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'GENERAL ABSTRACT

Thi study was conducted to investigate the effect of feeding malted sorghum grains in place of
maize grains on growth performance, blood parameters and meat quality of Ross 308 broiler
chickens (RI08BC). A pilot work (Study 1) was conducted to investigate the effects of malted
sorghum grains on their chemical composition before the feeding - trinls commenced.
Unscreened gfains of Mr Buster (red sorghum) and Segaolane (white sorghum) were malted
and analysed for crude protein (CP), crude-fibre (CF), organic matter (OM), ash, energy, crude
fat, and condensed tannin levels and their interaction effects. Condensed tannin content of
malted and unmalted Mr Buster (0.08% versus 0.09%) was significantly higher than that of
malted and unmalted Segaolane grains (0.05% versus 0.04%). Grain type had effects on dry
matter (DM), OM, ash; CPand condér;écci tannin while the effects were not observe& in energy
and crude fat contents, Malting aITc;clcd (P<0.05) QM; ash, CF and condensed tannins but did
not affect DM, CP nncj energy. IIntc.chlipnje[cht; of grain type and malting were observed on
CF and condensed tgnr_lin content of_-' .jqr_ghl._xm. {twas concluded that although malting does not
alter chemical composition of the grains, it however, reduces CF and condensed tannin levels.
Based on these initial findings a feeding trial was conducted to determine growth performance

of broiler chickens as reported below..

In the second study (Study 2), 150 day old RI08BC were randomly allotted to the following
dietary starter treatment diets: Control diet = Broiler commercial diet containing 100% maize;
Segaolane diet= Broiler commercial diet containing 100% malted Segaolane in place of maize;
and Mr Buster diet = Broiler commercial diet contnin_ing 100% malted Mr Buster in place of
maize, The results for growth pcrf‘oimé«.ﬁ_ce, in weeks 3 and 4 showed rapid increase in average

mean feed intake (AWFI) across all cxpérimcnml diets. There was an increase in average



weight gain (AWG) and mean weekly body weights of R308BC across the diets. No significant
differences in AWG were observed at weeks 3 and 6 on R308BC fed malted Mr Buster and
Segaolane based diets. In week 2 low feed conversion ratio (FCR) was recorded in R308BC
fed Control diet followed by those i’ed malted Segaolane-based diet. Chickens fed malted Mr
Buster diet had highest FCR in weeks 3, ;I, 5 and 6. However, no significant difference was
observed between the FCR from R368BC on (jontrol or maited Segaolane-based diets at weeks
3, 4 and 5. This means that malted Segaolane and mz;ize caused similar response suggesting
that Segaolane can be a suitable replacement of maize grains. The R308BC fed malted Mr
Buster diet had poor FCR at weeks 3, 4, 5 and 6 compared to other experimental diets. The
protein intake (PI) of birds fed Control diet was lower than those fed other experimental diets.
In week 5, birds fed on Control diet had the highest protein efficiency ratio (PER) compared to
those on malted Mr Buster-based dict. Birds fed on Control diet had similar PER as those fed

malted Segaolane-based dict.

The results for b]ood‘paramclers were within the no'rmnl range. Birds fed Control diet had
significantly higher (P<0.053) white blood cells count (46.8 x 10c3/|.1L) compared to those fed
malted sorghum- based diets, The hlghest (P<0.05) basophll count was observed on birds fed
malted Segaolane- bascd diet (0. 57%) and malted Mr Bustcr-based dict (0.56%). Glutmmc
oxaloacetic transammqse (GOT) nnd_ glutmnxc-pymvnc transmmna;e (GPT) enzymes were
lowest (P<0.05) in birds fed mnlte‘d Segaolane-based diets. No significant differences were
observed in lymphocytes, neutrophils, _mohocyles, eosinophils, red blood cells, haemoglobin,
haematocrit, and blood platelets of birds across experimental diets. Experimental diets did not
have any significant effect on n]bumiq,' total protein, triglycerides, urca and bilta of Ross 308
chickens. Therefore, it can be postulated that malted sorghum grains did not have a negative

impact on the blood biochemistry and 'physiolo gical function of birds. This implies that malted



sorghum grains can be used as substitute to maize in broiler diets without having any adverse
effects on the health status of chickens. Positive growth response and good health due to
manipulation of diets of food animals should also result in acceptable quality of the food
product. Therefore, the third study was designed to test the quality of the meat derived from

chickens fed malted sorghum-based diets.

In the carcass characteristics and mca-t quality study (Study 3}, birds fed Control diet had the
highest (P<0.05) slaughter, hot carcass and cold carcass weights. On the other hand, birds fed
Control diet had the lowest (P<0.0S) drﬁmslicl.:-thig‘h and vertebroe. The highest (P<0.05)
vertebrae weight was recorded in blrds fed malted Segaolane-based diet. This implies that
malted sorghum-based diets perfonilcd siﬁilm to Control in these portions regardless of lower
carcass weights. The fact that maltéd,sorg_hur_n-bnsed diel; improved drumstick-thigh weight
portions, which are popular with consumers indicates that these diets can be considered as

energy ingredients in formulating chicken diets.

Regarding viscera macromorphometry, birds fed malted Mr Buster-based diet haq the longest
(P<0.05) large intestine, heavy gizzard, heartand [iVerimpIying that the diet affected the bird’s
internal organs negatively. The initial pH (pHi) of the meat of birds fed malted Mr Buster were |
significantly higher (P<0.05) than that of the birds fed Control or malted Segaolane-based diets.
Experimental diets did not signiﬁéumiy affect DM, ;lsh, OM and energy content 6[‘ breast
muscle from R308BC. Regarding 'thc-:_ mineral composition of the breast, birds fed malted
sorghum-based diets had lower (P<‘0.605)' phosphorus content compared to breast muscle of
birds fed Control d.ict. Potassium m;d _mughesium contcnts' in the breast muscle from birds fed
malted sorghum-based diets were the highest (P<0.05). The findings of this study suggest that

malted Segaolane grains can be used as an encrgy alternative to maize in broiler diets. This can

fii



reduce the competition of maize grains between livestock feed processing and human
consumption and possibly reduce costs of livestock feeds.

Keywords: Segaolané, Mr Buster, malted, growth pcrlf;onnancc; meat quality, R308BC
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CHAPTER 1
GENERAL INTRODUCTION

1.1 Background

The poultry industi’y in the past two decadt;s, has been one of the most dynamic and constantly
growing animal production sectors iln the xw)orld (Alkhalf et ‘;.11., 2010). In Botswana, the poultry
industry has two distinct sub-secto!"s namely; the small-scale and commercial. There are two
commeon poultry production systems in Botswana. These are commercial and poultry (also

known as traditional sector) production systems.

A broiler is any chicken that is bred and raised ‘specifically for meat production. Most
commercial broilers reach slaughter wéight between f.'our and seven weeks of age. This high
growth performance and high meat yield is realised because of genetic selection and improved
nutrition (Barbosa~Filho et al, ‘7017) Houcvcr, selection for fast gromh and hlgh yield may
have negatively lmpncted the scnsory and funcuonnl qualities of the mcal (Fanallco et al.,

2007). Meat and eggs from chickens are good sources of protein, vunmms and minerals for
humans, but producuon by birds to supply these important nutrients may be compromlsed by
poor quality of feeds, These poor qunllty feeds can be 1mpr0ved byi mcorporatmg cheaper yet

good quality protein and energy ingredients from local producers to enhance theu- utilisation.

It is well known that protein and cnergy arc amongst the two expensive nutrients used when
formulating poultry rations, hence. they are of great concemn to poultry nutritionists (Rose,

1997). As a result, there is a need to scixrc_h for alternative cheaper energy and protein sources



and associated feed processing methods in order to improve protein and energy utilisation by

poultry.

Over the years there has been an increase in poultry feed prices leading to rt;source-poor
farmers failing to supply adequate nulritioﬁ o their chickens, thus resulting in low productivity.
Maize (Zea mays) is the predominant cereal for human and animal nutrition, as a source of
energy, as well as, in the produtfion of biofuels.'ln Bots.wana, this scenario creates a
competition for maize between animal and humans, leading to an increase in the price of ‘
poultry feed and further inﬂuénc}né maize shortage. One of the potential and suitable

replacements of maize prains in poultry diets is sorghum grain.

Sorghum (Sorghw;: bicolor) is read:ily available in Botswana, and the crop is toleraﬁt to harsh
climatic conditions compared to maize. However, it is known that sorghum grains contain anti-
nutritional factors (ANFs) which make sorghum less digestible (Taylor et al., 2007). The ANFs
make feed not to be efficiently utilized, thus 10w¢riﬁg its feeding value (Etuk et al., 2012},
These anti-nutritional factors include tannins and phytic acid (Osman and Gassem, 2013),
which lower palatability and protein utilisation in non-ruminants (Gualtieri and Rapaccini,
1990). In an earlier study by Legodimo and Madibela (2013), it was noted that malted red
sorghums (Mahube urid.BSHl) tended to have higher organic matter (OM): digestibility in
simulated rumen environment in vitro. Recent pre'liminnry data from oﬁr laboratory have
shown that malted sorghum varicties; Mr Buster and Segaolane grains, have crude protein
(CP), ush, gross energy and fut of 11.64% and 12.40%;15.33% and 10.44%; 16.58% and
16.22%; 9.34% and 8.51%, respective.:]y.._Therefore,:the general aim of this research is _to\'
investigate possible anlusion of mz;lt;_c? sorghum varieties in poullry diets with an.t.icipati_on to

~ improve digestibility and utilisation by chickcns, consequently improving chicken production..



1.2 Problem Statement

Yellow maize grain which is the main energy source in poultry diets is in short supply in
Botswana, hence if is usuaily imported. This is because Botswana has inadequate rainfall levels
and lacks irrigation resources to support _Iarge-scale maize production for both human and
livestock consumption. Compared to sorghum, maize needs a lot of water for irrigation. With
the advent of climate change and increase in aridity, the cultivation of maize will become more
difficult. Unlike maize, the sorghum crop can resuscitate after a dry spell since the roots are
deep and can withstand local harsh climatic conditions. Therefore, farmers should be
encouraged to prow more sorghum and channel surplﬁs into livestock feed production. Grain
and grain by-products are traditionally used in poultry feeding, the challenge is the deficit in
the supply of the grains aﬁd the high' costs associated with the plirchaée of cbrﬁmercially
produced feeds. Therefore, it is ideal to innovate around alternative energy feed sources for
poultry, based on sorghum in order to .r.educc comp;t.ilion between human .;md li'vestock needs
for maize, Malting slor.ghu-m grains~ is a pr:occssing technique that can hel;_') improve nutritive

value of sorghum in non-ruminant feeding

1.3 Justification
Poultry meat and eggs are high quality protein sources for human daily requireménts,. and are
good for embryonic and brain development and for provision of essential amino acids
(Northcutt, 1997; Gracey et al., 1999; Warriss, 2000.). Increased urbanization leads to more
consumption of poultry proteins as they are cheaper and more accessible. Poulﬁy need less
rearing space compared to other livestock Specics', hencc farmers can rear poultry in the
backyards to improve houschold food security and capital investments since ﬁoultxy are also’

more efficient in feed conversion, ~



Feed cost is the largest single challenge in poultry production (Mosinyi, 1999). The basic idea
in the present research work is to replace maize grains with malted sorghum grains in poultry
feeds so as to make maize available for human consumbtion. Maize grain prices have remained
high and will probably increase in th¢ future due to climate change and increasing human
population. Therefore, .ullemalive, accessible and cost-effective ingredients are needed that can
provide the same nutrients as maize'. As indicated by Medu'gu et al. (2010), sorghum (Sorghtum
bicolor) has been identified as a suitable rt;placemem for maize. Sorghum is abundant in most
parts of Africa and Asia, and is among th_e main cereal cx:ops that are used as food and feed.
The adaptive agronomic chnmcteristic§ of sorghum make it suitable for cultivation in different
environmental conditions, However, inc;lusion of sorghum in animal feeds, especially
monogastrics has been found to reduce imake and affect growth. This is attribmed to anti-

nutritional compounds contained in sorghum grains.

In order to have effective utilisation of cereal or legurﬁe gmiﬁs in poultry, it is important that
anti-nutritional factors (ANFs) be reduced '(Aknnde and Fabiyi, 2010). Therefore, before using
sorghum grains as’ feed ingrcdient's_'.in. BE)‘th poultry nnd pig dicts, some form of prdcessing is
needed. The pnncnplc of malting has bccn practised in the coumry from pre- mdependence days
to produce beer but not for mclusmn in animal fecd Legodxmo and Madlbclu (2014) used
malting to treat sorghum [,rams nnd found it 1o |mpr0ve dlgesublhty of red than whlte.
sorghums. Therefore, utilizing this mdlgcnous knowledge 1o formulate ch_ncken feeds will be
of help to resource resource-poor .ftllrmcrs and possibly increase profitability tc; small-scale
producers who intend tol produce fo; the poultry market and the commercial fced,n-lillers which

struggle in sourcing maize grains to formulate poultry feeds.



1.4 General Objective

The broad objective of this study was to investigate the growth performance, hacmo-

biochemical parameters, carcass characteristics and meat quality in broiler chickens fed malted

sorghum-based diets.

1.4.1 Specific Objectives
The specific objectives of this study were fo:
1. determine chemical characterization of malted sor.ghum grains;
2. evaluate growth performance unci hue‘fno-biochemical parameters of broiler chickens fed
malted sorghum-ﬁascd diets; and | . |
3. evaluate the effec.ts of malted‘sorghu.m-bnsed diets on carcass characteristics and meat

quality of broiler chickens.

1.5 Research Question
Does feeding malted sorghum-based diets influence growth performance, blood chemistry,

carcass characteristics and meat quality of broiler chickens?

Ha (Alternative Hypothesis) of the first objective

There is difference in chemical characterization between malied (Mr Buster and Segaolane)

and unmalted grains as feed to broiler chickens reared under intensive system.

Ho (Null Hypothesis)
There is no difference in chemical characterization between malted (Mr Buster and Segaolane)

and unmalted grains as feed to broiler chickens reared under intensive system.



Ha (Alternative Hypothesis) of the second objective

There is a difference in growth performance and blood parameters of broiler chickens fed

malted (Mr Buster and Segaolane) grains compared to maize-based diets.

Ho (Null Hypothesis)
There is a no difference in growth performance and blood parameters of broiler chickens fed

malted (Mr Buster and Segaolane) grains compared to maize-based diets.

Ha (Alternative Hypothesis) of the third objective
There is difference in carcass choracteristics and meat quality of broiler chicken fed malted

(Mr Buster and Segaolane) grains compared to maize-based diets.

Ho (Null Hypothcsk) '
There is no difference in carcass chamctensucs and meat qualuy of broiler chlcken fed different

malted (Mr Buster and Segaalane) grains compared to maize- bnsed dlf:lS
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CHAPTER 2
LITERATURE REVIEW

2.1 Poultry Production in Botswana

The consumption of chicken meat is groéving worldwide, mainly because it is inexpensive
compared to meats from other species and its nutritional attributes are suitable for human health
(Jaturasitha er al., 2008). The study by Grynberg and Motswapong (2011) reported that there
were 9-10 relatively large producers of poultry in Botswana who are members of the Botswana
Poultry Association. Lekobane and Seleka (2011) reported that the minimum effi éicnt scale in
the broiler industry in Botswana is achieved when a facility is producing between 30,000 and
50,000 units per week. There are a large number of small-scale and contract producers who are
producing well below this scale level. These small-scale contract producers supply the large
firms on a contract basis and nlsosupply govemmcnt msmuuons such as schools and the army

through tender processes (Grynberg und Molswapomz 2011).

Poultry production sys;tcm entails rcan-ng dny—old chicks to slnughtcr age and then slaughtenng
them in an abattoir, One of the mujor constraints to the poultry business is S the nsmg costs of
inputs, mostly feed costs as feed is imported from South Africa, Reddy (1991) stresses that
there are no strict and compulsory quality control measures cither in the hatchery or on feed

millers hence the industry is not regulated, resulting in frequent low production episodes,

2.2 Poultry Nutrition
There are many factors that influence the. sclecuon of feedstuﬂ's with regard to poullry,

these include but not limited to nutrient avmlablhty Wthh is nffected by the fibre content, fat ;



content, and amino acid balance (Kumar et al., 2005). Poultry convert feed into food products
quickly, efficiently, and with relatively low environmental impact compared with other
livestock. The high rate of productivity of poultry results in relatively high nutrient needs of
animals. Poultry require the prcsencé of at least 38 dietary nutrients in appropriate
concentrations and balance (Dozier et al., 2010). Carbohydrates are an important source of
energy for poultry (Kumar er al., .'5.005). Maize, wheat and other cereal grains are the main
sources of carbohydmt;:s in poultry diets. Certain dietary carbohydrates are not easily digested
by poultry; therefore, it is- nlwayé i;lcal to add up;;ropriatc enzymes and to ferment the

ingredient to enhance nutrient absorption (Rostagno etal., 2007).

In non-ruminant animals, dietary requirements for pmteir! are in fact rcquircmentg‘for amino
acids for lean tissue and immune: function. Amino acids are also used for structural and
protective tissues such as skin, feathers, bqncs and ligaments (Rostagno et al., 2007). Minerals
are required for various functions such as formation of the skeleton and stabilising pH levels
throughout the body (Dozier et al., 2010) and immune functjon (Cowieson and Ravindran,
2008) Water must always be provided as it softens the feed and carries it through Ihe digestive
tract and transport nutrients from the dngcsuve tract to cells. Broiler chlcl\ens have different

nutritional requirements dunng their thrcc phases of growth (Table 2.1).

2.2.1 Maize grains

Maize is a major source of dietary e:nergy in poultry nutrition. This is because maize is high in
energy compared to other cereal gmms The total procuremem of maize by the Botswanu
Agricultural Marketing Board (BAMB), which is the only 51gn1ﬁcant buyer was
approximately 4,500 tonnes in 2009 and almost all of jt went largely to the two largest mlllmg

(Bokomo and Bolux) firms in Bolswann (World Bank, 2015). The domestically produced
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maize available through BAMB wag used by these firms in the maize milling sector to produce
maize meal for human consumption and not for animal feed (World Bank, 2015). -Although
maize is produced throughout the world,.lhcrc is stiff competition for maize grains among
humans, livestock and the feed manufacturing industry. However, with rapidly changing
environment from suitable to the one not conducive for maize production, there is need to

explore other environmentally resilient crops such os sorghum as a source of energy for poultry.

Table 2.1 Nutritional requirements of broilers

Phase
Nutricnt Starter Grower _Finisher
Metnboli's_nble energy‘ Ml/kg 12. 14‘-1'2.98 12.56-13.81 | 1i.98-13.81
Crude profeind él-_zé ' 18-23 1722
Crude fibre % 5 8 8
Calcium % 6.85_-_1 05 6.80-1.00 ‘0.3,-0.5
Methionine % (_).37 Q.33 0.3
Lysine % 1.10 0.85 l' 0.9
Sodium % 0.01-0.03 0.01-0.3 0.01-0.3

Source: Rostagno et al. (2007).

