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ABSTRACT
AntiMicrobial Resistance (AMR) poses a global public 
health threat, and impacts the livestock sector. In 
Southern Africa, alternative ethno-remedies for AMR 
in pigs are under-researched. This study evaluated the 
effi  cacy of Aloe vera and Curcuma longa in managing 
Staphylococcus aureus infections in pigs.

Herbs were collected following a non-participatory 
rapid appraisal from Luanshya and Lusaka Districts 
of Zambia, while S. aureus was sourced from porcine 
nasal swabs. Crude extracts were prepared using 
ethanol, ethyl acetate, and aqueous solvents. The 
agar dilution method assessed the effi  cacy of three 
groups: Aloe vera, Curcuma longa, and a combination 
(5:1). Cephalexin, neomycin, and kanamycin served 
as positive controls, while DMSO was the negative 
control.

Curcuma longa showed the highest bacterial 
susceptibility (S=75%, I=25%), followed by Aloe vera 
(S=56%, I=19%, R=25%). The combined formulation 
yielded S=48 per cent, I=26 per cent, R=26 per cent. 
The positive control produced S=63 per cent, R=37 per 
cent, and the negative control had R=100 per cent.

Curcuma longa and Aloe vera exhibited potential in 
managing porcine upper respiratory tract infections 
caused by S. aureus in Zambia. These fi ndings warrant 
further safety and clinical tests to validate their use, 
determine minimum inhibitory concentrations, and 
establish appropriate dosages for eff ective application.

Keywords: Aloe vera, Antimicrobial Resistance, 
Curcuma longa, Ethnoveterinary medicine, pigs, 
Staphylococcus aureus

Introduction
AntiMicrobial Resistance (AMR) is a global public 
health concern, and the livestock sector is not immune 
to this problem [1]. Pork remains one of the major meat 
sources and due to the intensive production systems, 
a lot of antimicrobials continue to be used during pig 
rearing for purposes of treatment, prophylaxis and also 
growth promotion [2],[3],[4]. Pigs have also been shown, 
from recent disease outbreaks, to be a pivotal reservoir 
for interspecies transmission of pathogens [5]. Despite 
the global action plan on AMR indicating the need 
to increase investment in new medicines, diagnostic 
tools, vaccines and other interventions, Southern 
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Africa in particular has lagged behind, because very 
diminutive research has been conducted on alternative 
ethno-remedies that could potentially curb AMR in 
pigs despite local evidence of the prospects [6],[7]. 
This study evaluated the efficacy of locally accessible 
herbs, Aloe vera and Curcuma longa, in managing 
respiratory colonisation by Staphylococcus aureus in 
Zambian pigs. Although the S. aureus isolates were 
from colonised sites, Whole Genome Sequencing 
(WGS) data indicated their pathogenic potential with 
numerous virulence and AMR genes [8].

Aloe vera and Curcuma longa have been 
successfully used topically, to treat infections often 
caused by gram positive microbes in conditions such 
as mastitis in the bovine species [9]. In Zambia, the 
crude extracts from the herbs have shown efficacy 
against similar mastitis-causing gram-positive bacterial 
isolates [10]. However, very few ethnoveterinary 
formulations have been traditionally used in treating 
respiratory infections in animals, less so in pigs. 
Studies have indicated that many small scale and 
resource-poor livestock farmers cannot afford synthetic 
pharmaceutical drugs and resultantly turn to indigenous 
ethnoveterinary medicinal plants knowledge as an 
alternative way to treat animal diseases [7]. However, 
the absence of an ethnoveterinary pharmacopeia and 
scarcity of data on ethnoveterinary usage of plants 
continues to pose a challenge in the validation and 
development of these herbal resources.

Materials and methods
In this experimental study, the researchers used a 5:1 
formulation of A. vera (300g) and C. longa (60g), 
alongside each herb individually. The maceration 
method was used for extraction in ethanol, ethyl 
acetate, and aqueous solvents, following established 
protocols [11,12]. A synthetic formulation containing 
Cephalexin, Neomycin and Kanamycin was used as 
a positive control, while DimethlySulfoxide (DMSO) 
served as the negative control. The herbs were locally 

