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ABSTRACT - This study evaluated the effects of including Moringa oleifera (moringa)
leaf meal on performance, carcass yield and characteristics, and relative organ
weights of broilers from 10 to 42 days of age. We distributed 420 male Cobb 500
chicks in a completely randomized design with five treatments and six replicates
with 14 birds each. Treatments consisted of five experimental diets in which the
moringa leaf meal was included at 0, 1.5, 3.0, 4.5, and 6.0% in the diets. The following
performance variables were evaluated: weight gain, feed intake, and feed conversion;
weights and yields of carcass, carcass traits, organs, and abdominal fat; and feet color.
Significant differences between the treatment means were analyzed by Dunnett’s
test. The meal inclusion levels did not affect performance, carcass characteristics
and yield, or organs weight. However, feet pigmentation increased linearly, and
abdominal fat was greater only at the 1.5% level when compared with the control
group. Moringa leaf meal can be included in the diet of broilers from 10 to 42 days
of age, up to the level of 6%, without compromising performance or carcass yield of
these birds.

Keywords: broiler, carcass traits, carotenoids, performance

1. Introduction

At present, Brazil is the third largest broiler producer in the world, ranking only after the USA and
China. It is also the biggest exporter of poultry, having exported 4,214,000 t in 2019 (ABPA, 2020).
The growing globalization and adoption of new technologies, alongside improvements in biosafety,
facilities, and equipment and the competence of professionals in the area, has led the Brazilian poultry
farming activity to these great achievements (Amorim et al,, 2015).

As an important part of animal production, the diet represents the component of highest cost of
the sector, surpassing 70% of total costs. However, these costs are closely related to the availability
of ingredients commonly used in the formulation of diets. In this regard, corn and soybean meal
together can account for approximately 90% of the total volume of a diet, but because they are
commodities, these products are subject to price fluctuations in the market. Bearing that in mind,
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researchers in the nutrition field have looked into alternative feedstuffs aiming to reduce production
costs without compromising animal production performance (Ribeiro et al.,, 2010; Amorim et al,,
2015; Ayasan et al., 2020; Ulger et al., 2020a; Ulger et al., 2020b).

The prohibition of the use of antibiotics in poultry production in several countries around the
world has led nutritionists nowadays to seek foods, mostly plants, which, in addition to having
good nutritional profiles, also promote growth effects in birds (Anwar et al, 2017; Ulger et al,
2017; Cheng et al., 2019; Ekizoglu et al., 2020). Several plants known for their beneficial effects on
human nutrition have been researched as alternative ingredients in animal feeding. Moringa oleifera
(herein referred to as “moringa”), a plant belonging to the family Moringaceae, has great potential for
use in poultry feeding, given its high levels of important compounds such as essential amino acids,
antioxidants, and lipids (Makkar and Becker, 1997; Mbikay, 2012). Studies have proved its nutritional
and pharmacological potential in humans (Nkukwana et al, 2014), and some have confirmed
its high ability to potentiate growth, weight gain, and carcass yield of broilers (Zanu et al.,, 2012;
Nkukwana et al.,, 2014).

The present study evaluated the effects of feeding broilers from 10 to 42 days of age a diet including
Moringa oleifera leaf meal on performance, carcass yield and characteristics, and relative organ weight
of these birds.

2. Material and Methods

This experiment was conducted according to the recommendations of the local Committee of Ethics
in Animal Use (License no. 23082.000497/2015), in Recife, PE, Brazil (latitude 8°04'03" S, longitude
34°55'00" W, and 4 m above sea level) localized in the physiographic micro region of Litoral Mata,
belonging to the Metropolitan Region of Recife.

A total of 420 male Cobb 500 chicks in the period from 10 to 42 days of age, with an average initial
weight of 256 g (10 day old), were housed in a prefabricated shed divided into cages, at a density of
10 birds/m? Cages were equipped with nipple drinkers and trough feeders and lined with sugarcane
bagasse bedding. During the entire experimental period, a constant illumination program (24 h)
was adopted.

During the first 10 days, the animals received a standard diet based on corn and soybean meal and were
subsequently distributed in the experimental treatments. The feeding program consisted of three diets,
as follows: starter (10 to 21 days of age), grower (21 to 35 days of age), and finisher (35 to 42 days
of age). Feed and water were provided ad libitum. Temperature and relative humidity were recorded
throughout the entire experimental period, using a data logger; mean values for these variables were
29.7 °C and 70.1%, respectively.