2.2.2 Sorghum grains

Sorghum bicolor (L.}, i
barley. Its protein content is higher than that of maize although i
lower (Dowling ef al.,‘2‘0

for apes. It can grow in soils where the pH ranges from 5.0-8.5 and is

than maize. Its adaptation and

11

5 the fifih leading crop in the .world following rice, maize, wheat and
15 nutritional protein quality is
02). Sor’gh'uni has been a staple food for- most of the African countries
more tolerant to salinity

performance in poor soil allows it to produce. grain under



conditions where many other crops would fail (Martin, 1970), The nutritivelmgmﬁcance

(p<0.05), cost and availability make sorghum the closest alternative feed ingredient to maize
in poultry diets (Maunder, 2002). Oné of the cbnstraints on utilisation of_ sorghum grains as
feed is the presence of condensed tannins in some cultivars. According to Chen et al. (1994)
and Etuk ef al. (2012), sorghum grafn ﬁns ANFs that make it less digestible compared to maize.
The ANFs include tunnihs and phyt-ic .acidl (Khattab and Arntfield, 2009), and these lower the
palatability and protein utilisation in non-ruminants (Gualtieri and Rapaccini, 1990). The
possibility to remove or greatly reduce the tannin component of sorghum has caused much
interest to producers, - growers and nutritionists. To overcome the constraints of ANFs in
sorghum grain-based diets, Legodimo and Madibela (2013) have tested effects of malting in
improving digestibility of sorghum grain. These authors found out that, malts from white grain
sorghum varieties had higher neutral detergent ﬁbrc-(SlO%) than those from red coloured
varieties (42.3%). While malis from red coloured grains had higher perccnl.age' of acid

detergent fibre (5.6 %) than those while .grains 4.5 %).

2.3 Factors Affecting Energy Digéstibilit}' and Utilisation

Energy and protcm are thc two mosl e\pcnswe nulncms that necd to be SUpphed in -pracucal
poultry rations and are of grcnlcsl concern to poultry nutnuomsts (Rose, 1997) Olukom et al,
(2008) reported that i 1mpr0vcmcnts in bl‘Dl]Ct‘ pcrfonnnnce are often assocmted thh increased
nutrient digestibility and cnergy utlhsallon Concentmt:on of energy in the d:et greatly
influences intake of other nutrients and unhsanon of metabolisable energy (Ferket and Gernat,

2006). Energy supply has an important impact on performance of animals. Some of the factors

affecting energy digestibility and utilisation are discussed below,

12



2.3.1 Dict composition

—- . . i ds
Diet composition has an impact on energy digestibility. It is well established that when bir

- y .. [ » ea of
are fed energy in excess of their metabolic needs, fat deposition increases largely in the ar

abdomen and viscera (Ravindran, 2014). Several nutritional approaches are possible to restrict

energy intake, and these include feed restriction and narrower energy to protein ratio.

The addition of phosphate or carbonates has been found to reduce the digestibility of energy,
OM or crude protein (CP) .(Noblet and vmi_ Milgen, 2013). Variation of digestibility of energy
is related to the presence of diemry- ﬁhre (Noblet and van Milgen, 2013) and also reduces the
apparent faecal digeetibility of other dpiemr‘y nutrients such as crude protein (CP) and fat. In an
experiment by Ball er al. (2010), high digestihility eoeﬁicrents for the cereal-based diets were
found to be higher than omduct-bas_ed_diers plus oil in growing pigs. The above authors noted
higher live weight gains in pigs fed cereal-based diets compared to those fed by-product-based
diets plus oil. It was concluded that cereal-based diets resulted in higher levels of digestible

energy intake and live weight gains.

2.3.2 Animal factor - |

Different livestock species and their producuon states affect energ)r dlgestrbrlny and unlrsatlon
According to Noblet (701 3), drgestlbrllty coefficient of energy (DCe) mcreases with i mcreasmg
body weight in plgS. Ina study by 0]orunmsomo et al (2006) the effect of nitrogen level on
the utilisation of maize offal and sorghum brewer 5 gram in sheep md:cnted a slightly improved
digestibility of dry malter (75. 84% 1 vs, 74, 76%) CP (71 80% Vs. 70 38%) and neutral delergent‘
fibre (NDF) (77.90% vs. 76.34%) of sorghum brewer S grain over maize offal. However, the
authors observed that energy dlgesnblluy was higher for sheep fed maize offa] than sorghum L

brewers' grain (78.38% vs 75, 65%) Melubollsable energy values tend to increase with age
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(Noblet, 2013). Mandal er al. (2006) noted no difference in the mf:tabolisable energy values ¢

| : - - - . d t
white (low tannin), brown (medium tannin) and red (high tannin) sorghum varieties fed t
cockerel (chickens), guinea fowl and. To improve digestibility and utilisation of feeds, it i

sometimes necessary to treat or process {eeds before feeding.

2.3.3 Feed processing

Feed processing has an impact on energy digestibility and utilisation by an animal. Noblet
(2013) stated that digestibility can be modified by technological treatments which can neither
be less complex or more sophisticated. Pelleting of feeds increases the energy digestibility of
feeds by about 1% (Le Gall et al., 7009) Gennination and mn!ting increase activity of a-
amylase (Traore et al., 2004), and consequently incredse the dzgesnblllty of starch. Therefore,
it is important that any processmg of livestock feeds, like malumz, be lested for its effects on
growth, carcass characlcnsucs, meat quallty and health of ammals In addmon to improving

feed quality, processing can be used to _rcmcve and/or reduce ANFS.

2.34 Anti-nutritiénnl factors

According to Bora (201 _4), ANF# qlso referred to as anti-nutritive factors, or plant secondary
metabolites, are constituents which may be used either by themselves. or throjugh their
metabolic products, Hariprasanna et af, (2015) defines ANFs as deleterious compounds that
are found in the grain which interfere with the absorption of biomolecules and hamper their

bioavailability to the human bcmgs and monogastric animals, The ANFs mterfere wnth animal

feed utilisation and affect the health dnd producuon of animals, Ann-nutntxonnl factors may

produce several adverse effects and reduce nutnent digestibility by bmdmg wﬂh proteinous

material (Hamid et af., 201 7). Theréfore, 1f sorghum is to e used in livestock diets, especially.



i i i w these cai
monogastrics, it is important to find out which ANFs it contains and ho

mitigated.

2.3.4.1. Anti-nutritional factors in sorghum

Sorghum is a rich source of phytochemica-]s including tannins and phenolic acids. The Al
present in sorghum grain are mainl‘y_ pelyphenols and phyﬁc acid. The polyphenols (tanni
and phenolic acids present in sorghum are generally associated with grain pigmentation :
they interfere with bioavailability of other pmjor nutrie'nts (Hariprasanna et al., 2015). Nutri
digestibility of sorghum is influenced by the level of tannin concentration in the gr
(Rostangno et al., 1973). Aécording to Proietti ef al. (l.?OIS), tannins impact negatively on |
digestibility of proteins and carbohydrates by forming complexes with thesé molecules a

enzymes involved in their digestion thus inhibiting their activities.

The negative impact of tannins on feed intake, weight gufn, feed conversion ratio (FCR) a
nutrient digestibility in poultry has been reported in many studles For znstnnce Sannnma
(2002) reported reduced weight gum in broiler chzckens on high tannin sorghum-based dj
compared to maize bnsed diet, Ibmhlm et al, (1988) also reportcd that, feedmg hlgh tann
sorghum to broiler ch:ckcns lmpmrcd fccd intake comparcd to the low ummn sorghum ]
addition, Mitaru et al, (1983) rcported that fecdmg h:gh tannin sorghum Iowered fee

conversion effici clency of broiler chickens compared to low tannin sorghum,

A feeding trial was carried out by Melmgasuk et al (901") to study the effects of sorghur
tannins on the performance and carcass characteristics of broiler chickens. In contrast to th
findings highlighted above, it was found that broiler performance and carcass characteristic

showed inconsistent trend as the level-of tannins’ increased, since the birds were consuminy



' i d medit
sorghums with high tannin content gave better performance than their counterparts fe
: - - ]
tannin content. The strain of bird used was the unsexed Hubbard commercial broilers a
i ctit
justification to their findings was that tannin level may not be the sole factor affe

nutritional quality of sorghum grains other unknown fgctors may be involved.

Studies (Waghorn er al., 1987; Hoste et dl., 2012; Naumann ef al., 2014; Tedeschi et al., 201«
in ruminants fed forag'es or diets containing condensed tannins of <5g/kg DM of' total ratio
noted improved gains and immune response due to tannins initially binding to protein in th
rumen and subsequently releasing them m the ﬂCldlC abomnsum environment and increasin,
amino acids supply in the smalli mtcstme Itis possible that small amounts of condensed tannin
in poultry diets ehq:t similar physno];);glcal and biochemical trends, thus ;esulting it
inconsistent results in di_fjferent stt.‘ldie.s. i’erhaps a comparative _study on grade;d_ levels o.
condensed tannins in poultry diets is needed to unpack. this issue. This is because according tc
Reyes-Sanchez et al. (2000), slaughter weights and carcass weights in poultry are expected tc
be negatively affected by increased tannin concentration. So far, theré is strong evidence from
literature that high tannin sorghum-based dicts in poultry have negative effects on berfonnance
of chickens. Therefore, there is need to innovate around ways of reducing tannins and other

phytochemicals in sorghum destined for poultry diets,

2.4 Reducing the effects of anti-nutritional factors
There are various processmg methods that can be used to reduce ANFs In grains to i unpruve
their utilisation by hvestocL The chmce of mcthod of reducmg ANFs depends on 1ts

effectiveness in reducmg tannin nnd the cost mvolved (Medugu etal,, 2012). These techmques

include but are not hmlted to maltmg, addmon of enzymes, fermentation and some chemical

methods as described below.



4.1 Malting, fermentation and gcrminntiqn N
malt (Dewar et al., 1997) through first germinating

he malting process converts raw gmm into

grains and then drying the sprou; which is ground to make 2 meal. This meal is traditionally
ie )

rocess poultry diets malting has been found to

sed to make beer. However, when used to p

ation and efficiency of nutrients (Ogbonna &/ al., 2012). In their

nprove digestibility, utilis

udy, Ogbonna ef al. (2012) tested the effects of malting of sorghum grains and reported that

alting reduced the amount of oxalate by 34.13%, tannins by 8.45%, and trypsin inhibitor

ctivity by 36.5% and phylate by 66%. The authors concluded that malting as a processing

.chnigue can be used to enhance nutritional status of sorghum with reduction in some of its

nti-nutritiona! factors. Osuntogun et al. (1989) reported that the condensed tannin content of

ligh tannin sorghum decreased from 2.92% to ubqut 1.3% after 48 hours of germination.

\nother study by Elmaki e al. (19§9) obs;:rved that 10 h(;ur s‘oaki‘ng and 48 hour gcﬁnination
yf Gadamelhamam and cross 35:18 '(lo’\y and high tannin content éorghums) reduced the tannin
ontent determined by vanillin-HCI method (CE) from 0.34% to 0.20% mnd from 1.44% (o
).31%, respectively. I{.yarisiimn cl‘. al. (2004) also rcponlcd that germination of high tannin
sorghum for 28 ﬁours reduced tnﬁnin content frqm 8.27 to 6.51 mg catechin/100 g. The
reduction of lanni‘n was attﬁbufe:i. 1o itsi leaching out in the water during stf::cping phase
(Ogbonna et al., 2012), Osman nﬁq Gnssc‘m (2013) studied the effect of 72 hour germination
on tannin content of three varieties of sorghum (baidha, shahla and hamra) in South-west Saudi
Arabia and observed that tannin content of baidha increased from 0.058 to 0.084% and from
0.866 to 1.174% for hamra variety while:it decreased from 0.392 to 0.364% in shahla. The
increase in tannin content could be attributed to‘hydro]ysis of condensed tannins such as

proanthocyanidin (Osman and Gassem, 2013) while the decrease may be due to their binding



with cotyledon endosperm that is usually undetected by routine method because of their

insolubility in a solvent.

Osman (2004) also investigated the effects of fermenting sorghum for 24 hours on ANFs and
found that phytic acid, trypsin inhfbitors and tannin's were redm.:cd, whereas in vitro protein
digestibility increa-sed.lln another stixdy, Y(.msif and El-Tinayi (2001) observed that fermenting
sorghum for 36 hours ;esulted in an. increase in titratable a;:idity, CP, protein digcsfibility, and
total solids, El-Hag et al, (2002) u_-Iso. tes;ed the effects of fermentation on pearl millet and

reported a reduction in trypsin inhibitors and increased protein digestibility.

Fermentation has also been found to bé beneficial to other nutrients, For instance, Sﬁpriya et
al. (1997) investigated the effects of fermentation of finger millet and found improved
bioavailability of calciufn, phosphorus, and iron. Similarly, Ojha et al. (2018-) noted that
malting and fermentation on ANF§ increased crude fibre, minerals, protein digestibility, a-
amylase activity but resulted in a decrease in oxalates, tannins, and phytmes in .ihe resultant
sorghum flour. Another study by Ongol et al. ("013) using maize found that germmntlon and
fermentation increased crude fibre, totnl protem frcc and conjuguted phenolics, and niacin but
decreased fat content l'rom these rcsults it appears that mn]ung or germmanon can reduce
tannin content in vuncty of cereals. !nformulmn on nutritional effects of malted sorghum-based
diets fed to Ross 308 chickens and lhelr performnncc 15 scarce, [n addition to fermentauon and

maltmg, feed addmves can be uscd to improve feed uuhsallon by poultry.

2.4.2 Addition of enzymes
As more agricultural by-products are included in poultry diets, there are greater opportunities

to maximise nutrient availability by, the use of feed enzymes, Cowieson and Ravindran (2008) .
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of male Cobb broiler chickens to assess the

amylase and protease in maize-based diets. The

investigated the growth and digestibility assay
effects of an enzyme cocktail of xylanase,

> L] ' - . L s
researchers concluded that the energy and amino acid values of maize-based diets for broiler

can be enhanced by supplementation with an enzyme cocktail of xylanase, amylase and

protease, which offers potential economic benefits to Producers. Chimote ef al. (2009) studied
the effect of adding enzyme on growth berformancc of quail and found that inclusion of multi-
enzyme improves body weight gain'significantly. Also, Raza et al. (2009) reported that the use
of enzyme in broiler diets containing 6% crude fibre significantly increased body weight
compared to a diet without enzymes.r In contrast to thesc studies, Rabie and Abo El-Maaty
(2015) observed that ﬁnal live body welght and body weight gmn of growing J apanese quails
fed diet supplemented wuh Bio- Fced” Pro enzyme wefe sngm[‘ cantly depressed and this could
be attributed to the fact thnt maybe the enzymes did not breakdown the feed parucles for easy
utilisation by the quails, M.ikhnii el . a{. (2013) d;:monslrat.ed that the diefary enzyme
supplementation \ﬁth distiller’s drifrd grains (DDGS) lof qpmil dic.t did not affect l?pdy weight

and body weight gain.

In a study that evaluated the efficacy of cxogcnous enzymes supplementation on performance,
carcass traits and some blood parameters of broilers chickens Goli and Shahryar (2015) found
that the lowest feed consumption and weight gain were in the control group whilé the highest
was obtained in groups that were fed with multi enzyme supplcmémut‘ion. The reseﬁrchers also
noted a poor FCR in broilers fed COlil.l'Ol diet while the best FCR (lowest) was ot.Jserved in
broilers fed multi enzymes supplefn'e;lt‘ed diets. The Hiscrepnncy betwcen the above studies
maybe due to the different strain of bll‘d used, componenls of diets and envxronmemal

conditions. In addluon 1o enzymes, chemxcal methods may be used in poultry diets to enhance

their quality,
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2.4.3 Chemical methods

‘ M
(2006) mvestlgated the effects of chemical treatments of salseed meal (SSM)

Mahmood et al.

oilers. The
on nutrient digestibility and digestive enzymcs in colostomized hens and intact br

i - diets
authors used wheat-based diet (control) whereas the other four diets were SSM-based di

- . . . H ts
(untreated SSM or SSM treated with water, acelic acid, and sodium bicarbonate). The resul

of the study indicated that chemical treatments of SSM improved the protein and starch

digestibility in colostomized hens and broilers and it was concluded that bicarbonate was the

most effective treatment to improve nutrient digestibility and mitigate, to some extent, the poor

digestion of SSM. Ibraihm et al. (2002) found that soaking cowpea for 16 hours in bicarbonate

solution caused ren;arkable reduction in ANFs of the l?ean.

[ S

According to Mohan et al. (2016), léél.xlmés contain ANFs such as protease inhibitoré, lectins,
cyanogens, total free phenolics, tnm'lih-s, phytic acid, sﬁponihs, toxic amino acids, anfivitumins,
and oxalate. Legumes have complet sugars ;suchas rafi'mose stnchyose and verbascose, which
are responsible for flatulence (Hall et al.,2017). These compounds reduce protcm dlgcstlblllty
and availability, and are considercci ANFs. Ultimately, the objective of enhancing quality of
livestock is to be able to supply specific nutrients like prot.cin and energy in requifed amounts

for growth, meat quality and health,

2.5 Effects of Dictary Energy on Growth, Meat Quality and Health of Chickens

Dietary energy has an impact on growth parameters, carcass characteristics and health status

of the animal as discussed below.
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Growth

neficial effect of grain fermentation on nutrient.digestibiliiy and cnergy utilisation has
shown previously in broilers (Sﬁarif et al., 2012). In a study by Fanimo and Akinola
3) using raw and grbund malted sorghum spfopt as source of energy, no significant
ton the growth indices while weight gain and protein efficiency ratio vulue.decreased

ficantly with increased level of processed malted sorghum sprout in the diets

wmed et al, (2015) conducted ﬂI'] experiment to evaluate replacing different levels of maize
sorghum as source of energy oé g;o.\vt.ll rate and FCR, on Hubbard classic broiler chickens.
wthors found that there we.rc .no sigéiﬁcant differences in daily, total DM in‘l‘ake, final
weight, average daily body weight gain and DM conversion ratio between treatments and
;ntrol group for starter, finisher and eriﬂire pcri_od. The authors concluded that replacement
-ghum with maize up to 45% appeared to be bio.logically better and not having adverse

on broiler performance.

taetal. (1985) conducted 2 grndcci rcplacemcht experiment of maize grains “"ith sorghum
i at arate of 20, 30 or 40%, The results showcd no dlchrcnces between the final average
weights gain, feed intake and F CR This mdlcnlcs that sorghum grain has a potential to
:e part of maize in pou]try d:ets and this would have eﬂ‘ccts of reducing costs and sparing

: for human consumpnon Thercforc it is 1mportant to mvcstxgntc processmg tcchmques
rould reduce ANF's such as trmmns in sorghum Reducnon of tannin contcnt in sorghum
| increase the avaxlablhty ot‘ protems curbohydrates and minerals for digestion and
ation, thus i 1mprovmg performnnce Torkl and . Pour (2007) reported that germinated
m-

based diet increased body welght gain and FCR of broiler chicks compared to

minated sorghum, The inclusion of germinated sorghum at 0.8% in malze based diet was



observed by Bohoua and Yelakan (2007) to improve the laying hens’ weight gain, egg

6%. From the above studies,

productivity, and feed efficiency inqlex_ than inclusionat 1.2 and 1.

i i ' in on
it can be concluded that treating of high tannin sorghum will reduce the effect of tannin

performance of broilers and laying hens.

