.33±0.56 and 23.67±1.16 for P.

aeruginosa at 75 g/ml, 150 g/ml and 300 g/ml ethanol

extract; respectively (P<0.05). The highest zone of

inhibition of 27.67±2.52 mm was recorded for

Staphylococcus sp followed by 25.00±2.00 mm for E.

coli both at ethanol extract concentration of 300 g/ml.

The results indicate that both the ethanolic and

water extract of bitter leaf exhibited antibacterial

activity in vitro in a dose-dependent manner. Other

researchers have similarly observed this pattern. Okigbo

and Mmeka (2008) at a concentration of 20 mg/ml

reported a zone of inhibition of 15 mm and 11 mm of

ethanol extract and water extract; respectively against

Staphylococcus aureus and 10 mm and 8 mm;

respectively against E. coli. The results, which is in

agreement with our study shows that the zone of

inhibition was generally higher in the ethanolic extract

and higher zone of inhibition was obtained for

Staphylococcus than E. coli. Oboh and Masodje (2009)

using water extract of bitter leaf at a concentration of

10 % reported a zone of inhibition of 8 mm for

Staphylococcus aureus and Escherichia coli .

Udochukwu et al. (2015), using a concentration of 10

g/100 ml extract reported a zone of inhibition of 7 mm,

11.5 mm and 7.5 mm for ethanol extracts, and 7.0 mm,

5.0 mm and 6.0 mm for E. coli, Pseudomonas

aeruginosa and Staphylococcus aureus; respectively.

Adetunji et al. (2013) demonstrated increasing

zone of inhibition of three bacteria species as the

concentration of bitter leaf extract increased from 25 to

200 mg/ml, with the ethanolic extract generally

being more potent than the water extract. Using a

concentration of 100 mg/ml, Ghamba et al. (2014)

reported the zone of inhibition of water and ethanol

Table 1. Biochemical tests for the characterization of bacteria isolated from poultry litter

Tentative Salmonella Shigella Sp Staphylococcus Escherichiacoli Pseudomonas

Bacteria Sp Sp Sp Sp

Gram stain -ve rod -ve rod +ve cocci -ve rod -ve rod

Catalase - + + + +

Oxidase - - - - +

Indole - - - + -

Glucose in KIA + + + + -

Lactose in KIA - - + + -

Gas in KIA - + + + -

H
2
S in KIA + - - - -

Citrate - - + - +

Pigmentation - - + - +

KIA, Kligler iron agar; Key: +/- (positive result/negative results)

Table 2. Antibacterial activity of aqueous extract of V. amygdalina against assay organisms

Test organisms Mean inhibition zone diameter (mm)

20% 40% 80% 100%

Salmonella sp 0.00±0.00d 6.33±0.058c 11.00±1.00b 13.00±1.00a

Shigella sp 0.00±0.00b 9.33±2.52a 9.33±0.58a 11.33±0.058a

Staphylococcus sp 0.00±0.00c 10.33±0.58b 11.67±1.15b 17.00±1.00a

E. coli 0.00±0.00c 7.33±0.58b 7.67±0.58b 11.67±1.53a

P. aeruginosa 0.00±0.00d 10.67±0.58c 13.67±0.58b 16.33±1.15a

Means (n=3, ± standard deviation) with different alphabets are significantly different (P<0.05)

Vernonia amygdalina extract as an alternative to antibiotic growth promoters
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extracts of bitter leaf on selected microbes. Unlike, other

results including our study, they recorded higher zones

of inhibition in water extracts than ethanol extracts. The

zone of inhibition of the ethanol extract were 11.3 mm

against E. coli, 10.8 mm against Pseudomonas

aeruginosa and 11.4 mm for Staphylococcus aureus,

but for the water extracts values were 12.5 mm, 12.2

mm and 11.4 mm; respectively. Generally, the different

zones of inhibition recorded is due to the different

concentrations of the plant extract used in the different

studies.

CONCLUSION

The in vitro antibacterial properties of the water

and ethanolic extracts of bitter leaf was investigated. In

agreement with other studies, it was observed that the

zone of inhibition of Salmonella sp, Shigella sp,

Staphylococcus sp, E. coli and P. aeruginosa was

dose dependent, with the ethanol extracts being

generally showing stronger anti-microbial activity than

the water extract. It is concluded that bitter leaf can be

used as potential alternative to synthetic AGP in poultry

feed.
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ABSTRACT

The present study was conducted to evaluate the effect of different processing techniques on nutritive

value and to determine appropriate inclusion level of soy nuggets (SN) in dog food. Standardized dog foods

were subjected to different processing techniques viz. raw, boiling and extrusion. The in vitro study was

performed with two incubation stages, with gastric phase of 2 hours in the presence of pepsin, gastric lipase in

HCl solution, and intestinal phase of 4 h in presence of pancreatin and bile salts in buffer solution. Data

analysis revealed that extrusion improved (P<0.01) in vitro nutrient digestibility and the best (P<0.01) response

was observed in diets having 5% SN containing extruded dog food. Maximum (P<0.01) dry matter digestibility

and organic matter digestibility was observed in extruded diet; No significant difference (P<0.01) was observed

in crude protein digestibility at 5% SN supplementation. However, with 10% and 15% SN supplementation, no

significant difference (P<0.01) was observed in raw and boiled diets, but crude protein digestibility increased

(P<0.01) with extrusion as compared to raw and boiled diets. Ether extract digestibility decreased (P<0.01)

in boiled diet at all the levels of SN supplementation. Irrespective of processing techniques, level of SN

supplementation had shown non-significant difference in nutrient digestibility but the extent was lesser than

no supplementation. It was concluded that SN can safely be included in dog diet at 5% level.

Key words: Boiling, Dog food, Extrusion, In vitro digestibility, Raw

INTRODUCTION

The ever increasing demand for pet food in India

has abetted the prompt growth of pet industry.

Advancement in research for improved health and

disease prevention in dogs has led to the production of

multitude of commercial dog foods with novel sources

of protein (Zentek and Mischke, 1997; Dust et al.,

2005), carbohydrate (Fortes et al., 2010; Kore et al.,

2008; Kore et al., 2009) and fiber (Bednar et al., 2001;

Swanson et al., 2001; Kore et al., 2012). Consequently,

the quality and quantity of commercial dog foods have

also improved. Most of the pet food manufacturing

industries use animal co-products as preferred protein

sources; however, their bioavailability and component

composition can be very capricious due to undesirable

components and processing techniques employed. Most

of pet owners are vegetarians (Sethi et al., 2019), so

the nutritional value of vegetable protein sources need

to be ascertained. Soy by-products possess 23%

carbohydrate, 20% fat and reasonable amount of

minerals, vitamins and dietary fibre besides containing

40% protein and essential amino acids such as glycine,

tryptophan and lysine etc. However, soyabean also

contains some anti-nutritional factors. Quality of soya

protein is sensitive to processing techniques employed.

Various soy products like soy milk, soy nuggets, soy nuts

etc. are available in the market but no work has been

done to use them in canine diets. Hence, the present

experiment was concocted to study the effect of

processing and level of incorporation of soya nuggets

on diet digestibility under in vitro condition.

MATERIALS AND METHODS

Samples of soy by-products (soy nuggets, soy

chunks and soy flour) were procured from the local

market and were analysed for proximate principle as

per AOAC (2005). Soy nuggets were added at 0, 5, 10

and 15% level to formulate diets to meet specifications

for puppy stage of dogs (AAFCO, 2014). The energy

density was kept 3500 kcal ME/kg (ICAR, 2013). The

formulated diets were subjected to different processing

techniques viz. raw, boiling and extrusion, and were

analysed for proximate principles and major minerals.
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Raw diets were formulated using dried ingredients which

were kept overnight in hot air oven at 90°C. In case of

boiled diets, 100 g of dried diets were weighed and boiled

with 300 ml of water for 15 min. The boiled feed was

kept for cooling and was further kept overnight in hot

air oven at 90°C for drying. After drying, the boiled feed

was grinded and analyzed for proximate composition.

For formulating the extruded diets, all the ingredients

were grinded in a mill, converted into flour, each

ingredient was mixed in requisite proportion, properly

blended and extrusion was done in the twin screw

extruder. The product was cooled for about 30 minutes.

Aflatoxin estimation of extruded feeds was done by

column chromatography with VICAM series 4 and 4EX

instrument.

In vitro method as validated by Biagi et al. (2016)

was used with slight modifications such as nylon bags

were used for collection of the undigested fraction.

