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losses to the pig industry (Smith et al. 2010; Omonijo 
et al. 2018). Resultantly, antibiotic growth promoters 
have been used widely to offset the effects of stress-
ors, particularly in nursery pigs ultimately improving 
growth performance. However, the use of the antibiotics 
has been causing anxiety among consumers due to the 
fear of residues and the increasing microbial resistance 
which may affect the health of consumers (Yang et al. 
2015; Valenzuela-Grijalva et al. 2017). Consequently, 
many developed countries have put in place restrictions 
on antibiotic use in animal production. For example, the 
European Union banned antibiotic use in animal produc-
tion since 2006 (Bengtsson and Wierup 2006) while the 
U.S. Food and Drug Administration and Health Canada 
placed restrictions on antibiotic use in animals in 2017 
with more countries expected to follow. A report on anti-
microbial use and resistance in Africa found that MDR 
E. coli was 100% prevalent in South Africa, with isolates 
resistant to sulphonamides, tetracycline, and penicillin 
(Kimera et al. 2020). The high percentage of resistance to 

Introduction

The global human population has been rapidly increas-
ing over the years, and there is no doubt that the expan-
sion of the pig industry would significantly contribute 
to resolving the associated food security issues. Nev-
ertheless pigs, young pigs in particular are susceptible 
to various challenges among them digestive disorders, 
reduced growth, increased diarrhoea, and higher morbid-
ity and mortality, all of which cause significant economic 
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these antibiotics could be attributed to their widespread 
use, which is facilitated by their low cost and availability 
(Lekagul et al. 2019). Tetracycline resistance was found 
in high levels on pig farms in the Western Cape, South 
Africa (Ocloo et al. 2024). Tetracycline is widely used 
in South Africa’s livestock industry, accounting for 45% 
of antimicrobial sales in 2020 (National Deparment of 
Health 2021).

Nevertheless, the withdrawal of antibiotics use in ani-
mal feeds is not without its own challenges. It is therefore 
imperative to develop alternatives to the antibiotics with 
same effectiveness as the conventional antibiotics albeit 
being cost effective and sustainable. A variety of natural 
products, including phytogenic essential oils, organics 
acids, enzymes, probiotics and nanotechnology are being 
explored as potential alternatives to the conventional 
antibiotics growth promoters (Disetlhe et al. 2018; Yang 
et al. 2015; Valenzuela-Grijalva et al. 2017).

Melia azedarach is one of the medicinal plants that has 
potential as an alternative to antibiotics. The plant con-
tains various phytochemicals including tri-terpenoids, 
flavonoids, and alkaloids with antimicrobial properties 
(Maciel et al. 2006; Ng et al. 2015). They also have anti-
oxidant properties that can help with stress relief and 
improve performance in pigs. However, most phyto-
chemicals have low in vivo bioavailability, efficacy, solu-
bility, absorptive capacity, poor metabolism and delivery 
(Aqil et al. 2013). Encapsulation of phytochemicals onto 
nanoparticles is thus a modern technological advance-
ment aimed at modifying phytochemical pharmacokinet-
ics by improving their efficiency, stability, and solubility, 
as well as reducing their toxicity and target-site specific-
ity (Huh and Kwon 2011). Zinc oxide nanocrystals are 
one of the utmost ordinarily produced nanoparticles. They 
have antimicrobial properties and are used as drug carri-
ers in medicine. They’re also exploited in animal nutri-
tion since they have good antimicrobial activity against 
E. coli and Staphylococcus aureus (Barreto et al. 2017). 
The nanoparticles may enhances gastric microbial diver-
sity while improving gut morphology in weaner piglets. 
Ultimately, intestinal cross membrane transport system is 
potentiated and thus improving growth performance and 
antioxidant capacity (Zhao et al. 2014; Li et al. 2016).

The M. azedarach encapsulated of ZnO nanoparticles 
is therefore a potential effective alternative approach to 
the conventional antibiotics and need to be explored. As 
of right now, there is no marketable Melia azedarach seed 
based nano-ZnO being produced. This study, therefore, 
investigated if oral administration of green M. azedarach 
seed-based ZnO nanoparticles has no effect on growth 
performance, protein utilisation efficiency, haematology 
and nutritional status in pigs.

Materials and methods

Description of the study site

The research was conducted at the experimental farm 
(25º40.459’S, 26º10.563’E) of the North-West University, 
Mafikeng Campus (North-West province, South Africa). 
The farm is located at an altitude of 1226 m above sea level, 
with an annual rainfall of 450 mm. The ambient tempera-
tures around the area range from 27 ºC to 37 ºC during sum-
mer and from 3 ºC to 25 ºC in winter.

Synthesis of nanoparticles

Synthesis and characterization of nanoparticles were per-
formed in the Department of Chemistry of North-West Uni-
versity, Mafikeng campus. Procedure can be looked up on 
my paper, “Biosynthesis of ZnO nanoparticles using Melia 
azedarach seed extract: Evaluation of the cytotoxic and 
antimicrobial potency, OpenNano 8 (2022) ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​
0​.​1​0​1​6​/​j​.​o​n​a​n​o​.​2​0​2​2​.​1​0​0​0​6​8​​​​​” (Dinga et al. 2022).

