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Abstract

Neem products are biologically and pharmacologically active and could therefore serve as
alternatives to antibiotics in pig feed. This study evaluated the effects of adding ground neem seeds
(GNS) to the diets of fattening pigs on growth performance, carcass characteristics, and the
physicochemical properties of the meat. In the growing and finishing | phases, 32 and 31 pigs,
respectively, were used to evaluate five dietary treatments: control diet (T1), control diet + antibiotic
(oxytetracycline, T2), control diet + 0.1% GNS (T3), control diet + 0.2% GNS (T4), and control diet +
0.3% GNS (T5). In the finishing Il phase, 13 pigs were used to evaluate T1, T2, and T3, and the
physicochemical properties of the meat from these pigs were determined. The study used a completely
randomised, unbalanced experimental design. In growing pigs, 0.2% GNS reduced feed intake, while
the other growth performance variables and carcass characteristics were not affected by the level of
GNS inclusion. In the finishing | phase, 0.3% GNS reduced feed intake and the feed-to-gain ratio;
however, there were no significant effects on the other measured variables. In finishing Il pigs, GNS
supplementation did not modify growth performance; however, 0.1% GNS modified the meat pH, L*,
and a* values. Ground neem seeds at higher inclusion levels may improve the feed efficiency of pigs,
but may also have a negative effect on some meat quality parameters.
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Introduction

In pig production, antibiotics have generally been used to maintain the health of animals and
increase their productivity. A recent estimate suggests that by 2030, the global use of antibiotics for the
promotion of growth in animal production will be 11.5% higher than in 2017 (Tiseo et al., 2020). However,
the excessive use of antimicrobials represents a risk to global human health as well as the environment
because of the collateral effects of this use (Allel et al., 2023).
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The swine industry is an important agricultural sector worldwide because of the high human
intake of pork; however, it is also a source of concern because of its use of antibiotics. Environmental
contamination with antibiotic residues from swine farm wastewater could have long-term effects on the
surrounding surface water and groundwater and could contribute to the widespread distribution of
various antibiotic resistance genes (Ma et al., 2025). These concerns about antibiotic use have led to
increased interest in the use of herbal growth promoters as alternatives to antibiotics in animal nutrition,
as they have the potential to maintain the efficiency of production while also protecting human health
and the environment (Mafouo et al., 2019).

Neem (Azadirachta indica) is used in ethnoveterinary medicine by rural pig farmers to treat
worm infestations (Doley et al., 2022), and aqueous neem fruit extracts have acaricidal effects against
mange mites and can provide a cheaper, safer, and more eco-friendly alternative for the control of
mange in pigs (Pasipanodya et al., 2021). Neem also contains phytochemicals with diverse biological
and pharmacological activities (Rahmani et al., 2018), making it relevant as a possible growth promoter.
Previous studies have found that adding neem to pig (Sastry & Agrawal, 1992), chicken (Trigueros et
al., 2015; Paul et al., 2020), and rabbit (Unigwe et al., 2016) diets improved their growth performance
and carcass characteristics; however, excessive doses reduced these variables because of the bitter
flavour of neem and because it also contains toxic substances (Ogbuewu et al., 2011). Reports (Sastry
& Agrawal, 1992; Annongu et al., 2003; Sokunbi et al., 2024) also suggest that treated whole neem
kernels can be a suitable protein feedstuff for swine at inclusion levels of 10% to 20% of the diet.

We hypothesised that dietary neem supplementation could contribute to the reduction of
antibiotic use as growth promoters in the swine industry without affecting the quality of the meat
produced, because of the existing evidence that dietary neem shows metabolic activity as a growth
promoter. This study thus evaluated the effects of adding ground neem seeds (GNS) to fattening pig
diets on the growth performance, carcass characteristics, and physicochemical properties of pig meat
to determine whether neem is a viable alternative to antibiotics for promoting growth in pigs.

Materials and methods

The experiment was conducted according to the Rules for the Use and Care of Animals
Destined for Research of the Colegio de Postgraduados, as approved by the General Academic Council
of the same institution (Regulatory Agreement 04/09/19), following the directives of the Official Rules
and Norms of Mexico.

The research was conducted at the Swine Unit of the Experimental Farm of the Colegio de
Postgraduados, located in Montecillo, Texcoco, State of Mexico (19° 48' 23" N, 98° 48' 27" W, at 2241
m above sea level). The regional climate is temperate subhumid, with an average temperature of 15.2 °C
and an annual rainfall of 644.8 mm. Most rain occurs in summer, with winter rainfall of less than 5%
(Garcia, 2004).

Animals, facilities, and treatments

The neem fruits were collected during the spring of 2019; they were soaked in water for 24
hours and the epicarp and mesocarp were then removed by hand. The seeds were washed and dried
in the shade for a week, before being dried in a convection oven (Felisa®, model 293A, Mexico) at 100 °C
for 24 hours to reduce the moisture content. The dried seeds were then ground in a mill (Thomas, model
4 Wiley®, USA) and passed through a 1 mm screen, producing the GNS used in this study.

Before the start of the study, all the pigs received a prophylactic treatment of 10 mg lvermectin,
500 000 IU vitamin A, 75 000 IU vitamin D, 50 IU vitamin E, and 1 mL vehicle. The study consisted of
three experimental periods: the growing phase, the finishing | phase, and the finishing Il phase. In the
growing phase, 32 hybrid pigs (10 gilts and 22 barrows; Landrace x Yorkshire x Pietrain) with an average
initial body weight of 27 + 2.89 kg were used to evaluate five treatments: T1 (control diet without
antibiotic, n =5), T2 (T1 + 0.1% oxytetracycline, n =5), T3 (T1 + 0.1% GNS, n =5), T4 (T1 + 0.2% GNS,
n=6),and T5 (T1 + 0.3% GNS, n = 6). The growing phase evaluation period lasted five weeks. For the
finishing | phase, 31 hybrid pigs with an average initial body weight of 44.33 + 4.97 kg were used to
evaluate the same treatments as in the growing phase (T1: n=5,T2: n=5,T3: n=5, T4: n =6, and
T5: n = 5). This evaluation period also lasted five weeks. Because no clear effects of the dietary
treatments were found for the majority of the measured variables in the growing and finishing | phases,
it was decided that only the lower GNS inclusion level would be used in the finishing Il phase. Thus, in
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the finishing Il phase, 13 pigs with an average initial body weight of 69.41 + 5.27 kg were selected to
evaluate three treatments: T1 (control diet without antibiotic, n = 4), T2 (T1 + oxytetracycline, n = 4), and
T3 (T1 + 0.1% GNS, n = 5). This phase lasted six weeks.

