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ABSTRACTThe aim of this study was to determine the protein and amino acid digestibilitiesand apparent

metabolizable energy (AME) contents of sorghutbarley brewerdspent grain (SBBSG), use this information tc
formulate an appropriate diet for broilers, and determine the effect of SBBSG inclusion on growth, carcass ar
blood parameters. In eperiment one fifteen individually housed broilers were used to determine the apparen
digestibilities of nutrients. Another cohort of 15 broilers were raised alongside and nutrient digestibility of ke
nutrients in wheat bran determined. The AME of SBBS(®.72 MJ/kg) was higher than previously assumed,
whereas the digestibility values of some of the essential amino acids for SBBSG (Lys, Met, Phe, Thr and Val) v
generally lower (42.93, 71.6, 55.47, 75.26, and 62.66%) than previously assumed. In experimétwo, diets were

formulated based on nutrient availability values from trial one and fed to two hundred and fifty dagld chicks.

Birds were allotted to five diets (TI, T2, T3, T4 and T5, representing 0, 4, 8 12 and 16% SBB&Gpectively).

Average dailyfeed intake (ADFI) for birds on T1 and T2 were similar (105.6 and 102.3g) and these were high
(P<0.05) than ADFI for birds on T3 to T5 (92.2, 93.4 and 88.3 respectively). There were no treatment differenc
in average daily gain (ADG) and final body wgt (FNBW). However as the level of dietary SBBSG increased, fe
conversion efficiency (FCE) improved. Carcass parameters were not affected by the level of dietary SBBSG. B
parameters were within acceptable ranges for broilers. It can be concluded thanclusion of SBBSG up to 16% in
diets that are formulated based on nutrient availability, will have no adverse effects on broiler performance an
blood profile. Results of this trial indicate that nutrient availability is key in effective feed formulatio and broiler

productivity.
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INTRODUCTION

The broiler industry in Ghana facesewvere challenges and its growth continues to be slow. Providing adequate and
affordable nutrition for poultry and livestock poses a challenge to livestock production in developing countries like
Ghana FAO, 2011). The development of the poultry industry deends to a large extent on the availability of
feedstuffs that are used or can be made suitable for use in poultry nutritiongndwasy et al., 200§. Feed costs
alone can constitute up to about 70% of the total cost of production of poultry meat and egg8ébiker et al., 2009).
Feed prices in Ghana have been climbing primarily due to the fact that grains used in animal feed formulation, are
the same grains that are used in human diets and in the breweries as well. The United States Department of
Agriculture (USDA) estimates that in Ghana, the poultry industry consumes nearly 30 percent of all corn produced
(USDA, 2013. The competition and consequently, increase in the cost of feed and animal productioRAO, 201])
necessitates a reduction in the use of wholgrain and cereals in monogastric diets with increasing emphasis on the
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use of cereal and Agrdndustrial byproducts. Nutrients in these byproducts must be packaged in such a way that
they can support monogastric production.Spent grain from the brewingindustry is a typical example of such an
ingredient.

The brewing industry in Ghana generates large quantities of brew&rspent grain.The composition of this by
product depends on the grain used in the brewing process. Generally however they tend to bighhin some
essential nutrients (including protein and essential amino acids and fatdylussatto et al., 2006) but have somewhat
limited use in monogastric diets because of high fibre levelsNortey et al., 2013; ManuBarfo et al., 2013). Some of
the larger breweries in Ghana use malted Sorghum as starting grains for their brewing operations. The resulting
spent grain, SorghumBarley Brewefs Spent Grain (SBBSG), is unique and is used mainly by swine producers in the
Kumasi Metropolis of Ghana as part of a wtfeeding regimen. Initial trials indicated that broilers fed SBBS®ased
diets had improved growth rate, but the composition of this grain was mainly fat. Although the chemical
composition of SBBSG, particularly amino acids, was determined and found toebhigh, its digestibility and
availability to broilers was not determined Nortey et al., 2013). As a result of this, in the above mentioned trials,
digestibility values for brewers spent grain reported byDonkor and Attoh Kotoku (2009) were used in the
formulation of SBBSG based diets. Differences in digestibility values for different ingredients are important, as
formulating diets on the basis of total nutrients rather than on digestible nutrients, resulting in wrong amino acid to
Energy ratios, can reslt in excessive fat deposition Jackson et al., 1982. According to the National Research
Council NRQ, availability of nutrients in different feed ingredients and ultimately in compounded feed is essential
for the optimal production of birds NRC, 2000. Information on the ability of a ration to supply digestible rather
than total nutrients is necessary for accurate diet formulation Ravindran, 2013).

Digestibility of poultry diets is very important and can be a limiting factor governing energy and nugrit
availability (Adedokun et al., 2007). Digestibility of nutrients present in a feed ingredient therefore needs to be
quantified. However, there is no information on nutrient digestibility of SBBSG in poultry. The hypothesis of this
study therefore was hat, when diets are formulated based on available, rather than on total amino acid and energy
availability, SBBSG can be included in diets for broilers without negatively affecting growth, carcass composition
and the health of birds.

