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Abstract 
The present research work scrutinized the nutrient utilization of broiler chickens as affected by the 

dietary supplementation of a prebiotic fraction of rumen liquor compared to xylooligosaccharides 

supplementation. Rumen liquor (RL) of sheep and goats was collected from a slaughterhouse and then 

processed in the laboratory to extract a soluble fibre fraction. Four hundred eighty broiler chicks were 

randomly assigned to treatment groups: CO, RL, XOS, and AB. Each group contained six replicates of 

twenty birds. The CO group was fed a basal diet without supplementation; RL and XOS groups were fed 

a basal diet supplemented with RL extract or XOS @ 0.05% (w/w), respectively, whereas the AB group 

was fed a basal diet with antibiotic growth promoter (Enramycin-8) @ 0.0125%. A metabolic trial was 

conducted during the last week of the experiment on two birds per replicate. The mean daily nutrient 

intake remained comparable among the experimental groups. The DM and OM metabolizability was 

similar in RL, XOS and CO groups but was significantly lower in the AB group. The crude fibre 

metabolizability was higher in XOS and RL groups than in AB and CO groups. There was no significant 

difference in nitrogen, calcium and phosphorus balance. It is concluded that nutrient utilization is 

unaffected by prebiotic supplementation, including RL supplementation. Further, no untoward effect of 

RL supplementation was observed over nutrient utilization in broiler chicks. 

 

Keywords: Broiler, calcium, metabolizability, prebiotic, phosphorus, rumen liquor 

 

1. Introduction 

Hindgut microbes and their fermentation end-products have local and systemic influence over 

the physiological functions of poultry [1]. Modifying the gut microbiome’s physiology has 

emerged as one of the most promising interventional tools to optimize the performance of 

poultry birds. This is attempted traditionally via dietary supplementation of antibiotics growth 

promoters and, more recently, through various microbial feed additives or organic compounds.  

It is now widely accepted that indiscriminate use of these antibiotics in the poultry industry is 

perhaps one of the factors responsible for the emergence of antibiotic-resistant bacteria [2]. 

Probiotics, prebiotics, and synbiotics are fast emerging as the most viable alternatives of 

antibiotic growth promoters (AGPs) [3]. They have effects similar to AGPs without worries of 

residues or resistance. Prebiotics has been proposed as a preferred alternative to AGP 

compared to probiotics, as prebiotics stimulate the beneficial bacteria, which have already 

adapted to the gut environment [4].  

Inulin, fructooligosaccharides, galactooligosaccharides, lactulose, polydextrose, 

isomaltooligosaccharides, xylooligosaccharides (XOS), lactitol, mannitol, maltodextrin, 

raffinose, sorbitol, resistant starch, oat beta-glucan, flaxseed gum, and mannan oligosaccharide 

are various established or candidate prebiotics [5].  

The microbial ecosystem of the rumen in ruminants consists of many microbial groups acting 

synergistically, performing bioconversion of feedstuffs that primarily consist of complex 

polysaccharides of plant origin. A spectrum of microbial and plant enzymes act over these 

ingredients in the rumen. Haq [6] hypothesized that the presence of polysaccharides and fiber-

degrading enzymes in the rumen would lead to the substantial presence of oligosaccharides at 

any given point of time in rumen liquor. He isolated a rumen liquor fraction that improved the 

weight gain, feed conversion ratio, and protein efficiency ratio compared to mannan 

oligosaccharides [7, 8]. 
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The ruminants’ diets are, however, rich in structural 

carbohydrates of plant origin. Therefore, a rumen liquor 

extract of soluble fiber is likelier to bear compositional and 

functional similarity to xylooligosaccharides as a prebiotic. 

Thus, the presented research work scrutinized the utilization 

of rumen liquor fraction as a feed additive compared to 

xylooligosaccharides, a proven prebiotic over nutrient 

utilization of broiler chickens. 

 

2. Materials and Methods 

The trial was conducted at Sher-e-Kashmir University of 

Agricultural Sciences and Technology of Jammu, R.S. Pura, 

Jammu, India, in the Division of Animal Nutrition, Faculty of 

Veterinary Sciences and Animal Husbandry. 

 

2.1 Rumen liquor (RL) collection and processing 

Rumen liquor (RL) of freshly slaughtered sheep (Ovis aries) 

and goats (Capra aegagrus hircus) was collected from a 

Government slaughterhouse. The collection was made in 

sealable plastic containers of 20 liters capacity. Clean and dry 

plastic buckets were cooled at the laboratory by keeping them 

in a deep horizontal freezer (-20 C) for 15 minutes. RL was 

transferred to these buckets to arrest microbiological and 

enzymatic activity using temperature shock. Rumen liquor 

was then processed as described below as per Haq [9] with 

slight modifications.  