Kovalik et al. (2018) studied the effect of feeding 5% pre-fermented cerenl-based bio-product

as a source of energy on production iridicators, chemical composition, fatty acid profile and
lipid oxidation of broiler meat. The researchers found that broilers fed fermented pcreal-based
bio-product when compared to those fed commercinl diet reached higher final weight, and
showed lower average; dailsr feed in:tnl-ég, FCR, and feed intake co'mpared lb the control group.
In another study, Emami et al. (20.122). in;:e.'stigate._d -the effect of feeding. untreatcc%"sorghum
grain (Sorghum bicolor L.) s a 'so.ur"t;e of energy on gro\.vth performnnce_of an.;.mese quails
and reported low body welghts and fccd mtnkc compared to those fed maize. As much growth
is important to measure perfonnance the value chain of' livestock productlon end up at the

table of customers (fork end of value chain) and within this value cham carcass. quality is

critical,

2.5.2 Carcass charactcristics

The main indicator of the quality of poultry meat is carcass characterization; w‘hich determines
its status, considering the degree of fat and muscle tissue (Tyasi and Gxasheka, 9615) and this
is important for consumers, There are seveml chamctcnstlcs that determine the overall qunhty
of meat. In poultry these are mamly appeamnce and meat tendemess Accordmg to Qiao et al,
(2001), appearance (e g, colour of skm and meat, presence of muscular white strlatxons) is
critical for both consumers initial selectlon of the product and final procluct satlsfacuon El-

Hack et al. (2019) mvestlgatcd the effect of dietary brewcrs dned grain (BDG) as a source of
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' o izzard size
energy on carcass characteristics of Arbor Acres broilers and reported that g

- T . ee . d fibre

increased, which was likely due to the more grinding activities needed for the 1ncrea§c
\crease Simi i et al. (2010)

content of the diet resulting in incressed musculature. Similarly, Denstadli ef al. (

‘ it ; iliinerens fBDG in
reported that relative gizzard weight significantly increased with increasing levels o

diet up to 30%.

A study by Rosa et al. (2007) investigated ;the effects of energy intake and broiler genotype on
performance, carcass yicld, and fat deposition on broiler chicken and found that male chicks of
AgRoss 308 (commercial line) broilers compared to PCLC (Embrapa non-improved line) had
better pe.rfonnance and carcass yield, and presented lower abdominal fat deposition. The
authors also found that the highest die't'ary energy level increased weight gain, heart relative
weight, and fat deposition. In a study by Ihfnntc-Rodn’guez et al. (2017), diets with different
:nergy levels had no influence on !olnl: carcass wci‘ght or carcass cuts. Therefore, it would be
worthwhile to investigate carcass cﬁnrat:tel‘.ist;'cs of -b'roiler 'chickéns fed malted sorghum-based
liets. Within the carcass, the components_ that end-up as meat are important for economic

easons and customers’ preference.

1.5.3 Meat quality

Vet quality is defined as a measurement of attributes or characteristics that determine the
uitability of meat to be eaten as fresh or stored for reasonable period of time (Fletcher, 2002).
'hese attributes include chemical, physical, sensory, microbial, hygiene and nutritional

iroperties, Meat quality is a function of tendemess, pH; calour; juiciness, flavour (Muchenje



2,5.3.1 Meat pH

Due to post-mortem glycolytic activity that results in lactic acid accumulation in muscle, meat
pH tends to decline significantly after slaughter (Immc'men and Puolanne, 2000). The increase
or decrease in pH in chicken meat dcpcrnds' on levels of glycogen and lactic acid in the muscle
(Zhang et al., 2012). Muscles are converted to meat aé.soon as the animal is slaughtered due to
a number of metabolic and structural ﬁrdce'sses that occur immediately post—mortem_ (Zhang et

" ion i easured
al., 2012), According to Deiss et al. (2009), the muscle convertion into meat can be m

by the level of pH and temperature,

Muscle glycogen is metabolised through anaerobic glyc'olysis and generate lalctate which
accumnulates in the muscles and in tum_-lm:ve.rs intracellular pH and this occurs until it reaches
ultimate pH (pH.) of about 3.4-5.7 (Dyubele er al., 2010). According to Mushi et_ al. (2009), a
ligh ultimate pH (pHa) in meat can be linked to a lower glycogen reserve due to insufficient
:nergy. Meat pH usually ranges from-5.2 to 7.0 with .lhe higl;est quality meat product falling
etween a pH range of 5.2 and 6.0. In a study by Li et al. (2015), finishing pigs fed low starch
nd high fibre and fat diet had greater initial pH withogt affecting the ultimate pH. The authors
oncluded that rapid glycolysis raté ot the early stage of pbsr-mdrtem resuited in lower initial

H but not in ultimate pH.

.3.3.2 Mineral, protein and proximate compositi;m of meat
« recent study of hovnl:k et al. (201 8) investigated the effect of feeding pre- -fermented cereal-
ased bio-product as a source of cnergy on chemical composmon, fatty acid profi le and lipid
xidation of broiler meat. The researchcrs found that ment from broilers fed fermented cereal

ad lower amounts of total protein and fat, nnd concluded that replacin

ed by pre-fermented cereal-based bio



parameters of chickens, but also nffect positively chemical composition and fatty acid content
of meat. Kim and Kang (2016) investigated the cffects of diets containing fermented barley or
wheat s source of energy on proximate analysis of breast meat of broilers and reported lack

of significant difference in the concentration of moisture, ash, and CP of breast muscle across

experimental diets including the basal treatment.

In another study, Infante-Rodriguez ef al. (2017) studied the effects of diets containing
sorghum with different energy concentrations on' chtzmical composition of meat of broiler
chickens in dry tropics. The authors found that nteat from breast muscle had similar CP
percentages among treatments; ether c;ttru'ct was highcr in treatment which had 12.38 MJ/kg
and 12.72 MI/kg ME in starter and finisher phnsc, respectively than treatment which
contained12.89 MJIkg and 13.2 MJILg of ME. The percentages of water, cther extract, ash
and CP in thigh mcat were not s:gmﬁcantly different nmong treatments. Energy is used for
various bmchemlcal and physiolo glcal proccsses in the body of ammnis To monitor status of

such processes, it is imperative to measure blood chemistry and metubohtes

2.5.4 Dictary cnergy on blood parameters of chickens

Blood parameters are important tools that help provxdc information on the health and nutritional

status of the animal (Orawan and Aengwamch 2007, hhnwujn et al., 2012). As stated by Etim

et al. (2014), the nutritional status of an gnimal depends on its dietary intake and ther

effectiveness of its metabolic processes. Ina study by El-Katcha et al. (2014), the inclusion of
wheat as source of energy had no sngmﬁcant effect on blood serum total protein, albumin,

globulin and glucose concentrations, while |t reduced blood serum tnglycendes and cholesterol

concentrations compnred to maize. inclusion of whcnt in the- brmler chicken dlets had a
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detrimental effect on liver function (El-Katcha ef al., 2014), through elevation of some blood _

serum enzymes,

Regarding immune response, it was observed that ipclusion of wheat as source of energy
instead of maize reduced phagocytic activity index and antibody production of broiler chickens
(El-Katcha ef al., 2014). In a study by Burlikowska and Szymeczko (2011) that-investigated
feeding mixed maize and wheat bas‘cd diets as source of energy found a significant relationship
between age and concentration of serum ca‘_lcium, magnesium and iron. Total protein, albumins
and total calcium (Ca) levels showed a constant increase between the 14™ and gk
(Burlikowska and Szymeczko, 2011). The.authors concluded that the obtained results may be
helpful in the evaluation of chﬂngt;s in the metabolic profile, health condition and production

patterns in growing broiler chickens. - ;

Yang et al. (2016) stuﬂiéd the effects of metabolisable energy (ME) and CP levels on laying
performance, egg quality and serur:n Bibchemicnl indices of Fcﬁgda-l lu;;rcrs and found that
dietary metabolisable cncrgy and CP level hud no effect on the scrum concentrations of total
proteins and albumin. Howcvcr, ‘the nuthors noted thnt the scrur;l conccnlrallons ‘of uric acid
and triglyceride in layers fed with 1 1 51 MJllxg ME diets were hlgher thnn those fed wnh 10.60
MJlkg ME diets imﬁlyin g that diets wub high encrgy provided that energy for protcm and lipids

metabolism.

In a study conducted by Fafiolu er al..(2006) on malted sorghum sprout (MSP) as source of
energy in the diets of pullets and laying hens, it was found that albumin and serum globulin
were significantly reduced by fecding MSP diets while the serum and uric acid levels were

elevated. The authors also noted ‘o significant reduction in egg cholesterol content with
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inclusion of MSP. It was then concluded that MSP can be included in the diets of laying hens

and pullets at 300 g/kg.

2.6 Summary
Broiler production plays a vital role m low income families and provide a cheap source of
protein. In addition, small-scale broiler prbduction provides a source of income and
employment opportunities to resource- poor households. Due to its short production cycle,
income turnover zmd meat supply to mark’el broiler producnon provides a quick cash flow to
disadvantaged familics. Despite its imborﬁnce, the broiler production in Botswana is limited
due to expensive feed.ingredients ;vhich is due to competition with humﬁn needs for major
energy source neéded in the diet. Mpizc émin is currently the major energy source in all
fivestack feeds including poultry, and itis ixsed as well for human consumption. It is, therefore,
ideal to search for chcapc;" readily _uvailablc energy.sources to substitute for mni;c grains in
poultry feed manufacturing. Sorghum grains are possible energy sources that can be used to
replace maize grains. However, their limit for uuhsanon by broilers is due to nnh-nulntxonal
factors such as tannins; Reduction of tannin content of sorghum would increase the availability
of proteins, carbohydrates and minerals for ciigestion ‘und absorption, thus improving
performance. The tannin content of sor‘ghtlm can be reduced through biological methods such
as malting or germmauon There aic llmllCd studxcs on l'cedmg malted sorghum diets on the
growth performance, carcass charnctcnsucs and meat quality of brmlers Itis therefore ideal to
assess the effects of feeding malted Sorghum-based dicts on the performance of broilers in place

of maize-based diets.
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CHAPTER 3

CHEMICAL CHARACTERIZATION OF MALTED AND UNMALTED SORGHUM
GRAINS - -

Abstract

This study was a pilot work to in-vcstiga.tc the effects o.f malting sorghum grains on their
chemical composition prior to commencement of the .['eed'ing trials. Unscreened grains of Mr
Buster (red sorghum) and Segaolane. (white surghum) were ma-llcd and analysed for crude
protein, crude fibre, organic matter, ash, energy, fat, and condensed tannin levels. Malting did
not alter chemical composition within a variety on dry matter and condensed laﬁnin content,
but statistically significant differences were observed across varieties (P<0.05). Mr Buster
(Malted (94.81%) and unmalted (95.84%) had the highest (P<0.03) dry matter content while
the lowest was found in Segaolane (Malted (94.05%) and unmalted (94.29%)) bgt there were
no significant difference between the :‘nlnllc'd and uﬁmnlted sorghum type. Unmalted Mr Buster
grains (80.99%) had the lowest (P<0 05) organic matter whilcl: the highest was ‘iri maited
Segaolane (89.56%). Thcrc were no 51gmi' cant dlffcrcncc observcd in nsh contents betwecn
Mr Buster (Malted nnd unmaltcd) and unmultcd Segaalane Unmnlled Segaolane (48 67%) had
the highest (P<0. 03) crude fibre contcnt Whllc malted Segaolane (”8.90_%) and Mr Buster
(28.40%) had the lowest crude fibre contcnt Condenscd tannin content of malted and unmalted

Mr Buster (0.08% versus 0.09%) was s:gmﬁcant]y higher than that of malted and unmu][cd

Segaolane grains (0.05% versus 0, 04%). Grain type had cffects on DM, oM, nsh CP and

condensed tannin while the effects were not observed in energy and crude fat contc_nts. Malting

affected (P<0.05) OM,; ash, crude fibre and condensed tannin but did not affect DM, CP and

i malti ved on crude fibre and
energy. Interaction effects of grain type and malting were observe
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condensed tannin content of sorghum. It can be concluded that although malting does not alter
chernical composition of the grains, it however rcduccls crude fibre level which can lead to an
increase in feed intake and consequently better livestock performance by availing nutrients for
utilisation. It also reduced condensed tannin level in red sorghum variety which already has
high condensed tannins which may benefit digestibility of sorghum-based poultry diets.

Key words: Malted, Unmalted, Proximate analysis, Segaolane, Mr Buster
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3.1 Introduction

The use of maize as the main encrgy Source in poultry diets is subjected to the age-old
competition for food between nnimols and humans, Many countries in the developing world,
especially in sub-Saharan Africa are not self-sufficient in grain production to meet both human
and animal needs and they resort to .importation of cereal grains. Maize grain prices have
therefore remained high and will probably increase in the future. Thercfore;' alternative,
accessible and cost-effective ingredients are needed ‘thnt,can provide the same nutrients as
maize for livestock-feeding. Sorghum (Sorghum bicolor) has been identified as a suitable
replacement for maize (Medugu ef al., 2010) in livestock diets. It is abundant in most parts of

Africa and is among the main cereal c'i'ops‘that are used as food and feed. |

The adaptive agronomic characteristics of Sorghum make it suitable for cultivation in different
environmental condltlons (Mum et aI 2013). Toc Iiniiling i‘oclor that hindérs cfﬁcient
utilisation of sorghum grams in monogastnc feed is its anti- numuonal factors (ANFs). Some
authors (Gous et al., 1987 Boren and Wamsko 199”) have reported ANFs in sorghum grain
having adverse effects on lhe uuhsnnon of sorghum protcm and mctnbohsablc energy by
poultry, such as tannins, Others such as Nynchou et a{. (1997) have reported thot these ANFs
do not always redocc the performance of poultry. This indicates the possibility of other factors

contributing to the poor feeding value of certain sorghum varietics.

The Department of Agrioultuml Research in the Ministry of Agricultural Development and

Food Security has ovér 1he years devcloped several sorghum varieties for both food and beer

making in Botswana. Mang malt umng sorghum for brewmg traditional beer i isan established

tradition in Botswana, - even othcr countrles Accordmg to Madibela and Lekgnn (2005),

there are opponunilics 1o utilize surplus sorghum gram in lwestock du:ts lf nnhonal sorghum
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production could be increased. However, some form Oil'mecssing may be needed to overcome
ANFs contained in sorghum grains, One such intervention is malting of the sorghum grains.
Vast literature has shown that malting may overcome the problem of ANFs (Ogbonna ef al.,
2012; Ojha et al., 2018; Hassan -L’! al, 2020). It is important to determine the chemical
characterization of malted sorghum~ grﬁi;i as on altemnative to maize grains before férmuluting
poultry diets and undertal\mg fecdmg studics. Therefore, this pilot study was designed to

determine chemical charactenzatlon of ma]ted Mr Buster (Red type) and Segaolane (White

type) grains. It was h}’polhcmsed th'at there was no significant difference in chemical

characterization of malted and unmalted sorghum grafns.

3.2 Materials and Methods

3.2.1 Study site

The study was carried out at the Botswana University of Apriculture and Natural Resources
(BUAN), Content Farm, Sebele, Gaboéonc in the Southern part of Botswana. Th-e University
is located 24°36° 40,90 S and 25° 56’ 13 35" E at 994 m above sea level (Mo_]eremane etal,
2014). Laboratory work was done at lhe Blochcmlstry Labomtory in the Department of Animal
Sciences. The study was conducted dpnng the sgmmcr ‘months of February to Apnl with
lemperatures varyihé from ~12-15 ;’C_duri;lg tﬁc early morning, to ~30-40°C in the afierncons

and an average annual rainfall of 550 mm.

322 Source and prepnratmn ofsorghum malt

Unscreened Segaolane and Mr Buster sorghum grmns were, purchased l'rom Botswana

Agricultural Marketing Board (BAMB) in Gaborone, Botswana. The grains werc prepqrcd_ by

soaking in a plastic container covered with a jute bag for 48 hours ot room temperature, and
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then spread 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.

3.2.3 Proximate analysis

Raw sorghum grains of malted and unmalted Mr Buster and Segaolane were sampled from
stored bags and milled to pass through a 1 mm sieve prior to chemical characterization. The
grains were analysed using standard AOAC (2005) procedures to determine dry matter (DM;
method 930.15), Ash (method 942.65); i:rucie proteil_i (CP; method 954.01) while organic matter
percentage was calculz;.téd as 100% - % ‘Ash. Crude fibre was determined by boili'ng 1.00 g of
samples with 1.25% dilute HaS0; washcd with wa-ter and funi;er boiled with 1.25% dilute
sodium hydroxide and remaining rcsid.ue .nftcr digestion was mk_cn as crude fibre. Crude Fat
content was estimated by Soxhlél t;_'u:lhod; Energy content was determined by combustion of
about 1.00 g of em.:h sample ina b(:me calorimeter (Nlodel-[KA C2000, lKA‘”-We_;ke GmbH
& Company, Hamburg, Germany). Congi;:nsed tunnirlls were determined using .the Butanol-

HCL method and expressed as leucocynmdm equivalent (% DM) according to Markkar (2000).

3.2.4 Statistical analysis

The General Linear Moﬂcl (GLM) pi'ocedurc (SAS 2010) was used to test the chemical

characterization of the sorghum grains using the following model.

I -p+GT+M+GTM +E,},

GT = Grain type: M = malting: G'I'M GTmelemclmns

Where Yy = response variable (pnramelers). p = general mean, di = the fixed Cff?c.ls (malted

and unmalied sorghum grain), Ey= random error associated with observation ijk = assumed to

be normally and independently distributed. When the analysis of variance revealed significant

effect, probability of difference (PDIFF). option in the LSMEANSs statement of -the GLM
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procedure of SAS (2010) was used to separate means. The level of significance was set at

p<0.05.

3.3 Results

3.3.1 Chemical composition of grains

The .avei'age chemical composition of Mr Buster and Segaolane grains is shown in Table 3.1.
Segaolane grains had significantly higher concentration of organic matter (P = 0.020), crude
protein (P =0.029), energy, crude fat and crude fibre bt-:tween Segaolane and Mr Buster grains.
Dry matter (P =0.001), Ash (P= 0.020); and condensed tannin content (P <0.001) lwere high in

Mr Buster than Segaolane grains.

3.3.2 Malt effect on chemical compaosition
The effects of malt on chemical composiiion is shown in Table 3.2. Malt had a significant
effeét on organic matter, ash, crude fibre and condensed tannin content. Ma_lt did not offect (P>

0.05) dry matter, crude protein, energy and crude fot.
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Table 3.1 Chemical composition of Mr Buster and Segadlane grains in.

percentages (unless stated otherwise)

“Parameter Mr Buster  Segaolane SE P-value
Drymatter 9512 o417 . 0.16 0.001
Organic matter 8283 8392 082 0020
Ash BERtAY: 14.08 082 0020
Crude protein 1148 1245 . 028 0,029
Energy MJ/kg | i6.28 | _ 16.'}0 - 080 0711
Crude fat 8.72 | 9.92: 0.97. 0.396
Crude fibre 3249 387 . 139 0016
Condensed Tannin. 0.08 0.06 .~ 000 - 0.0002

Table 3.2 The effects of malt on chemical composition of sorghum grains in

percentages (unless stated otherwise)

Parameter M.alt Unmalted .S-E P-value
Dry matter 0443 9487 016 0072
Orgamic mater 8711 81.64 082 0001
Ash 129 18.355‘ | 0.82 0.001
Crude protein 12,02 11_._9.1-: . o o9
Energy (MJ/kg) '_ 16.40 16.53 | 080 - 0.874
Crude fat 893 —9.'_71 . 097 0.576
Crude fibre 28,65 42,62 159 <000
Condensed Tannin  0.06 0.07 0.00 0.039
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3.3.3 Interaction effects of mnlted. and u-nmnltcd grains

The effects of grain type, malting, andthel_ir interaction in chemical composition is presented
in (Table 3.3). Mr Buster (Malted (_94.81%) and unmalted (95.84%)) had the highest (P<0.05)
DM content while the lowest was found in Segaolane (Malted (94.05%) and unmalted
(94.29%) but there were no significant differences between the malted and unmalted sorghum
type. Regarding organic matter, unmalfed Mr Buster grains (80.99%) had the Ierst (P<0.05)
while the highest was in malted Segaolane (89.56%). I-iowcver, no significant differences were

observed between malted Mr Buster and Unmalted Segaolane.