The specific objecties of the present study were: [) to determine the AME and ileal digestibilities of amino
acids in SBBSG, Il) use the results obtained to formulate appropriate diets for broiler birds, and Ill) determine the
digestibility of a comparable highfibre ingredient (wheat bran). Results of the third objective were then compared
to literature values and was intended to serve as a validation for the results obtained for the SBBSG digestibility
values.

MATERIALS AND METHODS

The animal protocol used followed priniples and ethical procedures recommended by the Institutional Animal Care
and Use Committee of the Noguchi Memorial Institute for Medical Research, University of Ghana. The experiments
were conducted in two phases. The first phase consisted of a digestily trial and the second phase was a feeding
trial. The two experiments were carried out at the Livestock and Poultry Research Centre (LIPREC), College of Basic
and Applied Sciences (CBAS) of the University of Ghana (UG). Digestibility values obtainedhénfirst experiment
were used to formulate appropriate diets containing varying levels of SBBSG for a growth trial. The growth
performance and carcass characteristics of broiler chickens fed these diets were then evaluated.

The proximate chemical analysisof the feed ingredients and the compounded feed were done at the
Nutrition Laboratory at the Department of Animal Science (DAS), CBASG. Amino acid analysis was done at the
Animal Science Department of the University of lllinois, United States of Amedc The analysis for protein and
energy in the illeal digesta and the faecal samples of the individual birds were done at the Nutrition Laboratories of
the Department of Animal Science (DAS), CBABG and the Livestock and Poultry Research Centre (LIPREC).

Feed Ingredients

The SBBSG was obtained from the Kaase plant of Guiness Ghana Brewery Limited (GGBL) in Kumasi, Ghana.
Fresh material with an approximate moisture content of 95% was sudried for one week to a moisture content of
6%, ground through a hamner mill with a screen size of approximately 2mm, and stored until ready for use. The
wheat bran was obtained from a local flour mill that sells this particular byproduct on the open market to farmers.

Animals and housing
One hundred mixed sex COBB dajd broiler chicks were used as the starting point out of which 30 were
used for digestibility trials. They were initially placed in deep litter pens and fed a commercial broiler starter diet
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from day one to day 21. On day 22 the birds were transferred to dividual battery cages measuring 42 x 35 x 42
cm (L x B x H) where they were fed a broailer finisher diet till d 35.

Determination of apparent metabolizable energy inSBBSG and wheat bran

On d 36, an initial group of 30 individually housed broilers weraised for the determination of apparent
metabolizable energy contents in SBBSG and wheat bran (15 birds per ingredient). Birds were #atllibitum on a
broiler finisher diet for 1 week prior to forcefeeding (Sibbald, 1986). Collection trays were fixed tahe individual
cages, the birds were fasted for 24 h and forcéed 60 g of the test ingredient. Excreta were collected daily from
each bird for 48 h and the samples immediately placed on ice to help prevent microbes from multiplying. The
samples were thenfreeze dried at a temperature of-18°C for 70h. Excreta samples were blended, ground through
a 0.75 mm sieve (Ultracentrifugal mill ZM 200, Retsch GmbH & Co. KG, Haan, Germany) and stored in plastic bags
until analyses. Both the test ingredients and fae@l materials were subsequently analysed for gross energy by a
bomb calorimeter.

Determination of apparent ileal amino acid and nitrogen digestibility inSBBSG and wheat bran

Out of the remaining 70 birds that remained from the initial group, 30 male brders (15 per test ingredient)
of approximately equal weight were selected and used to determine apparent ileal and amino acid digestibilities.
The test ingredients, SBBSG and wheat bran were mixed with minerals and a vitamin premix. Chromic acid (an
indigestible marker) was incorporated into the diets at a level of 0.3%Table 1). The birds were fed the test diets
ad lib from day 35 for seven days. On day 42, the birds were euthanized by cervical dislocation and the gastro
intestinal4tract removed. The cotents of the terminal ileum (halfway between theilealc e cal j unct i on
diverticulum) were emptied by dissecting this region and collecting the digesta by gentle fingestripping and
flushing with 10 -15 mis of distilled/deionized water into a plastic bag following the method ofRavindran (2007).

The bags containing the 30 individual samples (15 per test ingredient) were immediately placed on ice,
transported and freezedried. The freezedried samples were then allowed to equilibrate to room ¢émperature,
ground through a 0.75 mm sieve (Ultracentrifugal mill ZM 200, Retsch GmbH & Co. KG, Haan, Germanghd
stored at room temperature in a dry place prior to chemical analysedigesta samples were blended, and stored in
plastic bags at 30°C until analysis for the major nutrients (protein, amino acids and energy). Digestibility of wheat
bran was also conducted and the results compared to literature values. This was to serve as a validation for the
results obtained for the SBBSG digestibility valuse

