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Abstract

A 90-day trial was carried out to evaluate the performance and carcass characteristics of grower pigs fed
enzyme-supplemented dried cassava peel-maize cob composite meal (CP-MC). A total of 36 crossbreed male
grower pigs (Large white) of about 16 weeks old with an initial body weight of 20.31 + 0.61 kg™ were randomly
allotted into four groups of nine animals per treatment. Each treatment was further divided into three replicates
consisting of three pigs in a completely randomized design. Pigs in treatment 1 were fed 0% CP-MC while
CP-MC was used to replace maize at 40% (T2), 50% (T3), and 60% (T4). Diet was adequate in all nutrients, and
clean water and feed were offered ad libitum. Results on growth performance showed that average daily weight
gain was higher in T4 (0.34 kg) and T3 (0.33 kg), intermediate in T2 (0.26 kg), and lower in T1 (0.23 kg) (p <
0.05). Similarly, the best feed conversion ratio was found among pigs in T4 followed by T3, T2, and T1 (p <
0.05). Conversely, average daily feed intake was not influenced by the treatments (p > 0.05). Dressing
percentages varied from 61.60-71.94% were significantly (p < 0.05) different among the treatments. Weights of
the head, belly, limbs, back fat thickness, kidney liver, lungs, and spleen were significantly (p < 0.05) different
among the treatments. In conclusion, the replacement of maize with CP-MC at 60% improved the weight of pigs
without compromising the performance of animals.
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Desempenho e caracteristicas de carcaca de suinos de crescimento alimentados
com casca de mandioca seca suplementada com enzimas e farinha composta de
sabugo de milho

Resumo

Foi realizado um ensaio de 90 dias para avaliar o desempenho e as caracteristicas de carcaca de porcos de
crescimento alimentados com farinha composta de casca de mandioca e sabugo de milho seca suplementada com
enzimas (CP-MC). Um total de 36 suinos de crescimento machos mesti¢os (Grande branco) com cerca de 16
semanas de idade e peso corporal inicial de 20,31 + 0,61 kg™ foram distribuidos aleatoriamente em quatro
grupos de nove animais por tratamento. Cada tratamento foi dividido em trés repeticbes compostas por trés
porcos em um delineamento inteiramente casualizado. Os porcos do tratamento 1 foram alimentados com 0% de
CP-MC enquanto o CP-MC foi utilizado para substituir o milho a 40% (T2), 50% (T3) e 60% (T4). A dieta
estava adequada em todos os nutrientes e dgua limpa e ragdo eram oferecidas ad libitum. Os resultados sobre o
desempenho de crescimento mostraram que o ganho de peso médio diario foi maior em T4 (0,34 kg) e T3 (0,33
kg), intermediario em T2 (0,26 kg) e menor em T1 (0,23 kg) (p < 0,05). Da mesma forma, a melhor taxa de
conversao alimentar foi encontrada entre os suinos no T4, seguido pelo T3, T2 e T1 (p < 0,05). Por outro lado, o
consumo médio diario de ragdo ndo foi influenciado pelos tratamentos (p > 0,05). As porcentagens de cobertura
variaram de 61,60-71,94% e foram significativamente (p < 0,05) diferentes entre os tratamentos. Os pesos da
cabeca, barriga, membros, espessura da gordura dorsal, rim, figado, pulm&es e bago foram significativamente (p
< 0,05) diferentes entre os tratamentos. Conclui-se que a substitui¢do do milho pelo CP-MC a 60% melhorou o
peso dos suinos sem comprometer o desempenho dos animais.
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1. Introduction

The increasing world population - which is expected to reach eight billion people by November 2022 - has led to
a rise in the demand for traditional feedstuff used by both humans and pigs (UN, 2022). This is especially true
for developing and underdeveloped countries when there is a food shortage brought on by rapid population
growth. The competition between the animal feed industry and human consumers drives up the price of these
conventional feedstuffs. Research into alternative feed ingredients that aren't staple meals for human
consumption is prompted by this. Agro-industrial by-products damage the environment and are not being used as
possible economic feedstuffs if they are burned or allowed to decay in piles (Olowoyeye et al., 2019; Ojediran et
al., 2020; Dey et al., 2021).