The broilers were distributed in a completely randomized design composed of five treatments and
six replicates with 14 birds per experimental unit. Treatments consisted of five experimental diets in
which the moringa leaf meal was included in the proportions of 0, 1.5, 3.0, 4.5, and 6.0% (as-fed basis)
(Tables 1, 2, and 3).

The nutritional values of the feedstuffs used in the formulation of the experimental diets were
obtained from feed composition tables proposed by Rostagno et al. (2011), whereas the nutritional
content of the moringa leaf meal used in this experiment (Table 4) was obtained from chemical
analyses following methods described by Silva and Queiroz (2002). The metabolizable energy value
of Moringa oleifera used for the formulation of feed was that found by Macambira et al. (2018).

To obtain the Moringa oleifera leaf meal, moringa leaves and petioles were collected with an interval
of 45 days between cuts, aiming to combine the great production of green matter and nutritional value
of the leaves. The plants were cut at a height of approximately 60 cm from the ground. After cutting,
the entire production was ground in forage and the material was housed in a shed to dry until weight
stabilized. The material was then ground in a vertical mill to obtain leaf bran.
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Table 1 - Centesimal composition and nutritional values of starter diets from 10 to 21 days of age

Moringa leaf meal inclusion level (%)

Ingredient
0 1.5 3.0 4.5 6.0

Corn 56.87 55.89 54.92 53.94 52.96
Moringa leaf meal 0.00 1.50 3.00 4.50 6.00
Soybean meal 35.93 35.28 35.62 33.96 33.31
Calcitic limestone 0.950 0.940 0.940 0.940 0.940
Soybean oil 3.290 3.390 3.480 3.570 3.670
Dicalcium phosphate 1.560 1.570 1.580 1.590 1.600
Mineral-vitamin premix! 0.200 0.200 0.200 0.200 0.200
Salt (NaCl) 0.400 0.400 0.400 0.400 0.400
L-Lysine HC] 78.8 0.240 0.250 0.260 0.271 0.281
DL-Methionine 99 0.311 0.316 0.320 0.324 0.329
L-Threonine 98.5 0.121 0.125 0.129 0.134 0.138
Sodium bicarbonate 0.081 0.092 0.103 0.115 0.126
Anticoccidian 0.050 0.050 0.050 0.050 0.050
Total 100.00 100.00 100.00 100.00 100.00

Energetic and nutritional composition (calculated values)
Apparent metabolizable energy (M]/kg) 12.76 12.76 12.76 12.76 12.76
Crude protein (%) 21.20 21.20 21.20 21.20 21.20
Crude fiber? (%) 2.89 2.97 3.03 3.08 3.15
Calcium (%) 0.841 0.841 0.841 0.841 0.841
Available phosphorus (%) 0.401 0.401 0.401 0.401 0.401
Sodium (%) 0.210 0.210 0.210 0.210 0.210
Chlorine (%) 0.190 0.190 0.190 0.190 0.190
Potassium (%) 0.585 0.585 0.585 0.585 0.585

Digestible amino acids (%)
Lysine 1.217 1.217 1.217 1.217 1.217
Methionine + cystine 0.876 0.876 0.876 0.876 0.876
Methionine 0.475 0.475 0.475 0.475 0.475
Threonine 0.791 0.791 0.791 0.791 0.791
Tryptophan 0.207 0.207 0.207 0.207 0.207

1 Quantity per kg of product: folic acid, 150 mg; pantothenic acid, 13,500 mg; biotin, 40 mg; copper, 1400 mg; iron, 6000 mg; iodine, 915 mg;
manganese, 17 g; zinc, 38 g; niacina, 13 g; selenium, 300 mg; vitamin A, 5,000,000 IU; vitamin D3, 1,600,000 IU; vitamin E, 4000 UI;
vitamin K3, 1000 mg; vitamin B6, 250 mg; vitamin B12, 6500 mg.

2 Calculated from the values of crude fiber obtained by Oliveira (2019).

Broilers and feed leftovers were weighed weekly to determine the performance parameters: feed
intake, weight gain, and feed conversion.