Growth Performance and Carcass Parameters

Animals, Housing andDiets. A total of 250 mixed-sex Ross broiler dayld chicks were randomly allocated to
five treatments, replicated five times with 10 birds per replicatein a Completely Randomized DesigiCRD) In the
first 4 wks, birds were housed in a brooder house in pens measuring 152 x 152 cm. Thereafter, they were
transferred to cages measuring 55x 39 x 49 cm. The birds were individually weighed at the start of the experiment
and subsequently on a wekly basis. Birds in each replicate were given a known amount of feed daily, and any

|l eftover feed weighed the next day prior to the dayds

was then discarded and fresh feed provided. Water was gvided adlib. Standard routine vaccination protocols
were strictly adhered to. The birds were fed with the experimental starter diet for 28drable 3) after which they
were switched onto the finisher diet Table 4) for the rest of the trial. The resultsof the digestibility trials and
chemical analysis of the feed ingredients were used as the basis for formulating the diets. Diet one (T1) had zero
SBBSG, while T2, T3, T4 and T5 had 4, 8, 12 and 16% SBBSG respectively.

Table 1- Composition of the dets used for the digestibilitytrial

Ingredient SBBSGBased diet Wheat Branbased diet
SBBSG 95.7 0

Wheat Bran 0 95.7
Dicalcium Phosphate 15 15

Vitamin Premixa 1.00 1.00

Qyster Shell 1.00 1.00

Salt 0.50 0.50

Cr0s 0.3 0.3

Total 100 100

a Premix provided the following per kg of the diet: vit.A, 7500 IU; vit. @, 2200 IU; vit. E, 10 IU; vit. K, 1.73 mg; riboflavin, 2.5 g 2.5 g
cobalamin, 0.05 mg; pantothenic acid, 6 mg; niacin, 20 mg; choline, 240 mg; folic acid, 0.5 mg; Mg, 2.8 mg; Fe, 45 mg; G5 mg; Mn, 55

mg; Zn, 50 mg; 1,0.8 mg; Co, 0.2 mg
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Table 2- Composition of broiler starter diets used for the growth trial

. 0% 1% 8% 12% 16%
iRl () SBBSG* SBBSG SBBSG SBBSG SBBSG
Maize 51.50 53.50 54.50 55.50 56.50
Soybean meal 27 25.35 24.35 23.35 22.35
Wheat bran 16 12 8 4 0
SBBSG 0 4 8 12 16
Soybean oil 1 0.5 0.5 0.5 0.5
Dicalcium phosphate 0.7 0.7 0.7 0.7 0.7
Vitamin premixa 0.6 0.6 0.7 0.7 0.7
Methionine 0.25 0.3 0.3 0.3 0.3
Lysine 0.25 0.3 0.3 0.3 0.3
NacCl 0.25 0.25 0.25 0.25 0.25
Limestone 2.5 2.5 2.5 25 2.5
Total 100 100 100 100 100
Calculated analyses

ME,MJ/kg 115 11.5 11.6 11.73 11.86
Crude protein (%) 21.6 21.6 21.61 21.67 21.72
Crude fat (%) 4.43 3.9 3.85 3.8 3.8

Crude fibre (%) 3.4 3.6 3.8 3.97 4.15
Lysihe (%) 1.3 1.32 1.3 1.28 1.26
Methionine (%) 0.5 0.56 0.57 0.58 0.59
Calcium (%) 1.14 1.16 1.16 1.16 1.16
Phosphorus (% total) 0.7 0.64 0.62 0.59 0.57

* SBBSGSorghumBarley Brewes Spent Grain,2Premix provided the following per kg of the diet: vitA, 7500 IU; vit. B,
2200 1U; vit. E, 10 IU; vit. K, 1.73 mg; riboflavin, 2.5 g 2.5 g; cobalamin, 0.05 mg; pantothenic acid, 6 mg; niacin, 20 mg;

choline, 240 mg; folic acid, 0.5 mg; Mg, 2.8 mg; Fe, 45 mg mg; Cu, 5.5 mg; Mn, 55 mg; Zn, 50 mg; 1,0.8 gy Co, 0.2 mg

Table 3- Composition of broiler finisher diets used for the growth trial

T1 T2 T3 T4 T5
I ERAIETE (b 0% SBBSG* 4% SBBSG 8% SBBSG 12% SBBSG 16% SBBSG
Maize 55.25 56.80 57.80 58.80 59.80
Soybean meal 23.7 22.05 21.05 20.05 19.05
Wheat bran 16 12 8 4 0
SBBSG 0 4 8 12 16
Soybean oll 1 0.5 0.5 0.5 0.5
Dicalcium phosphate 0.7 0.7 0.7 0.7 0.7
Vitamin premixa 0.6 0.6 0.6 0.6 0.6
Methionine 0.25 0.3 0.3 0.3 0.3
Lysine 0.25 0.3 0.3 0.3 0.3
NacCl 0.25 0.25 0.25 0.25 0.25
Limestone 2.5 2.5 2.5 2.5 2.5
Total 100 100 100 100 100
Calculated analyses
ME, MJ/kg 11.56 11.59 11.72 11.85 11.98
Crude protein (%) 20.2 20.4 20.4 20.46 20.51
Crude fat (%) 4.44 3.9 3.85 3.8 3.75
Crude fibre (%) 3.4 3.58 3.76 3.94 4.11
Lysine (%) 1.21 1.24 1.22 1.20 1.18
Methionine (%) 0.5 0.55 0.56 0.57 0.57
Calcium (%) 1.15 1.15 1.15 1.15 1.15
Phosphorus (% total) 0.65 0.63 0.60 0.58 0.56

