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Abstract

The study was undertaken at the National University of Lesotho Animal Science Farm (altitude 1650 metres) to
investigate the causal agents of metabolic and skeletal disorders in broiler chickens. The incidence of ascites also
increases significantly at altitudes greater than 1300 meters above sea level, presumably because of the low oxygen partial
pressure. The ascites incidences are very high in Lesotho during the cold winter months, accounting for more than fifty
percent of the total mortality. The main objective of the current study was to assess the effect of different feed forms on
the occurrence and control of metabolic disorders in broilers. A total of (n=200) day-old Ross 308 chicks were randomly
distributed into two dietary treatments made up of two broiler feed forms namely mash and pelleted diet replicated four
times with twenty-five birds per replicate. The two dietary treatments had similar nutritive value across all feeding phases
with exception of feed form. Chicks were housed in a well-ventilated house where treatment diets and water were offered
on ad libitum basis. Data collection was done on weekly basis for production parameters such as feed intake, feed
conversion ratio, live weight and growth rate while mortality, signs of ascites, lameness and Sudden Death
Syndrome(SDS) data were collected daily. All dead birds were examined for the signs of ascites by presence or
accumulation of fluids in the abdominal cavity. The findings of the current study indicated that dietary treatment had a
significant (P0.05) effect on SDS. However, there were more incidences of SDS in birds offered pelleted diets than mash
diet. Birds fed mash diet had fewer incidences because they were experiencing moderate growth rates compared to birds
fed pelleted diet with fast growth rates. Birds offered mash spend more time consuming their feed compared to birds fed
pellets and therefore, expend more energy in this process resulting in lower feed conversion efficiency. It was evident
from the results that diet in mash form can be used to control the incidences of metabolic disorder by reducing growth
rates of broilers.
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1.0 Introduction

The negative effects of metabolic and skeletal disorders on broiler production are significant when
considering the fact that ascites, sudden death syndrome (SDS) and skeletal disorders accounted for 32%,
21% and 10% of total mortality respectively (Van Biljon, 2006). Ascites is characterized by the
accumulation of fluid in the abdominal cavity which later affects bird movement (Saffar and Khajali, 2010).
SDS or flip over disease as it is commonly known can be recognized by sudden death and birds lying on
their back with feet raised up (Saki and Hemati, 2011). Skeletal disorders affect the total yield of carcass as a
result of condemnations of broilers with bone deformities. The country is also suffering economic losses
because the majority of smallholder farmers are producing their broiler on seasonal basis. The majority of
them avoid production during cold winter season because of the high mortality rate due to metabolic
disorders. The most common metabolic disorders in Lesotho are ascites and sudden death syndrome. The
two are influenced by a number of factors of which broiler feed form and fast growth rate (SCAHAW, 2000)
as well as the height above sea level are the major culprits.

Lesotho altitude ranges between 1000 and 3250 metres above sea level. Optimum broiler production on
the other hand requires maximum of 1400 metres above sea level. Altitude above this threshold means that
oxygen supply to birds will be compromised and hence increased susceptibility to ascites. The incidences of
ascites are very high during winter and dry season because of low oxygen carrying capacity of air and poor
ventilation which is exacerbated by cold temperatures. Singh et al. (2013; 2018) highlighted the importance
of temperature and ventilation optimization in cold weather as beneficial management practices to decrease
incidences of ascites, SDS and lameness.

In an attempt to curb the severity of metabolic and skeletal disorders, animal nutritionist had resorted to
the use of feed restriction. There are two types of feed restriction that can be employed and they are referred
to as qualitative and quantitative depending on their mode of operation (Davoodi-Oman et al., 2019). The
quantitative feed restriction focussed on reducing the amount of feed consumed by the birds while qualitative
feed restriction concentrate on the reduction of nutrients or chemical composition of feeds (Leeson and
Zubair, 1997). The current study is aiming at using different broiler feed forms to alleviate the negative
impacts of fast growing broilers and their influence on metabolic disorders. The use of different feed forms
for broiler in Lesotho is not well understood because the majority of farmers use different forms
interchangeably depending on the price and availability of feeds. The majority of farm feeds retailers
seldomly stock all three forms of feeds for farmers to explore and these impact farmers negatively.

Broiler feed form had a direct influence on the occurrence of ascites and SDS because it affects growth
rates of broilers (Camacho et al., 2004). Kuleile and Molapo (2019) studied the effects of feed form on
broiler production and profitability in Lesotho and revealed that feeds in particulate form gave better
performance and fast growth rate while feeds in mash form reduced growth rate significantly. Hasani et al.
(2018) observed high incidence of ascites, SDS and leg problems on birds fed crumble and pelleted diet than
those offered mash. Sanotra (1999) assessed the prevalence of lameness in commercial flocks and found that
30.1% of the birds were suffering from chronic pain and they could not move around to access feeds. Sahraei
(2014) reviewed factors affecting metabolic and skeletal disorders in broiler and highlighted that any means
that reduce broiler growth rate had a potential to minimize incidence of disorders.