Diet formulations and experimental design

A total of 48 Landrace 17–21 day old piglets were kept in 
well-aerated pens. The pens were furnished with nipple 
drinkers and feeding troughs. The pigs were assigned to 
6 different treatments as follows: Negative Control (NC, 
No antibiotic), Treatment 2: Positive control (PC) given a 
conventional antibiotic (Oxytetracycline, 40  mg/kg feed); 
Treatment 3: Nano-ZnO 300 mg/L (N300ZnO), Treatment 
4: Group given 150 mg/L Melia azedarach seed mediated 
nano-ZnO (N150MA), Treatment 5: Group given 300 mg/L 
Melia azedarach seed mediated nano-ZnO (N300MA), 
Treatment 6: Group given 450 mg/L Melia azedarach seed 
mediated nano-ZnO (N450MA). For each solution, the 
nanoparticles were dissolved in distilled water and kept 
refrigerated before use the next day. For Treatment 3 to 
Treatment 6 the nanoparticle solutions were administered 
by orally gavaging each piglet with 10 mL of each concen-
tration of nanoparticles once daily in the morning (8:30 am) 
before feeding the animals. Oral administration of the M. 
azedarach seed based nano-ZnO solution every morning 
might have induced some stress from handling of the piglets 
which has the potential to affect the product effectiveness, 
however the Melia azedarach phytochemicals has antioxi-
dant along with antimicrobial properties that might relieve 
stress and improve performance (Ahmed et al. 2012). The 
solution was administered to piglets per treatment group, 
starting with treatment 3 to treatment 6 each time. Each 
treatment was replicated 8 times. The study was conducted 
in a completely randomized design.
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Animal management

The pigs were housed in pens that meet the standard require-
ments for space and welfare. Appropriate enrichment meth-
ods were also applied. On introduction to the experimental 
pens, the pigs were treated against internal parasites before 
the initiation of the feeding trial with Ivomec. The pigs were 
permitted to adapt to dietary treatments as well as the sur-
roundings for 14 days before the experiment. The experi-
ment was conducted over a period of 49 days. The piglets 
were given feed and clean fresh water ad libitum. All proto-
cols for the study were approved by the NWU-ANIMPROD 
Animal Research Ethics Committee of North-West Uni-
versity, in line with the National Research Council’s Guide 
for the Care and Use of Laboratory Animals and the Ethics 
number granted is NWU-00802-21-A5. The experimental 
pigs were in good health throughout the trial, no mortality 
or injury reported during the cause of the trial.

Growth performance and cumulative weight gain

The animals were weighed at the beginning of the feeding 
trial to obtain the initial weight and weekly thereafter to 
obtain cumulative weight gain. The animals were provided 
with feed once in the morning and refusals were collected 
the following morning before feeding. Feed spillage was 
managed by choosing a feeder with a low waste design. By 
keeping the pig from backing out of the feeder to eat in an 
upright posture, feeders that enable pigs to eat while stand-
ing at the feeder will minimise waste. A feeder’s lip should 
be raised just enough to prevent spills, but no higher than 
eight inches (Schell et al. 2006). The difference between 
feed offered and refusals were used to determine the average 
daily feed intake (ADFI). Average daily gain (ADG) was 
calculated as follows:

ADG =
W (T )−W (t0)

No. of days

Where, t0 = initial time (days); T = final time; W(T) = final 
body weight (g), and W(t0) = initial body weight (g) of pigs. 
The total weight gain was obtained by subtracting initial 
weight from final weight at the end of the trial as follows: 
TWG = Final weight – Initial weight.

The feed conversion ratio was determined as the average 
daily feed intake and divided by the average daily weight 
gain.

FCR =
Average daily feed intake

Average daily gain

Protein utilisation efficiency

Protein consumed (PC g/pig) was calculated by multiply-
ing the concentration of crude protein (CPd) in the diet (g/
kg DM consumed) by feed intake over the feeding phase, 
whilst protein efficiency ratio (PER g/kg) was calculated by 
dividing mean body weight gain (BWG) by the mean pro-
tein consumed. Specific growth rate (SGR), which is per-
cent growth per feeding phase, and growth efficiency (GE) 
were also calculated using the following formulas:

PC = FI × CPd

PER =
BWG

PC

SGR =
(In final weight − In initial weight)

14 d
× 100

GE =
BWG

Initial weight

Haematology and biochemistry

In each treatment at the end of the trial, approximately 4 mL 
of blood were obtained into 2 sets of vacutainer tubes (the red 
top for serum biochemistry, and the purple top for haematol-
ogy). The samples for haematology were placed in a cooler 
box with ice packs and immediately sent for analysis, while 
the samples for biochemical parameters were held at room 
temperature then centrifuged at 2500 rpm for 15 min to get 
the serum, and then refrigerated at 4º C pending analysis. 
Haematological parameters were determined using an auto-
mated IDEXX LaserCyte Haematology Analyser (IDEXX 
Laboratories, Inc.). The biochemical parameters measured 
including Glucose, calcium, serum cholesterol, phosphorus, 
and triglycerides were analyzed using an automated IDEXX 
Vet Test Chemistry Analyser (IDEXX Laboratories Inc).