The experimental diets were formulated using the Solver command of Microsoft Office Excel
(2016), to meet the National Research Council (2012) requirements for pigs during the three stages of
fattening (Table 1).

Table 1 Experimental diets for growing, finishing |, and finishing Il pigs

Control diets
Ingredients (%)

Growing Finishing | Finishing Il
Maize grain 77.87 81.24
Sorghum grain 83.87
Soya bean meal (44% crude protein) 18.66 12.36 16.00
Soya bean oil 0.39 0.84 0.02
L-lysine (54.6%) 0.44 0.65 0.25
DL-methionine (99%) 0.05 0.12 0
L-threonine 0.07 0.10 0.05
L-tryptophan (98%) 0.10 0.07 0.01
Mineral premix’ 0.15 0.15 0.15
Vitamin premix? 0.20 0.20 0.20
Antibiotic? 0 0 0
Calcium carbonate 1.49 1.06 0.48
Choline chloride* 0.15 0.15 0.15
Sodium chloride 0.30 0.30 0.30
Neem 0 0 0
Protease’® 0.03 0.03 0.01
Mycotoxin sequestrant® 0.10 0.10 0.30

Chemical composition (calculated %, unless otherwise indicated)

Metabolisable energy (Mcal/kg) 3.30 3.30 3.30
Crude protein 16 14.50 14

Arginine 0.90 0.68 0.73
Phenylalanine 0.70 0.63 0.58
Histidine 0.40 0.30 0.34
Isoleucine 0.58 0.51 0.46
Leucine 1.39 1.33 1.15
Lysine 1.00 0.85 0.73
Methionine + cystine 0.55 0.48 0.43
Methionine 0.29 0.32 0.21
Threonine 0.60 0.52 0.46
Tryptophan 0.17 0.15 0.13
Valine 0.76 0.64 0.51
Calcium 0.66 0.66 0.52
Phosphorus 0.35 0.33 0.24

" Rekavit 2000 Fattening Pigs: iron, zinc, manganese, copper, selenium, iodine, and chromium. 2 Rekavit 2000:
retinol, cholecalciferol, alpha-tocopherol, menadione, thiamine, riboflavin, pyridoxine, niacin, choline,
cyanocobalamin, pantothenic acid, and biotin.  Terramycin® (oxytetracycline and thiamine). 4Kolvit® (60%).
5 Poultrygrow 250™ dehydrated soluble extract of Streptomyces griseus fermentation.  Adsorsil S (natural
zeolite combined with Yucca schidigera extract).
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The experimental diets were formulated to contain equal amounts of metabolisable energy and
protein, and contained maize, sorghum grain, soya bean meal, soya bean oil, crystalline amino acids,
vitamin and mineral premix, mycotoxin sequestrant, and protease. The diet was offered in a meal form
and the pigs had ad libitum access to feed and water throughout the trial.

During the experiment, each pig was allotted to a single metal pen (1.2 x 1.5 m) with a concrete
floor partly covered by plastic slats, and equipped with a Hopper-type metal feeder, a drinker, and a
250 W incandescent lamp. The pens were cleaned and the pigs’ health inspected daily.

Growth performance and carcass characteristics

The following growth performance variables were measured: average daily feed intake (ADFI,
kg/d), average daily gain (ADG, kg/d), feed-to-gain ratio (FGR, kg:kg), fat-free lean gain (FFLG, g/d),
and initial and final body weight (BWi and BWf, kg). The following carcass characteristics were
measured: initial and final Longissimus lumborum muscle area (LMAi and LMAf, cm?), initial and final
backfat thickness (BFTi and BFTf, mm), and initial and final lean meat percentage (LMPi and LMPf, %).
These variables were measured at the beginning and end of each experimental period. The LMA and
BFT were measured between the first and second lumbar vertebrae on the right side of the pig, using a
real-time ultrasound (Medison, SonoVet 600, USA). Using these data, the FFLG, LMPi, and LMPf were
estimated using procedure number 5 of Burson & Berg (2001), to estimate the carcass composition of
the pigs.

Physicochemical characteristics of the meat

The pigs were slaughtered at the end of the finishing Il phase (Secretaria de Agricultura,
Ganaderia, Desarrollo Rural, Pesca y Alimentacion, 2014). Meat samples were taken from the L.
lumborum muscles and immediately stored at 4 °C. At 48 hours post mortem, the colour, pH, and water-
holding capacity (WHC) were measured. During these evaluations, the samples were kept on aluminium
trays at ambient temperature.

To measure the pH, a portable potentiometer was used (Hanna®, model HI 99163, Spain). The
meter was calibrated using standard solutions at pH 4 and 7 (+ 0.02 at 20 °C) prior to taking the
measurements. The pH was measured three times at three points along the L. [umborum samples.

The WHC was determined using the procedure described by Pérez & Ponce (2013). The results
were expressed as the volume (in mL) of 0.6 M sodium chloride solution retained by 100 g of meat. The
analysis was performed in triplicate.

The colour of the meat was evaluated using a portable colorimeter (Konica Minolta, model CR-
410, USA) and was expressed using the L* (brightness), a* (red/green), and b* (yellow/blue; Roberson,
1990) coordinates. The colour was measured in three adjacent positions on the meat sample, so as to
obtain a representative measurement of the entire surface of the meat sample.

Statistical analysis

The experimental design used in the three stages of fattening was completely randomised and
unbalanced, with each pig in a single pen being considered an experimental unit. The normality and
homogeneity of variance of the data were evaluated using the Shapiro-Wilk and Levene’s and Bartlett’s
tests, respectively, with a significance level of P <0.05. When the design assumptions were confirmed,
the data were analysed using analysis of variance (ANOVA) and analysis of covariance (ANCOVA). In
the latter case, the BWi, BFTi, LMAIi, and LMPi (which were not response variables) were used as
covariates in the statistical analysis. There were no effects of these covariates, so when significant
differences were indicated by the ANOVA, the treatment means were compared using the Tukey
(P <0.10) test. The variables that did not fit with the assumptions of the design were analysed using the
Kruskal-Wallis non-parametric test (P = 0.10). All procedures were performed using the Statistical
Analysis System for Windows (SAS Institute Inc., 2009).