Pigs and humans have been shown to compete for the same grains and cereals, especially maize (Adesehinwa et
al. 2008). The price of maize, a vital source of energy for pig diets, has increased significantly due to growing
competition and the effects of climate change, which have reduced production. This shortage has persisted,
according to Oladunjoye et al. (2008) and Owen et al. (2009), which has resulted in high production costs, poor
profitability, and the inability to satisfy Nigeria's need for animal protein. Peels from cassava and maize cob are
one of the many agro-industrial by-products that show potential for usage as a substitute feed substance. It is an
essential waste or agricultural by-product that is left over after cassava is processed to make food (Oladunjoye et
al., 2010).

Studies involving cassava peel have shown that higher amounts of crude fiber, which functioned as energy
diluents and hampered energy utilization, were associated with poorer performance in birds fed cassava peel
diets (Ezieshi; Olomu, 2011). Notable researchers Ojediran et al. (2020); and Kanengoni et al. (2004) have
shown that cassava peel and maize cob can be used to replace maize up to 50%. The optimal amount of dried
cassava peel meal and dried maize cob meal to substitute for maize in pig diets is not well documented
(Zavala-L6pez et al., 2018). Evaluating the effect of cassava peel-maize cob meal (CP-MC) mixture will also
help to maximize the potential in the environment, help to formulate the least ratio feed, and help to increase the
production of animal protein.

Therefore, this experiment was designed to evaluate the performance and carcass characteristics of grower pigs
fed enzyme-supplemented dried cassava peel-maize cob composite meal.

2. Materials and Methods
2.1 Site of the experiment

The experiment was carried out at the livestock unit University of Abuja, Gwagwalada, Nigeria, located between
latitudes 80571 and 80551N and longitudes 70051 and 70061E. It was carried out according to the ethical
guidelines and procedures of the Animal Science Department (ANS/2024A).

2.2 Collection, authentication, and processing of cassava peel and maize cob

Fresh maize cob and cassava peel were collected from different processing facilities in Gwagwalada, Abuja, and
transferred to the Department of Biological Sciences where it was identified and authenticated with a voucher
number AA/2004C and AA/2005D. Thereafter, samples were sundried separately on a flat metallic tray for 15
days until a constant weight was achieved. The dried sample was milled separately using a hammer mill and
treated with enzymes before it was mixed in a ratio (1:1) before it was sent to the laboratory for further
examination.

2.3 Animals and their management

36 — sixteen weeks large white grower male pigs with an initial body weight of 20.31 + 0.60 kg were used for the
study. The animals were purchased from a reputable breeder farm in Abuja and transferred to the University of
Abuja teaching and research farm, Gwagwalada, Nigeria. On arrival, pigs were kept in a pen measuring 2.5 m by
1.0 m by 2 m (length, breadth, and width) in an open-sided pen thoroughly disinfected two weeks before the
commencement of the experiment. Animals were kept in quarantine for two weeks and fed growers mash (basal
diet) formulated to satisfy the nutritional needs of pigs by the NRC's (2002) recommendation. They were also
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given prophylactic treatment against endo- and ecto parasites before they were stratified based on their body
weight into four treatment groups and each treatment was replicated three times with three animals in each
replicate in a completely randomized design. Feed and water were offered ad libitum.

2.4 Experimental set-up

Treatment 1(T1) basal diet without cassava peel-maize cob meal mixture (CP-MC) while in T2, T3, and T4
CP-MC were used to replace maize at 40, 50, and 60% respectively (Table 1).

Table 1. Chemical composition of experimental diets (% DM).