sourced from Luanshya and Lusaka districts of Zambia 
following a non-participatory rapid appraisal. The test 
microbes were obtained from pig nasal swabs as part of 
a concurrent study [5]. The agar dilution method at 0.5 
per cent dilution as prescribed by the 2018 Clinical and 
Laboratory Standards Institute (CLSI) was used for the 
assays with the bacterial isolate inoculated at the 0.5 
McFarland standard [13]. The data was collected by 
descriptive observation of the susceptibility using the 
CLSI recommended grading system [13]. Observations 
were conducted over a thirty-day period to monitor 
changes in susceptibility, in order to determine 
whether the effects were bactericidal or bacteriostatic. 
Data was collected and analysed graphically using 
MS Excel (2010). Ethical approval was obtained 
from the University of Zambia Biomedical Research 
Ethics Committee (UNZABREC), approval number 
1073-2020, with further authorisation from the 
Zambia National Health Research Authority (NHRA). 
Permission and consent were obtained from pig 
farmers to collect nasal swabs during the concurrent 
study, from which this sample was derived [5]. The 
susceptibility results were communicated to the farm 
owners as part of their participatory beneficence.

Results
The susceptibility of the isolates to the treatments was 
graded using the Clinical and Laboratory Standards 
Institute (CLSI) guidelines (2018) as Susceptible (S), 
Intermediately Susceptible (I), and Resistant (R)[13]. 
Figure 1 below graphically presents the results of all 
treatments on the test bacteria. Multiple trials were 
conducted for the formulated remedy, resulting in a 
higher frequency compared to other treatments. As 
anticipated, the negative control revealed 100 per cent 
resistance.
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Figure 1: Overall Porcine S. aureus Susceptibility 
graph (S= Susceptible, I= Intermediately Susceptible, 
R= Resistant)

Figure 2 below highlights the performance of the C. 
longa treatment alone, which notably recorded the 
highest susceptibility compared to the other treatments 
(S=75%, I=25%)

Figure 2: Susceptibility of Porcine S. aureus to 
Curcuma. Longa (S= Susceptible, I= Intermediately 
Susceptible, R= Resistant)

The plain Aloe vera ranked second in bacterial 
Susceptibility among the test crude herbal extracts 
(S=56%, I=19%, R=25%) as depicted in the chart in 
Figure 3

Figure 3: Susceptibility of Porcine S, aureus to 
Plain A. vera crude extract (S= Susceptible, I= 
Intermediately Susceptible, R= Resistant)
 
Figure 4 below shows performance of the combined 
crude extract treatment on the S. aureus bacterial 
isolate. The combined formulation yielded S=48 per 
cent, I=26 per cent, and R=26 per cent, and ranked 
third among the herbal treatments.third among the herbal treatments.

Figure 4: Susceptibility of Porcine S. aureus to the 
Combined C.longa and A. vera herbal formulation 
(S= Susceptible, I= Intermediately Susceptible, R= 
Resistant)
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The results of our positive control are shown in Figure 
5 below. The positive control produced S=63 per cent 
and R=37 per cent, with no intermediate susceptibility. 
The results were analysed using frequency graphs and 
charts in MS Excel 2010 and interpreted descriptively. charts in MS Excel 2010 and interpreted descriptively. 

Figure 5: Susceptibility of S aureus to the positive 
controls (Cephalexin/Neomycin and Kanamycin)
(S= Susceptible, I= Intermediately Susceptible, R= 
Resistant)

Discussion
The results of this study indicate that Aloe vera and 
Curcuma longa possess signifi cant potential for 
managing respiratory colonisation by Staphylococcus 
aureus in Zambian pigs. Among the treatments, 
Curcuma longa demonstrated the highest antibacterial 
effi  cacy, with 100 per cent of isolates showing either 
full or intermediate susceptibility. This was followed by 
Aloe vera, which exhibited 75 per cent susceptibility, 
and the combined crude extract, which displayed a 
similar but slightly lower effi  cacy of 74 per cent. The 
synthetic positive control containing Cephalexin, 
Neomycin, and Kanamycin also showed considerable 
eff ectiveness, achieving 63 per cent susceptibility [14].

The superior effi  cacy of Curcuma longa may 
be attributed to its high concentration of bioactive 
secondary metabolites, including curcumin, 
demethoxycurcumin, and bisdemethoxycurcumin, 
all of which are known for their potent antimicrobial 

properties [15]. In contrast, the lower effi  cacy observed 
with the combined crude extract could suggest that it 
requires an external catalyst, such as lime, which is 
traditionally used in mastitis treatment in cattle, to 
fully activate its antimicrobial potential [16].