Economic viability
To compare the economic efficiencies (Bellaver et al.,1985) of the tested diets, the feeding cost
per kilogram of live pig produced was determined using the following equation:

=Qi*Pi

Y:
L Gl
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where:
Y; = the average cost of feed per kilogram of live weight produced in the treatment,
Qi = the quantity of feed consumed by the pigs in the treatment group,
P; = the price of the feed consumed in the treatment group, and
G, = the weight gain of the pigs in the treatment group, verified for the period.
The economic efficiency index and cost index (Fialho et al., 1992) were then determined using
the following formulae:

EET = 1€ o 100
CCT;
cr =Ty 100
=—X
MC

where:

EEI = the economic efficiency index,

CI = the cost index,

MC = the lowest diet cost/kg of weight gain observed among the treatments, and
CT,; = the cost of the treatment considered.

Results and discussion

The results of the growing stage are presented in Table 2. In pigs fed 0.2% GNS, the ADFI was
reduced by 19.19% compared to the pigs fed the control diet (P <0.10). However, the other growth
performance variables (ADG, FGR, FFLG, and BWf) and carcass characteristics (BFTf, LMAf, and
LMPf) were not affected by the level of GNS inclusion or the antibiotic in the diet (P >0.10).

The results for the finishing | stage are presented in Table 3. The addition of GNS or
oxytetracycline to the feed did not affect the ADG, FFLG, or BWf of the pigs (P >0.10); however, the
ADFI and FGR differed between the treatments (P <0.10). The ADFI was lower in the pigs fed the GNS
diets and was higher in the pigs fed the control diet: the pigs fed 0.3% GNS consumed 22% less feed
than the pigs fed the control diet. Correspondingly, the highest FGR was observed in the pigs fed the
control and antibiotic diets, and feeding the pigs 0.3% GNS improved this variable, resulting in FGR
values that were 14% and 12% less than those of the control and antibiotic treatment groups,
respectively (P <0.10). The BFTf, LMAf, and LMPf were not significantly affected by the addition of GNS
or antibiotics to the pigs’ diets. There were also no trends of change (P >0.10) in these variables in the
finishing | pigs in response to GNS or antibiotic supplementation.

In the finishing Il pigs (Table 4), the supplementation of GNS or antibiotics in the diet did not
modify the ADFI, ADG, FGR, FFLG, or BWf (P >0.10). In addition, the BFTf, LMAf, and LMPf were not
affected (P >0.10) by the supplementation of GNS or oxytetracycline.

The results for the physicochemical characteristics of the meat (Table 5) indicated that the meat
pH of the pigs fed GNS was lower than that of the pigs fed the diet containing antibiotics (P <0.10), and
that both of these treatments did not differ from the control diet. However, despite these differences in
the pH (P <0.10), there were no significant differences between the treatments in the WHC of the meat
samples.

The meat of the pigs fed GNS had higher L* values than that of the pigs fed the control and
antibiotic-containing diets (P <0.10). In addition, GNS supplementation reduced the a* value relative to
that of meat from the pigs fed the antibiotic diet (P <0.10); however, neither treatments differed from the
control diet for this variable (P >0.10). The b* values were similar for all the treatments (P >0.10).
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Table 2 The effects of dietary supplementation with ground neem seeds (GNS) or antibiotics on the growth performance and carcass characteristics of growing
pigs (mean * standard deviation)

GNS Antibiotics Growth performance Carcass characteristics

Treatments o o
(%) (%) ADFI (kg/d)  ADG (kg/d) FGR FFLG (g/d) BWf (kg) BFTf (mm)  LMAf (cm?) LMPF (%)

1 0 0 1.722+023  059+0.06  2.87+024  216+37.71  47.47+5.02 10.00+1.07 21.20%3.28  30.27 +0.72
2 0 0.1 170+ 016  0.58+0.06  2.90+028  225+32.15 4596+5.30 9.00+129 2155+2.88  30.86+1.15
3 0.1 0 155+ 012  054+003  2.92+014  201+3549  44.75+4.09 9.00+126  19.44+449  29.65+1.69
4 0.2 0 139°+0.23  0.53+0.06  264+0.14  212+16.19  44.25+4.28 9.17+0.75 21.20+1.12  31.06 £1.42
5 0.3 0 150+ 019  0.54+005  2.61+028  219+2121  44.55:+4.80 840+ 114  20.71+3.04  31.01+0.67
P-value 0.06 0.14 0.14 0.71 0.70 0.16 0.78 0.22

cv 12.57 9.82 8.03 14.30 10.45 12.22 15.14 3.91
MSD 0.33 0.08 0.39 4517 6.99 1.64 4.63 1.77
SEM 0.19 0.05 0.22 30.77 4.76 1.12 3.15 1.19

R2 0.34 0.21 0.30 0.07 0.07 0.20 0.05 0.19

ab Treatment means with different superscripts in each column indicate significant differences (P <0.10). T1: control diet, T2: control diet + 0.1% oxytetracycline, T3: control diet +
0.1% GNS, T4: control diet + 0.2% GNS, T5: control diet + 0.3% GNS. ADFI: average daily feed intake, ADG: average daily gain, FGR: feed:gain ratio, FFLG: fat-free lean gain,
BWHf: final body weight, BFTT: final backfat thickness, LMAT: final Longissimus lumborum muscle area, LMPf: final lean meat percentage, CV: coefficient of variation, MSD: minimum
significant difference, SEM: standard error of the mean, R2: coefficient of determination.
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Table 3 The effects of dietary supplementation with ground neem seeds (GNS) or antibiotics on the growth performance and carcass characteristics of finishing |
pigs (mean * standard deviation)

GNS Antibiotics Growth performance Carcass characteristics

Treatments o o
(%) (%) ADFI (kg/d)  ADG (kg/d) FGR FFLG (g/d) BWF (kg) BFTf(mm)  LMAf (cm?) LMPF (%)

1 0 0 2.342+019  0.69+0.04  3392+0.14  284+3621  71.25+551 11.00+122 28.84+1.87  30.19+0.78
2 0 0.1 207 +022  0.60+0.08  3.30°+025 253+36.13  65.38+9.95 10.50 £1.05  28.67+3.99  30.79 % 0.42
3 0.1 0 203 +025 065+0.06 3.07®+0.16 260+39.38  65.94 +5.99 10.13+£0.99  26.97+2.97  30.04 +0.66
4 0.2 0 208 +042  064+0.10  3.15%+0.15  255+47.40 66 £ 6.79 98310098 2746183  30.45%0.67
5 0.3 0 1.82°+0.24  0.61+0.08  2.89°+046  248+28.77  65.79+4.58 105+1.22  28.86+2.34  30.81%0.53
P-value 0.09 0.36 0.04 0.58 0.60 0.46 0.61 0.12

cv 13.52 11.74 7.59 14.73 10.20 10.49 9.86 2.01
MSD 0.43 0.1 0.40 57.06 10.15 1.62 4.13 0.94
SEM 0.27 0.07 0.24 38.23 6.80 1.08 2.76 0.61