Ingredients Tl T2 T3 T4
(0%) (40%) (50%)  (609%)

Maize 60.00 36.00 30.00 24.00
Wheat offal 8.00 8.00 8.00 8.00
Soya beans 1730 1730 1730 17.30
Groundnut cake 6.50 6.50 6.50 6.50
CP-MC 0.00 24,00 30.00 36.00
Bone meal 3.03 3.03 3.03 3.03
Limestone 1.50 1.50 1.50 1.50
Methionine 0.20 0.20 0.20 0.20
Lysine 0.25 0.25 0.25 0.25
*Premix 0.25 0.25 0.25 0.25
Salt 3.00 3.00 3.00 3.00
Total 100.0 1000 100.0 100.0
Determined analysis

Crude protein (%) 1510 1434 1422 1420
Crude fibre (%) 6.00 8.12 8.87 9.01
Ether extract (%) 2.40 2.37 2.35 2.30
Calcium (%) 1.83 1.83 1.83 1.83
Phosphorus (% ) 0.67 0.67 0.67 0.67
Energy (Kcal/kg™) 2801.8 27985 2779.6 2765.9

Note: *Vitamin A, 8,000 I.U., Vitamin E, 5 mg, Vitamin D3, 3000 I.U., Vitamin K, 3 mg, Vitamin B2, 5.5 mg,
Niacin, 25 mg, Vitamin B12, 16 mg, Choline chloride, 120 mg, Mn, 5.2 mg, Zn, 25 mg, Cu, 2.6 mg, Folic acid,
2 mg, Fe, 5 mg, Pantothenic acid, 10 mg, Biotin, 30.5 mg, and antioxidant, 56 mg are provided as a premix per
kilogram meal. Source: Authors, 2024.

2.5 Parameters examined

Feed was weighed daily for pigs in each replicate and the quantity consumed for the day was obtained by the
difference between the quantity supplied and the leftover. A weekly record of average feed consumption per bird
was obtained for each replicate by dividing the total quantity of feed consumed by the number of pigs in each
replicate.

The body weight gain was obtained by calculating the difference between the body weight for the preceding
week and the current week while the feed conversion ratio was determined by dividing the quantity of feed
consumed by the body weight gain of the birds in each replicate in grams.

Feed conversion ratio (FCR) = Average daily feed intake (q)

Average daily weight gain (g)
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2.6 Carcass quality assessment

Six pigs from each treatment were chosen at random to prevent bias at the end of the experiment. Before being
slaughtered, the chosen pigs underwent a twelve-hour feed fast and were weighed. To guarantee full bleeding,
the pigs were shocked and killed by jugular vein piercing, while hanging on a rail, eviscerated and carcass
weight measured. The head, boston, shoulder, loin, and ham were among the sections of the carcass that were
weighed, and separated and their respective weights were then divided by the carcass weight and multiplied by
100 to determine the percentage weights of each component. The dressing percentage was computed by dividing
the carcass weight by the live weight and multiplying it by 100.

2.7 Statistical analysis

Data collected from the study was subjected to analysis of variance (ANOVA) using the computer software
package SPSS 21.0; differences among treatment means were compared with Duncan's multiple range test of the
same statistical package.

3. Results and Discussion

Figure 1 presents the results of the physicochemical composition of the mixture of cassava peel and maize cob
(CP-MC) where the alkaloid contents presented values of 20 mg g%, tannins 9 mg g, flavonoids 14 mg g,
saponins 10 mg g, cyanide 15 mg g and total phenolics 8 mg g*. Thuppahige et al. (2023) describe cassava
peel a high content of elements such as Carbon (C), Oxygen (O), Calcium (Ca), Potassium (K), Nitrogen (N),
Iron (Fe), Silicon (Si) and Aluminum (Al) with the capacity to form numerous chemical compounds that are
present in different groups of phytomolecules.