Statistical analysis

Data on growth performance, protein utilisation efficiency, 
and blood parameters were analysed using GLM procedure 
of SAS (2010) with diet as the only fixed effect (model 1). 
Data on cumulative weight gain was measured every week 
and was analysed using mixed model procedure of SAS 
(2010) that took into consideration the effect of both diet 
and week of measurement (model 2) with diet as a fixed 
factor. The probability differences (PDIFF) option of SAS 
(2010) was used to perform pairwise comparisons of the 
least square means while contrasts (SAS 2010) were used to 
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Yijk = µ + Ti + Wj + (T * W)ij + εijk � (2)

Where: Yij = observation (Cumulative weight gain param-
eter), µ = population mean constant common to the obser-
vation, Ti = effect of diet, T*Wij = effect of nanoparticles 
interacting with week and εij = random error term. For all 
tests, the level of significance was set at (P < 0.05).

Results

Growth performance

Effects of M. azedarach seed-mediated nano-ZnO on growth 
performance are shown in Table 1. The results showed that 
M. azedarach seed-mediated ZnO nanoparticles had a sig-
nificant effect on ADFI compared to the control groups. 
Figure 1 represents the cumulative weight gain of weaner 
pigs over the experimental period. A clear linear increase 
in weight gain was observed throughout the feeding period 
in all treatments. Among all treatments, the PC fed pigs had 
the lowest cumulative weight gain compared to all the other 
treatments, and those administered with M. azedarach seed-
mediated nanoparticles had the highest gains.

Protein utilization efficiency

Table 2 shows the findings of protein utilization and growth 
efficiency in the pigs. Protein consumed and growth effi-
ciency indices in weaner pigs were significantly impacted 

determine the specific effects of encapsulated nanoparticles 
and their interaction on different parameters.

The statistical models were as follows:

Yij = µ + Ti + εij � (1)

Where: Yij = observation (growth parameters, PUE, and 
blood parameters), µ = population mean constant common 
to all observations, Ti = effect of diet, and εij = random error 
term.

Table 1  Effect of M. Azedarach seed-mediated ZnO nanoparticles on growth performance in weaner pigs
Parameters Treatments

T1 T2 T3 T4 T5 T6 SEM Significance
ADFI 0.742a 0.837a 0.901b 0.894b 0.862ab 0.888ab 0.25 ***
ADG 0.407 0.332 0.416 0.423 0.389 0.447 0.03 NS
TWG 19.962 16.300 20.425 20.750 19.100 21.950 1.9 NS
FCR 2.010 2.666 2.219 2.229 2.380 2.111 0.2 NS
a, b, c Means in the same row with different superscripts are significantly different (P < 0.05)
NC- Treatment 1; PC- Treatment 2; N300ZnO- Treatment 3; N150MA- Treatment 4; N300MA- Treatment 5; N450MA- Treatment 6
ADFI- Average daily feed intake; ADG- Average daily gain; TWG- Total weight gain; FCR- Feed conversion ratio

Table 2  Effect of orally gavaging M. Azedarach seed-mediated ZnO nanoparticles on protein utilisation efficiency in weaner pigs
Parameters Treatment

T1 T2 T3 T4 T5 T6 SEM Significance
PC 0.1187a 0.133b 0.144c 0.143c 0.138bc 0.142c 0.004 ***
PER 162.480 120.600 141.175 143.608 136.505 152.654 10.911 NS
SGR 40.739 33.265 41.683 42.346 38.97 44.795 3.95 NS
GE 3.795c 2.506a 2.870b 2.780ab 2.463a 2.574a 0.3 *
a, b, c Means in the same row with different superscripts are significantly different (P < 0.05)
NC- Treatment 1; PC- Treatment 2; N300ZnO- Treatment 3; N150MA- Treatment 4; N300MA- Treatment 5; N450MA- Treatment 6
PC- Protein consumed; PER-Protein efficiency ratio; SGR – Specific growth rate; GE- Growth efficiency

Fig. 1  Effect of M. azedarach seed-mediated ZnO NPs on cumulative 
weight gain. NC- Treatment 1; PC- Treatment 2; N300ZnO- Treatment 
3; N150MA- Treatment 4; N300MA- Treatment 5; N450- Treatment 6
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WBC differential counts compared to control treatments. 
The nanoparticles had no significant effect on monocyte /
lymphocyte, segmented neutrophil/lymphocyte apart from 
segmented neutrophils/monocyte ratios.

Nutritional status

Table  4 shows the effect of M. azedarach seed-mediated 
ZnO NPs on serum biochemistry. There was no effect of 
treatment on serum between calcium levels and they were 
all within the normal range. However, phosphorus levels 
were all above normal levels and were statistically different. 

(P < 0.05) by Melia azedarach seed-mediated zinc oxide 
nanoparticles.

Haematology

The whole blood parameters are presented in Table 3. As 
illustrated in the Table, the nanoparticles had a significant 
effect on eosin, platelet count, red blood cell distribution 
width, segmented neutrophils, and white blood cell count. 
Interestingly, all pigs orally administered with M. azeda-
rach seed-mediated ZnO NPs had the lowest amount of 

Table 3  Effect of green synthesized nanoparticles on haematology of weaner pigs
Parameters Treatments