R? 0.27 0.14 0.37 0.10 0.09 0.12 0.09 0.24

ab Treatment means with different superscripts in each column indicate significant differences (P <0.10). T1: control diet, T2: control diet + 0.1% oxytetracycline, T3: control diet +
0.1% GNS, T4: control diet + 0.2% GNS, T5: control diet + 0.3% GNS. ADFI: average daily feed intake, ADG: average daily gain, FGR: feed:gain ratio, FFLG: fat-free lean gain,
BWf: final body weight, BFTT: final backfat thickness, LMAY: final Longissimus lumborum muscle area, LMPf: final lean meat percentage, CV: coefficient of variation, MSD: minimum
significant difference, SEM: standard error of the mean, R?: coefficient of determination.
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Table 4 The effects of dietary supplementation with ground neem seeds (GNS) or antibiotics on the growth performance and carcass characteristics of finishing I

pigs (mean * standard deviation)

GNS Antibiotics

Growth performance

Carcass characteristics

Treatments
ADFI (kg/d) ADG (kg/d) FGR FFLG (g/d) BWf (kg) BFTf (mm) LMAf (cm?) LMPf (%)

1 3.53+0.41 0.91+£0.11 3.92+0.72 317 £51.40 107.50 £ 9.35 13.25 +2.06 36.23 £6.23 28.63+0.78
2 3441043 0.93+0.11 3.72+0.56 316 +48.42 107.30 £ 7.54 14.40 + 1.52 3591+5.18 28.28 £ 0.89
3 3.34+0.24 0.94 +0.07 3.57 £0.37 334 +21.71 110.88 £ 6.28 14.50 + 1.29 38.26 £ 3.09 28.60 £ 0.89
P-value 0.77 0.93 0.69 0.79 0.76 0.50 0.76 0.78

cv 10.98 10.86 15.13 13.44 7.18 11.66 13.68 2.99
MSD 0.59 0.15 0.89 68.34 12.31 2.59 7.94 1.34
SEM 0.37 0.10 0.56 43.26 7.79 1.64 5.02 0.85

R? 0.04 0.01 0.07 0.04 0.05 0.12 0.05 0.04

ab Treatment means with different superscripts in each column indicate significant differences (P <0.10). T1: control diet, T2: control diet + 0.1% oxytetracycline, T3: control diet +
0.1% GNS, T4: control diet + 0.2% GNS, T5: control diet + 0.3% GNS. ADFI: average daily feed intake, ADG: average daily gain, FGR: feed:gain ratio, FFLG: fat-free lean gain,
BWf: final body weight, BFTT: final backfat thickness, LMAT: final Longissimus lumborum muscle area, LMPT: final lean meat percentage, CV: coefficient of variation, MSD: minimum

significant difference, SEM: standard error of the mean, R?: coefficient of determination.
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Table 5 The effects of dietary supplementation with ground neem seeds (GNS) or antibiotics on the physicochemical properties of the Longissimus lumborum
meat of pigs (mean + standard deviation)

Treatments CE‘J}(J) )S Anti(lz/i:))tics L* Co:ur bt Water-holding capacity (%) pH

1 0 0 54.69° + 3.17 16.9720 + 1.07 5.32+0.98 24.67 +4.46 5.57% +0.15
2 0 0.1 54.48° + 2.26 17.712£1.15 5.15+0.42 23.17 £ 3.66 5.642£0.12
3 0.1 0 57.652 £ 1.93 16.61°+ 1.12 5.46 £ 0.53 23.00 £3.77 5.47° £ 0.04
P-value’ 0.01 0.06 0.53 0.003
P-value? 0.37

cv 4.50 6.49 16.85 2.01
MSD 2.51 0.96 3.98 0.11
SEM 2.50 1.1 3.97 0.11

R? 0.26 0.15 0.03 0.29

ab Treatment means with different superscripts in each column indicate significant differences (P <0.10). T1: control diet, T2: control diet + 0.1% oxytetracycline, T3: control diet
+0.1% GNS. ' Pr > F of analysis of variance, 2 Pr > Chi-squared of Kruskal-Wallis test. L*: luminosity, a*: red index, b*: yellow index, CV: coefficient of variation, MSD: minimum
significant difference, SEM: standard error of the mean, R2: coefficient of determination.
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Neem is considered one of the most promising plant species of the 21st century (Ogbuewu et
al., 2011) because of the many beneficial properties its products have been found to have. Neem
products are active against both Gram-positive and Gram-negative bacteria (Sharma & Srivastva,
2014); inhibit the growth of Trichophyton, Microsporum, and Epidermophyton dermatophytes (Ospina et
al., 2015); have anthelmintic activity against Pheretima posthuma, Ascaridia galli, Raillietina spiralis
(Rabiu & Subhasish, 2011), Paramphistomum cervi, and Fasciola hepatica (Ibekwe, 2019); reduce blood
glucose levels in a short period of time (Nagashayana et al., 2014); eliminate free radicals (Sithisarn et
al., 2005); and have the potential to prevent and treat a great number of human cancers (Patel et al.,
2016).

In animal nutrition, broilers fed ground neem leaves had higher final weights and feed
efficiencies than broilers fed control and Terramycin-containing diets (Ansari et al., 2012). The addition
of ground neem leaves to broiler and rabbit feeds has thus been recommended because it is not harmful
and helps improve animal growth performance (Unigwe et al., 2016; Deka et al., 2019). Similarly, GNS
included in a broiler diet was found to optimise the ADG, ADFI, and FGR (Trigueros et al., 2015). These
previous findings for broilers and the digestive and nutrient absorptive similarities between pigs and
chickens led to the hypothesis at the beginning of this study that at least one of the levels of GNS
inclusion would improve the growth performance of the pigs. However, this was not the case, with only
the ADFI and FGR differing between the treatments. These conflicting results may be because of the
different domestic animals and parts of the tree (leaves versus seeds) used in this study compared to
the previous studies. In addition, the effect of neem depends on the level at which it is used and the
dose-response relationship, and the different results found may thus have been due to the different
levels of supplementation used.

Higher levels of GNS in the diet (0.2% and 0.3% in the growing and finishing | stages,
respectively) interfered with the pigs’ acceptance of the feed. These results agree with those of Trigueros
et al. (2015), who indicated that higher levels of GNS inclusion in broiler diets (3% and 5%) reduced
feed intake. Ubua et al. (2019) similarly reported lower ADFI values for a diet containing 7.5% ground
neem leaves during the entire broiler fattening period. In contrast, the supplementation of lower doses
of ground neem leaves (0.2% and 0.3%) to broilers improved their feed intake (Deka et al., 2019). In
relation to these results, neem products are known to contain two main types of phytochemicals:
isoprenoids and non-isoprenoids (Gupta et al., 2017). Some of these compounds, such as azadirachtin,
meliacin, gedunin, salanin, nimbin, and valassin, are responsible for the bitter flavour and strong aroma
of neem, which may interfere with animals’ acceptance of feeds containing neem (Aruwayo et al., 2011).

