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Abstract
Sorghum is amongst the most drought-tolerant cereals in the driest rain-fed regions of the arid and semi-
arid tropics and hence its suitability in circumventing food and feed insecurity. However, the presence of
phytochemicals may limit its utilization in sustainable poultry production which require some form of
treatment before use. Thus, this study was conducted to explore malting as a processing method and its
effect on growth performance and haemo-biochemical parameters of broiler chickens. Three
isonitrogenous and isoenergetic diets were formulated by totally replacing maize with either malted Mr
Buster (MBBD) or Segaolane (MSBD) and Control diets. One hundred and �fty one-week old Ross 308
broiler (R308BC) were evenly distributed into 15 replicate pens (10 birds/pen) to which experimental diets
were randomly allocated and offered in three phase feeding. Birds fed MSBD were eating more than
those fed other diets. The birds on Control diet gained more weight than those fed malted sorghum based
(MSOBD). Poor feed conversion ratio (FCR) was observed on MBBD birds in week 3, 4, 5 and 6.The PER
was lowest on MSOBD birds in week 2 and 6 but in week 5 the opposite is the truth. Protein intake (PI) of
birds on MSOBD was highest in all weeks. Haematological and serum parameters fell within reported
normal range of healthy chicken. Overall, the results from the study suggest that maize grains can be
replaced with malted sorghum grains, especially Segaolane in poultry diets without any adverse effects
on the bird’s growth’s performance and health status.

Introduction
The poultry industry produces high-quality proteins for human nutrition and is a source of income for
communities in many countries (Tarhyel et al. 2012); hence it is in a strong position to advance
sustainable development goals of United Nations (UN). For instance, Goals 1, 2 and 13 can easily be
driven by poultry production. Globally, broiler production has grown dramatically in the past two decades
due to improvements in nutrition and breeding programmes which further enhanced feed utilisation and
growth rate (Grace et al. 2020). Most rapid growth rates are made when the chick is young (Mignon-
Grasteaus et al. 2001) and is supported by consuming well balanced ration. These improvements have
thus, enable poultry production to be in position to advance zero poverty by providing opportunities for
communities to earn an income and improve their standard of living, and quality of life. Production turn-
around in the poultry industry is relatively short, meaning that nutritious, affordable and sustainable
protein sources (meat and eggs) are easily accessible, thus reducing hunger. Poultry is suitable for
environmental sustainability as it has the smallest carbon footprint of any food animals (Rojas-Downing
et al. 2017). Unfortunately, suitable feed supply in rural communities can be a stumbling block. Maize is
the mainstay of source of energy and protein in commercial broiler ration and contribute 60% in
monogastric ration (Akinfala et al. 2002). As a results, commercial and subsistence poultry farmers
encounter feed challenges resulting in expensive and unpro�table business. Thus, in order to reduce feed
cost and increase pro�t margin, formulating feed using cheap and locally available ingredients like
sorghum is essential. However, different studies (Emami et al. 2012; Osman and Gaseem 2013; Torres et
al. 2013; Mohamed et al. 2015) have found that body weight decreased signi�cantly in chickens fed
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sorghum-based diets. These detrimental effects of sorghum in animal performance is understood to
come from negative effects of anti-nutritional factors (ANFs) on digestibility (Hariprasanna et al. 2015)
and metabolism (Hamid et al. 2017). Therefore, it is important to explore processing techniques that can
reduce its ANFs to improve feed quality and value. It has been reported by Makhoka et al. (2002) that
malting improves in vitro digestibility of sorghum grains when porcine pepsin method was used. A study
by Legodimo and Madibela (2013) employing rumen �uid as an inoculum, observed improved dry matter
(DM) digestibility of malted sorghum grains. Several studies have noted that malting reduce phenolic
compounds, tannins and �avonoids (Khoddami et al. 2017; Feyera 2021) except for anthocyanins
(Khoddami et al. 2017). Therefore, malting may unlock the potential of sorghum as a major ingredient in
non-ruminant rations in Southern Africa Development Community (SADC) region. The present study was,
therefore conducted to evaluate the growth performance and haemo-biochemical parameters of broiler
chickens fed MSOBD (Mr Buster and Segaolane in comparison to maize-based diet.