Unmalted Mr Buster had the highésih nsh‘contents whilst malted Segaolane had the lowest.
However, no signifi cant diﬂ'erenbes were Ebsewed in nsh'conter;ts on Mr .Bustcr tMalted and
unmalted) and unmalted Segaolane Unmaltcd Segaolane (48. 67%) had the highest (P<0.05)
crude fibre content wlule malted Segaolane (28.90%) and Mr Buster (28.40%) had the lowest
crude fibre contents. Mr Buster (Multed (0.08%) and unmnllcd (0.09%) hnd the highest
(P<0.05) tannin content while the lowcgt was found in Segaolane (Malted (0.05%) and
unmalted (0.06%). No significant diff ércnccs were observed between the malted n.nd unmalted
sorghum types. Grain type had effects on DM, OM, as_h, CP and tannin while the 'efi_‘ects were
not observed in energy and crude fnt coﬁtehts. Malting affected (P<0.05) OM, ash, crude fibre
and tannin but did not affect DM, CP and encrgy. ihlcmction effects (grain type aﬁd malting),

were noted in crude fibre and tannin content of the grains.
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Table 3.3 Chemical composition of malted and unmalted Segaolane and Mr Buster sorghum grains (%, unless stated otherwise)

and their interaction effects

Mr Buster Segaolane Effects
Parameters Malted Unmalted - Malted Unmalted SE - G M GxM
Dry matier iR oseF 9305 9az9% 023 0001 6077 0398
Organic matter 84.67°  80.99° 89.56°  8§229® .15  0.020 0.001  0.145
Ash © 15330 1901 1044 17720 LIS 0.020 0.001" 0145
- Crude protein . - 168 . 1132 1240 . 1251  .039. 002 0791 059
Energy MI/kg 1622 1634 16.58 16.83 113 0711 0874 0958
Crude fat 034 809 8.51 1133 137 . 0396 0576 0162 .
Crude fibre 2840° 3657 28.90° 4867 225 0016 <0001 0.024
frannin 008 009" 0.05" 0.06" 000 0000 0039 0048
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3.4 Discussion

From Table 3.1 it was noted that there was a difference in chemical composition of Segaolane
(white type grain) and Mr Buster (red type grains). The observation that unmalted Mr Buster
grains had higher ash content than 'Segaolane grains maybe due to the fact that red sorghum
contains pigments that are polyphenohc compounds in nature (Taylor, 20053). It was observed
that malt affected chemical composmon of the prains (Table 3. 3) Malting did not alter DM
content of cach sorghum variety, but it was observed that there was a significant difference
across varieties and the hlgh DM content observed on malted and unmulted Mr Buster grains
may have rcsulted from enzyme hydrolys:s of starch and mlcrobml breakdown of cellular

materials as reported by Chinma ef al. (2009).

Dry matter content of the white sorghum grains both malted and unmalted was observed to be
the lowest than that of malted and unmalted red sorghum grains, and this could be due to the
fact that red sorghum grains have a complex st'ruc'turc because of high content of anti-
nutritional fnctors and malting did not breakdown all (Hariprasanna ef al., 015) Although
there was variation in DM content, thc values \\crc rclutwcly high implying lhnt nutrient
composition in the grains was still high, suggcsting that energy would be availed for utilisation
by an animal. The current study revealed a significant increase on OM conlents after malting
Mr Buster and Segaolane grains, 'I'hls is in line with the findings by Otut;J et al, (2014) who

observed an increase in OM content afier fermenting sorghum grains for 7 days.

Crude fibre, conSISts of celiulose, hgnm, and hemlcelluloses (Klm et al., 201") The current
study revealed lhat mnltmg reduced crude ﬁbre content on each variety. The current finding is
in disagreement wuh_.that of Lux'ml_ et al. (2015) who found that crude fibre increases

significantly during germination process as the plant cells synthesize different cellular
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components. AS t-he grains germ3na,le, tlhcrc Is an increase in cellular structure of the

re ” . . .
plants (Kim ! al., 2012}, The dlsoroponmes between these studies could be attributable to the

differenit processig methods used (zermination vs malting) and the sorghum varieties.

Malted and Unmalted Mr Buster grains were observed to have high tannin content compared
to malted and unmalted Segaolane grains. This finding is in line with Myer et al. (1983), who
reported high tannin contents in red sorghum compared to white sorghum grain varieties. The
observation that malting did not reduce tannin conloot.on each sorghum variety contradicts the
findings by Ogbonna et al. (2012) who invcotigoled the effect of malting conditions on the
nutritional and anti-nutritional factofsro.f sorghum and concluded that malting white sorghum

grains reduced its tannin content by 8.45 %.

The current study aiso indicotcs 1hot thero was a significant differcncc in tannin content of
malted and unmalted grams of Segao!ane (White type) and Mr Buster (Rod type). This
contradicts the ﬁndmgs by Bndubl ("01"’) in Botswnno who found lack of sngmf‘ icant
differences in tannin content in both red and white sorghum. The discrepancy could be due to
the different varieties of grains used. According to Taylor (2005), the red colour of sorghums
is due to the presence of pigments (anthocyanins and anthocyanidins) which are polyphenolic
compounds. Thercfore, it is obvious that red sorgﬁums will contain more phenolic compounds
than white sorghums. The supériorily ofwhite over red sofghum is in terms of its starch
digestibility (I’erez-Moldonado and RodngueS, "009) It is interesting that in the pig and

poultry industries, there is the debate thol cncrgy utilisation of whlte sorghum is better than that

of red sorghum arid the majority ‘of cnergy is dcnved from thc starch component of the

sorghum. According to Selle ef al. (7013) the encrgy’or starch component of whltc sorghum

is better utilized than thot of red sorghums A decrcnsc in tanmn content in cereals ns smted by
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gmambux and Taylor (2003) may be due to their binding with cotyledon endosperm that is
uually undetected by routine method due to its insolubility in solvent or microbial phenyl

oxidase action.

The observation that mplling did null alter éncrgy. CP and fat content of the grains in this study
is in line with finding of Moongn@rm and Saetung (2010), who did not ﬁnd changes in fat
content when rice grains were ge:rrninatt::d. Similarly, Kazanas and Fields (1981) did not -
observe any significant change .in' crude fat content of sorghum after natural lactic acid
fermentation for 4 days. This may be due.to the fact that cereal grains are in general low in fat
content. There was an interaction effect of grain and malting on crude fibre and condensed
tannin content of the sorghum grains, whereas nio interaction effect were noted on DM, OM,

ash, CP, energy and crude fibre conitent of the grains,

3.5 Conclusion

It was concluded that ‘m.nlting has an ‘effet':t on chémical composition of the sorghum grains,
and it also reduced cfud_e_ﬁbre coﬁleht of the grains. Howver, ﬁmlling c.l.id not reduce their
condensed tannin E:ontllcﬁt. Condcns;ed Tm;nin content of red sorghum grain was found to be
higher than that of ivhi.tc sorgﬁum g}gins .b-c":forc and afler rr.mlling. However, chcmical analysis
data is not enough to support the facts that sorghum variety or malting enhances utilisation
sorghum, and as such it should be fp!lo}\feé by feed trials. It is, therefore, prudent .to formulate
broiler diets using malted sorghum gmiﬁs to test,th{l:ir cffects on growth performance and

haematological parameters of broilers. -~ .
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CHAPTER 4

GROWTH PERFORMANCE AND HAEMO-BIOCHEMICAL PARAMETERS OF

BROILER CHICKEN FED MALTED SORGHUNM-BASED DIETS

Abstract

This study was conducted to evaluate the growth performance and haemo-biochemical
parameters of broiler clﬁckens fed mail_ed sorghum-bu.sed dieg (I\.Ar Buster and Seg&olane). A
total of 150 day old Ross 308 broilel; ;:Iiicl::cns_(R308BC) with homogeneous body mass were
allocated to iso-ca]oﬁc and iso-nit.rog-;enous groups. Thc. group was randomly allocated to
treatment diets bemg Contml = Broller commercml d:et containing 100% maize; malted
Segaalane—based diet=Broiler commercm! dict contnining 100% malted Segaolane and malted
Mr Buster-based diet = Broiler commercial diet containing 100%.malted Mr Buster. From day
1 to 14, birds were offcred a starter mnsﬁ, day 14 1o 28 a grower mash and day 28 to 42 a
finisher mash from the above diets respectively. Each treatment had 5 replicntéd pens holding
10 broiler chickens in a completely randomised dcsign, and data were nnﬁlyscd using
Statistical Analysis System (SAS). The day 7 weight was balanced among the treatment groups
and was used as the initial weight. Thereafter, chickens were wei ghed weekly for 5 consecutive
weeks. Average daily feed intoke (AWFI), uvcrngc'\?ci ght gain (}'\WG), feed cdnvcrsion ratio
(FCR), protein intake tPI) and protciﬁ'éfﬁcicncy ﬁltiu (PER) were calculated weekly. Blood
samples were collected on the 6" wcck for huemnlolog:cal and serum blochcmlslry analyses.
In weeks 3 and 4 there was a rapld mcreuse in AWFI across all e*(pcnmcntnl diets. Howevcr
there was no s:grut' cant dlffercnce in AWI‘ lin R308BC betwccn cwpcrlmcntnl dlels at the final
week (160.86 g for Comrol 164, 40 g f'or maltcd Segaolane und 161,97 g for malted Mr Buster-

based diet). The R308BC fed mul!c_d_Mr Buster-based d|cts_ had lower AWFI hcnce lower
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AWG leading to Iower body weights compared to those fed on malted Segaolane-based diets
and Control diets. Tlme effects caused hnear, quadratlc and cubic trends in feed intake, AWG
and body weight pnttems (P <0.001). Therc was an increase in AWG and mean weekly body
weights of R308BC across expenmental dicts. AWG of R308BC fed malted Segaoiane-based
diet were significantly similar to RBOSB(; on Control diet. No significant differences were
observed in body weights of RBO_BBC fed malted Segaolanc-based diet and Control diet
throughout the experimental period making malted Segaolane grains a suitable replacement for

maize prains as they yielded similar body weights.

The R3I08BC fed malted Mr Buster-based.diet had pobr feed conversion ratio (FCR) in week
3,4, 5 and 6 compared to other cxperime'nlnl diets. No significant difference were observed
between the FCR from R308BC on Contro! or malted Segaolané-bnscd diets at week 3, 4 and
5 meaning that malted Segaclane and maize caused similar response hence Segaolane can be
a suitable replacement of maize 'grz'lin-s..Protcin inlai;c (Pf) on R308BC f'f;zd Cont;ol diet was

lower than those fed oth‘er experimental diets.

The R308BC fed Contrc;l diet had s.igrlliﬁcuntly higher (P<0.05) white blood cells count (46.8
x 10e¥/uL) compar.cd to }hose fed malted St?)rghum-bas;:d diets. The highest (P<0.0.5) basophils
count was observed on R308BC fed multqd Segaolane (0.57%) or malted Mr.Bus_:ter (0.56%)
diets, whilst those fed Control diet (0.33%) had the lowest. The R308BC fed Control diet had
significantly higher (P<0.05) mean-corpuscular hdemoglobin concentration (40.54 g/L)
compared to those fed malted Segaoidrie (39.86 g/L) or Mr Buster (39.01 fg/L) diets, R308BC
fed malted Segaolane or Mr Buster based diets had hi g]}er (P<0.05) creatinine clounls compared
to those fed the Control diet. Glutamic :oxziloa‘celic transaminase (GOT) an.d glutamic-pyruvic

transaminase (GPT) enzymes were lowest (P<0.05). in R308BC fed malled Segaolane-based
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sut highest in R308BC fed Control diet or malted Mr Buster-based diet. No significant
ences were observed in lymphbcyie‘s, neutrophils, monocytes, eosinophils, red blood
haemoglobin, hzematocrit, and blood platelets of R308BC across experimental diets
ing that malted sorghum-based diets did not affect much in terms of the blood parameters
1se ill health in chickens. Ovet:ﬁil; the results from the study ;suggcst that maize grains can
placed with malted s.orghum é;.r'uins,'cspecially Segaolane in poultry diets without any
se effects on the _RBOBBC gro;\m's ;:;erfonnnnce and health status. Segaolane is a white
y and its low anti-nutritional _compo;mds making it a candidate for supplying energy in
ry diets in place of maize. | |

rords; Segaolane, malted s_orghum, Mr Buster, Ross 308 chicken, haematology, serum

emistry
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4.1 Introduction

The poultry industry produces high-quality proteins for human nutrition and is a source of
income for communities in many countries; hence it is important in economic development of
any country (Tarhyel ef al,, 2012). Globally, broiler production has grown dramatically in the
past two decades due 10 improvements in nutritiém and breeding programmes Whi(;h further
enhanced feed utilisation and growth r;z'te (Grace ef al., 2020). Most rapid growth or weight
gains are made when the chick is };cj'ung (Mignoh-Grastcaus et al., 2001). Birds usually
consume just enough feed to meet thei.r:enénzy ret;uiréments since the regulalion of feed intake
is believed to be based primarily on the amount of encrgy in thc dlet (Nahushnn el a! 2006).
Increasing the dlcmry energy concentranon leads to a decrease in feed intake and vice versa
(Veldkamp ez al., 2005), thus affecting growth, In contrast a study by Mbajiorgu (2010),
observed that Venda chickens incrcﬁsed lh'eir feed intake with an increase in feed encrgy level
and an increase in feed protein. | |
Haematological parameters are used as indicators for physiological health and nutritional status
of animals (Aro ef al.,-2013; Ewuola ef a_!., 2004). According to Karesh et al. (1997), these
parameters provide a clearer diagnosis and clinical monitoring of diseases affecting animals.
Haematological profiles are affected By ngc, gcndér, breed, nutrition, stress, season, bacterial
and viral infection-and growth dcvclopment stnge (Puspamltrn et al., 2014). Ther-efore in the
present study it would be of interest to monitor eff'ccts of the formulated diets on these

parameters,

Maize (Zea mays) is lhe major fced mgredlent in brmler rntmns and its mclusmn level can be
as high as 60% of wholc dlct lts mam functlon inthe hvestocl\ industry is to supply energy but

also small amounts of proteins, It also has compeung functlons such as source of bm fuel used
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Bravo (1998), total phenols in sorghums range from 2 to 103 p/kg, while they are negligible in
cornand wheat and 14 g/kg in barley. Tannins arc part of total phenols and due to their hydroxyl
groups, tannins may interact with and form compie.\'cs with proteins which may lead to
precipitation because of the large size of the tannins (Duodua et'al.,-2003). Dietary fibre is a
feed component that has major mﬂuence in fccd 1ntal-.e (Duodun et al., 2003). According to
Mohammed et al. (7019), proteins are able to bind to dletary ﬁbrc or more specifically, cell
wall components Dletary ﬁbre components are not dlgested by endogenous dlgestwe enzymes,

and consequently are the main substra_tes for bacterinl fermenmnon in the distal part of the gut.

Different studies (Emami et al., 201_2; Osman and Gaseem 2013; Torres et al., 2013; Mohamed
et al,, 2015) have been carried to evaluate the feeding value of raw sorghum grait}s in poultry
diets. These authors found that quy weight decreased significantly in chickens fed sorghum-
based diet. Therefore, it is important to employ processing techniques that can reduce its anti-
nutritional factors (ANFs) to improve feed quality and value, It has been reported by Makhoka
et al. (2002) that mhltiﬁg improves digesﬁbility oi' sorghurﬁ grains in vitro using the porcine
pepsin method. A study by Legodlmo and Madlbeln (2013) ‘that employed ruminant rumen
fluid as an inoculum, obscrvcd lmprovcd dry matlcr (DM) dlgcstlblhly of mnlled sorghum
grains. The pilot study reportcd eurller huve shown thnt multing docs not affccl prolcm and
energy content of grams but reduccs the:r condcnscd tannin and crude fibre contcnts Howcver

grain variety (red Vs, whlle type) nffected condensed mnnms contcnt (CT) with rcd typc having

high CT content.

Based on the foregoing, the present study was conducted to evaluate the growth be_rformnnce :
and haemo-biochemical parameters of broiler chickens fed malted sorghum-based diets (Mr

Buster (red type) and _Segaolan_e:(white, type). :It was hypothesised that feeding malted -
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sorghum-based diets would promote similar growth performance and haemo-biochemical

parameters of broiler chickens as maize-based diet.

4.2 Materials and Methods

4.2.1 Ethical Considerations

The management and care of the chickens were in accordance with Botswana University of
Agriculture and Natural Resources’ ﬁ:nir'nal Ethi-cs lCommi.nee accepted standards for the

welfare and ethics of animals (Ethics Number BUAN-2020-08). -

4.2.2 Study Site
The study was carried out at the Botswana University of Agriculture and Natural Resources
(BUAN), whose location and climatic conditions are described in detail in Chapter 3,‘ Section

3210

423 Experimentnl d‘cs.ignz .

A total of 150 R308BC chicks were individually weighed and allocated to pens which were
balanced and blocked by weight. The 15 pens (cach measuring 2.3 x 1.24 m) were then
randomly assigned to the 3 experimental diets. Thus, each dictary treatment had 5 replications
(pens) with 10 chickens per pen. The study was arranged in a completely randomised design

(CRD) with the pen as the cxperimental unit. -

-

L]

4.24 Preparation of the house
Before the arrival of ckpeﬁﬁental cfﬁcks, the poultry house ‘was cleaned. All dust was removed
exposing all surfaces to a detergent. 'Equipmgnt was washed with virkon (virucidal

disinfectant),
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42.5 Source of feed and malt preparation
Unscreened Segaolane and Mr Buster Eorghum grnins; were purchased from Botswana
Agricultural Marketing Board (BAMB) in Gaborone, Botswana and were prepared as

described in detail in Chapter 3, Section 3.2.2.