Nylon bags were properly washed and kept for drying

in hot air oven at 65°C, labeled and weighed. Filtration

of the undigested residue was done through nylon bags

and washings were given with cold water and were tied

firmly. Afterwards, nylon bags were kept in hot air oven

at 65°C until constant weight was obtained. The dried

weight of nylon bags was recorded and residue obtained

was subsequently analyzed for the parameters such as

crude protein (CP), ether extract (EE) and total ash as

per AOAC (2005). In order to determine the dry matter

digestibility of the food samples residue obtained from

each bottle after the in vitro digestion was weighed and

digestibility was calculated using following equation: Dry

matter digestibility=(100-([residue weight×100]/sample

weight). The undigested fraction was analyzed for

different nutrients. Nutrient digestibility was calculated

with the following equation: Nutrient digestibility=100-

{[nutrient% in residue × (100-diet digestibility)] /

nutrient % in diet}.

The data pertaining to digestibility of nutrients was

subjected to statistical analysis using one-way ANOVA

in Software Package for Social Sciences (SPSS,

version 25.0). The treatment means were compared by

Duncan’s Multiple Ranged Test (Duncan, 1995).

RESULTS AND DISCUSSION

Data pertaining to nutrient composition of

experimental diets are presented in Table 1. Proximate

analysis of soy nuggets revealed that it contained 45.07%

Table 1. Nutrient composition of experimental diets

Treatments Nutrient composition (% dry matter basis)

Crude protein Ether extract Crude fibre Ash

Raw diets

0 % soy nuggets 23.18 7.42 3.80 7.60

5% soy nuggets 22.75 8.67 3.68 6.80

10% soy nuggets 23.00 8.44 3.86 7.33

15% soy nuggets 22.75 8.20 3.75 6.25

Boiled diets

0 % soy nuggets 22.75 3.40 3.50 7.56

5% soy nuggets 23.00 6.45 3.20 6.68

10% soy nuggets 22.75 6.20 3.34 7.26

15% soy nuggets 23.18 6.30 3.40 6.50

Extruded diets

0 % soy nuggets 23.18 6.10 3.70 7.32

5% soy nuggets 22.97 8.55 3.50 6.95

10% soy nuggets 22.77 8.44 3.65 7.30

15% Soy nuggets 22.75 8.65 3.52 6.80

Evaluation of soya nuggets based dog food
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crude protein (CP), 5.70% ether extract(EE), 8.65%

crude fiber (CF) and 7.68% total ash (TA), while soy

chunks contained 48.12% CP, 0.53% EE, 14.40% CF

and 7.33% TA. Soy flour had low nutritional profile as

compared to soy nuggets and soy chunks. It contained

17.94 % CP, 0.38% EE and 2.02 % fibre. Though soy

chunks had more CP than soy nuggets soy chunks were

poorer in EE and higher in CF content.

The analyzed value of crude protein of control

group and feed containing different levels of raw, boiled

and extruded feeds were around 23%. This confirms

that all formulated diets were iso-nitrogenous.

Different processing method had not affected the

nutrient composition of diet except the EE and CF

content which was reduced in boiled diets. The

reduction in these parameters could be due to the

diffusion of soluble nutrients into water and softening of

fiber fraction during boiling. Hefnawy (2011) also

observed decreased fat content in pulses after cooking.

Nsa et al. (2011) reported that crude fiber content of

un-decorticated castor oil seeds reduced after boiling.

In vitro nutrient digestibility of control feed i.e

without soy nuggets supplementation using different

processing techniques (raw, boiling and extrusion)

revealed that DM digestibility and OM digestibility of

boiled feed was higher (P<0.05) than raw feed, but lower

(P<0.05) than extruded feed. No significant (P<0.05)

difference was observed in CP digestibility among

Table 2. In vitro nutrient digestibility of control feed using different processing techniques

Nutrient Control diet (0% soya nugget diet) P-value
digestibility %

Raw Boiled Extruded

DM 80.46a 84.01b 92.2c 0.001

CP 90.16 91.59 92.80 0.145

EE 94.18b 83.34a 94.92b 0.032

OM 84.38a 86.68b 91.27c 0.002
a,b,c Means bearing different superscripts in a row differ significantly (P<0.05)

Table 3. In vitro nutrient digestibility of soy nuggets based dog feed at different levels using different

processing techniques

Diets Dry matter Crude protein Ether extract Organic matter

Soy nuggets 5%

Raw 66.74a 87.51 91.06c 66.84a

Boiled 84.27b 87.59 83.70a 84.26b

Extruded 88.20c 88.13 88.85b 87.94c

P-value 0.000 0.896 0.002 0.000

Soy nuggets 10%

Raw 64.98a 85.22a 90.35b 64.48a

Boiled 83.80b 85.92a 83.36a 83.74b

Extruded 89.25c 89.72b 91.75b 89.90c

P-value 0.000 0.016 0.000 0.000

Soy nuggets 15%

Raw 67.96a 85.49a 90.05b 67.22a

Boiled 83.42b 86.02a 84.09a 83.40b

Extruded 88.36c 89.00b 90.20b 88.30c

P-value 0.000 0.002 0.000 0.000
a,b,c Means bearing different superscripts in a row differ significantly (P<0.05)

Kaur et al.
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different processing techniques. Boiled feeds had lower

(P<0.05) EE digestibility than raw and extruded diets,

while no significant difference was observed in EE

digestibility between raw and extruded diets. Extrusion

of feed improved the in vitro digestibility of nutrients

(Table 2).

Nutrient digestibility of feed containing soy

nuggets is depicted in Table 3. Digestibility of DM of

boiled feed containing 5% SN was significantly (P<0.05)

higher (84.27 %) than raw diet (66.74 %) and lower

(P<0.05) than extruded (88.20 %) diet. No significant

(P<0.05) difference was seen in CP digestibility of raw

(87.51%), boiled (87.59 %) and extruded diets (88.13%).

EE digestibility was lower (P<0.05) in case of boiled

diets and was higher (P<0.05) in raw diets. The OM

digestibility of boiled feed (84.26 %) was lower (P<0.05)

than extruded (87.94 %) and higher (P<0.05) than raw

diet (66.84 %). Lankhorst et al. (2007) also observed

that in vitro protein digestibility was not affected by

different extrusion conditions.

The in vitro digestibility of nutrient of boiled dog

feed containing 10% soy nuggets showed better (P<0.05)

DM digestibility than raw diet (64.98%). However, it

was lower (P<0.05) than extruded diet (89.25%).

Non-significant (P<0.05) difference was recorded

between raw and boiled diets with respect to CP

digestibility. However, CP digestibility was higher

(P<0.05) in case of extruded diet (89.72%).

Non-significant (P<0.05) difference was observed in

EE digestibility of raw (90.35%) and extruded (91.75

%) diet, however, EE digestibility was lowest (P<0.05)

i.e., 83.36 % in boiled diet. OM digestibility of boiled

diet (83.74 %) was significantly higher than raw diet

(64.48 %) but was significantly lower than extruded diet

(89.90 %).

DM and OM digestibility of boiled feed

containing 15% SN was higher (P<0.05) than raw diet

and lower (P<0.05) than extruded diet. There was no

significant (P<0.05) difference in CP digestibility

of boiled (86.02%) and raw diets (85.49%). CP

digestibility of extruded diet (89.00%) was highest

(P<0.05). Park et al. (2010) reported that apparent ileal

digestibility’s for extruded pea seeds with respect to CP

digestibility were higher than unprocessed pea seeds,

hence extrusion improved protein digestibility.

Irrespective of processing methods inclusion of

Table 4. Effect of processing technique and level of inclusion of soy nuggets (SN) on in vitro digestibility

of nutrients

Dry matter Crude protein Ether extract Organic matter

Processing Technique1 (P)

Raw 70.04a 87.09a 91.41b 70.73a

Boiled 83.88b 87.78a 83.62a 84.52b

Extruded 89.50c 89.86b 91.43b 89.35c

Level of soy nuggets2 % (L)

0 85.56B 91.45B 90.81B 87.44B

5 79.74A 87.75A 87.87A 79.68A

10 79.35A 86.95A 88.49A 79.37A

15 79.91A 86.84A 88.11A 79.64A

PSE 0.22 0.35 0.49 0.22

P-value

P <0.001 <0.001 <0.001 <0.001

L <0.001 <0.001 0.007 <0.001

P×L <0.001 0.118 0.050 <0.001
1Irrespective of level of soy nuggets in the diet; 2Irrespective of processing technique; Means with different superscriptsa,b,c for different

processing techniques and superscriptsA,B,C for different levels of soy nuggets with in a row differ significantly; PSE Pooled standard error

Evaluation of soya nuggets based dog food
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soy nuggets had significant effect on the digestibility of

nutrients. Digestibility of DM, OM, CP and EE was

highest (P<0.01) in feed containing no soya nuggets.