Materials And Methods

Study Site and ingredients sources
The study was carried out at the Botswana University of Agriculture and Natural Resources (BUAN),
Content Farm (24°36’ 40.90’S and 25° 56’ 13.35’E), Sebele, Gaborone, Botswana. During this time
ambient temperatures ranged from ~ 12–40°C. Unscreened Segaolane and Mr Buster sorghum grains
were purchased from Botswana Agricultural Marketing Board (Gaborone, Botswana). The grains were
prepared by soaking in a plastic container covered with a jute bag for 48 hours at room temperature
(15°C), draining excess water and then spreading on hessian bag and allowed to germinate for 7 days
under dark conditions. After germination, the malted grains were sun-dried and stored in bags prior to diet
formulations

Diet Formulation
Three iso-caloric and iso-nitrogenous diets in a mash form (Table 1) were formulated by totally replacing
maize with malted sorghums to meet the nutritional requirement of starter, grower and �nisher diets. The
diets were as follows: 1. Control diet = commercial starter, grower and �nisher diets containing 100%
maize, 2. Mr Buster diets = starter, grower and �nisher diets in which maize was totally replaced with
100% malted Mr Buster, 3. Segaolane diet = starter, grower and �nisher diets in which maize were totally
replaced malted Segaolane.

Chemical analysis
A sample of each of the formulated diets (Control, MBBD and MSBD) were milled to pass through a 1mm
sieve for chemical analysis according to AOAC (2005). Analysis was performed for dry matter (methods
930.15), Organic matter (methods 924.05), and crude protein (methods 984.13). Crud �bre was analysed
using ANKOM 2000 Fibre analyser (ANKOM Technology, New York. USA). Crude Fat content was estimated
by Soxhlet method. Energy content was determined by combustion of about 1.0g of each sample in a
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bomb calorimeter (Model-IKA C2000, IKA®-Werke GmbH & Company, Hamburg, Germany). Condensed
tannins were determined using the Butanol-HCL method and expressed as leucocyanidin equivalent (%
DM) according to Markkar (2000).

Table 1
Ingredients composition of experimental diets fed to Ross 308 broilers in g/kg

1Experimental diet

Ingredient Control MSBD MBBD

Starter      

Soya oil cake 293.80 293.80 293.80

Full fat soya 40.00 40.00 40.00

Malted Sorghum grains 0.00 619.60 619.60

Maize grains 619.60 0.00 0.00

Amino acids and mineral premix 46.60 46.60 46.60

Total 1000.00 1000.00 1000.00

Grower      

Soya oil cake 104.70 104.70 104.70

Full fat soya 180.00 180.00 180.00

Malted sorghum grains 0.00 642.70 642.70

Maize grains 642.70 0.00 0.00

Amino acids and mineral premix 39.30 39.30 39.30

Total 1000.00 1000.00 1000.00

Finisher      

Soya oil cake 145.60 145.60 145.60

Full fat soya 90.40 90.40 90.40

Malted sorghum grains 0.00 730.02 730.20

Maize grains 730.20 0.00 0.00

Amino acids and mineral premix 33.80 33.80 33.80

Total 1000.00 1000.00 1000.00

1Experimental diets: Control = a standard commercial starter, grower and �nisher diet without malted
sorghum, MSBD = malted segaolane sorghum-based diet, MBBD = malted Mr Buster sorghum-based
diet
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Experimental design
Before the arrival of experimental chicks, the poultry house was cleaned. All dust was removed exposing
all surfaces to a detergent. Equipment was washed with virkon (virucidal disinfectant). A total of 150
broiler chicks were acquired from Ross Breeder hatchery (Gaborone, Botswana) and were reared using
commercial starter mash of Optifeeds Pty Ltd (Gaborone, Botswana) for the �rst 14 days. There were
then brooded at the temperature of 330C for the �rst day and reduced by 1℃ for every three days. At day
15, the chicks were individually weighed and allocated to 15 replicated pens (2.3 x 1.24m) each with 10
chicks and reared for 6 weeks. The 3 dietary treatments were then randomly allocated to the pens
(experimental unit) in completely randomised design where feed and water were given at ad-libitum. No
health issues were encountered throughout duration of the study.