Removal of particulate matter was carried out by filtration 

through muslin cloth, followed by centrifugation at 12000 

rpm for 10 minutes. The supernatant was concentrated to one-

fourth volume by rotary vacuum evaporation at 600 mm Hg 

pressure at 78 C. Precipitation of soluble fiber fraction was 

achieved by adding 9 parts of ethanol to 1 part of 

concentrated and clarified rumen liquor, followed by 

centrifugation at 3000 rpm for 4 minutes. The supernatant was 

decanted, and the pellet was dried at 40 C for 24 hours. 

 

2.2 Experimental birds 

Four hundred and eighty unsexed broiler chicks of the same 

hatch of straight-run Ven Cobb-400 strain were purchased 

from Venkateshwara Hatcheries Pvt. Ltd., Pune, India. The 

day-old chicks were randomly and evenly assigned to four 

treatment groups: CO, RL, XOS, and AB. Each treatment 

group contained six replicates, each containing twenty birds. 

 

2.3 Housing and management of birds 

The chicks were housed in deep litter pens, with one pen for 

each replicate. Rice husk litter of 5 cm depth was provided on 

the pen floor. Throughout the study, weekly litter turning with 

the addition of lime powder was done to ensure dry bedding 

material at all times. Each replicate received a drinker and a 

feeder. Each bird had an average floor area of 1 square foot. 

The temperature of the brooding house was regularly 

monitored. During the first week, the temperature was set at 

32 C and then reduced by 3 C weekly until it reached 24 °C, 

which was maintained till the end of the experiment. The 

procured chicks were already vaccinated against Marek’s 

disease. All chicks were vaccinated for Ranikhet disease 

intra-ocularly. IBD vaccine was also given intra-ocularly at 

12 days of age, followed by a booster dose of the Ranikhet 

vaccine on the 24th day. 

 

2.4 Feeds and feeding of birds 

According to ICAR [10], three diets were developed: pre-

starter, starter, and finisher (Table 1). These diets were based 

on maize and soybean and served as a mash. Chicks were 

given a pre-starter diet from 1-14 days of age, a starter diet 

from 14-21 days, and a finisher diet from 28-42 days age.  

 
Table 1: Ingredient and chemical composition of broiler pre-starter, 

starter and finisher diet (on % DMB) 
 

Attributes Pre-starter Starter Finisher 

Ingredient composition (%) 

Maize 60.50 60.88 67.50 

MBM 5.00 5.00 5.00 

SBM 31.08 30.37 24.50 

SBO 2.00 2.70 2.20 

Sodium bicarbonate 0.01 0.01 0.01 

Salt 0.25 0.25 0.25 

Methionine 0.17 0.13 0.09 

Lysine 0.12 0.00 0.00 

DCP 0.13 0.00 0.00 

LSP 0.59 0.54 0.29 

Vitamin supplement 0.05 0.05 0.05 

Trace minerals 0.10 0.10 0.10 

Chemical composition (%) 

OM 94.66 95.77 95.98 

CP 21.83 21.55 19.51 

EE 3.19 4.23 5.01 

CF 4.08 4.20 4.14 

TA 5.34 4.23 4.02 

NFE 65.56 65.79 67.32 

CA 1.21 1.12 1.00 

P 0.86 0.81 0.73 

ME (Kcal/kg) calculated 3000 3050 3100 

 

Four different types of each diet were prepared and assigned 

to dietary treatments as follows: 

 CO: Basal diet without prebiotic or antibiotic 

supplementation 

 RL: Basal diet with RL extract @ 0.05% (w/w) 

 XOS: Basal diet with 0.05% xylooligosaccharides (XOS, 

95% xylooligosaccharides, XI’AN Healthway Biotech 

Co., China) (w/w) 

 AB: Basal diet with antibiotic growth promoter 

(Enramycin-8) @ 0.0125% 

 

The Enramycin dose was as per the manufacturer's 

recommendations. The XOS dose was as per Ding [11] and 

Riberio [12]. RL extract dosage was kept equal to the XOS 

dose. 

 

2.5 Metabolism trial  

A metabolic trial of 4 days was conducted during the last 

week of the experiment on 2 birds per replicate. During the 

metabolism trial, birds were kept in wire cages with the 

provision of collection of excreta replicate-wise. Three days 

adaptation period in the cages was given to the birds, after 

which data recording and sample collection were started. 