However, non-significant difference was observed

between different levels of soy nuggets inclusion in dog

feed.

FDA (2019) suggests 20 ppb of aflatoxin in pet

foods is safe. Analysis revealed that aflatoxin content

of soy nuggets was 21 ppb. Lowest aflatoxin content

was found in control diet i.e., 5.7 ppb whereas for 5%

soy nuggets diet it was 16 ppb, which was within

permissible limits. Rumbeiha (2001) observed that dogs

are susceptible to the noxious effects of mycotoxins

mainly aflatoxin B
1
 in feed (> 60 ìg/kg of feed) with an

LD50 of 0.5 to 1.5 mg/kg of body weight).

CONCLUSIONS

In vitro study revealed that soy nuggets can be

incorporated into the extruded dog’s diet up to 5% level

and extrusion improved the digestibility of nutrients.
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ABSTRACT

The present study was conducted to evaluate the effect of dietary inclusion of garlic, turmeric and their

combinations on performance of broilers (Cobb strain). Two hundred and forty day-old unsexed broiler chicks

were procured and randomly divided into five dietary treatment groups (n=48). Birds in control (C) group were

administered antibiotic levofloxacin at 2.5 g/l of drinking water, however, antibiotic was replaced with dietary

inclusion of either 1% turmeric (T
1
), 1% garlic (T

2
), 0.6% turmeric+0.4% garlic (T

3
), or 0.6% garlic+0.4% turmeric

(T
4
). The diets formulated were isocaloric and isonitrogenous. The feeding trial was conducted for 6 weeks. The

results revealed significantly (P<0.05) higher cumulative feed intake in group T
3
, while body weight gain (g)

showed no difference (P>0.05) among groups. Feed conversion ratio was found to be better in groups T
2
 and

T
4
. Protein efficiency ratio was found to be higher in group T

2
 (P<0.05). The villi length of duodenum; epithelial

and glandular epithelial height of jejunum, glandular epithelial height and diameter of glands of ileum were

higher (P<0.05) in group T
2
. The 1% garlic supplemented group showed the best cost benefit ratio. It was

concluded that 1% garlic powder supplementation in the diet may substitute antibiotics without any adverse

effect in broilers.

Key words: Antibiotics, Broilers, Feed additives, Garlic, Turmeric

INTRODUCTION

Antibiotic growth promoters (AGP) had been

intensively used in broiler ration to improve productivity,

because it stimulates favorable micro-organisms growth

in gastro-intestinal tract and suppress harmful

micro-organisms besides improving nutrient absorption.

Antibiotics can be used successfully at sub-therapeutic

doses in poultry ration to promote growth

(Chattopadhyay, 2014). But residues of AGP may

transmit to the products causing anti-bacterial resistance

which is a serious public health concern. In response,

many countries have banned the use of AGP in

livestock and poultry feed. Under these circumstances,

poultry nutritionist is looking for alternatives of AGP.

Phytogenic feed additives (PFA) are defined as group

of natural growth promoters (NGPs) or non-antibiotic

growth promoters used as feed additives, derived from

herbs, spices or other plants (Yitbarek et al., 2015).

Research on the topic done so far indicates that PFA

can suitably replace AGP without any adverse impact

on production performance of poultry.These additives

contain numerous bio-active ingredients (alkaloids,

glycosides, flavonoids, mucilage, etc) which have

favorable effect on poultry performance mediated

through stimulation of appetite, improvement of

endogenous enzyme secretion and positive modulation

of immune response (Toghyani et al., 2011).

Turmeric (Curcuma longa) and garlic (Allium

sativum) are universally accessible herbs having

beneficial effects on broiler performance (Rajput et

al., 2012). Turmeric has antioxidant, anti-bacterial,

anti-viral, anti-protozoal, anti-fungal, anti-inflamatory,

anti-carcinogenic, anti-hypertensive and hypo

cholesteremic activities (Chen and Huang, 2009) and

its active ingredients are curcumin, demethoxycurcumin,

bisdemethoxycurcumin and tetrahydrocurcumin (Huang

Indian J. Anim. Nutr. 2021. 38 (1): 92-99
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et al., 1995). Earlier researchers have reported that

supplementation of turmeric up to 1% in the diet

positively affected the performance of broiler chickens

(Singh et al., 2018). Active principle present in garlic

includes allicin, alliin, ajoene, diallylsulphide, dithiin and

s-allylcysteine that renders it functional properties

(Batiha et al., 2020). Garlic has anti-bacterial,

anti-inflammatory, antiseptic, anti-parasitic and

immuno-modulatory properties Its use in poultry diet up

to 1% level improved body weight gain (BWG),

digestibility of feed, decreased bad cholesterol and

augmented meat quality parameters (Eltazi et al., 2014).

As garlic and turmeric own different active

principles, their combination may have synergistic

effect on the performance of broiler chicken.

Therefore, the present study was undertaken to

ascertain the effect of turmeric and garlic powders

supplementation either alone or in combinations as feed

additives.

MATERIALS AND METHODS

Present study was conducted at Division of

Animal Nutrition, Faculty of Veterinary Sciences and

Animal Husbandry, SKUAST-Jammu, India. Two

hundred and forty day-old, unsexed broiler chicks (Cobb

strain) were randomly distributed into five treatment

groups (n=48) in an experiment based on completely

randomized design (CRD). Each group had four

replicates i.e., twelve birds per replicate. Iso-caloric and

iso-nitrogenous diets (maize-soya based basal diet) were

formulated to meet nutrient requirement as per ICAR

(2013). Birds of the control (C) group were

administered antibiotic (Levofloxacin at 2.5 g/l drinking

water). However, antibiotic was replaced with dietary

inclusion of either 1% turmeric (T
1
), 1% garlic (T

2
),

0.6% turmeric+0.4% garlic (T
3
), or 0.6% garlic+0.4%

turmeric (T
4
). All chicks were brooded on partitioned

deep litter house. The day old chicks procured were

pre-vaccinated against Marek’s disease and were

vaccinated as per standard vaccination schedule.

Entire experiment lasted for six weeks under scientific

managemental system and ad libitum water was

offered.

Turmeric and garlic were purchased from local

market and were dried and grinded to be used in

powdered form. The ingredient composition for broiler

pre-starter, starter and finisher feed and their chemical

composition is presented in Table 1, 2 and 3,

respectively. The birds were weighed periodically (0,

Turmeric and Garlic powders as feed additives on performance of broiler chicken

Table 1. Ingredient composition (%) of basal diet

Ingredients Experimental Diets

Pre-starter Starter Finisher

Maize 60.5 60.88 67.5

Meat-bone meal 5 5 5

Soya bean meal 31.08 30.36 24.5

Salt 0.25 0.25 0.25

Sodium bicarbonate 0.01 0.01 0.01

Soya bean oil 2 2.6 2.2

DL-Methionine 0.17 0.13 0.09

Lysine 0.12 0 0

Di-calcium phosphate 0.13 0 0

Lime stone powder 0.59 0.54 0.29

Vitamin supplement1 0.05 0.05 0.05

Trace minerals2 0.1 0.1 0.1
1Each kg of premix contains vitamin A- 50m IU, vitamin D

3
- 14m IU, vitamin E- 20 g, vitamin K

3
-8g, vitamin B

1
- 3.2 g, vitamin B

2
-32g,

vitamin B
12

-0.024g, calcium D pantothenate- 16 g, niacin- 28g, vitamin B
6
- 3.6 g, folic acid- 5.6 g, biotin- 0.2g; 2 Each kg contains copper-15

g, iodine-2 g, iron-90 g, manganese-100 g, selenium-0.3 g, zinc-80 g
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Table 2. Proximate composition of feed ingredients and additives (on % dry matter basis)

Ingredients Crude protein Ether extract Crude fibre Total ash Nitrogen free

extract

Maize 9.15 4.01 2.11 1.51 83.22

Soybean meal 45.5 5.4 7.58 8.09 33.43

Meat bone meal 47.79 7.71 9.05 21.41 14.04

Turmeric powder 9.14 5.59 4.32 3.82 77.13

Garlic powder 18.48 0.57 3.22 4.74 72.99

Fig. 1. Micrometrical measurements

A: Villus height

B: Luminal epithelial height

C: Glandular diameter

D: Glandular epithelial height

14, 21 and 42 days of age) and average feed intake was

calculated. Feed samples were analyzed for proximate

principles as per AOAC (2012). At the end of trial, eight

birds per group (two birds/replicate) were randomly

picked up, slaughtered, and tissues were collected from

intestines for histology and micrometry. The tissue

samples collected upon slaughter were fixed in

10% neutral buffered formalin solution for histo-

morphological processes (Luna, 1968). The

micrometrical observations were recorded on

haematoxylin and eosin stained sections. The

micrometrical observations were epithelial height (µm),

glandular epithelial height (µm), diameter of gland (µm)

and length of villi (µm) (Fig. 1). Statistical analysis was

done as per Snedecor and Cochran (1994).The means

in different treatments were subjected to Duncan’s

multiple range test (1995) for ranking (P<0.05).