4.2.6 Experimental diets

The study consisted of 3 diets; a Control &iet (that contained maize) and two tests diets were
formulated using malted Mr Buster_'and malted Segaolane sorghum grains. The dietary
treatment using malted Mr Buster and Segaolane sorghum grains were formulated to meet
nutritional requirements of commercial broiler diets according to BOS 225:26]4 Animal
feeding stuffs — Broiler feeds -Specification (Botswana Bureau of Standards (BOBS). A premix
containing soya oil cake, full fat "soy.a and amino acids and minerals was obtained from
Optifeeds (PTY) LTD, Gaborone, :Bdfs\vnna and it.wus mixed with malted sorghum grains
during the f'ormula'lic-mI of the diets for 1hc 3 phﬁses. of l;roilcr chicken production. Starter mash
was mixed for day '1 ta Vl 4 -fecding, gm\_v_er'mnsh for day 1410 28 i‘ccding and ﬁnfsﬁer mash for

day 28 to 42 feeding as shown in Table 4.1,
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Table 4.1 Ingredients composition of experimental diets fed to Ross 308 broiler

chicken in g/kg

Experimental diets

Ingredient C'nntrbl Multc(i Segaolane  Malted Mr Buster —
“Starter | -
Soya oil cake | 293.80 293.80 203.80
Full fot soya _4Q.IOO‘ 40.60 _ 40.00
Malted Sorghum grains i0.00 | 1619.60 619.60
Muize grains | ;6!9.60 0.00 0.00
Amino acids and mineral premix 46.60 46.60 46.60
Total 11000.00 1000.00 1000.00
Grower

Soya oil cake <104.7 104,70 104.70
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 preniix :35.30: 1930 39.30°
Total | 1000.00 1000.00 1000.00
Finisher ‘ | _ . | | ' -
Soya oil cake | :145;66 145.60 - 145.60
Full fat soya '90.40: | 90.40 90.40.
Nstiod iorin palis 0,00 ‘. 730.02 730.20
Maize prains _,;7301.?.(:) 0.00 0.00
Amino acids and mineral premix .33.80.:. 33.80- 33.80.
Total ,1000.00 - 1000.00 1000,00

———
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Table 4.2 Nutrient Composition of experimental diets provided to Ross 308 from

7 - 6 weeks of age on air dry basis (%)

mm————

Experimental dicts

Nutrient Control - = Malted Segaoiane  Malted Mr Buster
“Starter o : .
Dry matter 93.40 o 93.67. _ 93.36
Ash 9.74 '_ B 1092 1014
Organicmatter = 9026  89.08 | 89.86
Crudeprotéin  © 2494 . 2464 - 2509
Energy (MI/Kg) - 1745 . 1833 18.44
crude fat 662 7.29 6.62
Crude fibre 10.41 ‘ 10.16 11.27
Condensed Tannin ~ 0.036 ~~ 0051 0.071
Grower | s = . K '
Dry matter 93.81 . 936l 93.41
Ash 194 17 9.92
Organic matter 92.06 9283 91.08
Crdeprotein ~ 22.79 T 40 23,02
Fnergy MIKg) -~ 1811 © . 1833 1832
Crude fat 752 . . 818 779
Crude fibre 133 L 1323 1436
Condensed Tannin 0045 0.056 0.057
Finisher o o _' o _ .
Dry matter 9347 9281 9330
Ash 696 .- 968 846
Organic matter - .- 93.04 .-~ 9032 : 91.54
Crudeprotein 2149 SR V- B 22.11

| Energy (MIKg) 1850 . 1845 eS8
Crudefat = 785 - - 806 135
Crude fibre . © 13.62 o 1374 14.87 -
Condensed Tonnin . 0.049 . . -~ 0053 - 0071
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42.7 Experimental chickens and thejy management

A total of 150 one day old Ross 308 (R308BC) b.roiler'chicl\s were purchased from Ross
Breeders hatchery at Notwane, south east of Gahorone The chicks were weighed on arrival
and balanced accordmg to weights ﬂnd IEﬁ for a period of week on experimental pens for
geclimatization. The chicks were fed on commercial starter mash from Opti Feeds Pty Ltd. for
the first week. The. expenrnenlal dl._els were fed from week 2 and the chicks were weighcd at
the beginning of week 2 and subseguqn.t-ly on weekly basis. 10 chick; were allocated to three
groups which were balunced for weight. :Each group‘ was randomly assigned to.each of the
experimental diets (Malted Segaolane, Malted Mr Buster and the Control diet). From day 1 to
14, chicks were offered a starter mash, day 14 to 28 » grower mash and day 28 to 42 a finisher
mash formulated from test ingredients. The birds were raised on a deep litter system bedded
with weod shavings. The chicks were p'r'ovidcd with feed and water at ad libitum for the whole
feeding period (6 weceks). General' flock management was carried out according to routine

commercial poultry standards. Feeding troughs and water troughs were cleaned regularly to

avoid contamination and transmission of diseases.

4.12.8 Proximate analysis
Samples of formulated mn]ted Mr Buslcr, Segaolane and thc Control diets were m:lled to pass

through a 1 mm sieve t‘or chemlcal charactcnznnon und analysed as dcscnbcd in detail in

Chapter 3, Sectlon 3.2.3.

4.2.9 Mincral analysis . ‘ )
Phosphorus (P), Calcium (C), Magnésium (Mg), Potassiur (K), and Sodium (Na) were

determined using the procedure by Sahrawat et al. (2002) by digesting 1.25 g °f_ feed sumple

in sulphuric acid-selenium (Se). Afier digestion the minerals were read using coupled plasma
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optical emission spectrometer (ICP-OES) from Perkin. Phosphorus was read using a UV-Vis
spectrophotometcr (Model UV-1601) from Japan and‘ absorbance was determined at 670 nm
wavelength following Molybdenum blue method of Dickman and Bray (1940).

12,10 Feed intake :

Feed offered to the birds and feed refusal were weighed daily. Average weckly feed intake was
calculated by sublrnctiﬁg feed refusals ffom the feed offered and divided by a week (7 days) as

follows:

WFl = Feed offered — Feed refu.fal

7 days

4.2.11 Growth perforninﬁcc

4.2.11.1 Body weights and weight' gx;in .

The birds were weighed at the beginning otl' the cxpcrir;u:nt and subsequently on a weekly basis
using an electronic scale of sensiti\;_it_y 0.0(:)1 ¢ (Adam 602.0 model, Adam, Gauteng Province,
South Africa). Avémgc _wcekly body weight gain was determined as the difference between

i
the final weight and initial weight divided by number of days (7days).

Final weight = Initial  weight -
7 days

AlNG =

4.2.11.2 Feed Convcrsidn ratio

Feed conversion ratio was calculated by dividing AWFI by AWG according to Manyeulz e a/,

(2019);
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42.11 Protein utilisation and efficiency
Weekly protein intake (PI g/bird) was caleulated by multiplying the concentration (g/kg DM)

of crude protein (CPy) in the diet consumed by weekly mean feed intake (FI kg/bird).

PI=CP,x FI

The protein efficiency ratio (PER, g/g) was calculated.by dividing AWG by the mean PL

ANG
PER = —
Pl

4.2.12 Blood biochemistry

4.2.12.1 Determination of hacmatdluéy and scru.m biocherﬁistry parameters -

At 6 weeks of age, blood was collected from 2 bird‘s which were randomly selected from each
pen in the morning before feeding. Blc;od was draw.n from the wing vein into the sample bottle
without anticoagulant for serum b:ochemlcal unnlysxs and purple capped tubes with anti-
coagulant (Ethylene dmmme tetra nccnc uc1d) I'or lmcmntology Thc blood sumples were taken
to Clinipath Laborntory (PTY) L'I'D in Molcpolo!c for nnalysns Thc nutomated humanstar 100
. Biochemistry analxser_ was used .tq .(jl_clcnmnc the hacmatocrit and the full blood count
according to the mell_mdsf oullinccjl ' by.“D:oumps el c;l. (1981). Serum biocherﬁ‘i-c.al indices
included the total protein, nlbumiﬁ, ,_chlo_ridc, sodium, potassium, creatinine total ‘bi!ir.'ub_in, and

urea.

4.2.13 Statistical nnalysis o
Time series data on live weights, AWI"I AWG, PI PER and FCR was subjcctcd to restricted
maximum likelihood (REML) nnu]yses to esumnte rcpeated measures (Model ‘a‘ below) by |

the use of statement repeatéd within I’r'oc-Mixed procedure of SAS ‘(2002-201'?.) to estimate



variances and covariance (Holland 2006).- The compound symmetry (CS) structure was used
for within samples variance and covariance structure for these data. The model included diets,
diets x time inteméiion and initial 'wéi;ghl as co-vnriutc. Individual Animal numbcr (ID) and
Replication (pens) were uscd in the random effect statement. To tease out the nature of trends
in live weight, AWFI and AWG over umc, ‘the effect of time was brolu.n down into polynomial
contrasts. Time was droppéd from lhc c]nss statement, making it o contmuous varigble and then
it was included three times on the modcl_stn;cmcnt to construct non-orthogonal polynomial
iterms (Wolfinger and Cﬁang, 1998).. Live weight, AWFI, AWG and P menns were then plotted
against time to give graphic trends over time. The 0\'(:11:\.1[ haematology and serum biochemistry
data were analysed using one-way a_nalysis.of variance using SAS (SAS, 2002-2012) according
to the general linear model ‘b’ below to test effects of .dicl.

Fo=p+ d+T+(Txd), +E, " - (a)

Where Yijx = response variable (feed iﬁlaké, body wcinhts weighl gain, feed conversion ratio,
protein efficiency ratlo and protein mlake), p= general mean, di = the fixed effects of diets, T;

=effect of week, (T x d)j = effects ol‘ interaction between diets und week, Eij = random error

associated with obscrvatlon ijk = assumcd to bc normally and independently dlstnbuted

m=p+4+£m e S O
Where Yij = response variable (huérﬁuibldgy'and'sc'rum biochemistry), p = general mean, di
=the fixed effects of diets, Ej = random error associated with observation ijk = nssumed to be

normally and independently dfstribﬁtéd. The level of significance will be set at p < 0.05.
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4.3 Results

43.1 Feed intake

No mortalities were recorded throughout the experimental period. There were significant
dietary effects (P <0.05) on AWFI of R308BC whereby R308BC fed malted Segaolane-based
diets were eating more than those fed malted Mr Buster based and control diet. But there were
no diet x time effects (P >0.05). Time cffects caused linear, quadratic and cubic feed intake
patterns (P <0.001) (T able 4.3). In weeks 3 and 4 there was a rapid increase in AWFI across
all dietary treatments (Figure 4.1). The AWFI was significantly lower in R308BC fed malted
Mr Buster-based diets in weeks 2, 3, 4 and 5 compared to those fed malted Segaolane-based

diets. Therc was no significant difference in AWFI of R308BC across all experimental diets at

the final week.

180

160

140

120

100

== Control
—f—Segaclane

60 == Mr Buster

20

40

mean weekly feed intake {g/bird/wk)

i

2 3 4 5 6
Age (weeks)

1

Figure 4.1 Average weekly feed intake of Ross 308 broiler chickens fed dicts containing

malted sorghum grains
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4.3.2 Growth performance

43.2.1 Weight gain

Diet influenced (P <0.001) AWG of R308BC whereby control diet resulted in higher gain than
malted Mr Buster diet. There was also diet x time interaction (P <0,05) on weight gain (Table
4.3). Polynomial contrasts showed AWG had significant high linear, quadratic and cubic
components (P <0.001). The quadratic effects are indicative of a rise in gain from weeks 2 to
4 and then subsequent decreasc between weeks 5 and 6 (Figure 4.2). The magnitude of increase
in R308BC fed malted Mr Buster-based diets in AWG was significantly lower than those fed

control diet. No significant differences in AWG were observed at weeks 3 and 6 on R308BC

fed malted Mr Buster and Segaolane based diets.

—o—Control —o—Segaolane -—&— MrBuster

mean weckly gain (g/bird/ wk)
(] w .y [Ea) 8 -~
=] (=] [ ] (= [=1

[
o

=]

0 1 2 3 4 5 6 7
Age (weeks)

5
1
——

Figure 4.2 Average weekly weight gain (g) of Ross 308 broiler chickens fed malted sorghum-

based diets
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Table 4.3. Statistical influence of the main effects and their interactions on live weight, average weekly feed intake (AWFY),

average weight gain (AWG), feed conversion ratio (FCR), protein intake (PI} and ;irolein efficiency ratio (PER)

Treatments Main Effects Interaction effects
Parameter - Control - Malted Malted Mr - Treatment Linear - Quadratic Cubic - Treatment x Time
R o . Segaolame’ Buster
- Live'weight T 1112.55+18.74  1045.28+19.99  949.22+19.00 e *hh L] ¥ ok
. AWI::I 11_2‘5.34:!:1.61_' 1.15.8_5il.6‘1 :,. lll.2lt-1v.61 .NS’“ s b e NS'
’ A\VG b 58:'.99tll41 o 56.20&];41 . 50.99£141 e ks BRE L kR *
FCI-I ' ) l..94:t(‘):030. . -57_.18i0.03(i ‘ 2.2.3:k0.030 .,*" s ans whs *
PI S0 2073.99442.11  2415.07242.11  2373.06242.11 s LES I A4 ** *+
| 0.0216+0.002 wee R NS

" PER " 0.0288:0.002  0.0244£0.002

" NS- not significant, * P<.005, ** P<.001, ***P<.0001
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4.3.1.2 Body weights

As illustrated in Figure 4.3, thz_:re was both lincar, quadratic and cubic effects (P <0.001) in
mean weekly body weights of R308BC in all experimental diets, Although ther;: was an
increase in body weights of R308BBC, those fed malted Mr Buster-based dAict were lighter
throughout the c.\'perimentdl period. Polynomial contrasts showed that body "weights had
significant linear, quadratic and cubic componcnts (P< 0. 001) (Table 4.3)and a s:gmﬁcant diet
x time effects (P<.0001) was observed across all cxpcnmental diets. At week 2, R308BC fed
control and malted Segaolane based diets yielded a signiﬁcant and high weights but no
differences (P =0.2276) \.vere observed betivcen R308BC fed malted Mr Buster and Segao[ane
based diets, At week 3 a sxgmﬁcant yet Iower weights were observed on RBOBBC I'ed malted
Mr Buster and Segaalane based dlets At w cel\s 4,5 and 6 RBOSBC fed malted Mr Buster dicts
recorded the least sngmﬁcant \\elghts compared to lhose fed control and malted Segaolane
based diets, [nterestmgly, no sxgmﬁcar;t dxffcrcnces_\yere observed in body weights of R308BC

fed malted Segaolane-based diet and Control diet throughout the experimental period.

4.3.1.3 Feed conversion ratio |~ '

Diet had an effect (P < 0.05) on weckly FCR of the l?irds across the 6 weeks (Table 4.4). In
week 2, the best FCR was recorded in R308BC fed Control diet followed '.I;y‘those fed
Segaolane diet, Birds fed malted l.\dr.'-Bustcr- d‘ictl had highest FCR in weeks 3,4, 5 and 6.
However, no significant diffcrcnce"’wclr';:- observed 'I;ciWeen the FCR from MOSBC'oﬁ. Control
or Segaolane dicts at week 3,4 and 5., In Weck 6 RBOBBC fed on Control dlets had lower FCR

(more efficient) compured to thosc fed multed Segaolane or malted Mr Buster diets.

+
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Figure 4.3 Mean weekly body weights of Ross 308 chicken fed dicts contain malted sorghum

grains as replacement to maize

Table 4.4 Feed conversion ratio of Ross 308 broiler chickens fed diets contain

malted sorghum grains as replacement for maize grains

Experimental diets
Age (Week) Control Scganlane Mr Buster SE P-value
2 1.40° 1.75° 2.01® 0.04 <.0.0001
3 1.59" 1.66° 1,70° 0.04 0.0858
4 1.74% 1.2 1.91° 0.04 0.0456
5 1.84b 1.87°® 2.00° 0.04 0.0665
6 3.00¢ 348 3.35% 0.05 <.0.0001

s Means within a row that do not shure a common superscript differ significantly (P<0.05)

73



4.3.2 Protein utilisation efficiency.

Diets had a significant effect on PER at week 2 (P =10.0005), 5 (P=0.0005), and 6 (P =0.0011),
only (Table 4.5). In weeks 2 and 6, R308BC fed Control diets had the highest PER whilst those
fed malted sorghum-based diets had lhe lowest. In week 3, R308BC on Control d:ct had the
highest PER compared to those on mal;ed Mr Busl_cr—!:ascd diet but had similar PER as those
fed malted Segaolane-based diet. Nﬁnelhciess, no signii' cant dictary differcnces were.dctccted
for PER across diets at wecks 3 and 4 Dlels had a Stgmf' icant effect on protein intake from
week 110 3 (Figure 4. 4} Polynomml contrasls showed PI had SIgmﬁcant high linear, quadratic
and cubic components (P = 0.001) from week 2 to 6 (Table 4.3). In weeks 1,2 nnd 4, R308BC
fed Segaolane diet had the highest (P <0.05) PI, whereas at weeks 3 and 5 R}OSBC f;:d malted

Mr Buster and Segaolane based diets had a higher P1 compared to control diet (Figure 4.4).
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Table 4.5 Protein efficiency ratio of Ross 308 fed diets containing malted sorghum

grains as substitute to majze grains

Experimental diets

Age (Week) Control Segaolane Mr Buster SE P-value
2 0.032* 0.022° 0.020° 0.002 0.0005
3 0.030 0,030 0.028 0.001 0.3966
4 0.030 0.030 0.020 0.000 <.0.0001
3 0.032° 0.030% 0.026° 0.002 0.1005
6 0.020° 0.010° 0.014° 0.001 <,0,0011

** Means within a row that do not share 8 common superscript differ significantly (P<0.05)

3500

:
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8

2000

=== control

&
3

~0=Segaclane

g

=—0=—PMr Buster

mean proteln intake (g/bird/wk)

g

1 2 3 4 : 5
Age (weeks)

Figure 4.4 Average weekly protein intake (g) of Ross 308 broiler chickens fed malted

sorghum-based dicts
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4.3.3 Haematology

Experimental diets hﬁd statistical et:“f_'cclé (P<0.05) -on hacmn.lologica] pnmmeieré except
lymphocytes, neufrophifs .monocytlcs eosénophils rcd blood cells, haemoglobin, haematoerit
and blood platelets (T able 4. 6) The R308BC fed on Contro] diet (46.8 x lOe’/pL) had
significantly hlgher (P<0. 03) white blood cells counts compurcd to those fed malted sorghum-
based diets. How ever, no 5|gmf° icant effec.t on white blood cell counts was observed between
R308BC fed malted sorghum-bascd_ diets. The highest (P<0.05) basophil counts were observed
on R308BC fed malted Segaolane-based di:et (0.57%) or malted Mr Buster-based di_e; (0.56%),

whilst those fed the Control dict (0.33%) had the lowest.

The R308BC fed malted Mr Buster-based diet (137 femtolitres (F1)) or Segaolane-based diet
(135.40 FI) had the highest (P<0.05) mczm corphscu]ar volume, whilst those fed. the Control
diet (128,79 FI) had the lowest. Mean -corpugcular haémoglobin wus’ the hig}iést (P<0.05) on
R308BC fed malted Ségaolane-based. ;iiet' (53. 9.4 -Pg) or malted Mr Buster-baseci diet (53. 52
Pg). ’I‘he mean corpuscu]ar hucmoglobm conccnlrntmn was hlghest (P<0.05) for R308BBC fed
Control diet (40.54 g/L) I'ollo\\cd by thosc fed Segaolane-bascd dlel (39.86 wL) and lastly
lhose fed Mr Bustcr—bascd dtcl (39 01 g./L) No sngmﬁcant dlffcrcnces were . observcd in
lymphocytes, neutroph_lls, monocylles,.com.noph:ls, ;ed blood cellfs, hgemoglobm, hagmntocnt, |
and blood platelets of R308BC ‘acm:s_g.qxpérin_lental diets (T nble 4.6). o

+ 4
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Table 4.6 Effects of substituting maize with malted sorghum grains on

haematological parameters of Ross 308 broiler chickens.,

Experimental diets

Parameters Control Segaolane  Mr Buster SE P-value
White blood cells [10eP/uL 46.8* . 392° 41.8% 144  0.0031
Lymphocytes % 473 - 459 428 230 03857
Neutrophils % - 48 - 464 50.4 221 02013
Monocytes % 0.17 035 ©0.00 0.16 0.2952
Eosinophils % T 745 - 6.06: 6.39 0.69 - 0.3456
Basophils % | 033 o057 0.56% 0.06  0.0137
Red blood cell [10e]¢/uL 261 2.48 2.56 0.06  0.2998
Haemoglobin g/DI | | 13.(.55; 1340 . 13.67 0.29 6.7571
Hnematocrit % | 33.74 | 33.62 35.02 072 03242
MCV FI o 128.79° 13540 137.00® 129 0.0003
MCH Pg : 5266° 5394 5352% 036 00502
MCHC g/dL oo 40.54* . 3986 - 3901° 024  0.0004
Platelets [10eP/ul. 3007 3000 360 052 ° 0.6870

A s Wt S0

*¢ Means within a'row that do not shnrc a common superscnpt differ signifi cantly (P<0 05)

pl= mlcrohter; %= percentage; g/Dl- grum/dccxhtrc Fl=femtolitres; Pg= p:clograms,

Mean corpuscular volume (MCV); Mein corpuscular hnemoglobin (MCH);

Mean corpuscular haemoglobin corjc_eptmtion (MCH_C)

7



4.3.4 Serum binchcmistry

Experimental diets did not nffect (I’>0 05) serum blochcmxslry parnmeters cxccpt creatinine,
bilda, glutamm-pyruv:c transaminase (GPT) and glutamic oxaloacetic transaminase (GOT)
(Table 4.7). The R308BC fed diets containing malted Segaolane or Mr -Buster had higher
(P<0.05) creatinine counts compared {o those fed the Control diet. However, no statistical
difference was observed between R308BC fed malted sorghum-based-diets. ﬁildn counts was
observed to be highest (P<0.05) for R308BC fed malted Mr Buster-based diet. The GOT and
GPT were observed 10 be lowest (P>0.'05) in R308BC fed malted Ségaolane-based diets and
highest in R308BC fed on the Control d.ict or malted l’vfr Buster-based diets. Experimema] diets
did not have any significant effect on albumin, total protein, tri::_;lycerides, urea and bilta of

Ross 308 chickens.

