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Effects of Replacing Maize with Enzyme-Supplemented Maize Offal on Nutrient Digestibility and Growth Performance in Starter Broiler Chickens

ABSTRACT
The need to find alternative to expensive feed ingredients cannot be overemphasised as poultry products are currently not within the reach of the populace. This feeding trial was conducted to evaluate the nutrient digestibility and growth performance response of starter broiler chickens to dietary replacement of maize with maize offal supplemented with cocktail of Kingzyme and GrowingAct enzymes. Two hundred day-old broiler chicks of both sexes were used in the feeding trial comprising of five dietary treatments each with four replicates in a completely randomized design. The diets were formulated such that maize offal supplemented with cocktail of Kingzyme and GrowinAct enzymes replaced 0, 25, 50, 75 and 100% of maize respectively in diets T1, T2, T3, T4 and T5. Data were collected on feed intake, final weight, weight gain and feed conversion ratio. Nutrient digestibility trial was carried out for the chicks. All data collected were analysed using one-way analysis of variance and treatments’ means were separated using Duncan Multiple range test. There were no significant differences (P=0.05) among the treatments in their effects on feed intake, final weight, weight gain and feed conversion ratio (FCR). The FCR ranged from 1.82 for treatment T1 to 1.97 for treatment T2. The treatments were not significantly different in their effects on ether extract digestibility. Crude fiber digestibility did not follow a regular pattern as treatments T3 was significantly lower (P=0.05) than treatments T1 and T2. Treatment T4 (60.07%) was significantly lower than treatments T1 (79.85%) and T2 (76.38%) in term of NFE digestibility while the other treatments were not significantly different from treatment T4. It was concluded that maize offal supplemented with cocktail of Kingzyme and GrowinAct enzymes has no detrimental effect on growth performance and nutrient digestibility and can replace 100% of maize in the diets of starter broiler chickens. 
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The increasing high cost of poultry feed is gradually worsening the per capita protein consumption in Nigeria. A typical poultry feed contains about 40-60% maize. This is an ingredient that is in high competition among industries, human beings and the poultry species. This has led to astronomical increase in the price of the seasonal product especially during off season. Taking cost into consideration, feed is the most important input for poultry production. This is because high-quality feeds are critical if poultry production is to remain competitive and continue to grow to meet the demand for animal protein (Wongnaa et al., 2023; Pesti & Choct, 2023). FAO (2012) reported that per capita chicken consumption in Nigeria is put at 1.41Kg (3.84g/day) compared to the recommendation of 36g per person per day. It also reports that per capita egg consumption in Nigeria is put at 71 compared to global average of 230, China’s 370 and South Africa’s 134. This has been attributed to increase in the Nigeria human population and a decrease in animal protein production and high cost of animal products (FAO, 2016).The major factor militating against intensive animal production in Nigeria is the high cost of feed and feed ingredients, especially the conventional energy and protein feed ingredients like maize, soybean meal and groundnut cake (Ani et al., 2012). Feed accounts for about 70% of the total cost of production in poultry (Onunkwo et al., 2019). Moreover, the price of maize that was NGN 80 (USD 0.22)/kg in March 2020, crept to NGN 180 (USD 0.22)/kg and NGN 260 (USD 0.69)/kg in August 2020 and December 2021, respectively (Sowunmi et al., 2022). There is therefore the need for alternative feedstuff to replace the expensive and highly competitive maize. 