T1 T2 T3 T4 T5 T6 SEM Sig
BASO (%) 0.6 0 0.3 0 0.3 0 0.23 NS
BASO ABS (x10^9/L) 0.2 0 0.07 0 0.1 0 0.07 NS
EOSIN (%) 0.6a 0.6a 3.0c 1.0a 2.3b 1.0a 0.4 **
EOSIN ABS (x10^9/L) 0.3b 0.14a 0.6c 0.19a 0.6c 0.2a 0.07 **
Hb (g/dL) 11.2 11.5 11.36 11.2 11.16 11.6 0.6 NS
LYMPH (%) 31.6 25.3 39 29.6 38 50.6 8.28 NS
LYMPH ABS (x10^9/L) 13.8 3.9 7.96 6.43 10.07 9.2 4.73 NS
MCHC (g/dL) 27.4 29.96 29.6 29.9 28.6 28.4 0.67 NS
MCV fL 56.2 60.86 57.06 58.6 60.1 61.5 1.69 NS
MONO% 3.3 7.3 9.6 8 8.3 4.33 1.75 NS
MONO ABS x10^9/L 1.4 1.35 2.02 1.76 1.95 0.78 0.38 NS
PCV% 38.5 39.3 38.7 37.5 38.8 44.2 2.24 NS
PLAT x10^9/L 276b 242.3b 275b 467c 172.3a 447c 47.69 **
RBC x10^12/L 6.7 6.5 6.74 6.3 6.46 7.26 0.23 NS
RDW% 26c 20.1b 20.2b 17.3a 20.1b 20.3b 1.01 **
SNEUT% 71.3 61.6 48 61.6 52 39.6 9.29 NS
SNEUT ABS x10^9/L 25.6c 11.4b 9.4a 13.6b 14.6b 6.81a 2.48 **
WBC x10^9/L 40.5c 17.0a 20.1b 22.05b 23.3b 17.39a 4.49 *
MONO /LYMPH 0.3 0.3 0.27 0.27 0.23 0.08 0.1 NS
SNEU/LYMPH 9.9 3 1.38 2.1 1.56 0.74 2.74 NS
SNEU/MON 22.6c 8.8b 5.9a 7.75a 7.47a 8.73b 3.42 *
a, b, c Means in the same row with different superscripts are significantly different (P < 0.05)
Baso- Basophils; Lymph- Lymphocytes; Eosin- Eosinophils; Mono- Monocytes; RBC- Red blood cell count; MCHC- Mean cell haem.cons; 
RDW- Red cell distribution width; RBC- Red blood cell count; PCV- Haematocrit; SNEUT- Segmented Neutrophils; PLAT- Platelet count
NC- Treatment 1; PC- Treatment 2; N300ZnO- Treatment 3; N150MA- Treatment 4; N300MA- Treatment 5; N450MA- Treatment 6

Table 4  Effect of M. Azedarach seed-mediated ZnO NPs in serum biochemistry in weaner pigs
Parameters Treatment

T1 T2 T3 T4 T5 T6 SEM Sig
CA (mmol/L) 2.9 2.6 2.6 2.7 2.7 2.83 0.09 NS
PHOS (mmol/L) 5.2c 4.5b 4.1a 3.9a 4.3a 4.75b 0.25 *
UREA(mmol/L) 2.3 2.3 2.6 2.7 3.4 2.97 0.49 NS
CREA (µmol/L) 86 77.6 88.3 88.3 99 85 8.06 NS
GLU (mmol/L) 4.1 2.7 3.15 3.6 4.2 4.2 0.43 NS
CHOL (mmol/L) 2.5 2.3 2.8 2.7 3.16 2.76 0.19 NS
TRIG (mmol/L) 0.45 0.4 0.6 0.5 0.7 0.4 0.07 NS
a, b, c Means in the same row with different superscripts are significantly different (P < 0.05)
CA- Calcium; PHOS- phosphorus; UREA- Urea; CREA- Creatine; GLU- Glucose; CHOL- Cholesterol; TRIG- Triglycerides
NC- Treatment 1; PC- Treatment 2; N300ZnO- Treatment 3; N150MA- Treatment 4; N300MA- Treatment 5; N450MA- Treatment 6
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Zinc nanoparticle absorption and bioavailability, ultimately 
improving growth efficiency in pigs as previously reported 
in the study by Xu et al. (2013).

Haematological analysis is often critical in the assess-
ment of the health and general welfare of animals. Hae-
matological parameters are critical for assessing ZnO-NP 
toxicity (Yang et al. 2017). According to Dobrovolskaia et 
al. (2016), nanoparticles have the potential to cause immu-
notoxicity because they disrupt the immune system. It has 
been demonstrated that direct toxicity or an immune-medi-
ated drug injury results in a decrease in the neutrophil count 
of pigs treated with M. azedarach seed mediated ZnO NPs 
(Arika et al. 2016). Due to the structural bending of red 
blood cells caused by the metal, there is a decrease in the 
number of red blood cells (RBCs), which in turn results in a 
decrease in the levels of haemoglobin in the blood seen in T4 
(N150MA) and T5 (N300MA) (Venkatachalam and Natara-
jan 2014). In contrast to control groups, the ZnO NP-treated 
pigs had higher MCHC and lymphocyte counts, which is 
inconsistent with the findings of Shaban et al. (2021).

Leukocytes are important components of the body’s 
defense system and can be indicative of an infectious pro-
cesses in general. The high WBC count, neutrophils, neu-
trophil/monocytes ratio in the NC group was expected and 
could be indicative of the strain on the immune system in 
the absence of antibiotics or their alternatives. In the pigs 
given the M. azedarach seed-mediated ZnO NPs the phyto-
chemicals reduced the stress-related leukocytosis (Dubreuil 
and Lapierre 1997; Casas-Diaz et al. 2015). White blood 
cell ratios could be employed as valid biomarkers for any 
inflammation triggered by feed-induced stress. Compounds 
of a similar sort have been found to diminish the haemato-
logical problems linked with aflatoxins and mycotoxins in 
feeds (Abdel-Wahhab and Aly 2005). Overall, red blood cell 
indices were found to be within expected values for healthy 
pigs (Perri et al. 2016).