RESULTS AND DISCUSSION

Results revealed that cumulative feed intake (g)

of pre-starter phase (0-14 days) showed non-significant

difference among different experimental groups

(Table 4). But the cumulative feed intake of starter phase

(15-21days) was significantly higher (P<0.05) in

control group and was least in groups T
2
 and T

4
.

However, during finisher phase (22-42 days), feed

intake was found to be significantly (P<0.05) higher in

group T
3
 than C and T

2
, but T

1
 and T

4 
were statistically

similar to T
3
. Also feed intake of T

1
 was higher (P<0.05)

than C. Likewise, the total feed intake during the entire

experimental trial (0-6 weeks) was higher (P<0.05) in

group T
3

 than C and T
2
, with intermediate values in

rest of the groups, suggesting the positive role of

turmeric in promoting feed intake. This may be explained

in the light of fact that turmeric possesses appetite

stimulant, stomachic and carminative properties, which

might be responsible for improved feed intake

(Chakraborty et al., 2011). Similar results were reported

by earlier researchers on supplementing turmeric in

graded levels (Kanani et al., 2016, Ratika et al., 2018).

On the contrary, some researchers found no difference

in feed intake on turmeric supplementation (Singh et

al., 2018). The difference found in the above studies

might be due to different dosage of turmeric

supplementation, different AGP used in addition to

difference of feed ingredients.

Body weight gain (BWG) of pre-starter phase,

starter phase as well as for entire trial was statistically

similar irrespective of different dietary treatments (Table

4). But during finisher phase, it was higher (P<0.05)

in group T
3
 as compared to groups T

1
 and C with

Chowdhary et al.
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Table 3. Chemical composition of broiler pre-starter, starter and finisher diet (on % dry matter basis)

Attributes Pre-starter Starter Finisher

C T
1

T
2

T
3

T
4

C T
1

T
2

T
3

T
4

C T
1

T
2

T
3

T
4

Organic matter 94.86 94.47 94.29 94.02 93.78 95.37 95.29 95.14 95.11 94.87 96.5 94.89 95.76 94.08 94.82

Crude protein 21.64 21.76 21.89 21.79 21.86 21.67 21.75 21.99 21.58 21.84 19.16 19.51 19.67 19.42 19.87

Ether extract 3.19 3.29 3.34 3.41 3.56 4.23 4.32 4.37 4.48 4.59 5.01 5.00 5.03 5.02 5.04

Crude fibre 4.08 4.04 4.07 4.06 4.09 4.2 4.26 4.19 4.32 4.21 4.14 4.17 4.05 4.12 4.30

Total ash 5.14 5.53 5.41 5.98 5.62 4.63 4.71 4.56 4.69 5.63 4.12 4.61 4.24 4.52 4.31

Nitrogen free 65.95 65.38 65.29 64.76 64.87 65.27 64.96 64.89 64.93 63.73 67.57 66.68 67.01 66.92 66.48

extract

Ca 1.17 1.15 1.17 1.13 1.2 1.02 1.04 1.09 1.02 1.06 0.98 0.95 0.9 0.92 0.95

P 0.85 0.84 0.82 0.87 0.85 0.8 0.78 0.74 0.76 0.8 0.76 0.73 0.75 0.74 0.78

Metabolizable 3000 3000 3000 3000 3000 3050 3050 3050 3050 3050 3100 3100 3100 3100 3100

energy (kcal/kg)

calculated

intermediate values for rest of the groups. The above

results signified that garlic either alone or in

combination with turmeric improves BWG, which may

be attributed to active principle allicin (present in

garlic). Allicin is responsible for promoting useful

intestinal flora. These results are in line with the

findings of earlier researchers who reported that garlic

supplementation resulted in higher body weight and

BWG in broilers (Borgohain et al., 2017). In contrast to

our results, Issa and Omer (2012) found no difference

in body weight of broilers on garlic supplementation.

The differences found might be due to different dosage

of garlic supplementation (0.4% vs. 1.0% of basal diet

in the current study).

The average FCR of pre-starter and starter phase

were similar (P>0.05), but during finisher phase and for

entire trial, FCR was significantly higher (P<0.05) in

group T
1
 in comparison to rest of the treatments (Table

4).The higher body weight gain and better utilization of

feed may be the probable reason for better FCR in

garlic supplemented groups. It can be inferred that

garlic alone or in combination with turmeric may

substitute AGP. But turmeric supplementation alone is

not effective. The present results corroborate with the

findings of Brzoska et al. (2015) and Ratika et al. (2018),

who too found improved FCR on garlic

supplementation. Whereas, some researchers found no

difference in FCR while supplementing garlic, turmeric

or their combinations (Choudhury et al., 2018).

Contrary to our results, Singh et al. (2018) reported

comparable FCR in 1% turmeric and AGP fed groups

in broilers. In the present study, antibiotic was given

through drinking water whereas in the cited study AGP

was provided with basal diet, which may be the

probable reason for the difference.

Protein efficiency ratio (PER) values of

pre-starter and starter phase showed no significant

difference among different treatments (Table4). But

during finisher phase PER was found lower (P<0.05) in

T
1 
(2.39) in comparison to rest of the groups (2.49, 2.67,

2.53 and 2.58 in C, T
2
, T

3
 and T

4
 respectively).

However, the PER of entire trial was found higher

(P<0.05) in T
2
 (3.39) than T

1
 (3.05) with intermediate

values for rest of the groups (2.89, 3.07 and 3.16 in C,

T
3
 and T

4
, respectively). These results further strengthen

the positive role of garlic powder (alone and in

combination with turmeric powder (TP)) on growth

performance, suggesting that it may substitute AGP.

Likewise, Ratika et al. (2018) found no significant

difference in PER during the first four weeks while

supplementing turmeric powder, garlic powder and their

combination in basal ration of broilers, but at 5th and 6th

week, PER was higher in 0.5% turmeric powder and

1.5% garlic powder + 0.25% turmeric powder

supplemented diet.

Data pertaining to the effect of dietary inclusion

Turmeric and Garlic powders as feed additives on performance of broiler chicken
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of turmeric and garlic on the micrometry of different

components of small intestine viz. duodenum, jejunum

and ileum are presented in Table 6. In the duodenum,

epithelial height (µm), glandular epithelial height (µm)

and diameter of glands (µm) were similar (P>0.05), but

the length of villi (µm) of duodenum was higher (P<0.05)

Table 4. Effect of supplementation of turmeric and garlic powder on cumulative feed intake, body weight

gain, feed conversion ratio and protein efficiency ratio of broiler chicken

Days Group

C T
1

T
2

T
3

T
4

Feed intake (g)

0-2 weeks 370.37±9.04 369.29±11.35 361.12±13.75 377.51±15.98 339.15±14.30

2-3 weeks 684.24b±14.48 656.09ab±16.57 611.41a±17.54 641.30ab±13.61 622.31a±28.16

3-6 weeks 3392.61a±69.16 3582.43bc±17.16 3437.61ab±30.01 3655.85c±96.09 3525.31abc±23.02

0-6 weeks 4447.23a±72.22 4607.83ab±26.00 4410.15a±15.32 4674.66b±50.51 4486.76ab±53.34

Body weight gain (g)

0-2 weeks 286.35±7.92 286.43±7.16 290.75±11.21 278.25±12.03 269.00±6.37

2-3 weeks 424.20±9.98 428.65±11.62 443.67±10.23 422.80±3.61 418.55±16.62

3-6 weeks 1506.51ab±32.84 1482.14a±27.93 1617.42bc±56.87 1661.17c±48.38 1609.47abc±31.86