* SBBSGSorghumBarley Brewefs Spent Gran; aPremix provided the following per kg of the diet: vitA, 7500 IU; vit. B, 2200 IU; vit. E, 10
IU; vit. K, 1.73 mg; riboflavin, 2.5 g 2.5 g; cobalamin, 0.05 mg; pantothenic acid, 6 mg; niacin, 20 mg; choline, 240 mg;ifohcid, 0.5 mg; Mg,

2.8 mg; Fe, 45 mg mg; Cu, 5.5 mg; Mn, 55 mg; Zn, 50 mg; 1,0.8 mg; Co, Or2g

Chemical Analyses

All major feed ingredients and experimental diets were ground to pass through a 1mm sieve in a hammer
mill (Retsch SM100, F.Kurt GmgH Co). Samples for analysis were weighed using a-tmading electronic balance
(ADAM AAA 250LE). iy matter was determined overnight at 102C in a Gallenkamp oven (method 930.15; AOAC,
2000). Crude protein analysis was done using the Kjedahl method (method 942.05; AOAC, 2000). Samples were
digested at 400°C for 3hours with the Gerhardt Kjeldatherm (Genany) digester; distillation and titration were done
using the Gerhardt Vapodest 50s (Germany) distillation unit. Amino acid analysis was carried out using -ion
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exchange chromatography, following standard proceduresAQAC, 200Q. First, the protein was hydslyzed, followed
by separation, identification, and finally quantification of the amino acids. The procedure involved sample hydrolysis
ina 6 N HCI for 24 h at 110 °C under N atmosphere. For sulphur containing amino acids (methionine and cysteine),
the performic acid oxidation was first carried out before acid hydrolysis. This step is to convert cysteine to cysteic
acid and methionine to methionine sulfone, which are acid stable and can then be separated by chromatographic
methods. Samples for tryptophan aalysis were hydrolyzed using barium or sodium hydroxide to avoid the
destruction of tryptophan by acid hydrolysis and to enhance its stability. The amino acids in the hydrolysate were
then determined by HPLC after postolumn derivatization @AOAC, 200Q 982.30 E). The chromic oxide
concentration in feed, faeces and digesta were determined using the method described yenton and Fenton
(1979).

The whole trial lasted 56d. Performance and feeding records were taken and summarized on a weekly basis.
These induded average daily feed intake (ADFI), average daily gain (ADG) and feed conversion efficiency (FCE). On
day 56, the final body weights (FBW) were taken and five birds per replicate were randomly selected. Blood from
each bird was quickly drawn from the wng vein using a 10ml syringe. About 3ml was transferred into a 4ml sample
tube (Surgifield Medicals, Middlessex, England) usingsKEDTA as an anticoagulant. For serum profiling, about 3ml
of blood was transferred into a 5ml serumseparator vacuum tube. Bth samples were analysed within one hour of
collection for haematological and biochemical parameters using an Advia 120 analyzer.

The remaining 5 birds from each replicate were slaughtered by jugular venipunctur®gei et al., 2010. They
were defeathered after scalding in boiling water and immediately transferred into a cold room where they were
stored overnight at-49C. The next day, the whole chilled carcasses were weighéileights of some internal organs
(including liver, full and empty intestines, ad gizzard) were taken. Abdominal fat which had solidified following the
overnight chilling was carefully separated and the weight recorded.

Data analysis

Estimates of apparent nitrogen and amino acid digestibilities were determined using ileal samples ah
calculated from the dietary ratio of protein or amino acids to chromium relative to the corresponding ratio in the
ileal digesta. Apparent metabolizable energy was determined according to the method used by Donkor and Attoh
Kotoku (2009). The formula usel was as follows:

AME = (EB EO)/FI

Where

El = Gross energy in feed

EO = Gross energy in faeces

FI = Feed Intake (90 g, in this case)

Nutrient digestibility was calculated using the formula below;
Digestibility% b 100 - {(Concentration (Cr@) in feed x concenfration (Nutrient) in digesta)} x 100
(Concentration (Cr@) in digestax concentration (Nutrient) in feed)

Statistical analyses

All data collected were subjected to statistical analysis using the Generalizednear Model (GLM) Procedure
of Statistical Analysis System Institute (SAS, 2003). Significant differences among treatment means were
separated using the Student NeumaKe ul s 8 ( SNK) Test.