Measurement of feed intake and growth performance
The birds were weighed at the beginning of the experiment to balance weight in treatment groups and re-
weighed them again for initially weight and subsequently on a weekly basis using an electronic scale of
sensitivity 0.001 g (Adam 6020 model, Adam, Gauteng Province, South Africa). Feed allocated and
refusal were recorded daily in morning and FI, AWWG, AWFCR, PI and PER were calculated as described
by Manyeula et al. (2019) following formula 1, 2, 3,4 and 5 respectively.

 (Formula 1)

 (Formula 2)

 (Formula 3)

 (Formula 4)

 (Formula 5)

FI =
Feedoffered−refusal

7days

AWWG =
InitialWeight−FinalWeight

7Days

AWFCR =
Feedconsumed(g)

Weight(g)

PI = FI × Crudeproteininthediets

PER = AWWG

PC
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Table 2
Nutrient Composition of experimental diets provided to Ross 308 from 2–6 weeks of age on dry matter

basis (%)
1Experimental diets

Nutrient Control MSBD MBBD

Starter      

Dry matter 93.40 93.67 93.36

Ash 9.74 10.92 10.14

Organic matter 90.26 89.08 89.86

Crude protein 24.94 24.64 25.09

Energy (MJ/Kg) 17.45 18.33 18.44

crude fat 6.62 7.29 6.62

Crude �bre 10.41 10.16 11.27

Condensed Tannin 0.036 0.051 0.071

Grower      

Dry matter 93.81 93.61 93.41

Ash 7.94 7.17 9.92

Organic matter 92.06 92.83 91.08

Crude protein 22.79 22.40 23.02

Energy (MJ/Kg) 18.11 18.33 18.32

Crude fat 7.52 8.78 7.79

Crude �bre 13.31 13.23 14.36

Condensed Tannin 0.05 0.06 0.06

Finisher      

Dry matter 93.47 92.81 93.20

Ash 6.96 9.68 8.46

Organic matter 93.04 90.32 91.54

Crude protein 21.49 21.62 22.11

1Experimental diets: control = a standard commercial starter, grower and �nisher diet without malted
sorghum, MSBD = malted Segaolane sorghum-based diet, MBBD = malted Mr Buster sorghum-based
diet
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1Experimental diets

Energy (MJ/Kg) 18.50 18.45 18.58

Crude fat 7.85 8.06 7.35

Crude �bre 13.62 13.74 14.87

Condensed Tannin 0.049 0.053 0.071

1Experimental diets: control = a standard commercial starter, grower and �nisher diet without malted
sorghum, MSBD = malted Segaolane sorghum-based diet, MBBD = malted Mr Buster sorghum-based
diet

Blood collection and analysis
At 6 weeks of age, blood was collected from 2 birds which were randomly selected from each pen in the
morning before feeding. Blood was drawn from the wing vein into the sample bottle without
anticoagulant for serum biochemical analysis and purple capped tubes with anti-coagulant (Ethylene
diamine tetra acetic acid) for haematology. The blood samples were then taken to Clinipath Laboratory
(PTY) LTD, Molepolole, Botswana for haematology and serum analysis.

Statistical analysis
Feed intake, AWG, FCR and PER data measured on a weekly basis were initially analysed using repeated
measures procedure of SAS (2010) according to the following general linear model:

Where  = response variable,  = overall mean, = �xed effects of diet, Wj = effects of week (age of
chicken), = effects of interaction between diets and week and  = random error associated
with observation ijk = assumed to be normally and independently distributed.

Cross-sectional data on haematology and serum biochemistry parameters were analysed using one-way
analysis of variance as contained in PROC GLM of SAS (2010) according to the following general linear
model:

 , Where  = response variable, 𝜇 = overall mean, = �xed effects of diet,  =

random error associated with observation  = assumed to be normally and independently distributed.
The probability of difference (PDIFF) option in the LSMEANS statement of the GLM procedure of SAS
(2010) was used to separate means. Statistical signi�cance was declared at P ≤ 0.05.