4.3.5 Blood mincrals

Diet significantly affected (P<0.05). blood mincruls cxccpt- potassium and sodium-(T able 4.8).
Blood of R308BC fed the Conlrol d:ct (" 16 mmol/L) or mnlted Mr Bustcr-based dlet (1.89
mmol/L) diet contmncd lhc hlghcst (P<0. 03) amount of calcium compared to those fed malted
Segaolane-based diet (1.60 .mmollI-,)._l-Iowcvcr, there was no significant dsz‘eregcc in blood
calcium between I.BOBBC fed malted 'sorghum-based diets. Magnesium (0.73 _rhm_ul!L) and
chloride (104,68 mmol/L), were sigrificantly low in the blood of R308BC._fed malted

Segaolane-based diet, whilst the highest values were observed in the blood of R308BC fed the

Control diet or malted Mr Buster-based dict.
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Table 4.7 Effects of substitul'ini; maize with malted sorghum grains on serum

biochemistry paramelers of Ross 308 broiler chicken (Mcan + SE)

Bxpenmentul dlets

Parameter ‘ Control ~ . Segaolane Mr Buster  P-value
Albumin (g/L) 6.91:0.95: -~ 6.812095 . 8.012095 06153
Creatinine (umol/L) . 14.34£1.59°  23.13+1.59° 22.61+1.59®  0.0007
Total protein (g/L) 25.95£2.99  23.57:2.99 28.60+2.99  0.5019
Triglycerides (mmol/L) ~ 0.4120.08 0432008  0.63+0.08 0.1369
Bilda (ul) 170400  1.5723.60° 2.56£3.60%  0.0379
Urea (mmol/L) 0.62:029 ©  037:026 0.59£0.26 0.7691
Bilta (1) © 4.54£1.70 7.70:1.61 6.42+1.61 0.4134
GPT (IU/L) 167.89£18.00° 84.80+17.08°  138.60+17.08* 0.0080
GOT (IU/L) 329.0035.08° 165.70£33.28°  267.60+33.28° 0.0078

¢ Means within a row that do not sharc o common superscript differ significantly (P<0.05)
umol/L= micromole/litre; g/L= gram/litre; mmol/L = millimoles/litre; pl = microliter: IU/L =
international units per litre; GPT= glutamic-pyruvic transaminase; GOT= glutamic -

oxaloacetic transaminase (GOT)

Table 4.8 Effects of substituting m_u_i?c_ with malted sorghum grains on blood minerals

of Ross 308 broiler chicken in mmol/L, g

-Experimental dicts

Parameters Control ._S'c':gqq!m:c. Mr Bus_tcr_ . SE | f?.-\fgluc
Potassium 535 510546 028 -, 06620
Sodium 147,63 4d12 14592 163 03281
Calcium 216*. L60° - L89* - 018 01027
Magnesium 1.03~ - - 0.73° 0.97* -0.08 . 0.0294
Chloride 113.21% 104.68° 11305 . 216 0.0131

%< Means within a row lhnt do not share a common superscnpt dtffer sxgmt‘ icantly (P<0 05)

Mmol/L= mllhmoleslhtre, SE= stnndurd ermr
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4.4 Discussion

4.4.1 Feed intake

There are limited studies conducted to evaluate the effects of malted grains on ihe performance
of broiler chickens. The higher AWFI on R308BC fed malted Segaolane-based diet could be
attributed to the dict being highly palatable whercae the low AWFI on R308BC fed malted Mr
Buster-based diet could be attributed to ﬁi gh tannin content on the diets (Table 4.2). High tannin
content in cereals negatively affects AWFI through reduced voiunlary feed intake (Tapiwa,
2019). The low AWFI in R308BC 'fe(-i melted_ Mr Bueter-based diet may be attributed to the

presence of condensed tannin that imparted unpalatable taste resulting in low feed intake.

[n the current study, the lower A\\;Fl_obsen’ed on R308§C fed malted Mr Buster-based diet
compared well with Demeke (2097) and Onyirﬁba (2920) who fed broiler chickens on
fermented grains, as well as, Ambula ef al. (2001) and Hassan et al. (2003) who fed broiler
chickens on high tannin sorghurﬁ and re;_)orled decreased feed intake. Hassan et al. (2003)
reported that tannin imparted unpalatable taste to the diets resulting in reduced feed intake in
chickens. The presence of CT in sorghum affects its pretein digestibility and have high affinity

for the protein proline hence lowering voluntary feed intake.

A study by Taylor et al. (2007) showed that the bo_ed ‘between'kaﬁrins and CT resulted in 50%
reduction in protein digestibility' O:n the e'ontrary, 'i'erki nﬁd Pou.r -(2007) did net bl;SErve any
significant effects on fced 1ntuke when genmnated hlgh tannin sorghum was fcd to broiler
chickens compared to those fed ungermmnted sorghum The nuthors further concluded that
germinated sorghum |s a better nltematwe for tannin treatment. Ingredlents used in the
formulnhon of dlcts mﬂuenecs physwochcmlcnl propemes of the diets (Dlsctlhe et al 2018).

In the current study. s:m:lnr AWFI ot wcek 6 suggcsts thnt the bronlers had fully developed
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digestive system to deal with physiochemical properties and these results compare well with
those of Hassan ef al, (2003) and Sharif et al. (2012) who reported an increase in feed intake

as the broiler chicken ages.

4.4.2 Growth performance

4.4.2.1 Body weight and Wcight_ gain

The lower live body weight observed-in R308BC fed malted Mr Buster—baséd diet could be
attributed to low AWFIL. This finding is in line with Demecke (2007) who reported that the
inclusion of high levels of fermentcd'ngi‘icultural ﬁsidues into chicken feed led to decrease in
weight gains. The higher body weight'.ob'served on R308BC fed Control diet or Se}gaalane-
based diet suggest that the substilu‘ti.onlof maize with inalted Segablané did not suppress weight
gain due to low tnhriinl content (T able.4 '5)' comparcd to Mr Buster—based diet, theref'c;re being
much comparable to the Control dlct Slmllnrly, Akmoln et al, (2015) reported lmpl‘OVEd final

weights in broiler ch:ckcns fed dry, wct nnd f'crmented wet feed.

The low AWG on R308BC fed rﬁal;th'l\flr:Bustcr-bnscd diet in this study can be explained by
low AWFI indicating that diet ;vas rich m tannin content (Table 4.2) suggesting:'lhnt malting
the grains did not alter the physicochemical property (presence of condensed tannins) of this
sorghum variety, Interestingly, it.wus‘c')bs‘er_ved that in the final week, there was-a decline in
AWG in all R308BC fed experimental diets. The decline could be due to the-fnc't that broiler.
chickens reach their maturily.r at approx'imalely 5 Weck‘s (35 days); hence the gain in weight at.
a decreasing rate, It is also known ‘that high ‘ﬁbre. diets reduce AWG since they lin'cf.ease the
passage rate of feed 'in the gustroiﬁléé'iihél't}act Il.ea'Qing' to low utilisation (Bnch-Knudsen,

2001), Therefore, it is not‘surprisinfg'l‘hat in t_hc current sttiﬁy R308BC fed malted Mr Buster-. -
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based yielded lower average weekly gains, which may be linked to tannin and fibre contents

of the diets compared to birds fed on malted Segaolane-based dict and Control diet.

Mandal and Ghosh (2010) report-éd'ihat tannin iotorfefcs wit'h protein and carbohydrate
digestion through formation of com-p-l‘c.:xc.s .with enzymes. In the current study, the Iower AWG
observed in R308BC fed Mr Buster—based diet compared well with Demeke ("007) and
Onyimba (2020) who found that broller chxckens fedon f'ermcnted grains recorded lower AWG
compared to the Conlrol diet. The i increase in AWFI with age of chicken in this sludy is in line
with Fafiolu et al. (2016) who found that chickens i increase feed intake with i increase in body
weight (age). This could be due to the fact that broilers were feeding more to compensate for
large body size (Sohail et al., 20 l_3)_wilhou_t addition of a significant weight gain in the last two
final weeks of rearing. In the present study, malted Segaofane-based diet was found to have
positive cffects on weight gain and body weight oompared 1o malted Mr Buotcr-bosed diets;

hence it could be considered a candidate for replacing maize in poultry diets.

4.4.2.2 Feed conversion ratio

The FCR in this study was hlgh in R308BC fed mnlted Mr Bustcr-based dlet for lhe entire
feeding period comparcd to those fcd thc malled Segaolane based dlet and Control dlet, which
sugpests that R3088C fed malted Mr Buster-based dlet utlhsed more feed to convert it into 1
kg of muscle. These ﬁndmgs are in Ime wnh Fanimo and Alunolu (2006) who observed that an
increased level of maltcd sorghum sprout : rcsulted in lugher value of FCR. However, the current
results contradict the finding of Tor_kl and Pour (2_007)' who reported ]_nck of :significant
differences in FCR when gem_lina;ed sorghum was fé_d to broilers as partial replacement to

maize, The differences between other reports and the current results may be due to differences -

in the processing methods. S
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4.4.3 Protein Utilisation elficiency _

The higher protein intake in R308BC fed Segaolane-based diets contradict the study by
Onyimba (2020), who observed a decrease in protein.intake and protein efficiency in broiler
chickens fed fermented spent sorghum. The reason for higher protein intake in R308BC fed
Segaolane-based dict could be ascribed by high feed intake. The findings of lhis}stu'dy imply
that malted sorghum-based diets can be uscd in broiler chickens without having any negative
effects on protein intake and PER. Moltcd Segaolane grains, when compared to Mr Buster has

less tannin content hence the impact of ANFs on brorlcr chrckens was minimal,

4.4.4 Hacmatology

Sorghum bicolor grams are rich rn p‘hytochcmlcals known to considerably impact health
(Olawole et al. , 2018). Currently, lhe_rc 1s very limited ml‘ormatron on the effecls of malted
sorghum diets on blood hacmatology_ of broilers and this_makc_s it difficult to compare the
current results with those of other studics. However, the process of malting of l'oods has
numerous nutritional and h_cullh bencfits soch as improvement in flavour, appearar;ce, texture,
nutritional value and palatability .'throu'gh increased bioavailability of nutrients and increased
carbohydrate digcstibility (Olawole ¢f al., 201 8). According to Lowe et al.,(2l)05_), lactic acid
bacteria produced durinémulting reduces the growth of ondcsimblc microo_rgaoisms in the

gastrointestinal tract of broiler chickens, -

The normal ranges of hncmulologlcol parumcters of poultry are as follows whlle blood cells
9.00-32,00 xlO’/pL /pL lymphocytes 20 0 50 00 %, ncutrophlls 40.0- 75.00 %, monocytes
5.0-10.0 %, cosmophrls 1.0- 60%, baSOphlls 0.02- 10%, red blood cells 2 3-3 S xlOGIpL
haemoglobin 7.0- 130 gldl mcan corpusculur volumc 900 1430 FI, mcnn corpusculnr

hacmoglobm 33.0-47.0 Pg, mean corpuscular hncmoglobm concentration 32 41-33 g/dl and
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platelets 1.50-3.60 xlO’lpL (Jain, 1993) Values oblamcd in the present study fell wﬂhm these
normal ranges and compare well wuh rcpons by Kim and Kang (2016) who rcponed lack of
significant d:ffcrences in leukocytes when fcrmcnled barley and wheat were used in broiler
diets. Therefore, it cao be poslulatc_d _tbat malted sorghum grains did not impact ncgauvely on
the biochemistry aod physiologionl _fun_ction of birds soggcsting that sorghum can'oc used as a
substitute to maize in broiler diets without having any adverse effects on lhc-hea.lth status of

the chickens.

Changes in haematological indices can be used to elucidate the impact of nutrit.ionzil factors
and additives supplied in the feeds (Kim and Kang, 2016). In the current study, no effect of
diet was observed on lymphocytes, r.rlonoc51es,‘ncotrophilo, eosinophils, red blood ceils,
haemoglobin, haematocrit and blood plniclets, suggcot{ng that there was enough diletory energy
and vitamins to corry.out all phys:iologi'col ocﬁv_itics by' the noimul. All expeﬁmontal diets
promoted higher white blood cell count§ than the normol ronge_, iroplying that all the birds were
protected against infe'otioos and foroigoel: pulh_ogén invasion. Iodced, Abdi-Hachesoo et al.

(2013) reported that increase in white blooo celt counts reflect strong immune system response

due to anti-oxidants found in sorghum grains.

Basophils play a role in preventing b]ooo clonioé' and these blood cells contain.a substance
called heparin which is a naturally occurring blood-thinning substance (Jain, 1993). Basophils
participate in phagocytosis, which. is the process of destroying invading o;'ganisms in the
animal body (Pandian 81.01. 2012). In the-present Stooy, high basophil counts w;':re,observed
in the blood of chickens fed malted’ sorghum “based diets, 1mplymg that malted sorghums may
contain nutrients or compounds that promote formuuon of bone marrow (Jain, 1993), which

assists in producuon of basophlls. ‘
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4.4.5 Serum biochemistry

Blood parameters are good indicators of physiological, pathological and nutritional status of
an animal (Kim and Kang, §016). The current rcsttlts showed no effect on serum albumin, total
protein, triglycerides, oreo and biltii; soggcoting tht_lt malted sorghum grains provided sufficient
dietary energy for traneoonotion of oro-tein for steroids and thyroid hormones in the'blood (Kim
and Kang, 2016). Creatinine as reported by Iyayi and Tewe ( 1998) is a chemica! waste product
found in the blood that passes through the Kidneys to bc t' ltered and eliminated in urine. The

higher creatinine on R308BC fed malted sorghum-bﬂed dicts indicates production of more

waste products,

It is known that high level of liver enzyme above the normal range syrrtbolize hepatocellular
degeneration (Mohammed et al., 2014). Interestingly, R308BC fed Mr Buster-based diet or the
Control diet had similar and high GOT and GPT values, sttggesting hepatoproteetive abilities
of those diets in reducing free radicals that. could have caused livér damage (Hem andez etal.,

2006). Significantly low GOT and GPT vulues on R308BC fed Segaafane-based diet is
indicative of less liver cell dnmngc Lee et al. ("010) und El- I\ntehu efal, (2014) lndtcated lack
of significant differences in the acuvltles of serum GOT and GPT among Control and enzyme
of treated groups of brotlcr chlckens fed graded lcvcls of wheat Desplte lack of sngmi‘ cant
differences in albumm nnd totnl protem m blood of R308BC in the present study, the values

for total protem content feIl below the normul range of 30 50 g/l as reported for the majonty

of birds species (Lloyd nnd thson 2006 anrf' et al., 201..)

According to Esubonjeng ef al. (2011), lower concentration of albumin and total protein is -
associated with malnutrition and infections. However, during the entire study no R308BC in

this study showed any form of illness associated wiih the experimental diets and no mortalities
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were recorded. Therefore, malted Segaolane can be safely used to replace maize grains in
broiler dicts without any ndverse effect on serum biochemistry of broiler chickens, 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 'rep]acemcnl

of maize grain.

4.4.6 Blood Mincrals

The findings of the current study, that blood values for magnesium and chloride were high in
R308BC fed the Control or malted Mr' Buster-ensed diets is in agreement with scveral
published reports (Szy;n'ee‘zko et al., ?.0i0£ Payvastcgzin, etal, 2013' Saki et al, 201;1). These
rescarchers reportcd SImllar range of blood minerals in dlfferent poultry specnes despite
differences in diets. The mmeml content in the blood of birds is considerably dependem on its
mineral concentration in feeds, as \_\:rell as, :fncl_ors influencing the degree of their absorption in
the digestive tract. A!ll;ough there, were differences in blood calcium coneenlrﬁtiens of the
R308BC, there was no hypocalcacmia obs_erved in the chickens throughout the study. Results

of the present study showed no effect of diet on blood potassium and sodium.

There were no observed signs of rickets and all birds looked apparently healthy thrnughout the
experimental penod Thls implies that ewpenmenlnl diets prov;ded enough dlelm'y ‘minerals
which were absorbed in the blood of chlckens for efﬁc&em uullsauon hence maintenance of
bone integrity. I-!n\s}ci/cr,'furlher Stu'd‘i.es'on'mineral.ogj of the bones of birds- 'feel mnlted
sorghum-based dlets are needed to ascertnm this fnct Thls lack of an effect mdlcales ihat mmze
grains can be replaced w:lh malted sorghum grums in brmler dxets w1thout any effect on blood

minerals of the chlckens,
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4.5 Conclusions

Resuits of this study indicate that mailing' can be us.ed as a feed .proccssing tool to.positively
influence the utilisation 6[‘ sorghu;n byi birds. Total replacement of maize with malted
Segaolane and Mr Buster did not nleg.ativély z_lffcct the grcljlwth and blood biochemistry of the
birds. Compared to the Control dict, R308BC fed Segaolane-based diet had similar average
weekly feed intake, average weiéh; gnins,._ good body weights and better FCR. These lack of
an effect in the above parameters, taken together with similarities in blood metabolites and
chemistry between birds fed malted Segaolane-based diet and birds fed Maize-based diets
indicate that malted Segaolane grains can be used as.an alternative dietary energy source in
broiler diets without any adverse effects on health and production of the chicken's. The effect
of replacing maize with malted sorghum grains in broiler diets on growth performance may
affect meat quality. It is thus impormm to evaluate the effect of replacing maize with malted

sorghum grains on carcass characleristics and meat quality of R308BC.
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. CHAPTER &

THE EFFECTS OF MALTED SORGHUM-BASED DIETS (SEGAOLANE AND MR

BUSTER) ON CARCASS CHARA_CTERISTICS AND MEAT QUALITY OF
BROILER CHICKEN,

Abstract

The present study 'was.designed 1o evalente the effects of feeding malted sorghum-Based diets
(Mr Buster and Segaolane) on carcass charactenstrcs and meat qunllty of broiler chrckens A
total of 150 day-old Ross 308 brorler chlckens (RJOBBC) were mndomly allocated to three iso-
caloric and i 1so-mtrogertous diets. Malted sorghum repluced maize grain in convenuon_al broiler
diets as follows; éont_rot with 0% Sorghum and 100% Maize Commercial diet, IOQ% Malted
Segaolane-based diet and 100% Mel_te(_i Mr Buster-based diet. Allocation of the treatments to
the pens was ina completely rn_ndo_mi_sed -,dcsign (tZRD), \_vith_ pens replicnted ﬁve_trmes with
10 birds in each pen. After feeding for 6 wecks, birds \\'ere humanely sacrificed. Iniemal organs
and weight of external organs were mcnsur'ed on day of slaughter and samples ef breast muscle
were analysed for chemical composition.and pH. Data -were analysed using. the -Statistical
Analysis System (SAS). Treatmerit -}r}e:i;'is \vere separated using Jeast squtlre means. The
R308BC fed Contro! 'cliet"hnd the hiél.r'ést (P§0.03) -slaughte'r, hot carcass “{eightsr'rmd cold
carcass weights. The 'R'3'0'8.BC fed ‘Co}tt'rot diet had 'tire lotvest (i’éﬂ .05) drrunstick:thigh and
vertebrae weight. The R3()BBC fed malted Mr Bustcr bused dret had 1he longest (P<0 03) small
intestine length (91 Smm), grzznrd percentage (1. 85%) and Itver percentage ( 2.2 0%) The
initial pH (pHi) of the meat of RBOBBC I'ed multed Mr Buster based drets was srgruf' cantly

higher (P<0.05) than that of the RBOSBC fed Control or malted Segaolane based dlets Breast

muscle from RBOBBC f‘ed malted Mr Buslcr based dlet hnd the lowest (P<0. 003) crude fat
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content (1.76%) cémpﬁred to those fed Céntrol diet. Experimental diets did not significantly
affect dry matter, ash, orgunic .mat;te-r. ﬁnd energy céntcnf of brt;ast muscl. Breas;t muscle of
R308BC fed malted sorghum—bused diets had lower (P<0,005) phosphorus content compared
1o those fed Control dlet 'I'he breust muscle of R308BC fed malted sorghum- based diets had
the highest (P<0.05) concentration qf potassium nnd magnesium compared to lhosc fed Control

diet.