The model used was as follows;

Yij = p +Di +Eijj

Where,

Yij is the doservation

M is the mean

Di is the effect of diet

Eij is the error term

RESULTS

Nutrient composition

The analyzed nutrient composition of the SBBSG and wheat bran are shownTiable 4 Crude protein, crude
fat, and organic matter (OM) levels were highein SBBSG (26.95, 7.85 and 75.76%) than in WB (16.61, 3.55 and
70.88%). Essential amino acids (Lys, Met and Thr), and Crude fat levels were also higher in SBBSG (0.77, 0.44, 0.90
and 8.85% than in wheat bran were (0.66, 0.20, 0.50 and 3.55%)Generally thee were wide variations between
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some amino acid digestibilities in SBBSG. For the essential amino acids Lys, Thr, Met, Cys, Phe and Leu, apparent
digestibilities were higher in Thr for SBBSG (42.93, 75.26, 71.58, 53.91, 55.47 and 55.9%) but similar or lowéor
the rest of them in WB (69.5, 67.2, 70.9, 70.8, 78.55 and 69.63%).

Nutrient digestibilities
The apparent amino acid digestibilities of the SBBSG and wheat bran are shownTable 5

Growth performance
Growth traits of interest that were recordedncluded ADFI, ADG, FCE and FNBVle 6).

Average daily feed intake

Generally as the dietary level of SBBSG increased, ADFI reduced. For T1 and T2, ADFI was 105.59 and
102.30 g respectively. These values were different (P<0.05) from birds on T3 and T®2.92 and 93.35Q)
respectively. Birds on T5 consumed the least amount of feed (88.26g) and this was lower (P<0.05) than all the
other treatments.

Average daily gain, feed conversion efficiency and final body weight

There was no dietary effect (P>0.05) orthe average daily gain of birds. As the level of SBBSG increased in
the diet, FCE tended to improve. Feed conversion efficiency for birds on T5 (0.55 g/bird/day) was similar (P>0.05)
to FCE of birds on T3 and T4 (0.52 and 0.52 g/bird/day respectively) butetter (P<0.05) than FCE of birds on T1
and T2 (0.50 and 0.50 g/bird/day respectively).Final body weight was not affected by treatment.

Carcass parameters
There were no significant differences (P> 0.05) between all the carcass parameters measured as shoin
Table 7.

Blood parameters

Hematological parameters Table 8 shows the effect of diet on some blood hematological parameters. There
was no dietary influence on any of the blood parameters

Biochemical parameters Table 9 shows the effect of diet on eme blood biochemical parameters. With the
exception of alkaline phosphatase (ALP), gammaglutamyl transpeptidase (GGT) and glucose where there were
differences among treatments (P <0.05), all the other blood biochemical parameters were not affected by die

Table 4- Analyzed nutrient composition of SBBSG *and Wheat Bran

Item SBBSG* Wheat Bran
GE, kcallkg 3,855 3,389
DM, % 84.37 89.55
CP, % 26.95 16.61
Ash, % 8.61 8.67
Crude fat, % 8.85 3.55
Crude fibre, % 14.75 9.2
OM, % 75.76 70.88
P, % 0.90 1.32
Ca, % 0.86 0.60
Amino acids, %
Arg 0.91 0.98
His 0.49 0.37
lle 1.02 0.51
Leu 2.79 0.96
Lys 0.77 0.66
Met 0.44 0.20
Phe 1.33 0.57
Thr 0.90 0.50
Trp 0.10 0.12
Val 1.26 0.76
Ala 1.90 0.84
Asp 1.75 1.12
Cys 0.44 0.38
Glu 4.35 3.12
Gly 0.91 0.85
Pro 1.92 0.76
Ser 1.03 0.66
Tyr 0.79 0.46

*Sorghum-Barley Brewefs spent Grain;i Organic matter
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Table 5- Apparent metabolizable energy (MJ/kg) and ileal crude protein and amino acid digestibilities (%) iBBBSG and WB

Item SBBSG* Wheat Bran
AME 7.22 6.01
Crude protein 73.57 73.55
Calcium 60.45 59.75
phosphorous 45.40 35.87
Arginine 79.66 78.30
Histidine 64.24 71.22
Iso Leucine 64.72 75.47
Leucine 55.9 69.63
Lysine 42.93 69.50
Methionine 71.58 70.9
Phenylalanine 55.47 78.55
Threonine 75.26 67.20
Valine 62.66 62.11
Tryptophan 55.38 70.2
Alanine 52.08 72.59
Asparagine 69.77 71.48
Cysteine 53.91 70.8
Glutamic acid 83.05 81.0
Glysine 69.22 70.4
Proline 52.5 71.42
Serine 76.89 70.8
Tyroshe 80.77 70.4

*Sorghum-Barley Brewef$ spent Grain;! Organic matter

Table 6- Growth performance of birds fed different levels of SBBSG

HGEIEER  grofrec otESe GeRESE  GmeRRSn  ineRsEe PRIAES
ADFI(g) 105592 102.30 92.920 93.35b 88.26 © 1.50 <0.01
ADG(g) 52.79a 51.15a 48.312 48,54 48.54 2 1.84 0.79
FCE 0.50b 0.50b 0.52 b 0.52 b 0.554 0.01 0.04
FNBW (kg) 2.95 2.86 2.71 2.72 2.72 170 0.65

1 SorghumBarley Brewefs Spent Grain:2b<, Means within the same pw with different superscrips are significantly different (<0.05):SEM:

Standard error of the mean

Table 7- Carcass parameters of birds fed different levels of SBBSG

T1 T2 T3 T4 5
R 0% SBBSG  4%SBBSG  8%SBBSG 1206SBBSG 16%SBBSG oM  PVale
Chilled wt./ bird (g) 2584.7 7506.3 2461.0 25153 2528.3 795  0.75
Carcass wt./ bird (g) 2323.7 2308.5 2215.3 2260.7 2251.9 74.9 0.84
Viscera wt./ bird (g) 261.01 287.87 245.67 254.6 276.3 268 081
Fat wt./ bird (g) 32.2 26.07 24.93 26.73 25.00 2.9 0.37
Fat(% of chilled weight) 1.23 0.99 1.01 1.07 1.01 01 0.49
Fat(% of carcass weight) 1.37 1.12 1.20 1.19 1.12 0.1 0.53

1 Sorghum- Barley Brewefs Spent Grain; SEM: Standard error of the means, SEM: Standard error of the means

Table 8- Effect of diet on blood hematological parameters of birds

PRI ST 0% SBBSG 4% SBBSG 8% SBBSG 12% SBBSG 16% SBBSG P-Value
WBC (10/0) 267.1 270.9 201.2 264.8 259.7 8.19 0.105
RBC (132/L) 1.84 1.79 2.57 1.81 1.72 0.22 0.079
HGB (g/dL) 7.42 7.54 9.00 6.60 7.24 0.95 0.503
HCT (%) 20.60 23.12 30.34 23.58 21.34 2.49 0.084
MCV (fL) 123.1 128.7 118.3 123.1 124.3 2.71 0.158
MCH (pg) 40.20 42.10 42.04 40.52 41.86 0.94 0.466

1SorghumBarley Brewes Spent Grain; WBC: white blood cell, RBC: reabd cell, HGB (g/dL): heamoglobin (gram per deciliter), HCT:

hematocrit, MCV (fL): mean corpuscular volume (femtoliters), MCH (pg): mean corpuscular haemoglobin (pigograms); SEM: Stdretaor of
the mean
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Table 9- Effect of diet on blood biochemical paameters of birds

e 0% géBSG 4%ST§BSG S%STSBSG 12%2?3330 16%18-5BBSG sea e
ALP (U/L) 378514  3254.7b 454612 39783%  37787® 26831 0043
AST (U/L) 10.62 10.32 11.06 19.14 9.8 236  0.059
GGT (UIL) 16.20b 18.17b 15.90b 24.84a 27.064 186  <0.05
T. Bilirubin (umol/L) 252 3.22 2.68 257 274 0.49 0.86
Protein (g/L) 40.79 42.33 42.09 39.76 40.33 276  0.955
Albumin (g/L) 14.05 15.76 15.92 14.65 15.26 091 0589
Urea (mmol/L) 0.46 0.36 0.60 0.58 0.42 011 0534
Creatinine (umol/L) 15.70 13.58 18.76 17.44 16.84 1.89 0.403
Glucose (mg/dL) 260.784 23858  260.22%  258.00%  280.82  7.67  0.0187
UricAcid (umol/L) 243.16 169.02 239.86 153.08 220.81 3181  0.188
Cholesterol (mmol/L) 2.46 2.68 2.80 278 2.72 015 0535
Triglycerides (nmol/L) 0.76 0.64 0.94 1.02 0.80 0.11 0.172
HDL (mmol/L) 1.14 1.32 1.12 1.22 1.18 008 0632
LDL (mmol/L) 1.02 1.08 1.26 112 1.16 009 0527

ALP: alkaline phosphatase, AST: aspartate aminotransferase, GGT: Gamghatamyltransferase, T. Bilirubin: totabilirubin, HDL: high density

lipoprotein, LDL: low density lipoprotein, U/L: units per liter, pmol/L: micromoles per liter, g/L: gram per liter, mmol/L: iilimoles per liter,
mg/dL: milligram per deciliter; SEM: Standard error of the mean