At the end of the experimental period, two birds with the average weight of each experimental unit
were fasted for 12 h and then weighed, stunned, slaughtered, and evaluated for the yields of carcass and
cuts (drumstick, thigh, breast, wing, and back); abdominal fat, edible viscera (heart, liver, and gizzard),
non-edible viscera (intestines and proventriculus); weight of organs from the immune system (bursa
and spleen), and feet color (using a DSM color fan).

For feet color, there were three evaluations in each broiler and, after that, mean values were
calculated. With the help of a measuring tape, the length of the small intestine and large intestine
were measured. The small intestine was separated where the duodenum emerges from the cloaca
and at the beginning of cecum. The large intestine length was obtained from sum of the lengths of the
colon, rectum, and ceca.
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Table 2 - Centesimal composition and nutritional values of starter diets from 22 to 35 days of age

Moringa leaf meal inclusion level (%)

Ingredient
0 1.5 3.0 4.5 6.0

Corn 59.85 59.03 58.21 57.39 56.57
Moringa leaf meal 0.00 1.50 3.00 4.50 6.00
Soybean meal 32.35 31.69 31.03 30.36 29.70
Calcitic limestone 0.890 0.810 0.740 0.660 0.580
Soybean oil 4.220 4.260 4.300 4.330 4370
Dicalcium phosphate 1.330 1.340 1.340 1.340 1.350
Mineral-vitamin premix* 0.180 0.180 0.180 0.180 0.180
Salt (NaCl) 0.321 0.322 0.323 0.323 0.324
L-Lysine HC1 78.8 0.240 0.250 0.260 0.270 0.280
DL-Methionine 99 0.293 0.297 0.301 0.304 0.308
L-Threonine 98.5 0.072 0.077 0.082 0.086 0.091
Sodium bicarbonate 0.200 0.200 0.200 0.200 0.200
Anticoccidian 0.050 0.050 0.050 0.050 0.050
Total 100.00 100.00 100.00 100.00 100.00

Energetic and nutritional composition (calculated values)
Apparent metabolizable energy (M]/kg) 13.19 13.19 13.19 13.19 13.19
Crude protein (%) 19.80 19.80 19.80 19.80 19.80
Crude fiber? (%) 3.75 3.84 3.98 4.05 4.10
Calcium (%) 0.578 0.578 0.578 0.578 0.578
Available phosphorus (%) 0.354 0.354 0.354 0.354 0.354
Sodium (%) 0.200 0.200 0.200 0.200 0.200
Chlorine (%) 0.180 0.180 0.180 0.180 0.180
Potassium (%) 0.580 0.580 0.580 0.580 0.580

Digestible amino acids (%)
Lysine 1.131 1.131 1.131 1.131 1.131
Methionine + cystine 0.826 0.826 0.826 0.826 0.826
Methionine 0.452 0.452 0.452 0.452 0.452
Threonine 0.735 0.735 0.735 0.735 0.735
Tryptophan 0.204 0.204 0.204 0.204 0.204

1 Quantity per kg of product: folic acid, 150 mg; pantothenic acid, 13,500 mg; biotin, 40 mg; copper, 1400 mg; iron, 6000 mg; iodine, 915 mg;
manganese, 17 g; zinc, 38 g; niacina, 13 g; selenium, 300 mg; vitamin A, 5,000,000 IU; vitamin D3, 1,600,000 IU; vitamin E, 4000 IU;
vitamin K3, 1000 mg; vitamin B6, 250 mg; vitamin B12, 6500 mg.

% Calculated from the values of crude fiber obtained by Oliveira (2019).

Carcass yield was calculated as the ratio between carcass weight without viscera and feet and live
weight after fasting. Organ yield was determined as the weight of an organ divided by the live weight of
the animal after fasting. Lastly, yield of prime cuts was calculated as the relationship between the type
of cut and the carcass weight (without viscera and feet).

The results obtained for all variables were subjected to the regression analysis. Data also were subjected
to analysis of variance and, in case of significant differences, the means were compared by Dunnett’s
test. Data were considered significant at the 5% probability level.