The objective of the current study, therefore, was to use nutritional strategy in the form of different
broiler feed forms to control the incidences of ascites, SDS and lameness.
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2.0 Materials and Methods
2.1 Ethical Approval

The study scientific and ethical protocols were approved by the Faculty of Agriculture of National
University of Lesotho scientific committee entrusted by the University for quality research attainment.

2.2 Study Site

The study was conducted at the National University of Lesotho poultry farm located at 29°28’S latitude;
27°44°E Longitude(AfriGIS, 2020 ); at the altitude of 1650 m a.s.l. and it is situated at 35 km southeastern
away from Maseru the capital city of Lesotho. It is characterized by very cold winters and warm summers.
Winter temperatures can read as low as -5°C and during summer it can reach the maximum of 38°C.Overall
this place has an average summer temperature of 22°C.

2.3 Experimental Design

The experimental design was Completely Randomized Design with two dietary treatments replicated four
times. Dietary treatments were made up of two broiler feed forms for growing and finishing birds namely
mash and pellets. The diets were formulated based on National Research Council (1994) and met
nutrient requirements for broiler chickens. The two diets had similar nutritive value but differ in structural
composition.

2.4 Birds Housing and Management

A total of (n=200), one day old mixed-sex Ross 308 chicks were obtained from Letsatsi (local agro
dealer) on the hatching day. Birds were housed in a well-ventilated house which was properly cleaned and
fumigated and then left to dry for 7days. Birds were offered vitamin and micro mineral mixture stress pack
on arrival at the farm. The brooder area was pre-heated before the arrival of the chicks to avoid chilling. The
birds were reared in deep litter floor pens. The chicks were allocated into 8 pens and they were 25 birds per
replicate. The room was lit 24 hours for the first 42 days. All chicks had similar starter diet in the form of
meal from day one and they were separated into different dietary treatments at fourteen days. The
experimental feeds and water were provided on ad libitum basis during the whole experimental period of 28
days and all necessary prophylaxis and vaccination requirements for broilers were administered equally.

2.5 Data Collection
2.5.1 Production Parameters

Data on production parameters, such as live weight, growth rate, feed intake and feed conversion ratio
were collected on weekly basis, while mortality rate, signs of ascites and lameness were recorded on daily
basis. Live weight was measured using a platform weighing scale, Feed conversion ratio (FCR) was
calculated as feed intake (g) over live weight (g). Feed intake was determined by the difference between feed
supplied and leftovers. Growth rate was measured as the final weight minus initial weight divided by
number of days. Mortality rate was recorded from O weeks until the 6 weeks by the following formula:
Mortality % = No. of death birds in a replication / No. of initial birds in a replication X 100.
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2.5.2 Disorders Parameters

Data collection started at the beginning of the growing phase up to the end of finishing phase (15 to 42
days) because pellets were too big for consumption by the day-old chicks. Birds were observed on daily
basis for the signs of lameness, abnormal gait and those sitting down all the time not able to reach waterers
and feeders. United State gait-scoring system was used to measure the prevalence of leg weakness by
assessing the walking ability of broilers. Walking ability was scored according to three category as follows;
0 (No obvious signs of problems), 1(Obvious signs) and 2 (Severe signs).Sudden death syndrome was
recorded as birds that die without any symptoms of illness and they usually lie on their back with the feet
raised. Dead birds were collected daily, weighed, and necropsied for the presence of water accumulation in
the abdomen, which was considered as ascites. Any skeletal abnormalities were noted as they were
discovered.

2.6 Statistical Analyses

Data collected was analyzed using IBM SPSS (Version 20.0) and then subjected to the analysis of
variance (ANOVA) to identify any interaction and influence between two feed forms on production and
metabolic disorders.

3.0 Results and Discussion
3.1 Production Parameters

The broiler feed forms had significant (P<0.05) effect on all production parameters (Table 1). Birds that
had access to diet in pellet form had significantly (P<0.05) higher feed intake, growth rate, feed conversion
ratio , live weight and mortality rate than birds offered diet in a mash form. Feed intake and feed conversion
ratio and growth rates results are in agreement with the findings of [Kuleile and Molapo (2019), Hasani et
al.(2018), Hosseini et al. (2017), Naderinejad et al. (2017), Chehraghi et al.(2013), Dozier et al. (2010),
Amerah et al. (2007)] who reported that feeding pelleted diets during growing and finishing phases increased
broiler feed efficiency. On the contrary, Fasuyi and Odunayo (2015) reported that mash diet resulted in
higher feed intake and feed conversion ratio than birds fed pelleted diet. The discrepancy may be due to the
size of the pellets which was not suitable for chicks during this growth stage. Broiler mortality rate results
are in accordance with the findings of [Bricket et al.(2007) and Van Biljon (2006)] who reported higher
(P<0.05) mortality in chickens fed the crumble-pellet regimen (6.57% at 42 days), compared to chickens on
the ground crumbles and pellets (4.03% at 42 days) and all-mash regimen (2.85% at 42 days). They also
noted that feeding mash reduced the overall mortality as well as the mortality in every time period, starting
at 14 d of age, in comparison with feeding pellet diets. On the other hand Al-Nasrawi (2016), Moayyedian et
al. (2011), Dozier et al. (2010), Norollahi ( 2008), Scott (2002), Engberg et al. (2002), Nir et al. (1995) stated
that different broiler feed forms did not have a significant influence on mortality rate. Ommati et al. (2013)
also reported no differences in mortality rate. However, they observed that mortality was highest in pellets
fed broilers with 12.7% while mash fed birds group had 9%.The inconsistency of reports on the effect of
feed forms on mortality may be due to the difference in the duration of feeding.