Across all the treatment groups there was no effect of 
nano-ZnO administration on minerals observed. Observa-
tions have been made in some studies that supplementation 
of a basal diet with Zn negatively affected the absorption 
and blood concentration of Phosphorus (Phiri et al. 2009) 
and some bivalent metals including calcium (Suttle 2010; 
Goff 2018). The lack of effect for the nano-ZnO adminis-
tered in the current study could be due to the low levels of 
supplementation given and hence the non-significant effect 
on the metabolism of other minerals as observed in other 
studies (Phiri et al. 2009; Goff 2018; Hosseini-Vardanjania 
et al. 2020).

The most often used measure for renal function is serum 
creatinine, although it is neither sensitive nor specific for 
early identification of kidney injury. Creatinine is a chemi-
cal waste produced during muscle metabolism. It travels 

There was no effect of treatment on nutritional enzymes 
among all the treatments. In addition, there was no effect of 
treatment in kidney enzymes.

Discussion

In pig production systems, antibiotic growth promoters 
such as ZnO are commonly given to piglets to address 
post-weaning growth challenges. Zinc is a trace element 
that constitutes the important components of many metallo-
enzymes and digestive enzymes. It plays a critical role 
in growth, immune function, and nutrient metabolism in 
animals (Baker and Ammerman 1995; Wang et al. 2009). 
Encapsulation of zinc nanoparticles has the potential to 
improve the effectiveness of ZnO. In the current study 
Melia azedarach seed-mediated ZnO NPs were used as 
an alternative to antibiotics in pigs. From the results, pigs 
given M. azedarach seed-based ZnO NPs had higher ADFI, 
compared to the control groups. This could be because the 
M. azedarach phytochemicals that coated the nanoparticles 
had the effect of potentiating the bioavailability uptake of 
the ZnO nanoparticles (Delie 1998), resulting in improved 
growth performance and cumulative weight gain with T6 
(N450MA) having the highest gains when compared to 
conventional antibiotics (PC-oxytetracycline and NC-
without antibiotic). Moreover, some of the phytochemicals 
are bioactive and hence have potent antioxidant properties 
that could have influenced cell growth (Ahmed et al. 2012). 
Many factors, such as size, capping agent nature (plant) and 
coating may influence NP uptake by cells.

Protein consumption has been reported to be linearly pro-
portional to feed intake until it reaches a maximal plateau 
(Whittemore and Fawcett 1976; Campbell et al. 1985). Pigs 
with high feed intakes reach the plateau early in life, and 
daily nitrogen retention remains constant over a wide range 
of live weights after that (Tullis 1982). Many factors influ-
ence the efficient utilization of dietary protein, including 
the animal’s physiological requirements for amino acids, 
genetic capacity for protein deposition, dietary amino acid 
digestion/absorption, antibiotic use, stress and metabolism/
partitioning of ingested amino acids (Kim and Pluske 2016). 
Orally administered M. azedarach seed-mediated ZnO NPs 
had a positive effect on the protein consumed and specific 
growth rate when compared to the control groups. This 
could be due to increased peptic activity and increased N 
digestibility via gut pH changes (Ragaa and Korany 2016) 
stimulated by the M. azedarach extracts. Drug dissolution 
and solubility, its release, stability and intestinal permeabil-
ity are all affected by gastrointestinal (GI) pH. It is therefore 
surmised that M. azedarach phytochemicals could have sig-
nificantly altered gut pH, resulting in substantial effects on 
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metabolism and antioxidative activities (Miao et al. 2013). 
The current study found that serum glucose levels were 
comparable among experimental groups, which was consis-
tent with previous findings (Belewu et al. 2021).

Conclusion

The current study findings show that oral administration of 
M. azedarach seed-mediated ZnO nanoparticles improved 
growth performance and cumulative weight gain when 
compared to conventional antibiotics. Nanoparticles are 
effective because they are soluble, bioavailable and have a 
higher cellular uptake. When compared to oxytetracycline, 
nanoparticles had a greater improvement on average daily 
feed intake, protein consumed, growth efficiency, haema-
tology (EOSIN(%), EOSINABS(x10^9/L), PLATx10^9/L, 
RDW%, SNEUTABSx10^9/L, WBCx10^9/L and SNEU/
MON) and serum phosphorus levels in pigs. These findings 
demonstrate that nanoparticles encapsulated in phytochemi-
cals are a potent alternative to conventional antibiotics and 
can be used in pig production systems without detectable 
negative effects on general health and performance.
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through the bloodstream to the kidneys, which filter out the 
majority of the creatinine and excrete it with urine. Thus, 
an elevated creatinine level, as seen in the results, indi-
cates impaired kidney function as a result of exposure to 
zinc oxide nanoparticles. Metal nanoparticles are known 
to inhibit cell activity by mimicking epigenetic changes 
(Ezealisiji et al. 2019; Guanalan et al. 2012; Vanaja and 
Annadurai, 2012). Alkaladi et al. (2015) discovered that O. 
niloticus has a higher rate of creatinine fixation using a renal 
working test. The results of this discovery were comparable 
to the results of the current investigation.