The following statistical model was used:

Yij Lo Ti * ey
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Table 3 - Centesimal composition and nutritional values of starter diets from 36 to 42 days of age

Moringa leaf meal inclusion level (%)

Ingredient
0 1.5 3.0 4.5 6.0

Corn 64.11 63.29 62.47 61.65 60.23
Moringa leaf meal 0.00 1.50 3.00 4.50 6.00
Soybean meal 28.48 27.81 27.15 26.46 25.82
Calcitic limestone 0.800 0.720 0.640 0.570 0.490
Soybean oil 4.140 4.180 4.220 4.260 4.300
Dicalcium phosphate 1.120 1.130 1.130 1.130 1.140
Mineral-vitamin premix* 0.180 0.180 0.180 0.180 0.180
Salt (NaCl) 0.309 0.309 0.310 0.311 0.312
L-Lysine HC] 78.8 0.267 0.277 0.287 0.297 0.307
DL-Methionine 99 0.272 0.276 0.279 0.283 0.287
L-Threonine 98.5 0.076 0.080 0.085 0.090 0.095
Sodium bicarbonate 0.200 0.200 0.200 0.200 0.200
Anticoccidian 0.050 0.050 0.050 0.050 0.050
Total 100.00 100.00 100.00 100.00 100.00

Energetic and nutritional composition (calculated values)
Apparent metabolizable energy (M]/kg) 13.40 13.40 13.40 13.40 13.40
Crude protein (%) 18.40 18.40 18.40 18.40 18.40
Crude fiber? (%) 3.80 391 4.02 4.08 4.16
Calcium (%) 0.663 0.663 0.663 0.663 0.663
Available phosphorus (%) 0.309 0.309 0.309 0.309 0.309
Sodium (%) 0.195 0.195 0.195 0.195 0.195
Chlorine (%) 0.170 0.170 0.170 0.170 0.170
Potassium (%) 0.580 0.580 0.580 0.580 0.580

Digestible amino acids (%)
Lysine 1.060 1.060 1.060 1.060 1.060
Methionine + cystine 0.774 0.774 0.774 0.774 0.774
Methionine 0.424 0.424 0.424 0.424 0.424
Threonine 0.689 0.689 0.689 0.689 0.689
Tryptophan 0.191 0.191 0.191 0.191 0.191

! Quantity per kg of product: folic acid, 150 mg; pantothenic acid, 13,500 mg; biotin, 40 mg; copper, 1400 mg; iron, 6000 mg; iodine, 915 mg;
manganese, 17 g; zinc, 38 g; niacin, 13 g; selenium, 300 mg; vitamin A, 5,000,000 IU; vitamin D3, 1,600,000 IU; vitamin E, 4000 1U;
vitamin K3, 1000 mg; vitamin B6, 250 mg; vitamin B12, 6500 mg.

% Calculated from the values of crude fiber obtained by Oliveira (2019).

in which Y, = value observed for the response variable Y in treatment i and its repetition j; 1 = general
average of all observations; T, = treatment effect (0, 1.5, 3.0, 4.5, and 6.0% of moringa leaf meal/kg); and
€= experimental error associated with the observed value Y,

3. Results

Moringa leaf meal levels in the diets had no significant effects the performance variables (weight gain,
feed intake, or feed conversion) in any of the phases evaluated (Table 5).

No significant effects of moringa leaf meal levels were detected on live weight; weights of carcass,
breast, drumstick + thigh, wing, back, and organs (heart, liver, gizzard, proventriculus, weight and
length of the small and large intestines, bursa, and spleen); or their yields (Table 6).
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Table 4 - Chemical composition of moringa leaf meal (dry matter basis)

Nutrient Total amino acids (%)*
Dry matter (%) 90.13 Methionine 0.372
Crude protein (%)? 25.87 Cystine 0.300
Neutral detergent fiber (%) 40.32 Methionine + cystine 0.671
Acid detergent fiber (%) 20.10 Lysine 1.162
Mineral matter (%) 15.94 Threonine 0.945
Ether extract (%) 6.31 Tryptophan -
Metabolizable energy (M]/kg)* 11.91 Arginine 1.131
Isoleucine 0.932
Leucine 1.709
Valine 1.170
Histidine 0.465
Phenylalanine 1.319
Glycine 1.264
Serina 0.966
Proline 0.969
Alanine 1.279
Aspartic acid 2.003
Glutamic acid 2914
1 Values determined by the company Evonik by high-performance liquid chromatography (HPLC).
2 Value determined by Kjeldahl method.
3 Value determined by Macambira et al. (2018).
Table 5 - Performance of broilers from 10 to 42 days of age fed moringa leaf meal
Moringa leaf meal inclusion level (%)
Variable RE SD P CV (%)
0 1.5 3.0 4.5 6.0
10 to 21 days old
WG (g/bird) 618 620 616 577 589 NS 43 0.298 6.95
FI (g/bird) 908 954 912 915 912 NS 44 0.589 5.95
FC (g/g) 1.473 1.540 1.482 1.593 1.560 NS 0.124 0.417 8.12
10 to 35 days old
WG (g/bird) 1808 1816 1896 1809 1807 NS 902 0.735 7.29
FI (g/bird) 2881 3013 3073 3028 3057 NS 138 0.112 4.27
FC (g/g) 1.597 1.663 1.627 1.678 1.693 NS 0.061 0.148 4.22
10 to 42 days old
WG (g/bird) 2148 2116 2085 2053 2021 NS 177 0.744 8.82
FI (g/bird) 3440 3448 3455 3463 3471 NS 259 0.903 5.99
FC (g/g) 1.605 1.633 1.681 1.689 1.717 NS 0.105 0.144 13.78