Maize offal is one of the by-products of maize milling processes and it contains about 10% crude protein and 10% crude fiber according to Ogundipe et al. (2022). This fiber level is the major restriction for its high inclusion level in monogastric nutrition. Fiber is known to affect the digestion and utilization of other nutrients in addition to being a carbohydrate that is not easily digestible by poultry species.Considering the fact that poultry cannot fully utilize high fibre diets because of the lack of the appropriate digestive enzymes, it becomes necessary, therefore, to incorporate exogenous enzymes into their diets in order to enhance the breakdown of the non-starch polysaccharides (NSPs) present in fibre. Exogenous enzymes are extracted from fermentation process involving microorganisms and substrates. Commonly used microorganisms include fungi like Trichoderma Sp. and Aspergillus Sp. and bacteria like Bacillus Sp. Enzymes like bromelain and papain are also extracted from plants. Atteh (2003), Adeniji and Jimoh (2007), Alabi et al. (2014), Jimoh et al. (2022) and other researchers have all shown that exogenous enzyme is a practical tool offering the possibility of replacing the expensive raw material with cheaper ones. Jimoh and Atteh (2019) observed that enzymes significantly improved the apparent metabolizable energy value of rice husk compared to the control without enzyme and that cocktails of enzymes are significantly better than individual enzymes. There are several types of enzymes in the market and their efficacy depends on their profile and activities. These include single purpose enzymes like Nutrase xyla and multipurpose enzymes like grindazyme, Kingzyme, GrowinAct, polyzyme, Roxazyme G, multigrain etc. Enzymes are included at manufacturers recommended inclusion level ranging from as low as 50ppm to as high as 350ppm.
However, research has shown that the components of crude fiber are varied and one type of enzyme cannot achieve complete degradation of the fiber fractions. This has led to the development of enzyme cocktail. Enzyme cocktail is the combination of different types of enzyme on the same substrate. Kingzyme enzyme is a multipurpose enzyme with enzyme profile containing glucanase, mannanase, pectinase, protease, amylase and cellulase (KDN, 2025). It is recommended to be included at 0.02 %. Growin Act enzyme contains xylanase, cellulase, beta-glucanase, beta mannanase, alpha amylase, beta galactosidase, pectinase, lipase and protease. The recommended inclusion level is 0.005 to 0.01%. This study therefore aimed at investigating the combination of two different enzymes namely, Kingzyme and GrowinAct on the utilization of maize offal as a replacement for maize in the diets of broiler chickens. The study focused on growth performance and nutrient digestibility of starter broiler chickens. 
MATERIALS AND METHODS
2.1 Location
The study was carried out at the Livestock Teaching and Research Farm of Joseph Sarwuan Tarka University (formerly Federal University of Agriculture), Makurdi. Makurdi is located between latitudes 7⁰14′ N and 9⁰52′ N and longitude 8⁰35′ E and 8⁰41′ E in the Guinea savannah zone of Nigeria. It has annual rainfall of between 508 and 1016 mm and a minimum temperature of 24.20 ±1.4⁰C and maximum temperature of 36.33 ± 3.70C (TAC, 2011).
2.2 Collection of Test Materials
Maize offal was obtained from maize milling operators within Makurdi and its environ. It is a product of dry milling of maize. Kingzyme and GrowinAct enzymes were obtained from commercial feed mill in Kaduna, Nigeria. 
2.3 Experimental Diets
Five experimental broiler starter diets were formulated such that maize offal supplemented with both enzymes replaced 0, 25, 50, 75 and 100% of maize in the control diet as shown in Table 1.  The dietary treatments were labelled as T1, T2, T3, T4 and T5 respectively. The diets were formulated to be iso-nitrogenous as recommended by NRC (1994) and Ogundipe et al. (2022) but with different metabolizable energy values. The enzymes were included at 0.02% for Kingzyme and 0.01% for GrowinAct. 
Table 1: Composition of Experimental Diets for Starter Broiler Chickens
	Feedstuff, %
	T1 (0%)
	T2 (25%)
	T3 (50%)
	T4 (75%)
	T5 (100%)