Trays coated with polythene sheets were placed beneath the 

cages for the excreta collection. The excreta was weighed 

using a digital weighing balance after eliminating feed 

particles, feathers, and other unwanted components. Daily 

offered and residual feed were quantitatively recorded and 

sampled. The excreta was collected at the end of the trial and 

oven-dried at 60 °C. The oven-dried fed and excreta samples 

were properly mixed, powdered, and then analyzed for 

proximate [13], calcium [14] and phosphorus [13] analysis.  
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2.6 Statistical analysis 

The data generated were analyzed using a one-way analysis of 

variance [15]. Duncan's multiple range test was used to rank the 

means with significant differences [16]. 

 

2.7 Ethical approval 

The trial was duly approved by the Institutional Animal 

Ethics Committee. 

 

3. Results 
3.1 Live weight and daily nutrient intake during 

metabolism trial of broiler chickens 

The live weight and nutrient intake during the metabolism 

trial is shown in Table 2. The mean live weight of 

experimental birds during the metabolism trial was 1270 g, 

1399 g, 1367 g and 1324 g for CO, RL, XOS and AB group 

birds with no significant difference (p>0.05) between 

treatment groups. 

The mean OM intake of the birds was 123 g, 149 g, 119 g and 

128 g for CO, RL, XOS and AB group birds, respectively, 

with mean daily CP intake was 25 g, 30.3 g, 24.1 g and 26.0 

g, respectively. 

The mean daily nutrient intake was comparable among 

experimental broilers, irrespective of the experimental diets.  

 
Table 2: Live weight and daily nutrient intake during metabolism 

trial of broiler chickens fed unsupplemented or diets supplemented 

with rumen liquor extract (0.05%), xylooligosaccharides (0.05%) or 

antibiotic growth promoter (0.0125%) 
 

Attributes 
Treatments 

SEM P Value 
CO RL XOS AB 

Live Weight (g) 

Initial 1152 1250 1229 1202 13.38 0.077 

Final 1388 1547 1505 1445 27.78 0.167 

Average 1270 1399 1367 1324 16.06 0.157 

Intake (g/d) 

DM 120 146 116 125 5.18 0.173 

OM 123 149 119 128 5.29 0.176 

CP 25.0 30.3 24.1 26.0 1.07 0.176 

EE 6.41 7.78 6.19 6.70 0.28 0.176 

CF 5.30 6.43 5.12 5.53 0.23 0.176 

NFE 86.2 104.6 83.2 89.9 3.71 0.176 

 

3.2 Nutrient metabolizability during metabolism trial of 

broiler chickens 

Table 3 shows the nutrient metabolizability during the 

metabolism trial of broiler chickens. 

The per cent dry matter and organic matter metabolizability 

was statistically similar (p>0.05) in RL, XOS and CO groups 

but was significantly lower (p<0.05) in AB group birds.  

The crude protein, ether-extract and nitrogen-free extract 

metabolizability (%) were statistically similar in all the 

groups. 

The crude fibre per cent metabolizability was statistically 

higher (p>0.05) in XOS and RL group birds than in AB and 

CO group birds, which were comparable. 

 
Table 3: Mean nutrient metabolizability during metabolism trial of 

broiler chickens fed unsupplemented or diets supplemented with 

rumen liquor extract (0.05%), xylooligosaccharides (0.05%) or 

antibiotic growth promoter (0.0125%) 
 

Parameters 
Groups 

SEM P Value 
CO RL XOS AB 

Metabolizability (%) 

DM 86.03b 87.64b 82.53ab 78.42a 1.21 0.015 

OM 90.60b 92.12b 88.32ab 84.47a 0.98 0.014 

CP 91.90 92.66 90.75 91.69 0.77 0.881 

EE 86.70 86.77 76.21 72.64 2.91 0.202 

CF 18.71a 55.28b 42.33b 11.56a 5.30 0.001 

NFE 91.94 91.67 88.37 84.57 1.13 0.050 
abMeans bearing different superscripts within a row differ 

significantly. 

 

3.3 Mean nutrient balance during metabolism trial of broiler 

chickens 

Table 4 shows the mean nutrient balance of broiler chickens 

during the metabolism trial. There was no significant 

difference (p>0.05) in nitrogen, calcium and phosphorus 

balance between different treatment groups during the 

metabolism trial. The per cent nitrogen retention was 91.90, 

92.66, 90.75 and 91.69 in CO, RL, XOS and AB groups, 

respectively. The mean calcium retention (g/d) was 1.12, 

1.40, 1.06 and 1.09 for CO, RL, XOS and AB groups, 

respectively, whereas mean phosphorus retention (g/d) was 

0.71, 0.81, 0.47 and 0.64 for CO, RL, XOS and AB groups, 

respectively. 