WG - weight gain; FI - feed intake; FC - feed conversion; NS - not significantly different; RE - regression equation; P - probability; SD - standard
deviation; CV - coefficient of variation.

Abdominal fat did not have a significant effect on the regression equations; however, when the test of
means was performed, we observed that only at the 1.5% inclusion level of the moringa did it increase
abdominal fat when compared with the control group.

Feet color values increased linearly as the levels of moringa leaf meal in broiler diets were increased

(Figure 1).
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Table 6 - Weights and yields of carcass and organs of broilers fed moringa leaf meal

Moringa leaf meal inclusion level (%)

Variable RE SD P CV (%)
0 1.5 3.0 4.5 6.0
Final weight (g) 2522 2478 2478 2478 2497 NS 188.57 0.974 7.81
Carcass (g) 1.855 1.853 1.850 1.854 1.909 NS 0.13 0.781 7.17
Breast (g) 636 643 648 658 682 NS 0.68 0.521 10.45
Drumstick + thigh (g) 570 546 563 554 570 NS 0.47 0.678 8.51
Wings (g) 185 187 179 185 191 NS 0.15 0.436 7.99
Back (g) 323 337 315 329 318 NS 0.31 0.444 9.54
Heart (g) 13.16  13.10 14.33 14.49 13.75 NS 2.26 0436  16.46
Gizzard (g) 3657 3790 3630  40.41 38.27 NS 6.41 0.444  15.38
Liver (g) 54.00 49.23 56.88 52.62 54.04 NS 7.98 0.142 13.22
Proventriculus (g) 8860 8.778 8738 9.308  8.808 NS 1.29 0.826  14.86
Small intestine (g) 83.10 8294 7930 83.72 75.86 NS 1497 0.676  18.76
Large intestine (g) 20.68 18.38 20.47 22.94 19.75 NS 5.93 0.449 29.09
Small intestine (cm) 169.13 170.13 170.71 17496 167.58 NS 19.63 0924  11.83
Large intestine (cm) 24.71 24.71 27.13 25.54 25.04 NS 3.50 0.416 13.76
Abdominal fat (g) 37.59a 4996b 40.43a 35.80a 39.23a NS 11.73 0.026 27.11
Spleen (g) 2.869  3.463 3.581 3.380 3.046 NS 0.96 0392  29.14
Bursa of Fabricius (g) 2404 2608 2473 2.461 2.088 NS 0.95 0.754  40.33

Yield (%)

Carcass 74.67 74.81 74.69 74.88 75.48 NS 2.98 0.747 2.10
Breast 34.28 34.70 35.08 35.48 35.64 NS 2.16 0.542 6.22
Drumstick + thigh 30.77 29.44 30.41 29.94 29.98 NS 1.48 0.228 4.84
Wings 9.90 10.10 9.72 10.06 10.02 NS 0.60 0.545 6.07
Back 17.41 18.13 17.09 17.80 16.69 NS 1.17 0.019 6.28
Heart 0.523 0.530 0.580 0.585 0.553 NS 0.09 0.391 16.05
Gizzard 1.447 1.532 1.465 1.632 1.545 NS 0.23 0.208 13.52
Liver 2.143 1.981 2.300 2.128 2.178 NS 0.29 0.067 11.85
Abdominal fat 1.496a 2.013b 1.633a 1.431la 1.574a NS* 0.46 0.013 25.93

NS - not significantly different; RE - regression equation; P - probability; SD - standard deviation; CV - coefficient of variation.
a-b - Means with the same letters are not significantly different by Dunett’s test (P>0.05).
*P =0.0502.
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Figure 1 - Feet color of broilers fed moringa leaf meal.
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4. Discussion