In the finishing | phase (but not the other two phases), the FGR was lower in the pigs fed the
diet containing the highest concentration of GNS (0.3%). This concurs with the reports of Sastry &
Agrawal (1992), who found that the efficiency of dry matter utilisation improved when 10% neem seed
meal washed with water was supplemented in a pig diet. Likewise, the FGR of broilers or rabbits
improved with the inclusion of ground neem leaves, GNS, or an aqueous extract of neem leaves in the
diet (Trigueros et al., 2015; Unigwe et al., 2016; Deka et al., 2019; Paul et al., 2020).

The improvement in FGR observed can be attributed to the antibacterial and anthelmintic
potential of neem seeds. The main mode of action of herbal additives is modulating the gastrointestinal
microbiome, which competes with the animal and can cause inflammation in the intestinal epithelium by
producing toxins (Liu et al., 2011). Consequently, modulating the microbiome can decrease intestinal
inflammation and enhance feed digestion and absorption, resulting in improvements in the feed
conversion efficiency and weight gain (Sarker et al., 2014). In addition, pigs can adapt to feedstuffs with
poor palatability, up to a point, and feed additives such as GNS can thus be used to control feed intake
and, in consequence, improve digestion and the FGR.

However, in this study there were no effects of GNS on the ADG, FFLG, or BWf across the
entire fattening period. The results for the BWf are consistent with the findings of Egbeyale et al. (2020),
who reported that the supplementation of ground neem leaves to broilers at 0.5%, 1.0%, or 1.5% had
no effect on the birds’ body weights. In contrast, Sastry & Agrawal (1992) improved the ADG of pigs by
adding washed neem seed meal to the diet. Other authors have similarly reported improvements in body
weight in response to supplementing 2.5 g of ground neem leaves per kilogram of feed or 1% aqueous
extract of neem leaves to broilers’ diets (Ansari et al., 2012; Paul et al., 2020). The contrasting results
in the literature and in this study may have been caused by the varied concentrations of neem used, as
well as the varied treatments applied to the seeds. These factors can determine the concentrations of
phytochemicals, macrominerals, and microminerals in the feed additive (Boeke et al., 2004). It may
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therefore be expected that unprocessed neem products, such as leaves and seeds included at low
levels, may have a less acute effect or may require more time to affect an animal response, relative to
when extracts or meals are used (Sarker et al., 2014).

The GNS included in the diets had neither positive nor negative effects on the pigs’ carcass
characteristics, which may be attributed to the effective use of the feed by the pigs. In contrast, Singh et
al. (2014) included ground neem leaves in guinea hens’ feed, and observed that it reduced the serum
profile of low-density lipoproteins, triglycerides, and abdominal fat, and increased the serum profile of
high-density lipoproteins. This may be associated with the hypocholesterolaemic effect of neem, as
Duangjai et al. (2019) observed that an extract of neem flowers inhibited the activity of the pancreatic
cholesterol esterase enzyme, decreased the uptake of cholesterol by Caco-2 intestinal cells, and
inhibited the activity of 3-hydroxy-3-methylglutaryl coenzyme A reductase, key factors in cholesterol
biosynthesis. This resulted in a decreased accumulation of cholesterol in the muscles.

As was the case for the growth performance variables, the doses of GNS used in this study may
not have been sufficient to modify the carcass characteristics or reduce backfat thickness. Similarly,
feeding broilers a diet including ground neem leaves at 0.5%, 1%, 1.5%, 2.5%, 5%, or 7.5% generally
had no effect on carcass variables (Ubua et al., 2019), apart from on the weight of the back portion of
carcass, which was highest in the 1% ground neem leaves treatment group (Egbeyale et al., 2020).
Mafouo et al. (2019) did not find significant differences between the carcass characteristics of broilers
fed a diet supplemented with neem seed oil (15, 20, or 25 g/kg), and those of broilers fed the control
diet or a doxycycline-containing diet. In contrast, Ansari et al. (2012) and Paul et al. (2020) reported
better carcass characteristics when broilers were fed diets supplemented with ground neem leaves or
an aqueous extract of neem leaves than when they were fed a control diet, possibly reflecting an
improvement in the growth performance of the birds.

Both antibiotics and neem products can control the growth and colonisation of several diverse
pathogenic and non-pathogenic microorganisms in the animal intestine. A more balanced microbiome
in the gastrointestinal tract means higher digestive efficiency and feed utilisation, improving growth rate
and feed efficiency (Costa et al., 2011; Sarker et al., 2014). However, in this experiment, the growth
performance and carcass characteristics did not benefit from the dietary antibiotic, because the results
for this treatment group did not differ from those of the control group. These results are consistent with
those of Landy et al. (2011), who reported that dietary flavophospholipol had no positive effects on the
yield and carcass cuts of broilers, compared to the control diet. Lowell et al. (2018) similarly found no
differences between a control diet and diets supplemented with tylosin or oregano oil in a study
examining the growth performance and carcass characteristics of pigs.

The results for the pigs fed any level of GNS (0.1%, 0.2%, or 0.3%) in this study did not
significantly differ from those of the pigs fed the antibiotic-containing diet (T2). Similarly, there were no
significant differences in body weight and feed efficiency in chickens when they consumed diets
containing Terramycin or 1.5 and 5 g ground neem leaves per kilogram of feed (Ansari et al., 2012).
Similar results were reported for chickens fed a diet containing an aqueous extract of neem leaves (Paul
et al., 2020). In contrast, Mafouo et al. (2019) reported that feeding broilers diets supplemented with
neem seed oil reduced their body weight and weight gain, and increased their feed conversion ratio,
compared to broilers fed a doxycycline-containing diet. In addition, Landy et al. (2011) reported an
improvement in the body weights of broilers fed a flavophospholipol diet, compared to broilers fed 7 g
or 12 g of neem flower meal per kilogram of feed, without differences in daily feed intake between the
treatments. The lack of a growth promotor effect found in this study may be related to the diet digestibility
or the environmental conditions. Generally, growth promoters have a greater effect when the diet is less
digestible, and healthy and well-fed animals do not respond to such feed additives when they are housed
under good sanitary conditions at a moderate population density (Lowell et al., 2018).