Results
Feed intake and growth performance

γijk = μ + Di + Wj + (DW)ij + ϵijk

γIJK μ DI

(DW)IJ ϵIJK

γIJ = μ + Di + ϵIJ γij Di ϵij

ij
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Repeated measures analyses revealed signi�cant diet x week interaction effects (P<0.05) on AWG, FCR, PI
and PER, but not on AWFI and PI. The R308BC fed MSBD were eating more (P<0.05) than those offered
MBBD or Control diet. In weeks 3 and 4 there was a rapid increase in AWFI across all dietary treatments
(Fig 1). The AWFI was signi�cantly lower in R308BC fed MBBD in weeks 2, 3, 4 and 5 than those offered
MSBD. In week 6, no signi�cant difference in AWFI of R308BC on all diets. 

The Control diet resulted in signi�cantly higher AWG than those on MBBD (Fig 2). The increased AWG in
R308BC fed MBBD was signi�cantly lower than those offered Control diet.  The MSOBD did not affect
(P>0.05) broiler’ AWG in week 3 and 6. 

There was a linear increase in AWG of R308BC in all experimental diets (Fig 3). But, MBBD in�uences
lower linear increase than other broilers fed other experimental diets across the experimental period.

Table 4 shows that, In week 2 R308BC fed Control diet had the most e�cient in conversion of feed
followed by those fed MSBD. Birds fed MBBD had poor FCR in weeks 3, 4 and 5 but no signi�cant
difference were observed on FCR in birds  fed Control and MSOBD. In Week 6, the most e�cient FCR was
from R308BC fed Control diet compared to those offered MSOBD.

Table 4.  Feed conversion ratio of Ross 308 broiler chickens fed diets contain malted sorghum grains as

replacement for maize grains

1Experimental diets
Age (Week) Control MSBD MBBD 2SEM p-value

2 1.40c 1.75b 2.01a 0.04 0.0001

3 1.59b 1.66ab 1.70a 0.04 0.09

4 1.74b 1.82ab 1.91a 0.04 0.05

5 1.84b 1.87ab 2.00a 0.04 0.07

6 3.00c 3.48a 3.35ab 0.05 0.0001

abc  Means within a row that do not share a common superscript differ significantly (P 0.05), 1Experimental

diets: control = a standard commercial starter, grower and finisher diet without malted sorghum; MSBD =

malted Segaolane sorghum-based diet; MBBD = malted Mr Buster sorghum-based diet, 2SEM = standard error

of the mean.

Protein utilisation e�ciency

Diets had a signi�cant effect on PER at week 2, 5 and 6 only (Table 5). In weeks 2 and 6, R308BC fed
Control diets had the highest (P<0.05) PER whilst those fed MSOBD had the lowest. In week 5, R308BC on
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Control diet had the highest PER compared to those on MBBD but had similar PER as those fed MSBD. 

Table 5. Protein efficiency ratio of Ross 308 fed diets containing malted sorghum grains as substitute to maize

grains 

1Experimental diets
Age (Week) Control MSBD MBBD 2SEM p-value

2 0.03a 0.02b 0.02b 0.002 0.0005

3 0.03 0.03 0.03 0.001 0.40
4 0.03a 0.03a 0.02b 0.000 0.0001

5 0.03a 0.03ab 0.03b 0.002 0.10

6 0.02a 0.01b 0.01b 0.001 0.001

abMeans within a row that do not share a common superscript differ significantly (P 0.05),

1Experimental diets: control = a standard commercial starter, grower and finisher diet without malted sorghum,

MSBD = malted Segaolane sorghum-based diet, MBBD = malted Mr Buster sorghum-based diet, SEM= standard

error of the mean.

In all weeks, R308BC fed MSOBD had the highest (P < 0.05) PI (Fig 4). 