The use of forage plants in the feeding of non-ruminants has always been restricted due to their
negative effects on animal performance. These feedstuffs are known for having a large amount of
fiber, worsening feed conversion, having in some cases high concentrations of anti-nutritional factors,
and reducing the nutrient usage potential by the animal (Xiao et al., 2012). By contrast, studies have
shown that inclusion of small amounts of forage species may benefit the animal performance because
of their growth-promoting properties (Banjo, 2012; Nkukwana et al., 2014; Nkukwana et al., 2015;
Cui etal,, 2018).

Most studies use estimated metabolizable energy (ME) values using ingredient composition
or feeds with similar composition, such as alfalfa, or simply do not report how the values were
determined (Olugbemi et al., 2010; Ayssiwede et al., 2011; Nkukwana et al., 2014; Nkukwana et al,,
2015; Kaijage et al,, 2015), which may explain part of the wide variation in results found between
different studies. Taking this into account, in a previous work by our research group, developed
by Macambira et al. (2018), we determined the ME values of Moringa oleifera in vivo in a
metabolism assay, and the value found (11.91 M]/kg) was used for the formulation of rations.
Thus, the results of this study characterize a new approach to the use of this plant in the feeding of
fast-growing broilers.

The literature is highly controversial with respect to the use of moringa in poultry feeding.
Nkukwana et al. (2014) worked with diets containing moringa levels ranging from 1 to 5% and observed
that on the 35th day of life of the birds, the groups fed diets containing the highest levels had a higher
final weight and worse feed conversion than the control group. These authors used moringa with an
ME content of 2,723 kcal/kg and 26.76% crude protein, which is a similar composition to that used in
the present study (Table 4), but our results indicated the opposite response at 35 days of age, in which
performance variables were not affected.

The present findings are similar to those found by Atuahene et al. (2008), who did not also observe
differences in feed intake or weight gain. However, the authors reported worse feed conversion in
broilers fed diets containing moringa at the levels of 0, 2.5, 5, and 7.5% when compared with control
group. Other studies have also shown similar results (Elbashier and Ahmed, 2016).

Zanu et al. (2012) worked with moringa leaf meal inclusion levels of 5, 10, and 15% and observed
a reduction of weight gain with inclusion of 15% of the meal, and worse feed conversion. Likewise,
Olugbemi et al. (2010) included different proportions of moringa leaf meal (5 and 10%) in cassava
chip-based diets and obtained lower weight gain, higher feed intake, and worse feed conversion
in broilers.

According to Ash et al. (1992), inclusion of moringa leaf meal in broiler diets at levels greater than
10% lead to an increase in feed conversion and feed intake, besides a reduction in weight gain and
final weight of animals. The variations in broiler performance found in the literature as a function
of moringa inclusion in the diet may stem from differences observed in the chemical composition
of this ingredient, especially in terms of fiber. Several factors are known to interfere with the
nutritional composition of a forage plant, e.g, age, soil-climatic conditions of the area where the
plant was grown, and part of the plant used (leaves, stems, or both) (Carvalho and Pires, 2008;
Arruda et al,, 2010).

According to the quality of the fiber or proportion of its components, soluble fibers can decrease
the intestinal transit, improving the use of nutrients to a certain degree (Montagne et al., 2003;
Owusu-Asiedu et al,, 2006). This fiber category, where the hemicellulose and pectin fractions are
located, is known for having the ability to retain water molecules, increasing the viscosity of the diet
(Johnston et al., 2003).

The fibrous fraction classified as insoluble, in turn, whose main component is cellulose, provides an
increase in the rate of passage through the gastrointestinal tract. This increased rate of passage reduces
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the time of residence of the digesta in the stomach and intestine, consequently reducing the use of the
nutrients ingested by the animals (Montagne et al., 2003).

Oliveira (2019), working with material from the same harvest site as the present study, found crude
fiber values of 8.22% for Moringa. Consequently, when the plant was included in the diets, the content
of crude fiber in the diets was also increased. However, these increases were not sufficient to cause
adverse effects on the performance of the chickens that maintained their constant production indexes
in all treatments. This demonstrates that moringa leaf meal can be included at levels of up to 6.0%,
without compromising the growth performance of birds.