Ekeledo et al. (2021) found a total phenolic content of 681.5 GAE mg 100 g for yellow-skinned cassava and
442.4 GAE mg 100 g* for white-skinned cassava. The contents of phytomolecules may vary between cultivars
and the method of production, drying by gravimetry considerably reduces the contents of alkaloids, flavonoids,
and total phenolic compounds. Significant contents of total phenolic compounds and antioxidant activity are also
described for corn cobs from different cultivars in the study by Khamphasan et al. (2018). As observed in our
findings, several alkaloids, flavonoids, cyanides, and phenols are involved in cellular protection against several
groups of harmful free radicals such as singlet oxygen. The mixture produced in our study has considerable
levels of phytocompounds capable of protecting and avoiding the negative action of various oxidizing agents on
animals (Jit et al., 2022).
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Figure 1. Chemical components in cassava peel and maize cob meal mixture (CP-MC). Source: Authors, 2024.
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The growth performance of grower pigs fed CP-MC is presented in (Table 2). Final body weight, weight gain,
and average daily weight gain of pigs fed 50% replacement (diet 3) were similar (p < 0.05) to those fed diet 60%
(diet 4) but significantly higher than those fed diet 2 (40% replacement) and control (T1). Average daily feed
intake was similar across the treatments (p > 0.05). feed conversion ratio was significantly (p < 0.05) influenced
by the treatments.

The substitution of CP-MC in the pigs' diet had a significant impact on performance parameters, and the
performance indices increased as the amount of CP-MC in the dietary maize increased. This observed
performance can be attributed to a synergy between the pigs' digestive systems and their improved utilization of
CP-MC diets treated with enzymes by the grower pigs. This is consistent with findings from Ikurior et al. (1996),
who reported that as animals age, they tend to handle fiber more efficiently, and Cheson (2001) who noted that
enzymes are a rich source of high-quality protein (amino acids), which compensate for the low quality of crude
protein in CP-MC.

The similar impact of dietary treatments on the performance of pigs in T3 and T4 indicates that the mix is
appropriate for pigs' diets. The results show that developing pigs fed 50% cassava leaf meal instead of maize
performed no differently than the studies by William et al. (2022). The experiment's outcomes, however, are
consistent with the findings of Irekhore et al. (2015), who found that substituting cassava peel for corn had a
considerable impact on the performance indices of growing pigs. In addition, Ly et al. (2010); and Alagbe (2017),
found no discernible changes in the final body weight, average daily gain, dry matter intake, or feed conversion
ratio of crossbred pigs fed a diet including dried and ensiled cassava leaf.

Pigs fed a CP-MC diet showed an increase in final weight and weight gain; however, this significant difference
may be related to the activities of enzymes that promoted weight gain. Beachemin et al. (2003) reported that
high-producing or growing animals require high levels of available energy to meet the demand for meat
production above and beyond maintenance needs; therefore, adding enzymes to energy/high-fiber diets would
help close the gap between the animal's potential and actual performance by helping to release more digestible
energy from fibrous fractions for the animals to use. Dietary supplementation of enzymes treated CP-MC,
especially among pigs in T3 and T4, enhanced the nutrient content of feeds (Garcia et al., 2008). Overall results
showed that CPMC-based diets were able to support as much growth as the maize-based diet in T1.

Table 2. Growth performance of grower pigs fed CP-MC.

Specifications Tl T2 T3 T4  SEM
Initial weight (kg/pig™) 2091 20.31 20.80 2054 1.05
Final weight (kg/pig™) 41.76° 43.72 50.15* 50.76 0.91
Weight gain (kg/pig™) 20.85° 23.41° 29.35% 30.22% 1.41
Av. daily weight gain (kg/day) 0.23° 0.26° 0.33* 0.34* 0.02
Total feed intake (kg/pig™) 51.22 51.10 51.63 51.60 1.96
Av. daily feed intake (kg/day?) 057 057 057 057 0.02
Feed conversion ratio 246% 218" 1.76° 1.71° 0.06
Mortality (%) 0 0 0 0 -

Note: * %¢ Means on the same row with different superscripts are significantly different (p < 0.05); T1: 0%
CP-MC; T2: 40% CP-MC; T3: 50% CP-MC; T4: 60% CP-MC; SEM: standard error of the mean. Source:
Authors, 2024.