0-6 weeks 2217.05±33.17 2197.05±44.05 2351.85±71.79 2362.22±45.90 2307.02±46.30

Feed conversion ratio

0-2 weeks 1.30±0.06 1.29±0.06 1.25±0.07 1.36±0.08 1.23±0.07

2-3 weeks 1.61±0.05 1.53±0.08 1.38±0.07 1.51±0.04 1.50±0.13

3-6 weeks 2.25a±0.02 2.42b±0.05 2.13a±0.06 2.20a±0.06 2.19a±0.04

0-6 weeks 2.00ab±0.01 2.10b±0.05 1.88a±0.01 1.98ab±0.03 1.95a±0.06

Protein efficiency ratio

0-2 weeks 3.53±0.17 3.54±0.16 3.67±0.22 3.37±0.18 3.76±0.22

2-3 weeks 2.89±0.09 2.12±0.05 2.42±0.07 2.33±0.06 2.34±0.04

-6 weeks 2.49b±0.02 2.39a±0.06 2.67b±0.08 2.53b±0.04 2.58b±0.07

0-6 weeks 2.89ab±0.09 3.05a±0.15 3.39b±0.17 3.07ab±0.08 3.16ab±0.24
a,b,cMean with different superscript within a row differ significantly (P<0.05)

Table 5. Effect of supplementation of turmeric and garlic powder nutrient intake (g) during metabolism

trial of broiler chicken

Attributes Groups

C T
1

T
2

T
3

T
4

Nutrient intake

Dry matter 1267.49bc±13.76 1331.09d±12.54 1182.69a±11.90 1292.30cd±12.39 1246.13b±20.35

Crude protein 262.82abc±4.74 272.02c±5.74 249.67a±3.45 267.20bc±3.89 255.78ab±5.49

Ether extract 68.49a±2.10 72.32c±1.19 64.77a±0.39 70.13bc±0.56 67.99ab±0.26

Crude fibre 56.59±2.52 60.39±2.17 52.24±7.68 57.57±6.78 57.68±4.44

Total ash 205.13±2.74 223.99±5.76 200.43±6.55 218.41±13.32 215.35±14.54

Organic matter 1161.98bc±2.74 1222.57d±5.76 1088.00a±6.55 1176.56c±13.32 1136.38b±14.54

Nitrogen free 888.96ab±22.47 949.02b±32.27 823.11a±26.01 894.80ab±36.08 803.31a±41.96

extract
a,b,c,dMean with different superscript within a row differ significantly (P<0.05)
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in group T
2
 than the rest of the groups. The longer and

slender villi lead to an increased surface area which

leads to better absorption of nutrients. These results are

in line with the findings of earlier researchers, who

also found increased villi length on garlic powder

supplementation (Purwanti et al., 2014).

While in jejunum, the epithelial height (µm) was

observed to be significantly higher (P>0.05) in groups

T
2
 than T

3
 and C. The length of villi showed no

significant difference (P>0.05) among different

treatments, however glandular epithelial height (µm) was

found to be significantly higher (P<0.05) in groups T
2

and T
4
 than groups C and T

1
, with intermediate value

for group T
3
. But, diameter of gland (µm) was

significantly higher (P<0.05) in groups T
4
, T

3
 and T

2

than in T
1 
and C.

In ileum, epithelial height (µm) and length of villi

(µm) showed no significant difference among groups.

Glandular epithelial height (µm) was lower in C than

rest of the groups. But, the diameter of gland (µm) was

significantly higher in groups T
2
, T

3
 and T

4 
as compared

C. Adibmoradi et al. (2006) observed that feeding of

garlic meal significantly decreased epithelial thickness

in different sections of small intestine. The above dif-

ferences may be owed to the fact that garlic meal was

used in the study by the above researcher whilst garlic

powder was being used in the current study. Also, Rajput

et al. (2012) reported that the dietary supplementation

of turmeric powder at the rate of 0.2 g/kg increased

villus length of broiler chicken at 42 days of age. It has

also been found that above mentioned micrometrical

parameters were better in duodenum than jejunum and

ileum. The diameter of glands in different sections of

small intestine was higher in garlic powder fed groups

which signifies increased activity of these glands i.e.,

increased secretion of mucin which is essential for

integrity of mucinous lining of intestinal epithelium and

easy passage of the ingesta (Schneeman, 1982). Thus,

Table 6. Effect of supplementation of turmeric and garlic powder on micrometry of different

components of small intestine of broiler chicken

Attributes Groups

C T
1

T
2

T
3

T
4

Duodenum

Epithelial height (µm) 28.33±2.00 31.78±2.09 32.24±1.38 32.02±2.24 31.97±1.44

Length of villi (µm) 1116.38a±25.61 1138.53a±15.66 1224.85b±18.41 1146.47a±32.50 1157.28a±29.84

Glandular epithelial 23.23±1.24 23.68±0.87 25.65±1.15 25.37±0.93 24.04±1.12

height (µm)

Diameter of glands (µm) 71.67±5.85 70.04±4.12 96.54±7.66 84.12±6.35 82.15±6.15

Jejunum

Epithelial height (µm) 21.60a±1.32 23.79ab±1.67 26.67b±1.46 21.85a±0.63 23.60ab±1.28

Length of villi (µm) 630.51±16.98 618.61±14.27 652.88±17.69 632.57±10.63 659.12±15.49

Glandular epithelial 19.74a±0.74 20.81a±0.48 23.83b±1.81 21.50ab±0.90 23.40b±0.42

height (µm)

Diameter of glands (µm) 65.09a±4.52 62.48a±2.99 76.77b±4.00 77.19b±5.80 78.77b±1.64

Ileum

Epithelial height (µm) 21.00±0.87 22.25±0.99 24.08±1.47 22.76±0.72 23.73±0.93

Length of villi (µm) 201.93±19.45 215.50±18.10 226.08±15.41 212.60±13.01 207.90±14.52

Glandular epithelial 16.57a±0.98 19.71b±0.75 20.90b±1.40 21.25b±1.67 20.34b±1.23

height (µm)

Diameter of glands (µm) 51.19a±5.09 60.33ab±6.32 73.27b±7.16 71.48b±7.55 66.93b±4.69
a,bMean with different superscript within a row differ significantly (P<0.05)
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supplementation garlic powder at 1% in basal diet of

broiler could activate absorptive process and may act

as a viable alternative to AGP.

Data on the cost benefit ratio of different groups

is presented in Table 7. The total input cost was lower

in garlic powder supplemented group followed by group

fed turmeric and garlic powder at 40:60 and was higher

in AGP fed group. The lower feed consumption and

higher FCR in addition to lower cost of garlic were the

probable reason for lower input cost as cost of garlic

(raw) is ` 100/kg, whereas per kg cost of turmeric

powder was ` 120 and that of antibiotic was ` 300 per

200 g, respectively. Due to better nutritional attribute

and lower cost of garlic powder, highest income was

achieved in group T
3 
followed by groups T

2
, T

4
 and C,

but lowest income was recorded in group T
1
. The cost

benefit ratio was highest in group T
2
 (1.32) followed by

T
3
 (1.28), T

4 
(1.28), T

1 
(1.20) and least in C (0.96). The

highest cost benefit ratio in T
2
 may be attributed to less

feed consumption, better FCR and better utilization of

nutrients. The present results corroborate the findings

of Borgohain et al. (2017) who found that garlic

supplementation showed the highest gross profit per

broiler. However, Karangiya et al. (2016) reported that

garlic supplementation did not affect the return over feed

cost. This difference in the response may be due to

various factors like strain of the broilers used, season of

the trial, varying basal diet etc.

CONCLUSIONS

Garlic supplementation at 1% resulted in improved

growth and performance of the broilers as evident by

superior FCR and better gut micrometry in comparison

to the rest of groups.
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ABSTRACT

The present investigation studies the effect of ascorbic acid (AA) and alpha-tocopherol

supplementation on plasma corticosterone and production performance of broilers. Eighty four day-old broiler

birds were randomly assigned into seven groups of 12 each, namely G
1
, G

2
,G

3
,G

4
,G

5
,G

6
 and G

7
 maintained at

26±1.0°C. G
1 
group was taken as control, whereas G

2
, G

3
 and G

4
 groups were fed 100 mg/kg feed, 200 mg/kg and

300 mg/kg of ascorbic acid respectively with basal diet. Similarly, basal diet was supplemented with 100, 200 and

300 mg/kg of alpha-tocopherol in groups G
5
, G

6
 and G

7, 
respectively. Weekly record of feed intake was made for

six weeks. Body weight, and feed efficiency ratio (FER) was recorded at 1st, 3rd and 6th week. Lower (P<0.05)

plasma corticosterone levels were recorded on supplementation of 200 mg and 300 mg of ascorbic acid and

alpha-tocopherol respectively. Feed intake was significantly higher (P<0.05) in supplemented groups as

compared to control. Body weight gain and FER was significantly higher (P<0.05) in groups supplemented

with ascorbic acid at 200 mg/kg feed and alpha-tocopherol at 300 mg/kg. l. Therefore, it is concluded that

supplementation of 200 mg/kg ascorbic acid and 300mg/kg of alpha tocopherol improve performance of

commercial broilers.
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INTRODUCTION

Stressful conditions, such as environmental,

pathological and nutritional disorders, may produce

conditions that evoke behavioral and physiological chain

reactions that normally affect the development,

performance and quality of the carcass of poultry. High

mortality rate and impaired performance of broiler

chickens have been reported in the poultry industry with

changes in ambient temperature (Arjona et al., 1988).