DISCUSSION

Chemical Analysis

In initial trials using SBBSGNortey et al., 2013: ManuBarfo et al., 2013) in diets for both layers and broilers,
the authors made certain assumptions with regards to nutrient, particularly amino acid content. These assumptions
had been based on work done byDonkoh and AttohKotoku (2009), using BSG and on values obtained in other
scientific literature (NRC, 1994. The analyzed results of wheat bran used in this trial were compared to the
analyzed results ofDonkor and AttohKotoku (2009), to serve as a check and a validation for the protocols. The
results indicated similarities in the crude protein and most amino acid values. Of the essential amino acids Lys,
Met, Cys, Thr, Val and Leu, analyzed results were 0.66, 0.20, 0.38, 0.50, 8.@nd 0.96% which were comparable to
cited literature values of 0.66, 0.22, 0.34, 0.48, 0.79 and 0.98% respectively. Generally the crude protein content
of SBBSG was higher than BSG (26.95 vs. 20.7% respectively). Chemical composition and amino acid |jgrafan
vary according to the variety of grain, harvest time, malting and mashing conditiondviussatto et al., 2006). The
higher protein content of the SBBSG translated to slightly higher values for most of the amino acids. Comparing
SBBSG used in this triato BSG Donkor and AttohKotoku, 2009), Lys, Met, Cys, Thr and Val and Leu values were
0.77, 0.44 0.44, 0.90, 1.26, 2.79 and 0.76, 0.39, 0.52, 0.72, 1.21 and 1.64% respectively. Protein values for BSG
as reported byWestendorf and Wohlt (2002)ranged from 21 to 29%%. Similarly,Adama and Ribadu (2003)and
Olorunnisomo et al., (2006)reported protein values for BSG similar to what was reported for SBBSG in this study.
However it is clear from this study that similarities in protein content between SBBSGnd similar brewery by
products, did not translate into similarities in amino acid contents. In monogastric feed formulation however, a
greater emphasis needs to be placed on amino acid composition and availability, and not on protein content per se
(Dalibard et al., 2014)

Nutrient digestibility

The AME of the wheat bran that was used as a validation was 6.01MJ/kg and this was comparable to the
values obtained byDonkoh and AttohKotoku (2009) who obtained a value of 5.80MJ/kg. For the SBBSG, an AME
value of 7.22MJ/kg was obtained. This value was much higher than what was assumed in the trial byortey et al.
(2013) and by Manu-Barfo et al. (2013). The higher AME level of the SBBSG used in this trial compared to what was
obtained for BSG Ponkor and AttohKotoku, 2009), could be a direct result of the fat content (8.85% vs 6.01%).
Essentialamino acids cannot be synthesized by poultry, therefore they must be provided in the diets of the birds at
the right levels and proportions Kim et al., 2008). The ileal digestibilities of some essential amino acids like Lys,
Met and Cys (42.93, 71.58 and 53.91 %) were 43.58, 13.13 and 15.89% lower than the assumed values of 76.1,
82.4 and 64.1% obtained in the trial byDonkoh and AttohKotoku (2009) and which was used inan earlier broiler
trial (Nortey et al., 2013).
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Generally nutrient digestibility is a result of several factors including the age of the birds, processing of the
ingredient and the presence of antnutritive factors (ANF) like fibre $chulze et al.,, 1994; Lenis et al., 1996;
Slominski et al., 2004). The crude fibre content of the SBBSG used in this study was 15.66aple 4). This is high
when compared to what was obtained byMadubuike and Obidimma (2009) The two major grains from which
SBBSG was obtained i@ sorghum and barley. The major ANFs found in barley are arabinoxylans, and beta glucans
(Aalto et al., 1988; Andersson et al., 1999; Zijlstra et al.1999), while those found in sorghum are phytic acid,
trypsin and amylase inhibitors (Mohammed et al., 2@0). Research indicates that high amount of dietary fibre
reduces nutrient availability to poultry and swine$chulze et al., 1994; Lenis et al., 1996; Slominski et al., 200%

It may therefore be speculated that the reduced digestibilities of some amio acids observed in SBBSG was a
direct result of the presence of these ANFs.

Growth performance

Average daily feed intake (ADFI)Several factors affect ADFI in broilers. Feed intake is influenced by stocking
density, water supply, fibre, the nature andhe palatability of the feed, energy content of the feed, health status of
the birds and stress Ferket and Gernat, 2006. With the exception of feed, all the other conditions were held
constant. Generally as the level of SBBSG increased in the diet, fegdake reduced. The results were similar to the
findings of Boudouma (2010) who observed a reduction in the feed intake when diets containing high levels of
Brewersd spent grain (> 13 %) were present e dsulisnwerdime
disagreement with reports from Ash and Akoh (1992), Opara (1996), Omekan (1994), Esonu et al. (2002yho
reported increased feed intake as the fibre level in the diet increased. As the level of fibre increases in a diet,
monogastrics tend © increase their feed intake in an attempt to meet their nutrient (particularly energy) needs
(Leeson and Summers, 1997). This is because increasing fibre levels tend to dilute the energy density of the feed.
This phenomenon has been observed in broilersypAdeyanju et al. (1976)and Alemawor et al. (2010)and in layers
by Umar Faruk et al. (2010) In this trial, the birds were fedad-ib, and it was expected that birds would consume
more of T5 than T1 or T2, due to an increase in dietary SBBSG, and conseqtly an increase in the fibre content.
Dietary fibre, in addition to diluting the energy content of the feed, is known to affect rate of passage in the gastro
intestinaltract (GIT) of birds Montagne et al., 2003; Ferket and Gernat, 2006; Saki et al., 201).