It has been previously observed that the addition of antibiotics to pig diets does not affect the
physicochemical properties of the meat (Lowell et al., 2018), which concurs with the findings of this
study. Likewise, ground neem leaves did not modify the pH of broiler meat (Egbeyale et al., 2020). In
contrast, Killi et al. (2015) found that including ground neem leaves at 0.2% in a broiler diet significantly
increased the pH of both the fresh meat and the meat after storage for a week compared to the meat of
chickens fed an oxytetracycline-containing diet, but that this parameter was lower than in the meat of
broilers fed the control diet. In the current study, the meat of the pigs fed the GNS-supplemented diets
had lower pH values than that of the pigs fed the antibiotic-containing diet.

Usually, the pH of muscle decreases from 7.0—-7.2 (physiological pH) to 5.5-5.8 during the first
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24 to 48 hours after slaughter (Brewer et al., 2001). Chmiel et al. (2016) notes that the ideal pH for meat
is higher than 5.5, thus, in this experiment, the meat from the pigs fed the GNS-supplemented diets was
slightly below the pH range for normal meat, indicating better glycogen reserves in the muscles of these
pigs. However, as a general rule, a low pH has a harmful effect on the quality characteristics of pig meat,
because the combination of a high temperature and a low pH (close to the isoelectric point for muscle
proteins) favours the denaturation of proteins and the damage of cell membranes. In consequence, the
WHC of the meat deteriorates (Chmiel et al., 2016). Nonetheless, the WHC did not change in response
to dietary GNS supplementation in this study; however, the lack of subsequent measurements could
have prevented our observation of the effects of the low pH on the WHC.

Meat colour is probably the main factor that determines the consumer response to meat and
their decision whether to purchase meat. This variable is associated with both the pH and the meat
maturation time. An attractive meat colour is one that has low brightness, high red intensity, and low
yellow intensity. The addition of GNS to the diet modified the meat colour values, significantly increasing
the L* value and decreasing the a* value, resulting in meat with a pale appearance.

In the calculation of the EEI and ClI, the lowest feed cost per kilogram of weight gained was
considered (Table 6). The control and antibiotic-containing diets exhibited the worst EEIl and ClI in all
three production phases. For the growing and finishing | phases the diets containing 0.2% and 0.3%
GNS resulted in better EEI and CI, respectively, whereas in the finishing Il phase the diet containing
0.1% GNS achieved the better EEI and Cl values. The observed results show that the dietary addition
of GNS at 0.1%, 0.2%, and 0.3% enabled the production of pigs at a lower cost, resulting in greater
economic viability.

Table 6 Bioeconomic parameters of diets supplemented with ground neem seeds (GNS) or antibiotics

Growing stage
Parameter

T1 T2 T3 T4 T5
Cost per kg of feed ($) 0.535 0.557 0.538 0.541 0.544
Feed cost/kg of weight gained ($) 1.560 1.633 1.544 1.419 1.511
Economic efficiency index 90.971 86.908 91.878 100.00 93.894
Cost index 109.924 115.064 108.838 100.00 106.502
Finishing | stage
T1 T2 T3 T4 T5
Cost per kg of feed ($) 0.509 0.531 0.512 0.514 0.517
Feed cost/kg of weight gained ($) 1.726 1.832 1.599 1.671 1.543
Economic efficiency index 89.360 84.201 96.467 92.339  100.000
Cost index 111.906 118.763 103.662 108.296  100.00
Finishing Il stage
T T2 T3
Cost per kg of feed ($) 0.482 0.504 0.484
Feed cost/kg of weight gained ($) 1.870 1.864 2.984
Economic efficiency index 91.978 92.248 100.000
Cost index 108.721 108.403 100.000

All amounts are expressed in US dollars ($), and are as of May 2025. T1: control diet, T2: control diet + 0.1%
oxytetracycline, T3: control diet + 0.1% GNS, T4: control diet + 0.2% GNS, T5: control diet + 0.3% GNS.

Conclusions

Based on the results of this study, we conclude that GNS included in the diet at high levels
(0.2% and 0.3% in the growing and finishing | stages, respectively) improves the feed utilisation of pigs,
because feed intake was reduced without affecting the other growth performance variables. However,
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dietary GNS may have negative effects on meat quality properties. Additionally, it was observed that
neither the antibiotics nor the GNS promoted the growth performance of the pigs, which were reared
under good sanitary conditions at a moderate population density. Considering that dietary GNS reduced
feed intake without affecting other productive variables, it may be a suitable alternative for antibiotics,
both to reduce feed cost and avoid environmental or public health implications.

Authors’ contributions

J.L.F.-V, MYV.-P, M.T.S.-T., JAM.-A., J.L.G.-C., J.L.C.-M., AL.-T., and M.M.C.-G. were responsible for
the design and execution of the research. All co-authors participated in the management and discussion of the
results and statistical analyses, and the writing of the manuscript.

Conflict of interest declaration
The authors declare that there is no conflict of interest regarding the publication of this article.

References

Allel, K., Day, L., Hamilton, A., Lin, L., Furuya-Kanamori, L., Moore, C.E., Van Boeckel, T., Laxminarayan, R., &
Yakob, L., 2023. Global antimicrobial-resistance drivers: an ecological country-level study at the human—
animal interface. Lancet Planetary Health, 7(4):e291-e303. DOI: https://doi.org/10.1016/S2542-
5196(23)00026-8

Ansari, J., Khan, S.H., Haq, A., & Yousaf, M., 2012. Effect of the levels of Azadirachta indica dried leaf meal as
phytogenic feed additive on the growth performance and haemato-biochemical parameters in broiler chicks.
Journal of Applied Animal Research, 40(4):336—345. DOI: https://doi.org/10.1080/09712119.2012.692329

Annongu, A.A., ter Meuleu, U., Liebert, F., Atteh, J.O., & Joseph, J.K., 2003. Effects of detoxification on Nigerian
neem kernel composition and its impact on swine performance. Nigerian Journal of Animal Science,
6(1):137-143. URL: https://www.ajol.info/index.php/tjas/article/view/31047

Aruwayo, A. & Maigandi S.A., 2013. Neem (Azadirachta indica) seed cake/kernel as protein source in ruminants
feed. American Journal of Experimental Agriculture, 3(3):482-494. URL:
http://www.sciencedomain.org/abstract.php?iid=229&id=2&aid=1333

Bellaver, C., Fialho, E.T., Protas, J.F.S., & Gomes, P.C., 1985. Radicula de malte na alimentagido de suinos em
crescimento e terminagéo. Pesquisa Agropecuaria Brasileira, 20:969-974.