Therefore, the prevention and relief of heat stress is

becoming increasingly necessary. When chickens are

exposed to high temperatures, they attempt to reduce

their body temperature within a limited range to

preserve body homeostasis. In particular, poultry’s

exposure to high temperature is stressful

(Puthpongsiriporn et al., 2001). Heat stress adversely

affect feed intake, growth rate and mortality in poultry

diet, particularly ascorbic acid and vitamin E, as stress

boosters have significant positive implications.

Reversible oxidation-reduction of ascorbic acid with

dehydroascorbic acid is most important chemical

property of vitamin C. Also, scavenging reactive

oxygen species, counteracting oxidative stress in

keratinocytes and reducing free radicals production

promote efficient performance of poultry during heat

stress (Bhatti et al., 2016). Vitamin E, on the other hand,

acts as potent antioxidant, improving oxidative stability

and promoting improved meat quality. Protective action

of vitamin C is partially mediated through reduction of

circulating levels of glucocorticoids (Nockels, 1990)

during stress. Keeping beneficial effects of ascorbic acid

(vitamin C) and alpha-tocopherol (vitamin E) in mind,

the present study was conducted to investigate effect

of ascorbic acid and alpha-tocopherol on plasma

corticosterone and production performance in broilers.

MATERIALS AND METHODS

The research work was conducted in the Department

of Veterinary Physiology and Biochemistry, College of

Veterinary Science and Animal Husbandry, N.D.V.S.U.

Indian J. Anim. Nutr. 2021. 38 (1): 100-104



101

Jabalpur (M.P.). Feeding trial was conducted in poultry

sheds at NDVSU livestock farm. Jabalpur.Total 84

day-old chicks of commercial broiler birds were

procured (Phoenix hatchery, Jabalpur). The experimental

chicks were reared in battery brooder house. A

digital thermo-hygrometer was used to register the

temperature and humidity of experimental poultry unit.

Day-old chicks were randomly divided into 7 groups

(G
1
, G

2
, G

3
, G

4
, G

5
, G

6
, G

7
) of 12 birds each. All birds

were maintained at 26±1.0°C (comfort zone). G
1
 group

was taken as control (without supplementation); birds

of groups G
2
, G

3 
and G

4
 were supplemented with 100,

200 and 300 mg of ascorbic acid per kg feed; whereas,

those in G
5
, G

6
 and G

7
 were supplemented with 100,

200 and 300 mg aof lpha-tocopherol per kg feed. Diets

were formulated as per NRC (1994) specifications

(Table 1). Feed intake was recorded on weekly basis

by weighing the feed offered and residue left. Body

weight was recorded for each bird at three-week

intervals (0, 3 and 6 weeks) by weighing all birds in the

morning (9:00) prior to feeding using an electronic scale.

Feed efficiency ratio (FER) was calculated on the basis

of body weight gain and feed intake.

Blood samples were collected from each bird on

specified day of experiment i.e., on 15th, 30th and 45th

day. A 22 gauge needle was used for collection of blood.

Ascorbic acid and alpha-tocopherol supplementation in broilers

Table 1. Composition of basal diet

Ingredients Starter % Finisher %

Maize 58.805 59.50

Soybean 28 26

Sunflower meal 5 2.5

Fish meal 5 3

Limestone 1.0 0.8

Di-calcium phosphate 1.5 1.1

Salt 0.2 0.2

DL- Methionine 0.06 0.04

Trace mineral Premix 0.1 0.1

Vitamin premix* 0.15 0.15

Vitamin B complex** 0.015 0.015

Choline chloride 0.05 0.05

Toxin binder 0.05 0.05

Protexim 0.02 -

Coccidiostat 0.05 0.05

De-oiled rise bran - 1.42

Rape seed meal - 5

Lysine - 0.02

Total 100 100

Nutrient Composition

Crude protein (%) 21.66 18.98

Metabolizable energy (kcal. ME/Kg)*** 2843 2850

Calcium (%) 1.17 1.17

Available phosphorus (%) 0.496 0.5

Lysine (%) 1.24 1.22
*Trace mineral Premix: Mg-300, mn-55, I-0.4, fe-56, Zn-30 and Cu-4kg-1; **Vitamin premix: Vitamin A-8250 IU, Vitamin D

3
- 1200 IU,

Vitamin K-1mg, Vitamin B1-2mg, Vitamin B
2
-4mg, Vitamin B

12
-10mg, Percent of values specified by NRC, 1994, ***Calculated.
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The blood samples collected in heparinized

polypropylene tubes (20 IU heparin/ ml of blood) were

kept in the ice bucket and carried back to the laboratory

immediately. In the laboratory, all the blood samples were

centrifuged at 3000 rpm for 30 min and plasma was

separated. Plasma obtained was kept in the labeled

storage vials of 2 ml capacity and stored at -20°C till

analysis for corticosterone. Enzyme Linked Immuno

Sorbent Assay (ELISA) was done for the estimation of

plasma corticosterone as per the protocol prescribed by

commercially available kit procured from Cusabio,

China. The assay employed for the estimation of

corticosterone (CORT) was the competitive inhibition

enzyme immunoassay technique. The microtiter plate

was pre-coated with the antigen. Standards or samples

were added to the appropriate microtiter plate wells

with an antibody specific for CORT and HRP

conjugated goat-anti-rabbit antibody. The competitive

inhibition reaction was launched between with

pre-coated CORT and CORT in the samples. A

substrate solution was added to the wells and the color

development was inversely proportional to the amount

of CORT in the sample. Recorded data swere

statistically analyzed following procedure for Completely

Randomized Design (Snedecor and Cochran, 1994).

Various treatment means were compared by Duncan

Multiple Range test (DMRT) using SPSS version 10.

Siginficance was declared at P<0.05.

RESULTS AND DISCUSSION

The data on plasma corticosterone (CORT)

at different supplementations of ascorbic acid and

alpha-tocopherol is shown in Table 2. Significant

(P<0.01) decrease in CORT concentration was observed

in G
3
 and G

7 
in comparison to G

1
. The present findings

are in accordance with Pardue and Thaxton (1986) who

reported that plasma corticosterone levels in control group

of chickens increased significantly in comparison to the

ascorbic acid supplemented groups. Also, Ismail et al.

(2014) reported that supplementation of 300 mg

of vitamin E per kg of feed decreased plasma

Table 2. Mean plasma corticosterone concentration (ng/ml) of broilers at different intervals

Period Groups SEM P

G
1

G
2

G
3

G
4

G
5

G
6

G
7

value

15th day 6.81A±0.37 5.34A±0.25 3.17B±0.33 4.07B±0.25 5.39A±0.4 4.19B±0.24 3.19B±0.25 0.25 0.00

30th day 7.21A±0.37 6.29A±0.41 3.83B±0.52 4.44B±0.29 6.26A±0.55 4.53B±0.38 3.92B±0.48 0.43 0.00

45st day 6.51A±0.41 5.79A±0.47 3.48B±0.30 4.28B±0.37 5.89A±0.48 4.39B±0.40 3.55B±0.28 0.38 0.00

Mean 6.84A±0.22 5.81B±0.23 3.49D±0.23 4.26C±0.17 5.85B±0.28 4.34C±0.20 3.55D±0.20 0.22 0.00

bMeans bearing different superscripts within same row differ significantly (P<0.05); Birds of the G
1
 were fed a standard diet (Control). Diets

of the birds of groups G
2,
 G

3
, G

4
 were suppleemnted with 100, 200 and 300 mg of ascorbic acid per kg diets, whereas those of G

5
, G

6
, and

G
7
 were supplemented with vitamin A at 100, 200 and 300 mg/kg diets, respectively.