Extended observations at room temperature and 
pressure, following initial incubation at 37°C, suggest 
that the crude extracts primarily exert bacteriostatic 
rather than bactericidal eff ects. This is a critical 
observation, because it underscores the risk of bacterial 
resistance development over time, a common concern 
with bacteriostatic agents. Moreover, the variability 
in susceptibility observed with the semi-synthetic 
positive controls raises the potential issue of MultiDrug 
Resistance (MDR) with prolonged antibiotic exposure.

These fi ndings align with earlier studies that 
have demonstrated the eff ectiveness of Aloe vera and 
Curcuma longa in treating S. aureus infections. For 
example, research conducted in India revealed that Aloe 
vera successfully treated bovine mastitis caused by S. 
aureus [16], while a study from China demonstrated 
the effi  cacy of Curcuma longa against skin infections 
caused by the same pathogen [17].

This Study has signifi cant implications for the 
management of Anti Microbial Resistance (AMR) 
in pigs. AMR remains a growing global concern and 
poses a major challenge to the livestock industry [18]. 
The potential to use alternative therapies such as herbal 
remedies in place of conventional antibiotics can help 
reduce antibiotic dependency in livestock, thereby 
mitigating the development and spread of AMR [19].

While this study was limited by the number of 
bacterial isolates available, this was mitigated through 
sub-culturing on blood agar to increase bacterial yield 
and performing multiple time-point observations 
to assess whether the eff ects were bactericidal or 
bacteriostatic. Future research should focus on 
validating these fi ndings through in vivo studies and 
investigating the potential for combining herbal 
treatments with natural catalysts to enhance their 
antimicrobial effi  cacy.
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Conclusion
This study highlights the potential of Aloe vera and 
Curcuma longa as effective agents in managing 
respiratory infections caused by Staphylococcus 
aureus in Zambian pigs. The promising antimicrobial 
activity demonstrated by these plants suggests  
that they could serve as valuable alternatives to 
conventional antibiotics, offering a natural approach to 
combating bacterial infections in livestock. However, 
further research is essential to isolate and identify 
the specific active compounds responsible for their 
efficacy. Additionally, future studies should explore 
the influence of seasonal variations, diurnal cycles, 
and environmental factors on the concentration and 
potency of these bioactive compounds.

The findings underscore the potential role of 
herbal remedies in mitigating antimicrobial resistance 
(AMR) within the livestock industry, contributing to 
more sustainable and reduced reliance on antibiotics. 
As AMR continues to pose significant challenges 
globally, the use of such alternatives could become an 
integral part of a broader strategy to safeguard animal 
health and food security.

Acknowledgements 
The researchers/authors sincerely thank the farmers 
who availed their herbs (special thanks to Dr. Alwyn 
Mwiinga - post humously)  as well as those who 
permitted us to collect nasal swab samples from their 
pigs. Special thanks also go to the University of Zambia 
School of Veterinary Medicine laboratory scientists 
and technicians who were instrumental throughout the 
experimentation. 

Authors’ Contributions 
JN, KC and BMH conceived the idea, JN and MS 
collected the bacterial samples, JN and MS analysed 
the data, NJ drafted the manuscript MS, BMH, and KC 
critically reviewed the manuscript. All authors read 
and approved the final draft of the manuscript. KC and 

BMH supervised the research.
Competing Interests 
The authors declare that there are no conflicts of 
interest associated with this study.

Research Funding
This research was funded by the Africa Center of 
Excellence for Infectious Diseases of Humans and 
Animals (ACEIDHA) and earlier, by the Deutsche 
Gesellschaft fur Internationale Zusammenarbeit (GIZ) 
under their Green Innovation Centres (GIC) project in 
Zambia.

REFERENCES
1.  Murray CJ, Ikuta KS, Sharara F, Swetschinski L, 

Robles Aguilar G, Gray A, et al. Global burden 
of bacterial antimicrobial resistance in 2019: a 
systematic analysis. The Lancet. 2022;399: 629–
655. doi:10.1016/S0140-6736(21)02724-0.

2.  Aarestrup FM, Oliver Duran C, Burch DGS. 
Antimicrobial resistance in swine production. 
Animal health research reviews / Conference of 
Research Workers in Animal Diseases. 2008;9: 
135–148. doi:10.1017/S1466252308001503

3.  World Animal Protection. The Hidden Health 
Impacts of Industrial Livestock Systems. 2022; 
1–78. 

4.  Rahman RT, Fliss I, Biron E. Insights in the 
Development and Uses of Alternatives to 
Antibiotic Growth Promoters in Poultry and 
Swine Production. 2022; 1–29. 