Haematological and serum biochemical indices

Experimental diets had effects (P 0.05) on haematological parameters except lymphocytes, neutrophils,
monocytes, eosinophils, red blood cells, haemoglobin, haematocrit and blood platelets (Table 6). The
R308BC fed Control diet had higher (P 0.05) white blood cells (WBC) counts compared to those fed
MSBD which did not differ (P>0.05) with those offered MBBD. The higher (P 0.05) basophil counts and
MCH were from R308BC offered MSOBD compared to those offered Control diet. The MCH was higher
(P 0.05) on R308BC fed MSBD compared to those offered Control diet. However, R308BC fed MBBD had
similar (P<0.05) MCH to those offered Control and MSBD. The MCHC was highest (P 0.05) on R308BC
offered Control diet followed by those fed MSBD and the least were from those fed MBBD.

Table 6. Effects of substituting maize with malted sorghum grains on haematological parameters of Ross 308

broiler chickens.
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                  1Experimental diets    

rameters Control MSBD MBBD 2SEM p-value

e blood cells [10e]3/µL 46.8a 39.2c 41.8bc 1.44 0.003

phocytes % 47.3 45.9 42.8 2.30 0.39
trophils % 44.8 46.4 50.4 2.21 0.20
ocytes % 0.17 0.35 0.10 0.16 0.30
nophils % 7.45 6.06 6.39 0.69 0.35
ophils % 0.33c 0.57a 0.56ab 0.06 0.01

blood cell [10e]6/µL 2.61 2.48 2.56 0.06 0.30

moglobin g/dL 13.65 13.40 13.67 0.29 0.77
matocrit % 33.74 33.62 35.02 0.72 0.32
n corpuscular volume , FI 128.79c 135.40b 137.00ab 1.29 0.0003

n corpuscular haemoglobin, Pg 52.66c 53.94a 53.52abc 0.36 0.05

n corpuscular haemoglobin concentration, g/d-L 40.54a 39.86b 39.01c 0.24 0.0004

elets [10e]3/µL 3.10 3.00 3.60 0.52 0.69

abc  Means within a row that do not share a common superscript differ significantly (P 0.05),   1Experimental
diets: control = a standard commercial starter, grower and finisher diet without malted sorghum, MSBD =

malted Segaolane sorghum-based diet, MBBD = malted Mr Buster sorghum-based diet, 2SEM: = standard error

of the mean, 3parameters:  µL= microliter; %= percentage; g/dL= gram/decilitre; FI=femtolitres; Pg=
pictograms 

Experimental diets did not affect (P 0.05) serum biochemistry parameters except creatinine, bilda,
glutamic-pyruvic transaminase (GPT) and glutamic oxaloacetic transaminase (GOT) (Table 7). The
R308BC offered Control diet had the lowest (P 0.05) creatinine counts compared to those offered
MSOBD, which were similar (P>0.05). Bilda counts was highest (P 0.05) on R308BC fed MBBD. The GOT
and GPT were lowest (P 0.05) from R308BC fed MSBD and highest from R308BC fed the Control diet and
MBBD. 

Table 7. Effects of substituting maize with malted sorghum grains on serum biochemistry parameters of Ross

308 broiler chicken (Mean ± SEM)



Page 11/19

         1Experimental diets  

arameter Control MSBD MBBD p-value  

umin (g/L) 6.91±0.95 6.81±0.95 8.01±0.95 0.62  

eatinine (µmol/L) 14.34±1.59c 23.13±1.59a 22.61±1.59ab 0.0007  

tal protein (g/L) 25.95±2.99 23.57±2.99 28.60±2.99 0.50  

glycerides (mmol/L) 0.41±0.08 0.43±0.08 0.63±0.08 0.14  

da (µ/l) 1.17±0.40b 1.57±3.60b 2.56±3.60ab 0.04  

ea (mmol/L) 0.62±0.29 0.37±0.26 0.59±0.26 0.77  

ta (µ/l) 4.54±1.70 7.70±1.61 6.42±1.61 0.41  

T (IU/L) 167.89±18.00a 84.80±17.08b 138.60±17.08a 0.008  

T (IU/L) 329.00±35.08a 165.70±33.28b 267.60±33.28a 0.008  

      

abc Means within a row that do not share a common superscript differ significantly (P 0.05) 1Experimental diets:

control = a standard commercial starter, grower and finisher diet without malted sorghum, MSBD = malted

Segaolane sorghum-based diet, MBBD = malted Mr Buster sorghum-based diet; 2Parameter: µmol/L=

micromole/litre; g/L= gram/litre; mmol/L = millimoles/litre; µl = microliter; IU/L = international units per litre;

GPT= glutamic-pyruvic transaminase; GOT= glutamic oxaloacetic transaminase.