Carcass characteristics, viscern macromorphometry and meat quality traits from carcasses of
R308BC fed malted sorghum-based diets compan.;d w;:ll to those fed Control diets. Therefore,
malted sorghum grains can be used to replace maize in broiler diets without having adverse
effects on carcass chamctcristics; ifis'ccrd macron%orphomelry parameters and meat quality
traits. | |

Keywords: Segaolane, Mr Buster, .inn-lted,' carcass characteristics, R308BC
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5.1 Introduction

Feeding and mannge'mcntl of mczil-t-ype.poullry havé a" great impact on poultry carcass
characteristics and meat quality (Gms;hor’n,' 2010). 'fhe dietary energy supply of birds via
carbohydrates directly affects fatness of carcasses (Waldroup et al., 2001). It is a common
practice to use maize as a major sdﬁrce of dietary em.:rgﬁ' in poultry and human nutﬁtion, as
well as, for industrial uses (Kuma}avgl et al., 201;1) corﬁpnrcri to other cereal grains. The
multiple uses of l.nai.zc‘crealc slif‘f corﬁ;).etilion umoﬁg humans, livestock and in industry,
leading to its price in the market t;ecqmiﬁg qnpredictnbly high. Its price keeps on rising to
levels that are unsustainable for small- and medium-scale poultry farmers. Howeve'r, lo save
the collapse of thelpoull_ry’sector, ther_e_ is é need to search for and evaluate nlten;'ative energy

sources such as sorghum.

In comparison to maize, sorghum can be grown successfully on relatively poc;r soils and with
lower moisture condition' in Botswana. According to D'ei (2017), the melabolised energy (ME)
and percent crude protcm (CP) content of sorghum are 13.4 MJ/I\g and 9.5% CP, respectively,
which is comparable with 14.2 MJ/I\g ME and 10 I% Cp, respccuvely of maize. Thc major
constraint on the use of sorghum m poullry dlClS is the’ prcscnce of high nmounts of anu-
nutritional factors (ANFs) llke tumuns lhat dcpress poultry pcrformnnce (Hussnn et aI 2003).
Effects of tannins in chlckcn dlcls hnvc bcen reportcd to reduce fecd mtake due to reduced
palatability, rcsu]tmg m ]ow live we:ght gain, low dlgestlbthty and poor feed conversmn
efficiency (Oke et al 01 5) Howcver, physmul chemical and blo]oglcal trcatments have been
used to upgrade cercn!s for dllTercm uses mcludlng itsusc as nmmnl fced Medugu el aI (2012)
reported that fermcntatlon process :mproves feed uuhsatlon in poultry. A sludy by Eafiolu et
al. (2006) concluded that up to 3_00. g/kg of mulled‘sor.ghu_m sprout can be fed to grow pullets

without any adverse effect, It is for these,reasons ‘that treated sorghum which at present has
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limited alternative uses, is being considprcél by the present study for its feeding val.uc in broiler
chickens. Therefore, it is impcmii\{e that when fed.to poultry malted sorghum diets are not
assessed not only for feed intake or conversion efﬁciency but also for carcass and meat quality
of animals, This is because the ultimate test for food animal products is their acceptability by

COnsSumers.

Traditionally, the term meat quality ‘cover§ inherem properties of meat that inﬁuence its
suitability for eating, further proc-c'si;ingi and storag:e, includirig retail display. The main
attributes of meat quality include but are not limited to safety, nutritional value, flavour,
texture, water-holding capacity, éolbﬁr-,.lip.id conlcqi, lipid Eompoéition, oxidative stability and

Ll

uniformity (Anderseh et al., 2005).
Management systé.m, b'rccd, gcno;yp.e; f‘;ﬂ;ding, -and pre-slaughter handling and .stunning,
slaughter method, chilling and storage ;o_r}c.!iti_ons ore known to affect meat quality (V estergaard
et al., 2000). However, feeding slrn'tcgy.is-_thc maﬁngcmen_t_ factor which is most n;tively used
as a quality control tool in the productioq of meat and in relation to improvement nndlpr control
of performance, animal welfare, snfety, nu}ritidnni value, and eating and techn-ologicnl quality
(Andersen et al., 2005) and it is under -'lh_e control'of a farmer. The utility of malted sorghum
ns. dietary energy on carcass chnrﬂct&iéﬁcs nnd. in'cui quﬁlity of broilcr,cﬁicken strains is
limited, and thus‘ ~wo:'1h'- researchinig. '%’his will dpcn up bpbortunity to util‘izel sorghum in
livestock feeding, i'nciease.its vnluétﬁé-é crop nnd hcncc 1ts prod'ué:tic;n by farmers tMadibela

and Lekgari, 2005).

Therefore, the present study was undertaken to evaluate the effects of feeding malted sorghum-

based diets containing malted Mr Buster or malted Segaolane grains on carcass chara_cteristics
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and meat quality of bronlcr chickens. It wis hypothesmed that feedmg malted sorghum-based
diets would not have dclctcnous cffects on carcass characlcnstlcs and meat quality of broiler

chickens.

5.2 Materials and Mcthods

5.2.1 Study site, d‘i,ct formulatiun,. management of chickt_zns and experimental (_le.sign
Study site, management of chickens, diet é’nnnulalion'and experimental design of the feeding
trials were described in detail in Chapter 3 (Section 3.3.1) and Chapter 4 (Sections 4.2.7,4.2.6

and 4.2.3).

5.2.2 Ethical Consideration
The management and care of the chickens were in hccordancé with Botswana University of
Agriculture and Natural Resources’ Rcsearch Ethu:s Commmee nccepted stnndards for animal

welfare and ethics (ElthS Number BUAN-"O"O 08)

5.2.2 Slaughtering préccss
AllR308BC were slaughtered nccolrdm‘g to stt'mdnrd nbaltmr procedurcs Feed nnd water were
withdrawn 12 hours pnor 1o sluughlcr 10 empty 1hc dlgCSthC tract. Cluckens wcre wmghed
before slaughter to obtain. sluughter welghts (fi nul body we:ght) The birds were sacni‘ ced
humanely by elcclncal sturmmg nnd then killing by .cutting jugular vein for bleedmg The
carcasses were scalded at 55-60 "C inwater bath for 30 sec before de-f‘ealhermg ‘The dressed
chicks were then c_v1scerutcd to assess the carcass chaructenstlcs, size of mlcmn! organs and

[

meat quality.
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5.2.3 Carcass characteristics

Afier slaughter, the feathers were pluckcd and gastrointestinal tract (GIT) was romoved, The
carcass was weighed immediately o&ei' drcssin:g, to obtain the hot carcass weights (HCW). The
final live weight and the carcass wciglﬁ were used fo dotenninc dressing out percentage (%) of
the birds, expressed ns -((carcass wWEi gflt/f'mol weighl)'lOO). Hot carcass yield pcrcontoge was
calculated by dividing hot carcass weight bj pre-slaughter weight, then factored by 100 as
shown in formula (b). The carcasses were then chilled at 4 "C. for 24 hr. and cold carcass
weights (CCW) (n) were thereafter recorded After 24 hr. post-mortcm the breast muscle
portion was oblnmed kept f'rozcn at "0°C in polythene bags pending use for proximate

analysis of the meat.

. : Carcass weight =
Dres s g aut percentage = x 100 (a)
‘ Body weight :

Hot carcass  yield. ‘ ‘ s
Hat Carcass VYield = or_careas ) x 100 . (b)
. Slaughter  weight - .

Three (3) birds per- replicate were r'ondomlji solectcd for ‘determination of - carcass
characteristics and meat quality. For thé measurement of: carcass cuts, head and shanks were
removed close to the écu’ll and at ho'ok'joirwit rc'sp.e'ctchly.vWin'gs‘ were removled by cutting at
the humeroscapular jomt the cuts werc ' made through the nb head to the shoulder ‘girdle and
the vertebrae was then rcmoved mtact by pullmg mtenorly (Manyeula et aI 20'10) The breast
muscle, wings, Lhaghs-drumstlck and venebrae (back) were eoch welghed scpamlely and
exprcsscd as pcrcenlngc weight, Thc welghts of the GIT and other viscera mcludmg the liver,

gizzard and heart were recorded. ’I'he followmg equation wus used to compute breast muscle

and thigh-drumstick percentage r'elotivg'to'thc carcass:

LT
]
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Breast - (
Breast muscle  percemtage = — reatls iz () - x 100

Hot carcass  weight (g)

* Drumstick
Drumstick  percentage = st (2) x 100

Hot carcass  weight (g)

5.2.4 Meat pH
A portable digital pH meter (CRISON pH23, CRISON Instruments SA, Spain) with a piercing
clectrode was used to measure the pH of the breast muscle at 45 minutes for initinl pH (pHi)

and 24 hours post slaughter to obtain the ultimate pH (pH.) (Sanka and Mbaga, 2014).

5.2.5 Proximate analysis of meat
Proximate analysis of meat was done’as described in detail in Chapter 3.2.3 similar to feeds

samples.

5.2.6 Mineral and protcm con(cnt oi‘meut

Phosphorus (P), Calcmm (C), Mngncsmm (Mg), Pomssmm (l\) and Sodlum (Na) were
determined using the proccdurc by Suhmwnt et al. (2002) by dlgestmg 1 75 g of mcat sample
in sulphuric acnd-sclemum (Se) Aﬁcr dlgestlon the mmcrals were read usmg cuupled plasma
optical emission spec@rome;er (ICP‘.—Q‘ES) '(Perkm.-.l_apan). Phosphoqls was read u;_mg 2 UV-
Vis spcctropholomelef ('M_odcl I-J\_f'-16‘0‘1l;: Japan) and absorbance was delenﬁin;':d__;ai 670nn;1
wavelength following - Molybdenum blue_‘ method of Dickman.and Brﬁy (1'9,4“(_)).. ch]dﬁhi

method (CP; melhpd 954,01) was used to determine crude protein of brens.tlm'cnt_.. |
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5.2.7 Statistical nnnlySis

Data on carcass characteristics, size of internal organs and meat quality parameters were
analysed using one-way analysis of varia.rlee (ANOVA) using general lincar model (GLM)
procedures of SAS (2002-2012), according to the f'ollov.rin-'c,1 model:

Y =4+ d + E",

yt
Where Yyt = responsc variable, ¢ = general mean, d; the diets fixed effects. Ej is the random
error associated with observation i, assumed to be normally and iridcpcndently distributed,
Treatment means were separated using least square means. The level of significance was set

at p < 0.05.

5.4 Results

5.4.1 Carcass traits and weight of'cxtcmal compnncnts

Results on effects of dlet on carcass n"mts and wclghls of external organs are shown i in Table
5.1. Diet had a s:gmf cant chect on carca;s traits nnd welght of e*ctemal organs of Ross 308
broiler chicken (RBOSBC) (Tnblc 5 l) The R308BC fed malted Mr Buster-based dlct had the
lowest (P<0.05) slaughter, hot carcgss_ and cold carcass weights.,Hig_her (P<0.05) hot carcass
yield and dressing percentage were obseré.refi,in. the carcass of R308BC fed the ‘Control diet
compared to those.fed malted §c_.)rghu'm-b:esed dicts: Nonetheless, carcass from l.?JOSBC fed
cither of the two malted sofghur_n-bﬁsé_d diets had th-c same’ (P>0.05) hot carcass yield and
dressing percentage. The R308BC fed malted Mr Buister or malted Segaolane-based diets had
the highest (P<0.05) Wing weight‘edﬁlparcd to iho'se fed the Control diet. 'I'he carcass of
R308BC fed the Control diet had the hlghest brcast welght and brcast wenght ratio while those
fed Segaolane-bused diet had the lowest Ilowcver, no sugmt‘ cant difference was detected
between the breast wei ghts of R308BC fed malted Mr Buster bnsed diet and the other two diets.

Thigh-drumstick weight and the thigh dr‘_qn]slic'l_c.ratio were significantly high (P<0.05) in
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carcass of R3I08BC fed malted sorghum-based dicts. The highest (P<0.05) vertebrae weight
was recorded in R308BC fed malted Segaolane based dict while the lowest was in those fed
Control diet. Hoivcver. no significant difference was observed in the vencbrﬁc weight of
R308BC fed malted Mr Buster based diet and the other experimental diets. The lowest pH; was
recorded in the meat of R308BC fed ma‘]ted Mr Buster based diet while the highcsf was.o f meat

of those fed the other two diets. Dict had no significant effect tP>{}.05) on the ultimate pH

(pHu).
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Table 5.1 Effects of substiiuting mﬁize with 100% malted sorghumlgrains on
carcass traits and weight of external organs of Ross 308 broiler chickens

(mean=SE)

Experimental diets

Carcass traits Cmitrql Segaolane Mr Buster P-value
Slaughter weight (g) 2212.44+33.16° 2101.43233.54° 1933.75233.54° <.0001
Hot carcass weight (g) 1719.51426.49°  1594.52426.79"  1450.45£26,79° <.0001
Cold carcass weight (g) © 1694.1142647°  1570.8026.77° 1421.55£26.77° <.0001
Hot carcass yield % 76.17:0,69* 74.0920.69° 73.3120.69*  0.0160
Dressing percentage .(%) ) 75;33#0.68‘ "1'3.43:!:0.63" 72.26+0.68" 0.0079
Wing weight %) 5.45£0.09° 5.74:000% 58320090  0.1042
Breast wei’ght (%) 55.5_0-&0.7? | 3 1.10:0.729 3 1.3_0&0.7'2nb 0.0260
Breast weight ratio 3_3.4{34.04' 311321040 31765104 0.0260
Thigh-drumstick weight (%) - i_3..6.7.+b.24" 14,7250 242 l4.69id.ﬁ§‘ 0.05‘/%0
Thigh-drumstick 'we;gm mtio  13.66:0.34° . 14,72:0.34* 14.69£0.34* 0.05?_0
Vert.ebrae (back) weight (%) 9.61;_0.:27*{ '10.78410.2?“ 16.58:&0.27#'- 0.0816
pHi O SBE00S 592:0058% S61s00S 00002
pHy 5512004 5.47x0.04 5.58£0.04.-  0.3767

¢ Means within a row that do not share a-common superseript differ significantly (P<0.05)

i U
PO P B
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5.4.2 Viscern mncromorpllomotry '

Diet significantly affected size of intcfool organs and the length of intestine of R308BC (Table
5.2), The R308BC fed malted Mr ﬁu.:',lter-_t.msod dio;‘. had longer-(P<0.05) large intestine and
heavier heart weight .(91.5 mm And ‘0.6.4%-, reSpcc.tively) compared to those fed malted
Segaolane based diet (82.86 mm 'an'd 6.56%) and commeroinl diet (80.46 mm and 0.53%). The
heaviest liver (P<0.05) was from RBOSBC fcd maltcd sorghnm-bnscd diets; Segaolane (2.21%)
and malted Mr Buster (2. 20%) Thc R308130 fed malted Mr Buster based diet had the highest
{P<0.05) gizzard percentage (1.85) i"ol]owcd by those fed roalted Segaolane based diet (1.73%)
and the Control diet (1.53%). Experimental diets did not significantly affect the length of the

small intestine and cacea. -

5.4.3 Chemical composition of breast muscle

“The results of chemical composition of breast muscle are shown in Table 53 Diet did not
affect chemical compos:tlon of breast muscle l'rom R308!3C fed expcnmentu] dlets except
crude fat content (T able 5. .3). Breast muscle from RJOBBC fcd malted Mr Buster-bosed diet
had the lowest (P<0. 03) crude fat contcnt ( 1 76%) comparcd to thosc fed Control dxct {3.56%).
However, there were no 51gmi' cant dlffcrcnccs obsenrcd in crude fot content of brenst muscle
of R308BC fed molled Segaolane-bnscd du:t (2. 8"%) whcn compared to Control dlet (3.36%)
and malted Mr Buster-bused dtel (l 76%) Expenmenuﬂ dlets d:d not sngmﬁcnntly affect dry
matter, ash, orgamc matter, cncrgy contcnt crude fibre und crude protein conlcnt of breast

muscle from R308BC.
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Table 5.2 Effects of substituting maize with 100% malted sorghum grains on size

of internal organs (% of HCW, unless stated otherwise) of Ross 308 broiler

chickens at 6 weeks old

- Experimental dicts

Control Segaolane

Internal Organ MrBuster SE P-value
Large Intestine length (mm) 80.46;’ 82.86% 91.5° 2.64 0.0197
Small Intestine length (mm) 15‘85._00 ~ 118160 1670.80 4689 05749
Caeca (mm) 263.03 17643 16520 3801 04122
Liver 205 2018 2.20° 003  0.0445
Gizzard 1.53° B . L73b 1.85 0.03 <0001
Heart 053 036 06# 002 00071

*>¢ Means within a row that do not share a common superscript differ significantly (P<0.03)
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Table 5.3 Effects of substituting maize with 100% malted sorghum grains on
chemical composition (%, unless. stated otherwise) of breast meat of Ross 308

chickens at 6 weeks of age

) Expcrimcptal diets

Parameter _ Control - . Segaolane Mr Buster SE P-v
Dry matter ' 97.81 . . 08.25 "97.36 | 0.49 0.2
Ash C 716 - 693 7.29 088 06
Organic matter 9284 - 93.07 9227 ' 0.88 0.6:
Energy (MI/Kg) 2240 o 2234 0.14 0.7
Crude fat oase 0 g 1768 . 033 <0
Crude fibre T _‘ 7.1 731 . o4 0.9]
Crude protein s T3 23.36 097 0.3

3¢ Means within a row that do not share a common superscript differ significantly (p<0.05)

P
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5.4.4 Macro mineral content of breast meat

Table 5.4 presents the results of mineral content in the breast muscle. It was found that diet
significantly affected mineral conccntrati‘on of breast muscle (Table 5.4). Breast meat of
R308BC fed malted sorghum based diets (Segaolanc (36.07 mg/L) or Mr Buster diets (34.23
mg/L) recorded lower (P<0.05) phosphorus content compared to Control diet. However, there
was no difference between birdse fed malted Segaolane-based diet and control diet, Breast
meat from R308BC fed malted Segaolane-based diet '(723.?.2 mg/L) had the lowest (P<0.05)
caleium concentration compared to R308BC fed Control (834.94 mg/L) or malted Mr Buster
diet (832.80 mg/L). Sodium concentration of breast meat from R308BC fed malted Mr Buster-
based diet (1591 mg/L) was significantly high (P<0.05) followed by that of R308BC fed malted
Segaolane based diet (1333.01 mg/L) and ]nsily the R308BC fed Control diet (923.42 mg/L).
Breast muscle of R308BC fed malledbsc;réﬁ:‘u'm-bnsed (Segaolane (6372.66 mg/L) or Mr Buster
(6588.10 mg/L) diets had the highe:st t!’.<0.05) concentration of ;;otnssium compared to those
fed Control diet (4357; 11 mg/L). I—Iighest é_onccntrgt.ion (P<0.05)_ of magnesium was recorded
in breast of chickens fcd malted so'rghum-bnsed diets: with those fed Control diet having the

lowest concentration values,
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Table 5.4 Effects of substituting maize with 100% malted sorghum grains on

macro mineral content of breast meat of Ross 308 chickens at 6 weeks old (mg/L)

Experimental diets

Mineral Control .é‘cgablar:e MrBuster SE P-value
Phosphors _ 37.63° 36.07% R 084 0.0373
Calcium 834.94% - 723,22 ‘832.80° 31.57 0.0381
Sodium 923.42° 1\333101” 1591.70°  69.54 <.0001
Potassium 4357.11° 6372.66" 6588.10° 138.66 <.0001
Magaesium 273.07° 421.26° .374:93“" 26.71 . 0.0042

*¢ Means within a row that do not share a common superscript differ significantly (p<0.03)
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5.5 Discussion

5.5.1 Carcass traits and weight of external components

Reports explaining the effects of malted .sorghum on carcass traits of broilers are limited,
making it difficult to compare the present results with any studies carried elsewhere. The
observation that hot carcass weights, cold carcass weight, hot carcass yield and dressing
percentage were low in R308BC fed maltéd Segaolan.;: or malted Mr Buster based diets could
be due to slaughter \\;cight. However,‘ these resglls contradict the findings by Yasar er al.
(2016), who observed that broiler birds fed fermented cereals (barley, wheat and oats) produced
higher carcass yields than those fed ulnferfnented cereals (70.2% vs. 68.8%). The differences
between the two studies may have b.e.en influenced by the types of grains (sorghum versus
barley, wheat and oats) used and proccs.siné employed (fermentation vs malting). It is important
to note that different cereals con.tqin‘ _different unti-nu&itionnl factors (ANFs) which are
substances that when pI:ESCI.Il in unimgll.‘fced cither by themselves or through their rﬁclnbolic
products reduce the availability of one or more nutrien'ls (Yocout, 2016).