The observed results on production parameters clearly revealed the superiority of pelleted diets to
optimize broiler production during growing and finishing phase items of feed intake, growth and high feed
efficiency. Pelleted diet offers a complete nutrient package for broilers because it reduces nutrient
segregation and feed wastage as compared to mash diet (Ghazi et al., 2012). Broilers fed pelleted diet had
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high feed intake than birds fed mash diet because pelleted diet has a bigger particle size than mash and
therefore it is consumed relatively faster than diet in mash form. Birds consuming diet in mash form spent a
lot of time and energy in the act of eating and hence why low feed conversion efficiency. Moran, (1987),
Flemming et al. (2002). Skinner-Noble et al. (2005) indicated that pellet rations increased available dietary
energy for live weight gain, which improved feed efficiency by reducing the time spent eating and increasing
the time spent resting. The benefits of pellet feeding on broiler performance have been extensively reported
and the current work confirms the benefits in terms of higher feed intake, weight gain and feed efficiency but
prone to high incidences of metabolic disorders.

Table 1. The effects of feed form on broiler production

Parameters Treatments Significance
Mash Pellets P! cv?
Feed intake (grams/week) 769 951 0.033 11.26
Growth rate (grams/day) 59 84 0.019 9.34
Feed conversion ratio (g/g) 2.2 2.6 0.024 28.28
Live weight 1698 2470 0.001 8.91
Mortality rate 0.7 7.5 0.002 0.21

P<0.05) = Means differed significantly
P'= Probability at 5%
CV?= Coefficient of variation

3.2 Metabolic Disorders Parameters

The broiler feed forms had significant (P<0.05) difference on ascites and skeletal disorders however,
there were no differences (P>0.05) between feed forms on sudden death incidences. The incidence of ascites
and skeletal disorders were significantly higher in broilers fed pelleted diet than birds fed mash diet. Similar
trend in results were observed for sudden death syndrome where more incidence were observed in birds
offered diet in form of pellets. Van Biljon (2006) results concurred with the findings of the current study on
incidences of ascites and skeletal disorders who reported significantly higher mortality mainly caused by
ascites (2.11%) and SDS (1.39%) in crumble-pellet treatment than in all mash diets. Skeletal disorders
incidences were higher in ground crumble-pellet treatment than in group fed all mash diet. A number of
researchers also confirmed the findings of the present study that feeding pellets to broilers lead to fast growth
rates that in turn resulted in high incidences of ascites and SDS [Hasani et al., 2018; Meshram and Bijoy
2017; Ghazi et al., 2012; Arce-Menocal et al., 2009; Sarvestani et al., (2006); Bolukbasi et al., 2005; Arce et
al., 1985]. Arce et al., (1985) observed 15% incidence of ascites in pellets compared to 4% in mash diets. In
the current study broilers fed pellets diet grew significantly faster than birds fed mash and hence the high
incidence of ascites and skeletal disorders in these group of birds. Variation in observed results amongst
researchers could be as a result of combination of feed form treatment with cold induced treatment, different
altitudes, lighting programme, stocking density in rearing house as well as the use of bioenzymes.
Researchers also reiterated that skeletal disorders, ascites and SDS are the common cause of economic losses
due to mortality and downgrades in fast-growing broiler strains.
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Table 2. The effects of feed form on incidences of ascites, sudden death and skeletal disorders

Parameters Treatments Significance
Mash Pellet p! CV?
Ascites (%) 0.75 6.25 0.033 11.26
Sudden death syndrome (%) 0.00 1.30 0.356 28.28
Skeletal disorders (%) 0.75 5.75 0.001 8.91

P<0.05) = Means differed significantly
P'= Probability at 5%
CV’= Coefficient of variation

4.0 Conclusion

The findings of the current study revealed that broiler feed forms had a profound influence on the
occurrences of ascites, sudden death syndrome and skeletal disorders whereby feed in the form of mash
significantly reduced metabolic disorders in broilers compared to feed in the form of pellets which resulted
in significantly high incidences. However, broiler mash diet gave significantly poor growth rates, feed
conversion ratio and final live weight. It was concluded that pelleted feeds improved growth rate and feed
conversion ratio, albeit by inducing metabolic disorders in broilers. It is recommended that farmers in
Lesotho especially those in the highlands should consider feeding their broilers diet in the form of mash
during the period of high susceptibility such as winter time. Farmers in the highlands should feed their
broilers diet in the form of mash coupled with improved management practices that are known to influence
metabolic disorders such as temperature control, oxygen, dust percentage in air, microorganism toxins, nitric
oxide metabolism, vitamin E and selenium supplementation. Future research should evaluate the economic
advantage of feeding mash versus pelleted feed through partial budget analysis.
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