Boeke, S.J., Boersma, M.G., Alink. G.M., van Loon, J.J.A., van Huis, A., Dicke, M., & Mrietjens I.M.C., 2004. Safety
evaluation of neem (Azadirachta indica) derived pesticides. Journal of Ethnopharmacology, 94(1):25-41.
DOI: https://doi.org/10.1016/j.jep.2004.05.011

Brewer M.S., Zhu L.G., Bidner B., Meisinger D.J., & McKeith F.K., 2001. Measuring pork color: effects of bloom
time, muscle, pH and relationship to instrumental parameters. Meat Science, 57(2):169-176. DOI:
https://doi.org/10.1016/S0309-1740(00)00089-9

Burson, D. & Berg, E., 2001. Procedures for estimating pork carcass composition. Pork quality facts. National Pork
Producers Council, Des Moines, IA, USA.

Chmiel, M., Stowinski, M., Dasiewicz, K., & Florowski, T., 2016. Use of computer vision system (CVS) for detection
of PSE pork meat obtained from m. semimembranosus. LWT - Food Science and Technology, 65:532—-536.
DOI: https://doi.org/10.1016/j.lwt.2015.08.021

Costa, E., Uwiera, R.R.E., Kastelic, J.P., Selinger, L.B., & Inglis, G.D., 2011. Non-therapeutic administration of a
model antimicrobial growth promoter modulates intestinal immune responses. Gut Pathogens, 3(14):1-15.
DOI: https://doi.org/10.1186/1757-4749-3-14

Deka, J., Mahanta, J.D., Kalita, K.P., Choudhury, D., & Tamuly, H.A., 2019. Effect of dietary supplementation of
Neem (Azadirachta indica) leaf powder on the performance of commercial broiler chicken. Journal of
Entomology and Zoology Studies, 7(3):658—-663. URL:
https://www.entomoljournal.com/archives/?year=2019&vol=7&issue=3&Articleld=5254

Doley, M.K., Maibangs, S., Baruah, N., Neog, M., Shyam, J., Hazarika, R., & Pathak, P.K., 2022. Ethnoveterinary
practices amongst tribal pig farmers in Karbi Anglong district of Assam, India. Indian Journal of Traditional
Knowledge, 21(3):558-568. URL: https://www.cabidigitallibrary.org/doi/full/10.5555/20220482124

Duangjai, A., Ontawong, A., & Srimaroeng, C., 2019. Siamese neem flower extract suppresses cholesterol
absorption by interfering NPC1L1 and micellar property in vitro and in intestinal Caco-2 cells. Research in
Pharmaceutical Sciences, 14(3):190-200. DOI: https://doi.org/10.4103/1735-5362.258485

Fialho, E.T., Barbosa, H.P., Ferreira, A.S., Gomes, P.C., & Girotto, A.F., 1992. Utilizacdo da cevada em dietas
suplementadas com 6leo de soja para suinos em crescimento e terminagdo. Pesquisa Agropecuaria
Brasileira, 27(10):1467—-1475. DOI: https://doi.org/10.1590/S1678-3921.pab1992.v27.3793

Garcia, E., 2004. Modifications to the System Koppen Climate Classification (5th edition). Book series number 6.
Institute of Geography, Autonomous University of Mexico, Mexico.



Vasquez-Parra et al., 2025. S. Afr. J. Anim. Sci. vol. 55(9) 454

Gupta, S.C., Prasad, S., Tyagi, A.K., Kunnumakkara, A.B., & Aggarwal, B.B., 2017. Neem (Azadirachta indica): An
Indian traditional panacea with modern molecular basis. Phytomedicine, 34:14-20. DOI:
https://doi.org/10.1016/j.phymed.2017.07.001

Ibekwe, H.A., 2019. In vitro anthelmintic activities of aqueous crude extract of Azadirachta indica on
Paramphistomum cervi and Fasciola hepatica. International Journal of Veterinary Sciences and Animal
Husbandry, 4(1):14—18. URL: https://www.veterinarypaper.com/pdf/2019/voldissue1/PartA/3-5-13-142.pdf

Killi, R., Kaithepalli, B., Pentela, R.K., Bandi, E.R., Bobba, V.K., & Chitturi, S.K.S.V., 2015. Oxidative stability and
physicochemical properties of meat from broilers fed with dietary neem leaf powder, spirulina and their
combination. Notulae Scientia Biologicae, 7(4):400—-404. DOI: https://doi.org/10.15835/nsb749674

Landy, N., Ghalamkari, Gh., & Toghyani, M., 2011. Performance, carcass characteristics, and immunity in broiler
chickens fed dietary neem (Azadirachta indica) as alternative for an antibiotic growth promoter. Livestock
Science, 142(1):305-309. DOI: https://doi.org/10.1016/j.livsci.2011.08.017

Liu, HW., Tong, J.M., & Zhou, D.W., 2011. Utilization of Chinese herbal feed additives in animal production.
Agricultural Sciences in China, 10(8):1262—1272. DOI: https://doi.org/10.1016/S1671-2927(11)60118-1

Ma, H., Du, J., Xu, T., Yin, D., Fang, X., & Guo, X., 2025. Distribution and risk assessment of antibiotic resistance
genes in swine farm wastewater and its surrounding environments: from soil to water. Environmental
Science: Processes and Impacts, 27(3):741-751. DOI: https://doi.org/10.1039/D4EMO0687A

Mafouo, S.V., Kana, J.R., & Nguepi, D.K., 2019. Effects of graded levels of Azadirachta indica seed oil on growth
performance and biochemical profiles of broiler chickens. Veterinary Medicine and Science, 5(3):442—450.
DOI: https://doi.org/10.1002/vms3.162

Nagashayana, G., Jagadeesh, K., & Shreenivas, P.R., 2014. Evaluation of hypoglycemic activity of neem
(Azadirachta indica) in albino rats. Journal of Dental and Medical Sciences, 13(9):4-11. DOI:
https://doi.org/10.9790/0853-13920411

National Research Council (NRC), 2012. Nutrient Requirements of Swine (11th edition). National Academy Press,
Washington, D.C., USA.