Blood minerals

Diet signi�cantly affected (P 0.05) serum minerals except potassium and sodium (Table 8). Serum Ca of
R308BC fed the Control diet and MBBD was high (P 0.05) compared to those fed MSBD but no difference
observed on serum Ca from R308BC fed MSBD. Serum Mg and Cl were signi�cantly low from R308BC
fed MSBD, whilst the highest values were observed from those fed the Control diet and MBBD.

Table 8.  Effects of substituting maize with malted sorghum grains on blood minerals (mmol/L) of Ross 308

broiler chicken
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                 1Experimental diets    

Parameters Control MSBD MBBD 2SEM p-value

Potassium  5.35 5.10 5.46 0.28 0.67
Sodium 147.63 144.12 145.92 1.63 0.33
Calcium  2.16a 1.60b 1.89ab 0.18 0.04

Magnesium 1.03a 0.73b 0.97a 0.08 0.03

Chloride  113.21a 104.68b 113.05a 2.16 0.01

abc Means within a row that do not share a common superscript differ significantly (P 0.05);

1Experimental diets: control = a standard commercial starter, grower and finisher diet without malted sorghum,

MSBD = malted Segaolane sorghum-based diet, MBBD = malted Mr Buster sorghum-based diet; 2SEM: =

standard error of the mean,

Discussion

Feed intake and growth performance
The malting is a proven strategy that could improves the utilisation of feedstuffs containing polyphenols
(Medugu et al. 2012). It is known that malting increase alpha-amalyse activity leading to increase in
digestibility of starch, improve feed quality, and reduce ANFs (Bera et al. 2018). However, limited studies
(Bohoua et al. 2007; Mohamed et al. 2015; Sedghi et al. 2018) have been conducted to evaluate the
effects of malted grains on the performance of broiler chickens. Repeated measures analyses showed
week x diets interaction on AWG, FCR, PI and PER, which indicates that the capacity of broilers to utilise
MSBD depends on broiler’s age. Condensed tannin impart unpalatable taste resulting in low feed intake
(Hassan et al. 2003) which could explain why R308BC fed MBBD had lower AWFI and AWG in this current
study. Similar studies were observed (Demeke 2007; Onyimba 2020) in broiler chicken fed fermented
grains. But Torki and Pour (2007) did not observe any signi�cant effects on feed intake when malted high
tannin sorghum was fed to broiler chickens which is similar to AWFI in week 6. The higher AWG observed
on R308BC fed the Control diet and MSBD suggests that the substitution of maize with MSBD did not
suppress weight gain and MSBD would be a candidate for such replacement. The FCR in this study was
high in R308BC fed MBBD for the entire feeding period compared to those fed MSBD and the Control diet,
which suggests that R308BC fed MBBD utilised more feed to convert it into 1g of muscle. The lower live
body weight observed in R308BC fed MBBD could be attributed to low AWFI.

Protein Utilisation e�ciency
The higher PI in R308BC fed MSOBD contradict the study by Onyimba (2020), who observed a decrease
in PI and protein e�ciency in broiler chickens fed spent sorghum. The reason for higher PI in R308BC fed
MSOBD could be ascribed by high feed intake. The �ndings of this study imply that MSOBD can be used
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in broiler chickens without having any negative effects on PI and PER. The MSBD when compared to
MBBD has less tannin content hence the impact of ANFs on broiler chickens was minimal.