The measurement of serum uric acid aids in assessing the 
efficiency of the body’s uric acid production and elimina-
tion. Normally, uric acid dissolves in blood, passes through 
the kidneys, and is then eliminated in urine. Based on the 
study, it can be concluded that the concentration of green 
synthesised ZnO nanoparticles increased along with the 
serum uric acid level. Although Ezealisiji et al. (2019) found 
that urea levels decreased in a time- and dose-dependent 
manner, suggesting that repeated exposure to the zinc oxide 
nanoparticles could lead to oxidative stress since uric acid is 
an anti-oxidant, Elghobashy et al. (2001) explained this rise 
in metal toxicity, which results in neurotic changes in the 
kidney’s glomerulus filtration repeat.

It can also be inferred that, albeit not very significantly, 
being exposed to zinc oxide nanoparticles raises total cho-
lesterol. This results from harm to the liver cells that manu-
facture and eliminate cholesterol from the body, and over 
time, this may cause certain abnormalities in the cardiovas-
cular system (Ezealisiji et al. 2019). Urea levels rise when 
renal function declines. In the current study, there was no 
significant effect of nano-ZnO administration on creatinine 
and urea levels, indicating the absence of renal dysfunction 
or zinc oxide nanoparticle toxicity in the weaner pigs. These 
findings are consistent with those previously published by 
Belewu et al.  (2021). The toxicity of nano-zinc oxide is 
associated with the dose and duration of the experimenta-
tion on the animals (Swain et al. 2016).

In comparison to the control groups, Melia azedarach 
seed-mediated zinc oxide nanoparticles did not affect cho-
lesterol, triglycerides, or glucose levels. High cholesterol 
levels could be linked to a metabolic response in fasting 
pigs to unmet energy needs, which results in increased lipid 
mobilization and gluconeogenesis activity. Fasting causes a 
negative energy balance, and triacylglycerol supplies free 
fatty acids for oxidation, which can then be converted to 
ketone and acetone, which serve as a substitute for glucose 
(Gupta and Houston 2017). ZnO NPs improve the release 
and uptake of hepatocytes’ glucose (Brown 2000). It is note-
worthy that zinc acts as an insulin-like agent since it gets 
involved in many critical enzymatic systems, which take part 
in insulin manufacturing, storing, secretion, carbohydrates 

1 3

Page 7 of 9  371



Tropical Animal Health and Production (2024) 56:371

in growth performance, protein utilization dynamics, and 
hemato-biochemical parameters in broiler chickens. Poult Sci 
97(8):2745–2753.

Dobrovolskaia MA, Shurin M, Shvedova AA (2016) Current under-
standing of interactions between nanoparticles and the immune 
system. Toxicol App Pharmacol 299:78–89

Dubreuil P, Lapierre H (1997) Biochemistry reference values for Que-
bec lactating dairy cows, nursing sows, growing pigs and calves. 
Can J Vet Res 61:235–239

Elghobashy H, Zaghloul K, Metwally M (2001) Effect of some water 
pollutants on the Nile Tilapia, Oreochromis niloticus collected 
from the river Nile and some Egyptian lakes. Egyp J Aqua Biol 
Fisher 5(4):251–279

Ezealisiji KM, Siwe-Noundou X, Maduelosi B (2019) Green synthesis 
of zinc oxide nanoparticles using Solanum torvum (L) leaf extract 
and evaluation of the toxicological profile of the ZnO nanopar-
ticles–hydrogel composite in Wistar albino rats. Int Nano Lett 
9:99–107

Goff JP (2018) Invited review: mineral absorption mechanisms, min-
eral interactions that affect acid–base and antioxidant status, 
and diet considerations to improve mineral status. J Dairy Sci 
101:2763–2813

Guanalan S, Sivaraj R, Venekatesh R (2012) Aloe barbadensis 
Miller mediated green synthesis of mono-dispersed copper 
oxide nanoparticles. Optical properties. Spectrochim Acta A 
97:1140–1144

Gupta A, Houston B (2017) A comprehensive review of the bioener-
getics of fatty acid and glucose metabolism in the healthy and 
failing heart in nondiabetic condition. Heart Fail Rev 22:825–842

Hosseini-Vardanjania SF, Rezaeia J, Karimi-Dehkordib S, Rouzbehan 
Y (2020) Effect of feeding nano-ZnO on performance, rumen 
fermentation, leukocytes, antioxidant capacity, blood serum 
enzymes and minerals of ewes. Sma Rum Res 191 (2020) 106170

Huh AJ, Kwon YJ (2011) Nanoantibiotics, a new paradigm for treating 
infectious diseases using nanomaterials in the antibiotics resistant 
era. J Control Release 156:128–145

Kimera ZI, Frumence G, Mboera LEG, Rweyemamu M, Mshana SE, 
Matee MIN (2020) Assessment of drivers of antimicrobial use 
and resistance in poultry and domestic pig farming in the Msim-
bazi River Basin in Tanzania. Antibio 9:838

Kim JC, Pluske J (2016) Improving protein utilization efficiency 
through better understanding of immune and stress responses in 
pigs. World Nutrition Forum in Vancouver, Canada

Lekagul A, Tangcharoensathien V, Yeung S (2019) Patterns of antibi-
otic use in global pig production: a systematic review. Vet Anim 
Sci 7:100058