Sorghum Barley Brewers Spent Grain contains high levels of NSPs. In an earlier tidgnu-Barfo et al. (2013)
determined that broiler grower diets containing 4%
respectively. Of the 9.39% NSP contaed in the 4% SBBSG diet, 2.21 % was insoluble, while 7.18% was soluble.
However the insoluble vs soluble NSP in the 16% SBBSG diet was 5.57 and 6.68% respectively. It can be seen that
SBBSG contains relatively more insoluble than soluble fibre. Accordirtg Jargesen et al. (1996)water insoluble
NSPs tend to reduce transit time in the GIT. A reduction in transit time, will result in a longer period of satiety which
will ultimately result in a reduction ADFI De Leeuw et al., 2008; Rochell et al., 2012. I is also possible that the
higher fat content of SBBSG compared to wheat bran, may have contributed to the lower intakes of the diets
containing SBBSG.

Average daily gain (ADG) and FCEeed intake influences the body weight gain and feed conversion
efficiency (Ferkert and Gernat, 200§. However in this trial, there was no effect of dietary SBBSG level on ADG,
although a numerical trend towards slight reductions were observed. Thus the expected drastic reductions in ADG
that normally accompany a reducton in feed intake were not observed in this trial. The absence of this difference
resulted in better feed efficiency as the level of SBBSG increased in the diet. In the present trial, nutrient
availabilities, as opposed to total nutrient content were usedo formulate diets to meet the nutrient requirements
for COBB500 broiler birds COBB, 2015. This was possible following the determination of nutrient availabilities in
SBBSG in the digestibility trial. According t€avalcanti and Behnke (2004) and Dalibard et al. (2014), formulating
diets for monogastrics animals based on nutrient availabilities results in better feed efficiency and growth rates.
The lack of any effect on ADG when ADFI was reduced could be due to the fact that hens were more efficient at
utilizing the available nutrients when feed intake was reduced. This phenomena has also been observedSktan et
al. (2003) and Alvarado et al. (2007)

Carcass parameters There were no dietary effects on any of the carcass parameters studied. Generadly
the level of dietary fibre increases and energy is diluted, ADFI increases. This can cause an increase in intestinal
weight of birds Sulieman and AbdRa-Mabrouk, 1999; Nortey et al., 2013 and is a compensatory effect that is
intended to support the exra feed consumed. In this study no such effect was observed and it may be a direct
result of the fact that there was no corresponding increase in ADFI with increased dietary fibre levels. Earlier studies
using SBBSGNlanu-Barfo et al., 2013) in broiler diets, resulted in an increase in the abdominal fat of birds fed 12
and 16% SBBSG. However in that trial, assumed digestibility values based on earlier work Dgnkor and Attoh
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Kotoku (2009) had been assumed. For this particular trial, and using this speci®BBSG, real ileal digestibilities of
nutrient were determined and used in formulating the broiler diets. A precise ratio of dietary ME to amino acid is
required to control fat accumulation in broiler finishers and maintain superior carcass characteristic€regendahl
et al., 2002) and in the absence of such precise information, there was an excess accumulation of fat as was
observed byManu-Barfo et al. (2013). In this trial there was no excess abdominal fat accumulation by birds fed any
of the SBBSG treatents because a precise knowledge of nutrient availabilities had been determined and used in
dietary formulation.

Blood hematological and biochemical properties

Changes and deviations from the norm in blood hematological properties are an indication ofghysiological
disorder that may not yet be exhibiting external clinical signsTogun et al., 2007). For this trial there were no
differences in any of the hematological parameters studied. Also the values obtained were within the normal
ranges for broileis as was reported byBowes et al.(1989), Ikhimioya et al.(2000) and Talebi et al.(2005).

There were some observed differences in some of the biochemical indices that were studied. These included
alkaline phosphatase (ALP), gammaglutamyl transpeptidase (GGT) and glucose.

The GammaGlutamyl Transpeptidase test is used to detect liver disease and bile duct obstructions. An
increased GGT | evel indicates that an individual 6s
reported in healthy chickenfrom 21.28 to 37. 32 units per liter (U/l) (Silva et al., 2007), 7.78 to 16.07 U/L (Café et
al., 2012), and 23.56 to 27.79 U/L (Kuttappan et al., 2012).

Thus although there existed some differences in GGT levels in this trial, all the values were wittlie normal
range. The level of glucose in the blood at any time may be influenced by the time it is measured pgstindial and
also on the type of carbohydrate in the diet\(Vheeler and PiSunyer, 2008). Thus the level of glucose in the blood
may be slightly higher immediately post prandial than when the individual took a meal a few hours prior, and is in a
state of hunger. Also easily digestible carbohydrates will result in quicker spikes in blood levels of glucose
compared to slower digestible carbohydrate. The differences in blood glucose levels of birds in this trial were
within the normal range of 200 & 500mg/dL (Jain, 1993; Thrall, 2007 and the observed differences in blood
glucose levels could be due to time posprandial, and/or activity level of the birds immediately presampling. All
other biochemical parameters were not different, indicating that the birds were not sick

CONCLUSIONS

It is concluded from this study that:

91 The AME of SBBSG is slightly higher, while amino acid content and digesttl#k are generally lower than
earlier studies reported

1 When the basis of feed formulation is on nutrient availability and not on total nutrient content, SBBSG can
be included in diets for broilers up to 16% without negatively affecting performance.

9 Thereare no negative health effects on broilers when SBBSG is included in broiler diets up to 16%
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