	Maize
	55
	41.25
	27.5
	13.75
	0

	Maize offal
	0
	13.75
	27.5
	41.25
	55

	Palm oil
	0.5
	0.5
	0.5
	0.5
	0.5

	Soya bean meal
	37
	37
	37
	37
	37

	Blood meal
	2.5
	2.5
	2.5
	2.5
	2.5

	Bone meal
	2.5
	2.5
	2.5
	2.5
	2.5

	Oyster shell
	1.5
	1.5
	1.5
	1.5
	1.5

	Lysine
	0.2
	0.2
	0.2
	0.2
	0.2

	DL-methionine
	0.25
	0.25
	0.25
	0.25
	0.25

	Salt
	0.3
	0.3
	0.3
	0.3
	0.3

	Broiler Premix1
	0.25
	0.25
	0.25
	0.25
	0.25

	Kingzyme2
	0
	0.02
	0.02
	0.02
	0.02

	Growin Act3
	0
	0.01
	0.01
	0.01
	0.01

	Total
	100
	100.03
	100.03
	100.03
	100.03

	Calculated proximate composition

	Crude protein, %
	23.02
	23.32
	23.63
	23.93
	24.3

	ME, Kcal/Kg
	2810
	2705
	2601
	2496.5
	2392

	Crude fiber, %
	3.82
	4.89
	6
	7.04
	8.11

	Ether extract, %
	3.83
	3.82
	3.8
	3.76
	3.72

	Calcium, %
	1.38
	1.38
	1.38
	1.38
	1.37

	Av. Pho., %
	0.45
	0.45
	0.49
	0.47
	0.46

	Lysine,  %
	1.47
	1.47
	1.47
	1.5
	1.5

	Methionine, %
	0.55
	0.55
	0.55
	0.55
	0.55


T1: Control with 0% maize offal and no enzyme cocktail; T2: Maize offal + enzyme cocktail replaced 25% of maize in the control; T3: Maize offal + enzyme cocktail replaced 50%of maize in the control; T4: Maize offal + enzyme cocktail replaced 75% of maize in the control; T5: Maize offal + enzyme cocktail replaced 100% of maize in the control 
1: Supplied per kg: vitamin A, 12,000 IU; vitamin D3, 2,000 IU; vitamin E, 50 IU; vitamin B1, 1 mg; vitamin B2, 3 mg; vitamin B6, 1 mg; vitamin B12, 10 μg; vitamin K, 2 mg; copper (cupric sulphate), 75 mg; nicotinic acid, 12 mg; pantothenic acid, 10 mg; iron, 200 mg; cobalt, 0.5 mg; manganese, 40 mg; zinc, 90 mg, iodine, 1 mg; selenium, 0.2 mg; calcium, 31.25 g; sodium, 10 g
2: A multi-enzyme containing glucanase, mannanase, pectinase, protease, amylase and cellulase
3: A multi-enzyme containing xylanase, cellulase, beta-glucanase, beta mannanase, alpha amylase, beta galactosidase, pectinase, lipase and protease. ME: Metabolizable energy, Av. Pho.: Available phosphorus

2.4 Management of Animals and Experimental Design
Two hundred day-old Ross 308 broiler chicks were randomly allocated to the five dietary treatments in a Completely Randomized Design. Each treatment was replicated four times with ten birds per replicate. The birds were brooded in a clean and disinfected deep litter system. Feed and water were supplied ad libitum throughout the duration of the study. Vaccination was done against Gumboro disease at day one and day 21 while lasota vaccine was administered against Newcastle disease at day 14. 
2.5 Data Collection
Data were collected on feed intake and weight gain while feed conversion ratio (FCR) was calculated using the formula below.
FCR= Feed intake (g)
          Weight gain (g)

Feed Intake per bird was calculated as the total feed intake divided by the number of birds in each replicate. 
Feed Intake (g/b) = Total feed intake per replicate
                                Number of birds in each the replicate

The total weight of the birds in each replicate was obtained and average final weight per bird was calculated as the total weight divided by the number of birds. Weight gain was calculated as the difference between the average final weight and the average initial weight. 
Weight gain (g/bird) = Average final weight – Average initial weight 
At the third week of the study, nutrient digestibility trial was carried out using the total collection method. One bird per replicate was transferred to metabolic cage for the determination of nutrient digestibility. The birds were given two days for acclimatization with ad libitum feed and water but no faecal collection. A weighed amount of the respective diet was given to each bird and droppings were collected daily for additional three days. The droppings were oven-died and pooled together at the end of the third day of collection. The droppings and the experimental diets were later subjected to proximate analysis according to the procedure of AOAC (2019). Nutrient digestibility was calculated using the formula below.
Nutrient digestibility (%) = Nutrient Intake (g)- Nutrient Output (g)   X 100
                                                     Nutrient Intake (g) 
Where; Nutrient Intake= Nutrient coefficient of feed x feed intake
Nutrient output= Nutrient coefficient of droppings x weight of droppings
2.6 Statistical Analysis
All data collected were subjected to one-way Analysis of Variance suitable for a completely randomized design using Statistical Package for Social Sciences (SPSS, 2012). Significant differences between treatment means were determined using Duncan’s Multiple Range Test (Duncan, 1955).
3.0 RESULTS
The growth performance of starter broiler chickens fed with maize offal supplemented with enzyme cocktails is as shown in Table 2. There were no significant difference (P=0.05) in all the parameters measured namely feed intake, final weight, weight gain and feed conversion ratio. 