Table 3. Feed intake (g/bird/day) of broilers at weekly intervals

Week Groups SEM P

G
1

G
2

G
3

G
4

G
5

G
6

G
7

value

1st 18.20±0.52 18.20±0.47 19.00±0.58 18.63±0.29 18.43±0.50 18.93±0.29 19.17±0.58 0.46 0.46

2nd 32.95±0.65 32.43±0.74 34.93±0.80 33.19±0.98 32.66±0.76 33.59±0.95 32.43±0.78 0.81 0.38

3rd 40.95±1.33 41.61±1.03 43.76±0.89 42.91±1.06 42.81±1.07 42.96±1.06 43.16±0.93 1.08 0.57

4th 48.20±1.69 48.52±1.62 51.19±1.18 49.67±1.49 48.72±1.63 49.96±1.39 49.19±1.20 1.45 0.43

5th 69.60±1.26 72.92±1.32 73.58±1.30 73.16±1.30 72.82±1.34 74.16±1.33 76.38±1.37 1.31 0.47

CFI(kg) 2.90b±0.61 2.99b±0.67 3.09a±0.65 3.03ab±0.61 3.00b±0.67 3.05ab±0.61 3.08a±0.64 0.64 0.04

a,bMeans bearing different superscripts within same row differ significantly (P<0.05); Birds of the G
1
 were fed a standard diet (Control).

Diets of the birds of groups G
2,
 G

3
, G

4
 were suppleemnted with 100, 200 and 300 mg of ascorbic acid per kg diets, whereas those of G

5
, G

6
,

and G
7
 were supplemented with vitamin A at 100, 200 and 300 mg/kg diets, respectively.

Sheikh et al.
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corticosterone level in broiler chickens. Vitamins C and

vitamin E are involved in reducing free radical

formation and thus causing less secretion of

corticosterone, a catabolic hormone.

Data pertaining to feed intake are shown in Table

3. Among ascorbic acid (AA) supplemented groups, the

average feed consumption differed significantly

(P<0.05) in G
3 

as compared to G
1
 and G

2
 group.

However, non-significant difference was observed

between G
1
, G

2
; G

3
 and G

4
 groups. The maximum feed

intake (3.09±0.65 kg) was observed in G
3
 followed by

G
4
 group (3.03±0.61 kg). Among alpha-tocopherol

supplemented groups, maximum feed intake (3.08±0.64

kg) was observed in G
7
 group followed by G

6 
group

(3.05±0.61 kg).Supplementation of alpha-tocopherol

tended to increase feed intake. These findings are in

accordance to findings of a previous study (Sahin et al.,

2001). These results were also in agreement with the

findings of another study (Faluyi et al., 2014).

Data on body weight is shown in Table 4. On 3rd

week, the maximum body weight was found in G
4 
group

followed G
3 
group. On 6th week, body weight of groups

G
1
 and G

2
 differ significantly (P<0.05) from G

3
 and G

4
.

The maximum body weight was found in G
3

supplemented with 200 mg of ascorbic acid, followed

by G
4 
supplemented with 300 mg of ascorbic acid per

kg of feed. Raja and Qureshi (2000) reported a

significant improvement in body weight of birds

supplemented with ascorbic acid in the feed, which

is similar to present findings. Ascorbic acid

supplementation increased body weight gain in broilers

exposed to high ambient temperature (Kutlu, 2003). Diets

Table 4. Mean body weight (g) of broilers at different intervals

Week Groups SEM P

G
1

G
2

G
3

G
4

G
5

G
6

G
7

value

0 63.94 62.78 65.87 64.51 60.75 62.48 63.75 1.35 0.62

±1.84 ±1.26 ±1.61 ±1.26 ±1.03 ±1.06 ±1.45

3 778.20 799.44 864.55 883.15 794.40 878.10 858 14.09 0.46

3 ±08.72 ±15.62 ±19.78 ±10.64 ±14.60 ±10.56 ±18.76

6 1844.09b 2043.00a 2184.83a 2109.25a 2034.10a 2112.20a 2158a 23.56 0.05

6 ±21.41 ±14.53 ±32.26 ±26.60 ±14.28 ±24.21 ±30.20

BWG 1780.15b 1980.22 b 2118.40a 2044.74a 1973.35b 2049.72a 2095a 23.06 0.03

(g) ±13.43 ±15.58 ±32.40 ±27.29 ±13.58 ±27.47 ±31.70
a,bMeans bearing different superscripts within same row differ significantly (P<0.05); Birds of the G

1
 were fed a standard diet (Control).

Diets of the birds of groups G
2,
 G

3
, G

4
 were suppleemnted with 100, 200 and 300 mg of ascorbic acid per kg diets, whereas those of G

5
, G

6
,

and G
7
 were supplemented with vitamin A at 100, 200 and 300 mg/kg diets, respectively; BWG, body weight gain

Table 5. Production performance of broilers

Parameters Groups SEM P

G
1

G
2

G
3

G
4

G
5

G
6

G
7

value

BWG (g) 1780.15b 1980.22 b 2118.40a 2044.74a 1973.35b 2049.72a 2095.05a 23.06 0.02

±13.43 ±15.58 ±32.40 ±27.29 ±13.58 ±27.47 ±31.70

F I (g) 2908.85b 2994.65b 3099.50b 3034.80a 3004.27b 3055.20ab 3085.06a 6.03 0.03

±6.60 ±7.96 ±5.96 ±5.22 ±5.38 ±4.92 ±6.16

FCE 0.61d 0.66c 0.68a 0.67b 0.66c 0.67b 0.68a 0.02 0.01

±0.01 ±0.02 ±0.03 ±0.01 ±0.02 ±0.01 ±0.03
a,bMeans bearing different superscripts within same row differ significantly (P<0.05); Birds of the G

1
 were fed a standard diet (Control).

Diets of the birds of groups G
2,
 G

3
, G

4
 were suppleemnted with 100, 200 and 300 mg of ascorbic acid per kg diets, whereas those of G

5
, G

6
,

and G
7
 were supplemented with vitamin A at 100, 200 and 300 mg/kg diets, respectively; BWG, body weight gain; FI, feed intake, FCE, feed

conversion efficiency

Ascorbic acid and alpha-tocopherol supplementation in broilers
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enriched with vitamin E also resulted in increased body

weight (Navid et al., 2010).

The data on production performance of broilers

is presented in Table 5. The body weight differed

significantly (P<0.05) in G
1
 and G

2
 groups from G

3
 and

G
4
. The maximum body weight gain was attained in G

3

group and minimum body weight gain was attained in

control group. Total feed intake differed significantly

(P<0.05) in G
1
 and G

2
 groups as compared to G

3
.

Significant (P<0.05) difference was observed between

all groups. The maximum FER was found in G
3
 group

and minimum FER was found in control. Similarly, Navid

et al. (2010) reported that diets enriched with the

vitamin C and vitamin E resulted in the better

performance of the birds.

CONCLUSION

Nutritional manipulation with inclusion of

ascorbic acid and alpha-tocopherol, make a practical

alternative in reduction of plasma corticosterone levels

and improvement in production parameters.
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Tree fodder is a very useful resource, particularly

during winter months when all the other fodder sources

have been exhausted. Tree foliage is an important source

of protein supplement for ruminants fed low protein

forages (Leng, 1997; Das and Ghosh, 2001; Das, 2005).

During the lean season when available grazing is not

sufficient to meet the maintenance requirements, the

contribution from trees and shrubs is significant. It has

been well recognized that some tree leaves are

palatable, digestible and high in protein content (Palmer

and Schlink, 1992; Subba et al., 1994; Leng 1997; Das

and Ghosh, 2001; Das, 2005). Tree foliage makes a

significant contribution to meet the nutritional

requirements of the ruminants during the winter

(Raghavan, 1989) and if used in an appropriate manner

can replace part of the concentrates (Das and Ghosh,

2007; Das et al., 2010). In spite of the importance of

tree fodders particularly under small holder farming

system, information on the nutritional value of fodder of

the region is scanty which mostly pertains to the

nutritive value (Das and Ghosh, 2001; Das, 2005) and

replacement value of fodders like Artocarpus lakocha,

Artocarpus heterophyllus and Ficus hookerii (Das
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ABSTRACT

Livestock plays an important role in sustaining rural livelihood, nutritional and environmental security

and growth of Indian Agriculture. Fodder trees are an important feed resource for livestock, particularly during

dry months and flood season when all the other fodder sources have been exhausted. Commonly available

fodder tree leaves used as goat forage such as Ficus rumphii and Streblus asper and Litsea monopetela from

flood plains of Assam were selected to determine the content of proximate principles, macro- and

micro-nutrients and anti-nutritional factors. Considerable variations were observed in the nutrient profile of the

studied species. Micro-minerals such as Cu, Zn and Co were lower than required level, while the content of

macro-minerals viz., Ca, Mg and P was higher than required level. Saponin was not detected in any of the three

species. Based on the nutrient content of the three selected species, it was concluded that either of them can

be used as a source of forage for ruminants, especially during the period of scarcity

Key words: Anti-nutritional factor, Fodder trees, Macro- and micro- minerals, Proximate principles
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and Ghosh, 2007; Das et al., 2010). Ficus rumphii

Blume, Streblus asper Lour and Litsea monopetela

are three important species of fodder tree of flooded

plains of Assam. Hence, it would be desirable to

generate data on nutrient composition of these tree

fodders that would contribute to development of

feeding strategy to augment livestock productivity in the

region. The specific objective was to determine the

nutrient profile of these three fodder.