Haematological and serum biochemical indices
Changes in haematological indices can be used to elucidate the impact of nutritional factors and
additives supplied in the feeds (Kim and Kang 2016). However, in this study all values fell within normal
ranges (Jain 1993) of a healthy chicken. Similar reports by Kim and Kang (2016) reported lack of
signi�cant differences in leukocytes when fermented barley and wheat were included in broiler diets.
Higher WBC and MCHC in R308BC fed the Control diet suggests that feeding MSOBD promoted low body
defence mechanism. The MSOBD promoted production of basophils and MCH when compared to the
Control diets, suggesting that R308BC fed MSOBD were protected against infectious and foreigner
pathogen invasion. Therefore, it can be postulated that malted sorghum grains did not impact negatively
on the biochemistry and physiological function of birds suggesting that malted sorghum can substitute
maize in broiler diets without having any adverse effects on the health status of the chickens.

Blood parameters are good indicators of physiological, pathological and nutritional status of an animal
(Kim and Kang 2016). Lack of effect on serum albumin, total protein, triglycerides, urea and bilta in this
study, suggest that malted sorghum grains provided su�cient dietary energy for transportation of protein
for steroids and thyroid hormones in the blood (Kim and Kang, 2016). The higher creatinine on birds fed
MSOBD indicates production of more waste products from protein metabolism and muscle contraction
(Ileke et al. 2014) through kidneys. High creatinine indicates malfunction of kidneys (Odunitan-Wayas et
al. 2018). However, in this study, high level on MSOBD broilers compared to those offered Control diets
could imply lower than optimal functioning of the kidneys. Also, low Vitamin A and its active metabolites
is associated with the development of kidneys (Gilbert 2002). It is known that high level of liver enzyme
above the normal range represent hepatocellular degeneration (Mohammed et al. 2019). Interestingly,
birds fed MBBD or the Control diet had similar and high GOT and GPT values, suggesting
hepatoprotective abilities of those diets in reducing free radicals that could have caused liver damage
(Hern´andez et al. 2006). Lee et al. (2010) and El-Katcha et al. (2014) indicated lack of signi�cant
differences in the activities of serum GOT and GPT among Control and enzyme treated groups of broilers
fed graded levels of wheat. However, no birds in the current study showed any form of illness associated
with the diets and no mortalities were recorded. Therefore, MSOBD can be safely used to replace maize
grains in broiler diets without any adverse effect on serum biochemistry of broilers. And thus malting, a
process known by local communities in beer making (indigenous knowledge) can be employed by local
poultry industry to formulate diets with partial or complete replacement of maize grain.

Blood Minerals
The mineral content in the blood of birds is considerably dependent on its mineral concentration in feeds,
as well as factors in�uencing the degree of their absorption in the digestive tract (Monika and Roman
2012). Phytate and oxalates in sorghum are known to reduce mineral bioavailability (Samtiya et al. 2020)
and this could be the reason why R308BC fed MSBD had low concentration of serum magnesium and
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chlorine compared to those fed Control and MBBD. Despite of the differences in serum Ca from R308BC
fed different diets, no hypocalcaemia observed in the R308BC throughout the study and all birds looked
apparently healthy throughout the experimental period. Lack of signi�cant difference on serum K and Na
implies that diets provided enough dietary minerals which were absorbed in the blood for e�cient
utilisation hence maintenance of bone integrity. This lack of an effect indicates that maize grains can be
replaced with malted sorghum grains in broiler diets without any effect on blood minerals of the
chickens.

Conclusions
Results of this study indicate that malting can be used as a feed processing tool to positively in�uence
the utilisation of sorghum by birds. Total replacement of maize with malted sorghum did not negatively
affect the growth and blood biochemistry of the birds. Lack of an effect in the measured parameters,
taken together with similarities in blood metabolites and chemistry between birds fed MSBD and birds
fed Maize-based diets indicate that MSBD can be used as an alternative dietary energy source in broiler
diets without any adverse effects on health and production of the chickens.
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Figure 1

Average weekly feed intake of Ross 308 broilers fed diets containing malted sorghum grains

Figure 2

Average weekly weight gain of Ross 308 broilers fed malted sorghum- based diets



Page 19/19

Figure 3

Mean weekly body weights of Ross 308 broilers fed malted sorghum based diets as replacement to
maize grains

Figure 4

Average weekly protein intake (g) of Ross 308 broilers fed malted sorghum-based diets