Evaluating the chemical composition of the moringa leaf meal used in this study (Table 4), we can
observe that the neutral detergent fiber content was approximately 40.32%, and this fraction includes
cellulose, hemicellulose, and lignin. Acid detergent fiber, where cellulose and lignin are found, was at a
concentration of around 20.10%. However, a large part of the fiber in this meal consisted of potentially
soluble fraction.

With the increasing levels of moringa leaf meal in the diets, the amounts of soluble fiber were also
elevated. This fact, associated with the significant crude protein (25.86%), ether extract (6.31%),
and ash (15.94%) contents, led to improved use of the material, because of the effects this type of
fiber has on intestinal transit and nutrient use. This interaction might have provided the obtained
results, in which no effects of meal inclusion were detected on animal performance from 10 to 42 days
of age.

Banjo (2012) worked with moringa in broiler diets at the inclusion levels of 0, 1, 2, 3, and 4%, and
stated that animals receiving up to 3% of the ingredient had greater weight gain; from that point
onwards, this parameter decreased. The author also reported that this result was likely due to the
high crude fiber content present in the material, which, at greater levels, compromised the use of the
diet by the animal.

The low inclusion level of moringa leaf meal in the diets and the use of only leaves, which, according to
a study by Makkar and Becker (1997), have low concentration of antinutritional factors, also ensured
that the animal performance would not be compromised.

According to Gonzalez-Alvarado et al. (2010), the adequate development of the gizzard is a factor of
extreme importance for broilers, as it works as a regulator of the gastrointestinal tract motility, and its
improper development may compromise the nutrient digestibility and performance of these animals.
However, in the present study, no differences were found in the weight or yields of the gizzard.

Nkukwana et al. (2014) did not find differences in carcass yield and relative weights and/or yields of
gizzard, pancreas, heart, liver, and spleen of 35-day-old broilers fed diets containing moringa. These
results were similar to those found in this study, in which no differences were observed at the inclusion
levels tested for weight and yield of digestive organs.

Results for weight and yields of carcass and organs obtained in this study were similar to those reported
by Zanu et al. (2012), who did not find significant differences for any of the yields of cuts and digestive
organs of broilers fed diets containing increasing levels of moringa meal (5, 10, and 15%). Likewise,
Nkukwana et al. (2015) worked with diets containing 1, 3, and 5% moringa leaf meal for broilers aged
up to 35 days and did not detect any effect on weight of organs.

Zanu et al. (2012) observed a linear increase in the fat content in the carcass when they increased the
moringa levels (5, 10, and 15%) in the diets. However, in this study only the 1.5% level differed from
the control group.

The pigmentation in the feet of the broilers fed diets containing higher moringa levels (4.5 and 6%)
increased linearly, which may be a consequence of the presence of carotenoids in diets with higher
levels of this ingredient. These compounds, also known as xantophils, are important precursors of
vitamin A, and, when present in a diet, have the ability to be deposited in the meat, making carcasses
yellower (Pérez-Vendrell et al., 2001).
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The so-called natural pigments, e.g, carotenoids, are important molecules, because, in addition to
providing a distinguished color to the end products for the consumer, they often also have antioxidant
activity. The use of natural pigments is preferable to artificial pigments due to the risks that these can
cause to health, in addition to having higher costs (Nunes Junior et al., 2019). Moringa oleifera has
carotenes and xanthophylls (lutein, zeaxanthin, canthaxanthin, citranaxanthin, and capsanthin) in its
composition, these being the yellow and red pigments present in many plants, capable of intensifying
the color of poultry products (Olugbemi et al, 2010; Moyo et al, 2011). Chicken meat color is a
parameter of great importance, as it is one of the first features considered by the consumer at the time
of purchase (Venturini et al., 2007).

Finally, the inclusion of moringa resulted, on average, in a reduction of 6 and 9% in the use of corn and
soybean meal, respectively, in the formulation of diets without harm to performance, carcass yield, and
skin pigmentation of broilers. With the increase in the price of the ingredients used in feed formulation,
mainly due to the pandemic of the coronavirus, the search for foods that can reduce the percentage of
these in the formulation of diets becomes important for the industry and small producers, because of
the potential to reduce production costs.

5. Conclusions

Moringa oleifera has potential for use in diets of broilers from 10 to 42 days of age, at up to 6%
inclusion, without compromising the performance or carcass yield of these animals.
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