Li M, Zhe JT, Huang YH, Tsai SY, Mao CM, Fu, and Tu Fa Lien 
(2016) Nanosize of zinc oxide and the effects on zinc digestibility, 
growth performances, immune response and serum parameters of 
weanling piglets. Anim Sci J 87(11):1379–1385

Maciel MV, Morais SM, Bevilaqua CM, Camurca-Vasconcelos AL, 
Costa CT, Castro CM (2006) Ovicidal and larvicidal activity of 
Melia azedarach extracts on Haemonchus Contortus. Vet Parasi-
tol 140:98–104

Miao X, Wang Y, Sun J, Sun W, Tan Y, Cai L, Zheng Y, Su G, Liu 
Q, Wang Y (2013) Zinc protects against diabetes-induced patho-
genic changes in the aorta, roles of metallothionein and nuclear 
factor (erythroid-derived 2)-like 2, Cardiovasc

National Department of Health (2021) Surveillance for antimicrobial 
resistance and consumption of antimicrobials in South Africa. 
Natl Dep Heal. 1–61

Ng YP, Or TCT, Ip NY (2015) Plant alkaloids as drug leads for 
Alzheimer’s disease. Neurochem Int 89:260–270

Ocloo R, Mae N, Chabuka L, Wilma Z, Christopher W (2024) Epidemi-
ology and Antibiotic Resistance of Staphylococci on Commercial 

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​​p​:​/​/​​c​r​e​​a​t​i​​v​e​c​o​m​m​o​n​s​.​o​
r​g​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/​​​​​.​​

References

Abdel-Wahhab MA, Aly SE (2005) Antioxidant property of Nigella 
sativa (black cumion) and Syzygium aromaticum (colve) in rats 
during of latoxicosis. J Appl Toxicol 25:218–223

Ahmed MF, Rao S, Ahemad SR, Ibrahim M (2012) Phytochemical 
studies and antioxidant activity of Melia azedarach Linn leaves 
by Dpph Scavenging Assay. Int J Pharm Appl 3(1):271–276

Alkaladi A, El-Deen NAN, Afifi M, Zinadah OAA (2015) Hematologi-
cal and biochemical investigations on the effect of vitamin E and 
C on Oreochromis niloticus exposed to zinc oxide nanoparticles. 
Sau J Bio Sci 22(5):556–563

Aqil F, Munagala R, Jeyabalan J, Vadhanam MV (2013) Bioavailabil-
ity of Phytochemicals and its enhancement by Drug Delivery sys-
tems. Cancer Lett 334(1):133–141

Arika W, Nyamai D, Musila M, Ngugi M, Njagi E (2016) Hemato-
logical markers of in vivo toxicity. J Hema Thromboembolic Dis 
4:1–7

Baker DH, Ammerman CA (1995) Zinc bioavailability. In: Ammer-
man CA et al (eds) Bioavailability of nutrients for animals, amino 
acids, minerals, and vitamins. Academic, San Diego, pp 367–398

Barreto MSS, Andrade CT, da Silva LCRP, Cabral LM, Paschoalin 
VMF, Del Aguila EM (2017) In vitro physiological and antibacte-
rial characterization of ZnO nanoparticle composites in simulated 
porcine gastric and enteric fluids. BMC Vet Res 13(1):1–10

Belewu M, Adewumi A, Damilola A (2021) Effect of green syntheses 
nano zinc oxide on performance characteristics and haematobio-
chemical profile of west African dwarf goats. AniM Res Intern 
18(1):3938–3946

Bengtsson B, Wierup M (2006) Antimicrobial resistance in scandinavia 
after a ban of antimicrobial growth promoters Animal Biotechn 
17(2):147–156. https:/​/doi.or​g/10.10​80/10​495390600956920

Brown G (2000) Glucose transporters, structure, function and conse-
quences of deficiency. J Inherit Metab Dis 23:237–246

Campbell RG, Taverner MR, Curic DM (1985) Effects of sex and 
energy intake between 48 and 90 kg live weight on protein depo-
sition in growing pigs. Anim Prod 40:497–503

Casas-Diaz E, Closa-Sebastia F, Marco I, Lavin S, Bach-Raich E, 
Cuenca R (2015) Hematologic and biochemical reference inter-
vals for wild boar (Sus scrofa) captured by cage trap. Vet Clin 
Pathol 44:215–222

Delie F (1998) Evaluation of nano- and microparticle uptake by the 
gastrointestinal tract. Adv Drug Deliv Rev 34(2–3):221–233

Dinga E, Mthiyane DMN, Marume U, Botha TL, Horn S, Pieters P, 
Wepener V, Ekennia A, Onwudiwe DC (2022) Biosynthesis of 
ZnO nanoparticles using Melia azedarach seed extract: evalua-
tion of the cytotoxic and antimicrobial potency, OpenNano. 8:2–
3. https:/​/doi.or​g/10.10​16/j.​onano.2022.100068

Disetlhe ARP, Marume U, Mlambo V (2018) Humic acid and enzymes 
inclusion in canola based diets generate different responses 

1 3

371  Page 8 of 9

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/10495390600956920
https://doi.org/10.1016/j.onano.2022.100068


Tropical Animal Health and Production (2024) 56:371

Valenzuela-Grijalva NV, Pinelli-Saavedra A, Muhlia-Almazan A, 
Domínguez-Díaz D, González-Ríos H (2017) Dietary inclusion 
effects of phytochemicals as growth promoters in animal produc-
tion. J Anim Sci Technol 59(1):8