Fresh leaves were picked from randomly selected

trees. The air-dried leaves were cut into small pieces,

ground to pass through 1-mm sieve and the ground

samples were stored in tight plastic container at room

temperature for subsequent chemical analysis.

Proximate principle such as dry matter (DM), total ash,

crude protein (CP), ether extract (EE), crude fibre (CF),

acid insoluble ash and nitrogen free extract (NFE) were

estimated following methods of AOAC (1995).

Phosphorus was determined by spectrophotometric

method as described by AOAC, (1995). Macro-

minerals such as K, Ca and Mg, and micro-minerals

were determined using MP-AES 4100 (Microwave

Plasma Atomic Emission Spectroscopy). Total carbon
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was estimated using CHNS (O) Analyzer-Euroea 3000.

Sulphur content was estimated spectrophotometrically

after digesting the samples in tri-acid mixture. Tannins,

cyanogenic glycosides and saponins were estimated by

using methods of AOAC (1995).

Data pertaining to proximate principles are

presented in Table 1. F. rumphii leaves was found to be

the best protein supplement among the selected species

whereas the lowest value was found in L. monopetela.

Samanta et al., 2015) reported that there was a wide

variation in the crude protein content of the top foliages.

Subba (1999) reported that tree leaves containing more

than 14% CP is sufficient for medium level of

production performances from the ruminants. However,

the CP content obtained in the present investigation was

lower than the reported values for many tree foliage.

The highest content of CF was observed in F. rumphii

(14.21%) and L. monopetela had the lowest CF

content (9.51%). However, EE content was the highest

in L. monopetela (5.02 %) and lowest in S. asper (1.83

%). Values reported herein are within the range reported

by Samanta et al. (2015).

Carbon content in the leaf fodder samples ranged

from 17.34 % to 25.19 %. The highest C content was

observed in L. monopetela with 25.19 % and the

lowest was found in S. asper (17.34 %). Calcium

content of S. asper was maximum (31.37 g/kg) as

compared to F. rumphii (26.57 g/kg) and L. monpetela

(16.17 g/kg). F. rumphii recorded the highest

magnesium and potassium contents (6.29 g/kg and 24.79

g/kg, respectively) followed by S. asper and L.

monopetela. Phosphorus and sulphur concentrations

were also reported to be maximum in F. Rumphii (4.0

g/kg and 1.46 g/kg, respectively) and minimum in S.

asper (3.7g/kg and 1.25 g/kg, respectively) (Table 2).

Most of tropical legumes contain Ca levels

ranging from 8.6-10.2 g/kg DM (Minson, 1990; Rubanza

et al., 2005) which was much lower than the Ca

content of the tree fodder reported in the present study.

However, our result is in conformity to previous reports

(Rubanza et al., 2006; Mtui et al., 2009) that reported a

higher range of Ca (6.6-35.6 g/kg DM). Phosphorus

levels for most browse species ranged from 1-5 g/kg

DM as noted earlier (Rubanza et al., 2006; Mtengeti

and Mhelela, 2006; Mtui et al., 2008) which is

comparable to the P concentrations obtained in the

present study. Ca: P ratio recommended for normal

physiological function of ruminants is 2:1. Browse

species in most cases have much wider Ca: P because

of their higher Ca and comparatively lower P content

Table 1. Proximate composition of three selected tree species

Components F. rumphii L. monopetela S. asper

Dry matter 16.66±0.03 7.52±0.135 9.06±0.07

on % dry matter basis

Ash 15.17±0.58 6.52±0.06 28.23±0.33

Organic matter 84.83±4.31 93.48±0.68 71.77±1.30

Crude protein 12.17±4.89 7.21±2.28 9.68±0.16

Crude fibre 14.21±1.85 9.51±0.56 11.55±0.10

Ether extract 2.55±0.47 5.02±0.20 1.8354±0.05

Nitrogen free extract 55.87±4.19 71.72±2.61 48.49±3.49

Table 2. Macro-mineral content (g/kg) of the leaf of the three selected tree species

Macro nutrient F. rumphii L. monopetela S. asper

Calcium 26.57±1.53 16.17±3.10 31.37±1.00

Magnesium 6.29±0.07 3.32±0.07 5.29±0.38

Potassium 24.79±0.14 11.63±0.77 23.36±2.95

Phosphorous 4.0±0.90 2.0±0.20 3.7±0.40

Sulphur 1.46±0.17 1.45±0.16 1.25±0.08

Phom et al.
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and the ratio may be as wider as 6.6:1-55.1:1 (Rubanza

et al., 2005; 2006) In the present study a high Ca:P ratio

was estimated for all the three fodder species which

ranged from 6.64:1 to 8.48:1 Magnesium concentrations

in most browse species ranged from 1.3-6.6 g/kg DM

(Abdulrazak et al.,2000; Rubanza et al., 2006; Mtengeti

and Mhelela, 2006). Concentrations of sulfur in most

tropical legumes ranges from 15-35 mg/kg DM (Minson,

1990). All the three fodders investigated had

comparable concentrations of Mg and S as mentioned

above.

Boron, sodium and iron contents were maximum

in S. asper (11.0 ppm, 22.9 ppm and 3.92 ppm,

respectively) and minimum in L. monopetela (3.3 ppm,

12.6 ppm and 2.51 ppm, respectively). The highest

copper (Cu) concentration was recorded in L.

monopetela (14.3 ppm) followed by F. rumphii (9.0

ppm) and S. asper (3.3 ppm). Manganese, zinc and

aluminum contents were maximum in L. monopetela

while the lowest concentrations were observed in F.

rumphii. F. rumphii contained significantly higher

chromium as compared to the other two species

Cadmium, lead and cobalt were found in very low

concentrations and did not vary among the species

(Table 3). All the tree fodder contained these

micro-nutrients within the comparable range of other

tree fodders (Abdulrazak et al., 2000; Rubanza et al.,

2006 and Kakengi et al., 2007).

Foliage of F. rumphii contained the highest

amount of tannins, whereas the lowest tannin content

was recorded in S. asper. L. monopetela and S. asper

was reported to have similar level of (0.17%)

cyanogen, while the lowest concentration was found in

F. rumphii (0.03%). Saponin was not detected in any

of the three fodder species studied. Tannin content

varies among the foliage samples of many tree species

used as ruminant fodder. Tannins content as observed

in this study was comparable for F. rumphii with those

reported earlier (Khatta et al., 1999; Kumar and Sharma,

2003). However, tannin contents were much lower in

other two species (Table 4).

From, the present study, it can be concluded that

a considerable variation was observed in the nutrient

profile of the leaves of the three selected fodder

species. From the nutrient profile and content of

anti-nutritional factor it is evident that these three tree

Table 3. Micro-mineral content (ppm) of the leaf of three selected tree species

Micro minerals F. rumphii L. monopetela S. asper

Boron 9.0±0.1 3.3±0.13 11.0±0.3

Copper 9.0±0.2 14.3±0.9 3.3±0.003

Iron 18.9±0.20 12.6±0.10 22.9±0.10

Manganese 8.0±0.3 13.0±0.4 9.8±0.6

Zinc 15.0±1.0 20.0±0.5 18.0±3.0

Aluminium 1.09±0.12 1.48±0.08 1.21±0.02

Chromium 4.8±0.37 1.0±0.03 1.0±0.06

Cadmium 0.1±0.0 0.1±0.0 0.1±0.0

Lead 0.6±0.03 0.6±0.03 0.7±0.0

Cobalt 0.3±0.0 0.2±0.0 0.3±0.0

Sodium 3.86±0.19 2.51±0.27 3.92±0.52

Table 4. Content (%) of anti-nutritional factors in the leaf of three selected tree species

Micro nutrients F. rumphii L. monopetela S. asper

Anti-nutrient compounds F. rumphii L. monopetela S. asper

Tannins (%) 6.46±0.17 0.02±0.006 0.0007±0.00023

Cyanogen (%) 0.03±0.0004 0.17±0.16 0.17±0.16

Saponin (%) Nil Nil Nil

Nutrient content of selected tree species
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fodders can be potentially used as ruminant feed

particularly during lean period. However, further

studies involving animal trial is warranted.
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