Table 2: Growth Performance of Starter Broiler Chickens Fed Diets with Graded Levels of Maize Offal Supplemented with Enzyme Cocktail
	Treatments

	Parameters
	
T1 
	T2 
	T3
	T4
	T5
	P-value

	Initial weight (g)
	38.63
	38.13
	38.30
	36.40
	38.98
	0.18

	Total feed  intake (g/b)
	1319.60
	1260.66
	1283.93
	1304.44
	1301.68
	0.61

	Daily feed intake (g/b)
	47.13
	45.02
	45.85
	46.57
	46.49
	0.61

	Final weight (g/d)
	766.20
	713.12
	739.99
	739.91
	751.61
	0.58

	Weight gain (g/b)
	727.57
	674.99
	701.69
	703.56
	712.63
	0.59

	Daily weight gain (g/b)
	25.98
	24.11
	25.06
	25.13
	25.45
	0.59

	Feed Conversion Ratio
	1.82
	1.97
	1.83
	1.86
	1.84
	0.97


T1: Control with 0% maize offal and no enzyme cocktail; T2: Maize offal + enzyme cocktail replaced 25% of maize in the control; T3: Maize offal + enzyme cocktail replaced 50%of maize in the control; T4: Maize offal + enzyme cocktail replaced 75% of maize in the control; T5: Maize offal + enzyme cocktail replaced 100% of maize in the control 

The apparent nutrient digestibility for starter broiler chickens fed diets with graded levels of maize offal supplemented with enzyme cocktail is shown in Table 3.Treatment T4 was significantly lowest among the treatments in their effects on dry matter digestibility.  In term of protein digestion, there were no significant difference among treatments T1, T2 and T3 and these are significantly higher than treatments T4 and T5 in their effects on crude protein digestibility.  There were no significant differences among the treatments in their effects on ether extract digestibility. Crude fiber digestibility did not follow a regular pattern as treatments T3 was significantly lower (P=0.05) than treatments T1 and T2 although it is statistically similar to other treatments (T4 and T5).  The NFE digestibility shows that treatment T4 was significantly lower than treatments T1 and T2. 




Table 3: Apparent Nutrient Digestibility by Starter Broiler Chickens Fed Diets with Graded Levels of Maize Offal Supplemented with Enzyme Cocktail
	Treatments

	Parameters (%)
	
T1 
	T2 
	T3
	T4
	T5
	P-value

	Dry matter
	72.15a
	70.52a
	66.28a,b
	52.15b
	57.72a,b
	0.04

	Crude protein
	63.82a
	65.50a
	59.16a
	43.23b
	47.21b
	0.04

	Ether extract
	78.05
	85.09
	82.93
	79.08
	79.35
	0.24

	Crude fiber
	58.48a
	54.52a
	45.61b
	50.52a,b
	52.39a,b
	0.14

	Nitrogen-free extract
	79.85a
	76.38a
	74.48a,b
	60.07b
	66.70a,b
	0.04


a, b: Means within the same row with different superscript are significantly different (P=.05)
T1: Control with  0% maize offal and no enzyme cocktail; T2: Maize offal + enzyme cocktail replaced 25% of maize in the control; T3: Maize offal + enzyme cocktail replaced 50%of maize in the control; T4: Maize offal + enzyme cocktail replaced 75% of maize in the control; T5: Maize offal + enzyme cocktail replaced 100% of maize in the control 