Vanaja M, Annadurai G (2012) Coleus aromaticus leaf extract medi-
ated synthessilverSilver nanoparticles and its bactericidal activ-
ity. Appl Nanosci 3:217–223

Venkatachalam T, Natarajan AV (2014) Haematological investigation 
on freshwater teleost Labeo rohita (Ham.) Following aquatic tox-
icities of cr (III) and cr(VI). Intern J Res Biosci 3(3):1–13

Wang Y, Tang JW, Ma WQ, Feng J, Feng J (2009) Dietary zinc glycine 
chelate on growth performance, tissue mineral concentrations, 
and serum enzyme activity in weanling piglets. Biol Trace Elem 
Res 133(3):325–334

Whittemore CT, Fawcett RH (1976) Theoretical aspects of a flexible 
model to simulate protein and lipid growth in pigs. Anim Prod 
22:87–96

Xu Y, Tang H, Liu JH, Wang H, Liu Y (2013) Evaluation of the adju-
vant effect of silver nanoparticles both in vitro and in vivo. Toxi-
col Lett 219:42–48

Yang C, Chowdhury M, Huo Y, Gong J (2015) Phytogenic compounds 
as alternatives to in-feed antibiotics: potentials and challenges in 
application. Pathogens 4(1):137–156

Yang Y, Qin Z, Zeng W, Yang T, Cao Y, Mei C (2017) Toxic Assess 
Nanopart Var Syst Organs Nano Rev 6:279–289

Zhao CY, Tan SX, Xiao XY, Qiu XS, Pan JQ, Tang ZX (2014) Effects of 
dietary zinc oxide nanoparticles on growth performance and anti-
oxidative status in broilers. Biol Trace Elem Res 160(3):361–366

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Pig Farms in Cape Town, South Africa. Res square. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​
g​/​1​0​.​2​1​2​0​3​/​r​s​.​3​.​r​s​-​3​9​6​1​1​0​1​/​v​1​​​​​​​

Omonijo FA, Ni L, Gong J, Wang Q, Lahaye L, Yang C (2018) Essen-
tial oils as alternatives to antibiotics in swine production Animal 
Nutr 4(2):126–136. https:/​/doi.or​g/10.10​16/j.​aninu.2017.09.001

Perri AM, Friendship RM, Harding JCS, O’Sullivan TL (2016) An 
investigation of iron deficiency and anemia in piglets and the 
effect of iron status at weaning on postweaning performance. J 
Swine Health Prod 24:10–20

Phiri ECJH, Viva MM, Chibunda RT, Mellau LSB (2009) Effect of 
zinc supplementation on plasma mineral concentration in grazing 
goats in sub-humid climate of Tanzania. Tanzan Vet J 26(2):92–96

Ragaa NM, Korany RMS, 2016. Studying the effect of formic acid and 
potassium diformate on performance immunity and gut health of 
broiler chickens. Animal Nutr 2(4):296–302. ​h​t​t​​​​p​​s​:​​/​​/​d​​​o​​i​.​​o​r​​g​​/​1​0​.​1​
0​1​6​/​j​.​a​n​i​n​u​.​2​0​1​6​.​0​8​.​0​0​3​​​​​​​

SAS (2010) Users Guide. Statistical Analysis System Institute Inc, 
Carry

Schell T, van Heutgen E, Harper A (2006) Managing feed waste. Fact-
sheet pork information gateway

Shaban E, Salaheldin K, El sayed E (2021) Evaluation of acute 
oral toxicity of zinc oxide nanoparticles in rats. Egypt J Chem 
64:4591–4600

Smith F, Clark JE, Overman BL, Tozel CC, Huang JH, Rivier JEF 
(2010) Early weaning stress impairs development of mucosal 
barrier function in the porcine intestine. Am J Physiol-Gastr L 
298:G352–G363

Suttle NF (2010) The mineral nutrition of livestock, 4th edn. CABI 
Publishing, New York

Swain PS, Rao SB, Rajendran D, Dominic G, Selvaraju S (2016) Nano 
zinc, an alternative to conventional zinc as animal feed supple-
ment, a review. Anim Nutr 2(3):134–141

Tullis JB (1982) Protein Growth in Pigs. PhD Thesis. Edinburgh, 
United Kingdom, Univ. of Edinburgh

1 3

Page 9 of 9  371

https://doi.org/10.21203/rs.3.rs-3961101/v1
https://doi.org/10.21203/rs.3.rs-3961101/v1
https://doi.org/10.1016/j.aninu.2017.09.001
https://doi.org/10.1016/j.aninu.2016.08.003
https://doi.org/10.1016/j.aninu.2016.08.003

	﻿Effect of ﻿Melia azedarach﻿ seed mediated nano-ZnO on growth performance, protein utilisation efficiency, haematology and nutritional status in pigs
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Description of the study site
	﻿Synthesis of nanoparticles
	﻿Diet formulations and experimental design
	﻿Animal management
	﻿Growth performance and cumulative weight gain
	﻿Protein utilisation efficiency
	﻿Haematology and biochemistry
	﻿Statistical analysis

	﻿Results
	﻿Growth performance
	﻿Protein utilization efficiency
	﻿Haematology
	﻿Nutritional status

	﻿Discussion
	﻿Conclusion
	﻿References