It is expected that slaughter weights shouid be correlated with extemal compoﬁen;s (Vasdal et
al., 2019) but in the present study it-was not the case, The observation in this stﬁdy was that
the wing, thigh-drumstick and vertebrae (back) were heavy in R308BC fed malted sorghum-
based diets compared fo those fed control dicl and the reason is unknown,

Wing weights were ob'sen)e;i to bc"Heif;!ﬁ,' in R30§BC fed malted sorghum-based diets, which
is indicative of increased locomOtio;lhir; ti1e blrds ThlS finding is in line with ﬁnﬂings by Fasuyi
and Olumuyiwa (2012) who report:cdl.t.l.mt. bir.cls féd on rice husk which was i'ermented for 3
weeks had the hlghest mean weight of wmg compared 1o those fcd.on maize based dlet Heavier
thigh- drumstick in RBDBBC fed maltcd sorghum -based diets is m line with findings by Zhai

et al. (2020), who found a lughcr pcrccnluge of thigh muscle on ducks fed fcrmented liquor
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distiller’s grains. These portions; wing, thigh- drumstick and vertebrae are the most popular
meat cuts with poultry meat consumers in Botswana and this places malted sorghum grains in

a good position to earn a decent profit margins for producers or retailers,

The observation lhat breast weight was lhe same among R308BC fed malted sorghum diets is
in agreement with fi indings by Zhai et al, (2020), who found no significant differences in ducks
fed fermented liquor distillers grains on breast weight compared to those fed unfermented
liquor distiller’s grains. The low breast weight of RéOSBC fed malted sorghurr] dicts may
suggest a limitation on either nutrient supply or utilisation by malted sorghum-based diets. The
breast is the heaviest cut in a broiler chicken, therefore Et contributes more in final body weight.
Malted sorghum based diets may have not supphcd or availed sufficient energy or protein
critical for muscle tissue depositior. As indicated by Rosa et al. ("007) breast yleld increases
with time, and genclrcally selected brollers deposrt more muscular mass in the breast than the
non-selected ones. Brcast musclc wuh sLm is also considered a healthy meat pomon however,
itis not popular wnth consumers in Bolswana pcrhnps duc to the wuy its prepared in houschold
kitchens. Thercfore, lmproved product devclopmcnt of lhlS meat cut is needed to boost its

palatability.

The strong relntionship between pH; and p.H" posr-rnar.tem_is a result of the declinc irr pH from
the time of slaughter to when there is post-mortem aging (24 hrs post-mortem). The R308BC
fed malted Mr Buster-based diets had the least initial pH implying that more 'glycogen in the
muscles was converted to lactic acid. Lactic acid is'oecessary to produce meat, whi.ch is tasteful
and tender (Zhai er al,, 2020). According to Dyubele et al, (2010), the pH range'is determined
by how much glycogen is in breast muscle pnor to sluughter, and how' rapidly the remummg

glycogen is converted to lactic acid after slﬂughter. Nevertheless, the pH values ‘of R308BC
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fed experimental diets obtained in this study were within the 5.5 t0 6.5 range that reported for

simple non-ruminants by Ao et al. (2068).'

The observation that signiﬁcnnt diffcre:nc:%_s were reco_rdcd in breast muscle ratio of R308BC
fed experimental diets contmdicts'wi‘t}; studies by Zhai er al. (2020). The above authours
invesitigated the effects of fermenteci litiuor distiller’s grains on carcass characteristics of
cherry valley ducks, and found no signiﬁczint difference in.breast muscle ratio when compared
to those fed unfermented grains. Chc!i et al. (2014) also who studied the effects of dietary
fermented seaweed and seawceci f'usifpnn;c on growth performance, carcass parameters and
immunoglobulin concentration in broiler chickens and fou_nd no effect on breast muscle ratio.
The lack of significant difference in breast musclrf: ratio is indicative of a better meat: bone
ratio. Hence all experimental diets promoted the storage of Iysine and methionine which are
essential amino acids needed for growth and breast r.neat yield in broilers (Slrﬁkovzi, et al.,

2006).

5.5.2 Viscera macromorphometry

The R308BC fed imalted Mr Buster based dié:t hz;d ionger large intestines and ﬁeavicr heart
which could be duc to the prcscncc ot' hlgh ﬁbre conlent in malted Mr Buster based dlet (T able
4.2). Recently, Mms: et aI ('70] 9) nnd Munycula el al (70"0) rcported enlarged and mnckemng
of intestines when chlckenS were fed 1;dlcts wnh high ﬁbrc Studles by Jorgcnscn et al. (1996)
and Ahamed and Oloredc (2003) reported lhat monogaslnc animals enlarge and lhlcken their
intestines as an adapln_nonl mechanism, Or} the contmry, the reports by Manyelo er _ql. (2019)

found no differences in the large ip!estinc of R308BC fqd up to 100% sorghu_m-bqsed diets

compared to maize based diets. The discrepancy in the current study and ﬁia; of the other
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studies may be due to differences in the diets (malted verses unmalted) and that condensed

tannins may also create variation on morphology of GIT,

The function of heart is to pump and supply blood to body organs in an animal. In the present
study, the heavier heart reflects that more energy was necded to'pump blood in R308BC fed
malted Mr Buster-based diets due 1o their high ﬁbfc content in the diet (Table 4.2) compared
to other diets, leading 1o formation of more muscles %n the hearts hence heavy weights. The
R308BC fed malted sbrghum-bascd diet had heavier liver as compared to control diet. This
may be due 10 the ANFs found in sbrghum- based diets. Mnlting‘in (Chapter 3) ﬂid not totally
remove condensed tannin level and- hencc'thc liver was over worked to detoxify those phyto-
chemicals (Manyeula et al., 2020). Comrary {o other studles Sllva et al. (2015) using broiler
chickens of 14, 21, "8 35, and 42 days of age, abserved hlghcr relative liver \\elghts when

ground maize was fed comparcd to ground sorghum,

In another study, A_hmed eral. (2013) observed that rep'lacement of maize by 100%, 75%, 50%,
25%, and 0% sorghum in broiler djctsdiq not show any sjgniﬁcgnt effects on liver weights.
Generally, an increase in liver and hcnri'si?cs could be indicative of the need to de'al with toxic
substances in the feed. It is known that l‘céding hiélh‘ fibrous diets increases the volume of the
GIT and organ development in chlckens. ducks nnd geese (Dcmz et al., 2007). I:lenvier liver
can also be due to high intake, whcn hlgh nutncnts pass through the liver. Heavy gizzard of
R308BC fed high fibre malted Mr Busler-based dlElS could be etplamed by structural wall of
Mr Buster (red sorghum grams) bcmg tougher to grmd and causmg the gizzard muscle to
enlarge as an adapuvc measure from constanlly grmdmg the grums that would huve been

smoothed for dlgestmn in the stomach Slmllnr resulls werc rcponed by Manyelo er al. (2019)

who found heavy glzzard wc:ghts on bronler chlcl\cns fed 75% and 100% sorghum based diets.
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There were no signiﬁcant effects dblslerv'ed on thers.mall intestinc nnd caeca length of all
R308BC across the cxpenmcntul dlels in the present study 1mp]ymg that 1he crude fibre
contents of the e*cperlmcmnl diets were not hlgh cnough to influence the development of the
caeca and small i intestine lenghlh (Chaptcr 4, Table 4.2). This finding is in line with a study by
Silva, et al. (2015) who compared ground-maize sorghum (50:50), or wholc-gmm sorghum
on broilers, and did not find any dlchrcnces In small intestine lengths, Garcia et al. (2005) also
found no influence of diets based on maize or low- and high tannin sorghum on small intestine
or cecum length of broilers, Longer,sma!l intestines in broiler chickens arc associated with

ability to provide preater surface area for nutrient hbsdrption (Manyelo et al., 2019),

5.5.3 Chemical comp’ositiﬁn of meat”

Excess supply of carbohydrate and j},rc;fein'fmm the diets are stored as crude fats in the muscle
(Attia, et al., 2000) It is therefore riot surpnsmg 1n. lhe present study that lower crude fnt was
found in the breast ment of R3088C fed malled Mr Bustcr-based diet. This could be due to
limited supply of energy due to bmdmg of' carbohydmtes with tannins found i in the dlet (Table
4.2). Similarly, Marcmﬁak etal, ('701 8) f'ound that brcast meat of Cobb 500 fed wnh cormneal
fermented with fi lnmentous fungi Umbelapsis isabellina CCI‘ 2412 had lower wnter and fat
contents when compared lo lhc commercm! diet: Resulls from the current study nnp]y that
malted sorghum- based diets reducc the fut content in chicken breast muscle whlch is a good
meat attribute since too much fat consumpt:on is assoc;mted with nutritional dlseases like high
blood pressure and cbesity in consumets, Contrary to the current study, Kim and Kang (2016)
found no difference in crude fat content of breast meat from broilers fed fermerited barley when
compared to birds fed unfermented diéi. The discrepancy between these two studies may be

due to the different ccreal grains uscd and processmg (fermcnled vs malting). The observanon

that cxpenmentnl diets d:d not uﬂ‘cct dry matter, ush. orgenic mutter, encrgy, crude fibre and
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crude protein content of breast meat is in line with a study by Kim and Kang (2016) who
investigated the cffects of dicts containing fermented barley or wheat on proximate analysis of
breast meat of broilers. The authors reportéd lack of siéniﬁcant diffcrcncé in the concentration
of moisture, crude ash, and crude protein of _brcast muscle across experimental diets. Malted
sorghum-based diets did not alter chemical composition of the breast meat compared to those
fed control diet sug-geﬁting that mall;e‘d’c_i;'ets did not alter the biochemical property of the breast

muscle.

5.5.4 Macro mincﬁl c(;ntent of meat |

There is limited research on the effects of :maltcd sorghurrll diets on macro minerz;l content of
breast meat. The observation lhut; malted sorghum-based diet had lower concentration of
phosphorus compared to control _diet could be due to lower concentration and/or supply of this
mineral from the experimental diets, ‘Ajlti;nutﬁtional factors -like phytic acid. bind with
phosphorus to limit its supply to the bifds.:Phbsphdru.; is required for the uti[isali;:m of energy
inan animal (Fungeral,, 2019), : *- . = . -

The breast meat of RBOSBC fed’ mnllcd Segaolane busc'd diet had low calcmm content
compared to those fed Conlrol nnd malted Mr Buster-based dlcts Thls may have resulted from
antagonistic relzmon wuh othcr mmerals leudmg to poor nbsorptlon of minerals i'rom the diet.
Al-Yasiry et al, (7017) reported thut lhcrc is a rclunon betwcen fat and calcium level in the
muscle. High cnlc:um lcvel is usually accompamed by a rcduced fat content in lhe menL As

stated by Cormick and Bchzan (7019), calcium from meat products is beneficial to consumers’

health and good f'uncnomng of nerves und muscle tissue, as. well as; for mmntummng bone

integrity. L. o weow ey
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The R308BC fed malted Mr Buster based diets had breast meat with higher concentration of
sodium implying that the diet was rich in sodium; hence the deposition of the mineral in the
breast muscle. Sodium concentration in diet has an influence in the bird’s faecal moisture

content, therefore minimizing exeessive levels in the diet is important (Murakami ef al., 1997).

The observation that R308BC fed malted sorghum-based diets ‘had higher eoncentration of
potassium and magnesium could be'an indication of availability of these minerals in the malted
sorghum grains and the ability of the chlckens to absorb and utilize them from malted sorghum-
based diets. Mohammed ef al. (7019) reported that genemlly sorghum grains contain higher
concentration of potassiur. Mngnesmm plays a vnol role in the absorptlon or nccpmulauon of
calcium in the blood and brenst muscle(Es.tevez and Petrocci 2019). Previous study by Herke
et al. (2016) mvesugnted the el‘fccts of a phyrogcmc uddmve on nutritional composmon of
turkey meat and found lack of mgmﬁcam cf‘f‘ect of the additive on breast meat on rnagnesmrn

phosphorus, potassium, sodlum nnd cnlcnum

5.6 Conclusion o ' | i

Results from this study revealed that 'curcnss characteristics, viseeramacromorpnometry and
meat quality from carcasses of R308BC.[ed: malted- Segaalane or malted Mr Buster diets
compared well to those fed the. Control diet. It can be concluded that malted sorghum grains
can be used to replace maize in broller diets wnhout having ‘adverse effects on carcass
characteristics, viscera macromorphomctry parameters and meat quality traits of chlckens This
was more pronounced in meat cuts whlch huppen o be popular with customers. Further
research on graded leve_l ln_ subsututlon of maize wﬂh malted sorghum meal to determme

performance of birds and eeonomic-analys.is of such substitution is needed.
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CHAPTER 6.

GENERAL DIS'CUSSION AND CONCLUSION

6.1 General Discussion

Itis important 10 pfovidé al-temative: én‘e}rg); sources for broiler dich as there is stiff competition
of maize grains betwegn humaﬁ an;i liyesiock consun']ption. The main objective of the study
Was 1o investigate .l_he_pe;rfonnance of broiler chickens fed malted sorghum-baséd diés. There
Was an observation that malting din_l not alter chemical composition within a variéty of grains
(Segaolane or Mr Buster), but #igniﬁcant differences were observed across varieties. Red
Sorghum grain (Mr Buster) was fc_nund to have more tannin content compared to white sorghum

grains (Segaolane). Malting reduced condensed taninin content of both varieties.

In the feeding Study 2) it was observed that there was an inérensé in ﬁvemgé mean feed intake
(AWFI) across all e*cpenmentnl dtels whlch led to a polynornm] Imear quadratlc and cubic
patterns and increase in avcrage welght gnm nnd mean wcekly body welghts uf RBOSBC across
experimental diets. I{owcver it was obscrved lhat RJOBBC fed malled Mr Buster based diets
had lower body wmght thun those fcd Segaalane based diets nnd Control diets. The RBOSBC
fed malted Mr Bustcr based dlct had poor feed _conversion mtm (FCR); lhlS could be

attributable to high lannin content m the dlcls compatcd to other diets, lmplymg mcff' iciency
in feed utilisation,

Hoematological parameters were influenced by'expéri;penmi. dicts excebt lymphocytes,
neutrophils, monocytes, eosinophils, red .blood cells; haemoglobin, h'nem'atocri;tr and blood

platelets. However, 'serum biochemistry such' as créatinine, ‘bilda, glutamic-pyruvic
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transaminase (GPT) and glutamic oxaloacetic transaminase (GOT), were significantly
influenced by experimental diets, except for bilta, urea, total protein, albumin and triglycerides.
Dict significantly affected blood minerals except potassium and sodium. The results, therefore,
suggest that inclusion of malted Segaolane grains can not cause any barriers to the digestion
dynamics and utilisation of energy by broiler chickens. Therefore, malted sorghum grains can

be used to replace maize prains without ‘mnjor effects on blood metabolites.

The results of Study 3 suggested that substitution of maize grains by malted Segaolane grains
can effectively improve some carcass cuts weights and meat quality traits of broilers for the
benefit of consumers. ﬁxpcrimcnlgl diets did not significantly affect dry matter, ash, organic

matter and energy content of breast muscle from R308BC. Carcass characteristics, viscera

macromorphome@ a_nd. meat quali"ty tr;'xits from carcasses of RI08BC fed mal-tcd gorghum-
based diets compared well to those __I'ed_ _c_qrélrol diets. Thercfore, m'alted sorghum g.rains can be
used to replace maize in broiler diets without hnvir;g adverse effects on carcass chm_cten'stics,
viscera macromorphometry parameters and meat quality traits. Overall, malted squ_hl_xm grains
have shown to have great potential as an gllcmat'i\'/c of maize grains in broilezr' diets, Current
findings can be helpful m désigning low-cost fecd:fur'mulmidns that will benefit farmers and
improve growth peiformance, health staius, caréaés charai:l'éristic's, and meat quﬁlfty' in poultry

farming systems in future.

6.2 Recommcndntinn.s

Sorghum grains can beuscd to repl:ur:f‘:'x-nnize gminé as cnéi'gy. so:urcg in broiler dxets With its
good agronomic proi);:}'tiels, local fu‘rmé:rls.c.an be advised tb pléugh sorghum in la}gel‘quamities
so that it can be uscci in poultd fccd processing. It woﬁld be adviénble for tht':: srﬂnﬁ-scaie

+

farmer to use malted sorghum grains to replace maize grains as it will reduce the cost of
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production. This is because soughum can be plough even in this changing harsh climatic

conditions. It is clearly evident from the current results that malted sorghum grains did not have

any negative effects on all measured parnmeters in broiler chickens. Morcover, malting

sorghum grains can be a source of income on its own as farmers may opt to malt in large

quantities and sell to other farmers and brewing companies.

6.3 Further research recommendations

1.

2

!J!

Bone and immune development in broilers fed. malted sorghum based diets

. Effects of feeding graded levels of malted sorghum based diet on performance of broiler

chickens
Nutrient digestibility of broiler chickens fed malted sorghum based diets
Effects of fcedfn’g malted sorghum based diets on gut health of broiler chiékens

Economic analysis of feeding malted sorghum in comparison with maize -
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