4.0 DISCUSSION
Several studies have shown that birds fed diets with increasing levels of maize offal experienced gradual decrease in final body weight (Nsa and Essien,2019; Onunkwo  and Ekine, 2020). This has necessitated the use of enzymes. Results from this study indicates that with the addition of enzyme cocktails, the feed intake and weight gain for the experimental diets were not affected by the levels of inclusion of maize offal. This is contrary to the reports of Onukwo and Ekine (2020) where it was observed that the use of maize offal above 10% without enzyme resulted in an increase in feed intake and a decrease in weight gain. High fiber feedstuffs are known to increase feed intake as the birds eat to satisfy energy requirement (Atteh, 2003). However, the non-significant difference in feed intake observed in this study could be attributed to the fact that the enzyme cocktail has improved the digestibility of the diets especially as the metabolizable energy decreases with increasing maize offal inclusion. Enzymes are known to breakdown the complex non starch polysaccharides in the feedstuff thereby making them available as simple sugars to be absorbed by the digestive system. According to Jiménez-Moreno et al. (2011), an increase in the level of dietary fiber sources from 2.5% to 7.5% reduced average daily weight gain from day-old to 12th day. This is similar to the report of Onu et al (2006) who observed that there was a significant (P< 0.05) decrease in weight gain as dietary level of maize offal increased without enzyme supplementation. However, results from this study shows that an increase in the dietary fiber source did not lead to a reduction in the feed intake. This may be attributed to the effects of the enzyme cocktail. Inclusion of high fiber feedstuffs is usually limited especially for monogastric animals because of the poor metabolizable energy contents. However, results of this study suggest that enzyme addition may have increased the dietary energy to meet up with the energy requirement of the birds especially for birds on treatment T2 to T5 where the dietary metabolizable energy values are lower than the requirement. Jimoh and Atteh (2021) had also observed that enzyme cocktails significantly improved the apparent metabolizable energy value of maize offal compared to the individual enzymes. 
Observation from this study also shows that the increasing level of the maize offal had no negative effect on the final weight and weight gain as these parameters were not significantly different across the treatments. Values obtained for daily feed intake (45.0 – 47.13g) and daily weight gain (24.11-25.98g) in this study are lower and higher respectively than 61.37-62.97g and 20.61-24.11g obtained by Ekine and Onunkwo (2020). Values of daily feed intake and daily weight gain in this study are, respectively, lower than and similar to 52.2-60.3g and 24.5-27.3g obtained by Salami and Odunsi (2017). The non-significant difference among the treatments in their effects on feed conversion ratio also points to the fact that the utilization of the feed by the birds was enhanced by the enzyme cocktail.  Cocktail of enzymes have been reported to be working synergistically. This may be due to the fact that active sites of one enzyme could complement the active sites of another enzyme. The activity of the enzyme in each complex may also lead to synergistic effects. 
Crude fiber is known to impair the digestion of other nutrients due to its encapsulating effect especially viscous soluble fiber. This type of fiber forms viscous gel in the digestive tract and reduce the impact of enzyme on the digesta.  According to Yaakugh et al. (1994), the digestibility of nutrients is inversely related to the fiber content of the feed. Therefore, an increase in the digestibility or break down of fiber will also lead to an increase in the digestibility of other nutrients. Results of digestibility of nutrients in this study shows that the digestibility does not follow a particular trend or pattern. However, digestibility for ether extract in this study was not significantly different among the treatments even as the crude fiber increases from treatment T1 (0% Maize offal) to treatment T5 (55% maize offal with enzyme cocktail). Values of nutrients digestibility obtained in this study, though varied, are higher than digestibility values for broilers as reported by Izuki et al. (2024) where exogenous enzymes were used with sorghum-based diets. It could be observed that the cocktail-supplemented diets performed significantly better than the control in term of crude fiber digestibility despite an increase in the dietary crude fiber level of the diet.
5.0 CONCLUSION
Findings of this study clearly indicate that maize offal supplemented with enzyme cocktail has no detrimental effect on growth performance and nutrient digestibility of starter broiler chickens. Maize offal supplemented with cocktail of Kingzyme and GrowinAct can be used to replace 100% of maize in the diets of starter broiler chickens with no adverse effect on growth performance and nutrient digestibility. 
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