Ogbuewu, |.P., Odoemenam, V.U., Obikaonu, H.O., Opara, M.N., Emenalom, O.0., Uchegbu, M.C., Okoli, I.C.,
Esonu B.O., & lloeje M.U., 2011. The growing importance of neem (Azadirachta indica A. Juss) in agriculture,
industry, medicine and environment: A review. Research Journal of Medicinal Plants, 5(3):230-245. DOI:
https://doi.org/10.3923/rjmp.2011.230.245

Ospina, S.D.l., Hoyos, S.R.A., Orozco, S.F., Arango, A.M., & Gomez, L.I.F., 2015. Antifungal activity of neem
(Azadirachta indica: Meliaceae) extracts against dermatophyte. Acta Biolégica Colombiana, 20(3):201-207.
DOI: https://doi.org/10.15446/abc.v20n3.45225

Pasipanodya, C.N., Tekedza, T.T., Chatiza, F.P., & Gororo, E., 2021. Efficacy of neem (Azadirachta indica) aqueous
fruit extracts against Sarcoptes scabiei var. suis in grower pigs. Tropical Animal Health and Production, 53:1—
7. DOI: https://doi.org/10.1007/s11250-020-02545-7

Patel, S.M., Nagulapalli Venkata, K.C., Bhattacharyya, P., Sethi, G., & Bishayee, A. 2016. Potential of neem
(Azadirachta indica L.) for prevention and treatment of oncologic diseases. Seminars in Cancer Biology,
40:100-115. DOI: https://doi.org/10.1016/j.semcancer.2016.03.002

Paul, T.K., Hasan, M.M., Haque, M.A., Talukder, S., Sarker, Y.A., Sikder, M.H., Khan, M.A.H.N.A., Sakib, M.N., &
Kumar, A., 2020. Dietary supplementation of neem (Azadirachta indica) leaf extracts improved growth
performance and reduced production cost in broilers. Veterinary World, 13(6):1050-1055. DOI:
https://doi.org/10.14202/vetworld.2020.1050-1055

Pérez, L. & Ponce, E., 2013. Manual de practicas de laboratorio- Tecnologia de Carnes. Universidad Auténoma
Metropolitana Unidad Iztapalapa.

Rabiu, H. & Subhasish, M., 2011. Investigation of in vitro anthelmintic activity of Azadirachta indica leaves.
International Journal of Drug Discovery, 3(4):94—100. URL: https://www.ijddr.in/abstract/investigation-of-in-
vitro-anthelmintic-activity-of-azadirachta-indica-leaves-5675.html

Rahmani, A.H., Alimatroudi, A., Alrumaihi, F., & Khan, A.A., 2018. Pharmacological and therapeutic potential of neem
(Azadirachta indica). Pharmacognosy Reviews, 12(24):250-255. DOI:
https://doi.org/10.4103/phrev.phrev_8_18

Robertson, A.R., 1990. Historical development of CIE recommended color difference equations. Color Research
and Application, 15(3):167-170. DOI: https://doi.org/10.1002/col.5080150308

Secretaria de Agricultura, Ganaderia, Desarrollo Rural, Pesca y Alimentacién (SAGARPA), 2014. Norma Oficial
Mexicana NOM-033-SAG/Z00-2014, Métodos para dar muerte a los animales domésticos y silvestres.
SAGARRPA. Diario Oficial de la Federacion.

Sarker, S.K., Mostofa, M., Akter, F., Rahman, M.M., & Sultana, M.R., 2014. Effects of aqueous extract of neem
(Azadirachta indica) leaves as growth promoter and anti-colibacillosis in broilers. Bangladesh Journal of
Animal Science, 43(2):138-141. DOI: https://doi.org/10.3329/bjas.v43i2.20715

SAS Institute Inc., 2009. Statistical Analysis System, release 8.2 for Windows. SAS Institute Inc., Cary, NC, USA.

Sastry, V.R.B. & Agrawal, D.K., 1992. Utilization of water washed neem (Azadirachta indica) seed kernel cake as a
protein source for growing pigs. Journal of Applied Animal Research, 1(2):103—-107. DOI:
https://doi.org/10.1080/09712119.1992.9705915



455 Vasquez-Parra et al., 2025. S. Afr. J. Anim. Sci. vol. 55(9)

Sharma, Y.D.D. & Srivastva, S.N., 2014. Comparative study of different parts of Azadirachta indica (neem) plant on
the basis of antibacterial activity, phytochemical screening and its effect on rat pc-12 (pheochromocytoma)
cell line. International Journal of Biotechnology and Allied Fields, 2(7):144—154.

Singh, M.K., Singh, S.K., Singh, P., Sharma, R.K., Singh, B., Palod, J., Shive, K., & Barwal, R.S., 2014. Lean meat
production in guinea fowl by supplementing neem (Azadirachta indica) leaf powder. Indian Journal of Animal
Research, 48(4):375-378. DOI: https://doi.org/10.5958/0976-0555.2014.00459.2

Sithisarn, P., Supabphol, R., & Gritsanapan, W., 2005. Antioxidant activity of Siamese neem tree (VP1209). Journal
of Ethnopharmacology, 99(1):109—112. DOI: https://doi.org/10.1016/j.jep.2005.02.008

Sokunbi, O.A., Otite, J.R., Abiola, J.O., & Alaba, O., 2024. Acetylcholinesterase activity in the brain regions of
pubertal pigs fed dietary neem (Azadirachta indica A. Juss) kernel. International Journal of Agriculture
Innovations and Research, 12(5):2319-1473. URL:
https://ijair.org/index.php/issues?view=publication&task=show&id=1465

Tiseo, K., Huber, L., Gilbert, M., Robinson, T.P., & Van Boeckel, T.P., 2020. Global trends in antimicrobial use in
food animals from 2017 to 2030. Antibiotics, 9(12):918. DOI: https://doi.org/10.3390/antibiotics9120918

Trigueros, V.I., Ramon, C.M., Vazquez, O.J., Aguirre, M.J., Garcia, C.C., & Martinez, T.J., 2015. Productivity and
composition of fatty acids in chicks fed with Azadirachta indica A. Juss. Revista MVZ Cordoba, 20(2):4564—
4571. DOI: https://doi.org/10.21897/rmvz.59

Ubua, J.A., Ozung, P.O., & Inagu, P.G., 2019. Dietary inclusion of neem (Azadirachta indica) leaf meal can influence
growth performance and carcass characteristics of broiler chickens. Asian Journal of Biological Sciences,
12(2):180-186. URL: https://scialert.net/abstract/?doi=ajbs.2019.180.186

Unigwe, C.R., Balogun, F.A., Okorafor, U.P., Odah, I.S., Abonyi, F.O., & Olona, J.F., 2016. Effect of neem leaf
(Azadirachta indica) meal on growth performance and haematology of rabbits. World Scientific News, 55:51—
62. URL: http://psjd.icm.edu.pl/psjd/element/bwmeta1.element.psjd-58e90f72-0f23-454¢c-9798-
d0a48d255b71;jsessionid=D5A02014EC02052050F9DF26442D9630