 
Table 4: Mean nutrient balance during metabolism trial of broiler chickens fed unsupplemented or diets supplemented with rumen liquor extract 

(0.05%), xylooligosaccharides (0.05%) or antibiotic growth promoter (0.0125%) 
 

Parameters 
Groups 

SEM P Value 
CO RL XOS AB 

Nitrogen (g/d) 

Intake 4.0 4.85 3.86 4.17 0.17 0.176 

Outgo 0.31 0.36 0.35 0.35 0.03 0.951 

Retained 3.69 4.49 3.51 3.82 0.17 0.181 

Retention (%) 91.90 92.66 90.75 91.69 0.77 0.881 

Calcium (g/d) 

Intake 1.28 1.55 1.24 1.33 0.055 0.176 

Outgo 0.16 0.16 0.18 0.24 0.014 0.087 

Retained 1.12 1.40 1.06 1.09 0.055 0.106 

Retention (%) 89.39 89.83 85.82 81.30 1.206 0.063 

Phosphorus (g/d) 

Intake 0.93 1.13 0.90 0.97 0.040 0.176 

Outgo 0.22 0.33 0.43 0.33 0.045 0.479 

Retained 0.71 0.81 0.47 0.64 0.049 0.089 

Retention (%) 76.05 71.07 52.42 68.23 10.53 0.268 
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4. Discussion 

We explored the efficacy of a prebiotic fraction of rumen 

liquor in broiler chickens compared to xylooligosaccharides 

(XOS). Un-supplemented birds served as the negative control, 

whereas birds supplemented with antibiotic growth promoter 

(AGP) served as the positive control.  

The mean daily nutrient intake was comparable among 

experimental broilers, irrespective of the experimental diets.  

The per cent dry matter (DM) and organic matter (OM) 

digestibility were comparable (p>0.05) in the prebiotic 

supplemented (RL, XOS) and CO group but was significantly 

lower (p<0.05) in the AB group birds. Crude fiber 

digestibility varied between prebiotic-supplemented (RL, 

XOS) groups and control. Our findings are in accordance with 

Wu et al. [17], who reported no effect of a prebiotic (inulin) 

supplementation (1% and 2% levels) over nutrient 

digestibility.  

This contradicts Kirkpinar et al. [18], who reported that crude 

fiber digestibility was not affected by enzyme prebiotic 

supplementation. In contrast, Yun et al. [19] said that boilers 

fed prebiotics-based diets had improved dry matter 

digestibility compared with the control group. 

Alzueta et al. [20] observed that prebiotics could improve 

nutrient utilization by modifying the microarchitecture of the 

intestine.  

Lower DM and OM metabolizability in AB group birds 

contrast the findings of Huang et al. [21], who reported that 

dietary supplementation of antibiotics increased the ileal 

digestibility of DM.  

The mean nutrient balance in broiler chickens during the 

metabolism trial was comparable for nitrogen, calcium, and 

phosphorus balance between different dietary groups.  

Comparable nitrogen balance among dietary treatments is in 

contrast with the previous reports [20-25], but in accordance 

with the findings of Wu et al. [17].  

Most workers reported higher calcium balance in prebiotics-

supplemented birds [11, 17, 22, 23, 26]. This has been attributed to 

reduced luminal pH in the intestine due to selective 

fermentation of prebiotics [26] that increases the calcium salts' 

solubility [27, 28] or increases the content of 1,25(OH)2 D3 in 

plasma [11]. Although we observed numerically higher values 

of calcium balance in the RL-supplemented group, no 

statistical difference was noticed. Thus, no significant effect 

of prebiotics supplementation over calcium assimilation in 

our study could be due to the supplementation of a relatively 

lower concentration of prebiotics in the present study.  

Notably, the logic of better mineral availability or modulated 

1,25(OH)2 D3 in plasma is not extended to phosphorus 

bioavailability. This could be probably because most 

phosphorus in feed is either highly bioavailable (supplemental 

phosphorus in the mineral mixture) or is in the bound form 

(phytate). The solubility of phytate phosphorus due to 

fermentation activity in the lower gut remains an area to be 

explored. However, comparable phosphorus balance in all the 

experimental groups, irrespective of the feed additive used, is 

in accordance with the previous report [23].  

 

5. Conclusion 

The present study was conducted to establish the prebiotic 

efficacy and safety of rumen liquor fraction. Its 

supplementation has no positive or negative effect on nutrient 

metabolizability and calcium-phosphorus balances. The result 

was similar to that observed for positive control, so it is 

concluded that the nutrient utilization is unaffected by the 

prebiotic supplementation, including RL supplementation. 

Further, no untoward effect of RL supplementation was 

observed over nutrient utilization in broiler chicks. 
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