Table 3 presents the carcass characteristics of grower pigs fed dried cassava peel-maize cob mixture as a
replacement for maize (CP-MC). Carcass weight and dressing percentage values varied from 48.73 - 54.78 kg
and 61.61 - 70.49% respectively. Dressing percentage was higher in T3 and T4, intermediate in T2, and lowest in
T1 (p < 0.05). Dietary treatment influenced (p < 0.05) the weights of the head, back, belly, forelimb, hind limb,
back fat thickness, liver, lungs, spleen, heart, and gastrointestinal tract except for the weight of kidney (p > 0.05).
Weights of the head, back, belly, forelimb, hind limb, liver, lungs, spleen, heart, and gastrointestinal tract ranged
from 4.88 to 5.85 kg, 6.71 to 8.15 kg, 3.87 to 4.56 kg, 9.96 to 15.36 kg, 10.02 to 15.22 kg, 7.09 to 8.11kg, 0.09 to
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1.03 kg, 0.41 to 0.54 kg, 0.10 to 0.15 kg, 0.18 t0 0.25 kg and 5.71 to 6.33 kg respectively.

When compared to other treatments, the dressing % of pigs fed the T3 and T4 diet was better, which may have
been caused by the meal's ingredients. High-nutrient diets, especially those with readily available energy and
protein, exhibit higher tissue accretion and quick protein synthesis (Njoku et al., 2013). Pigs with greater
nutritional status consume enough nutrients to support their fast growth and development (Unigwe et al., 2017);
Alagbe (2017). Nonetheless, the dressing percentage of pigs fed a diet containing 50% replacement of CP-MC
was comparable to that of pigs fed a diet containing 60% T4 diet. This implies that the pigs have access to
enough protein and energy.

This also has to do with how enzymes affect CP-MC, helping to release nutrients that have been trapped in the
feed material. Pigs fed CP-MC had higher weights in the primal cut portions, such as the belly and hind limbs,
than pigs fed the control diet (T1). This supports the findings of Njoku et al. (2013), who found that the weights
of the head, ham, feet, and shoulders were higher in pigs with bigger body weights. Additionally, when the
weight at slaughter increased, so did the weights of the ham, shoulder, and loin, according to Lo-Fiego et al.
(2005), and Latorre et al. (2008). In a similar vein, pigs fed T3 and T4 had significantly higher heart weights than
the other groups. This may be explained by the phytochemicals in CP-MC, which provide the body's tissues with
an ample supply of oxygen (Hong et al., 2016). The liver is linked to nutrition metabolism and secretes bile
(Hong et al., 2016).

Table 3. Carcass characteristics of grower pigs fed CP-MC.

Specifications (kg™) T1 T2 T3 T4 SEM
Live weight (kg) 41.76° 4372 50.15* 50.76° 0.92
Carcass weight (kg) 25.73¢ 29.38° 36.08* 35.78° 1.65
Dressing percentage (%) 61.61¢ 67.20° 71.94* 70.49* 1.76
Head (kg) 488 521° 575* 585 0.18
Back (kg) 6.71¢ 753" 8.00* 815 0.23
Belly (kg) 3.87° 4.10° 4.49° 456% 0.02
Forelimb (kg) 9.96° 11.98° 14.70° 15.36% 0.42
Hind limb (kg) 10.02° 13.75 15.00° 15.22* 0.44
Back fat thickness (mm) ~ 7.09® 7.22® 8.00° 8.11*° 0.21
Kidney (kg) 0.10 010 010 010 0.02
Liver (kg) 0.09° 0.09® 1.02*¢ 1.03* 0.1
Lungs (kg) 0.41° 0.50*° 0.53* 0.54% 0.02
Spleen (kg) 0.10° 0.10° 0.10° 0.15% 0.01
GIT weight (kg) 571 588" 6.21* 6.33* 0.02

Note: ® ® ¢, Means on the same row with different superscripts are significantly different (p < 0.05); T1: 0%
CP-MC; T2: 40% CP-MC; T3: 50% CP-MC; T4: 60% CP-MC; SEM: standard error of the mean. Source:
Authors, 2024,

4, Conclusions

In conclusion, dried cassava peel-maize cob mixture contains essential nutrients and phytochemicals which are
needed for the growth of pigs especially when used to replace maize up to 60%. Phyto-constituents in CP-MC
improved the utilization of nutrients in the gastrointestinal tract of pigs without compromising the health of the
animals.
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