5.  Samutela MT, Stephen B, Phiri J, Simulundu 
E, Kwenda G, Moonga L, et al. Antimicrobial 
Susceptibility Profiles and Molecular 
Characterisation of Staphylococcus aureus from 
Pigs and Workers at Farms and Abattoirs in 
Zambia. 2022. 

6.  OMS. Global action plan on antimicrobial 
resistance. World Health Organisation. 2017; 
1–28. 



26

Journal of Agriculture and Biomedical Sciences    –     JABS 2023         |       Volume 8       |      Issue 1

7.  Chinsembu KC, Negumbo J, Likando M, 
Mbangu A. An ethnobotanical study of 
medicinal plants used to treat livestock diseases 
in Onayena and Katima Mulilo, Namibia. South 
African Journal of Botany. 2014;94: 101–107. 
doi:10.1016/j.sajb.2014.06.007

8.  Samutela MT, Phiri BSJ, Simulundu E, Kwenda 
G, Moonga L, Bwalya EC, et al. Antimicrobial 
Susceptibility Profiles and Molecular 
Characterisation of Staphylococcus aureus 
from Pigs and Workers at Farms and Abattoirs 
in Zambia. Antibiotics. 2022;11. doi:10.3390/
antibiotics11070844

9.  Mn BN, Punniamurthy N, Mekala P, 
Ramakrishnan N, Sk K. Ethnoveterinary 
formulation for treatment of bovine mastitis 
Ethno-veterinary Formulation for Treatment of 
Bovine Mastitis. 2017. 

10.  Ngwisha J, Samutela MT, Zulu M, Mwasinga 
W, Balakrishnan NMN, Choongo K, et al. In-
vitro potential of crude extracts of selected 
garden herbs for mastitis management in 
Zambia. University of Zambia Journal of 
Agricultural and Biomedical Sciences. 2021;5: 
49–62. doi:10.53974/unza.jabs.5.1.523.

11.  Cos P, Vlietinck AJ, Berghe D Vanden, Maes 
L. Anti-infective potential of natural products: 
How to develop a stronger in vitro “proof-of-
concept.” J Ethnopharmacol. 2006;106: 290–
302. doi:10.1016/j.jep.2006.04.003.

12.  Das K, Tiwari RKS, Shrivastava DK. Techniques 
for evaluation of medicinal plant products as 
antimicrobial agent: Current methods and future 
trends. Journal of Medicinal Plants Research. 
2010;4: 104–111. doi:10.5897/JMPR09.030.

13.  Clinical and Laboratory Standards Institute, 
Weinstein MP. Methods for dilution 
antimicrobial susceptibility tests for bacteria 
that grow aerobically. 11th ed. 

14.  World Health Organisation (WHO). Global 
antimicrobial resistance surveillance system. 
Global Antimicrobial Resistance Surveillance 
System: Manual for Early Implementation. 
2015; 36. 

15.  Zheng D, Huang C, Huang H, Zhao Y, Khan 
MRU, Zhao H, et al. Antibacterial Mechanism 
of Curcumin: A Review. Chem Biodivers. 
2020;17. doi:10.1002/cbdv.202000171.

16.  Mn BN, Punniamurthy N, Mekala P, 
Ramakrishnan N, Sk K. Ethnoveterinary 
formulation for treatment of bovine mastitis 
Ethno-veterinary Formulation for Treatment of 
Bovine Mastitis. 2017. 

17.  Moghadamtousi SZ, Kadir HA, Hassandarvish 
P, Tajik H, Abubakar S, Zandi K. A 
Review on Antibacterial , Antiviral , and 
Antifungal Activity of Curcumin. 2014;2014. 
doi:10.1155/2014/186864.

18.  Murray CJ, Ikuta KS, Sharara F, Swetschinski L, 
Robles Aguilar G, Gray A, et al. Global burden 
of bacterial antimicrobial resistance in 2019: 
a systematic analysis. The Lancet. 2022;399: 
629–655. doi:10.1016/S0140-6736(21)02724-0.

19.  Suzuki S, Topp E, Canada A-F, Usui CM, Founou 
LL, Founou RC, et al. Antibiotic Resistance 
in the Food Chain: A Developing Country-
Perspective. Frontiers in Microbiology | www.
frontiersin.org. 2016;7: 1881. doi:10.3389/
fmicb.2016.01881.


