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Abstract: Background: Cyperus esculentus L. is a herbaceous plant which grows 
well in Northern Nigeria and other parts of the world. The rhizomes among other 
uses are used to process an artisanal beverage called ‘kunun-aya’ in Northern 
Nigeria while the leaves have other medicinal uses. Objective: This study was aimed 
at assessing the chitosan nanoparticles treatment approach for artisanal ‘kunun-
aya’ beverages sold in some Northern Nigeria markets against resistance 
microorganisms found in the drink. Method: Phytochemical contents, metallic 
elements, and physicochemical analysis of the rhizome extract were assessed 
following standard procedures. The artisanal ‘kunun-aya’ beverage was prepared 
by fermentation process following local methods of preparation in large basin. The 
preparation of chitosan nanoparticles was carried out using nano spray drying 
technique while microbial analysis and susceptibility testing were carried out using 
standard methods. Results: The results showed that there are Escherichia coli, 
coliform bacteria, Bacillus spp., Aspergillus sp., Penicillium spp., Streptococcus spp., 
Salmonella-Shigella and Staphylococcus aureus in all the artisanal kunun-aya 
beverages obtained from all the local markets. The presence of these 
microorganisms was prevalent in those obtained from the Kano, Bauchi and Sokoto 
markets while those obtained from the Jos markets were the lowest. The study did 
not show heavy presence of heavy metals such as cadmium, arsenic and lead. The 
study further showed that kunun-aya beverage mediately prepared using chitosan 
nanoparticles did not show any microbial growth on culture media after 48 hours. 
Similarly, there was no presence of either heavy or trace metals when the sample 
was analyzed using atomic absorption spectrophotometry. Finally, there were no 
significant differences (p < 0.05) among the artisanal kunun-aya beverages from 
various northern Nigeria markets. Conclusion: The study, therefore, showed that 
chitosan nanoparticles-mediated treatment for kunun-aya (Cyperus esculentus) 
beverages is a promising treatment strategy against microorganisms found in 
artisanal kunun-aya local beverages sold in northern Nigeria. 
Keywords: Kunun-Aya, Cyperus Esculentus, Artisanal Beverages, Microorganisms, 
Chitosan Nanoparticles. 
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INTRODUCTION 
There are many beverages produced locally 

in Nigeria that are not regulated by regulating bodies 
such as the National Agency for Food Drug 
Administration and Control (NAFDAC) and Standard 
Organization of Nigeria (SON). These beverages are 
produced locally using the process of fermentation by 
microbial agents [1]. These drinks produced 
artisanally are sold in income markets and have 
contributed to the economies of the states where they 
were sold. 

 
In Nigeria, these beverages are also found in 

Southern Nigeria markets as well, and examples of 
such beverage drinks are kunun-aya, kunun-zaki, 
zobo, ginger drink, burukutu, soybean milk, local 
yoghurts, nono and palm wine [1]. These drinks are 
produced from plant parts except local yoghurts and 
nono which are produced from cow kinds of milk, and 
sugar is often added to add some taste [2]. Due to 
unhygienic ways of producing these drinks, their 
consumption has resulted in one or several outbreaks 
of diseases, especially in Northern Nigeria where a 
cholera outbreak has been reported previously [3]. 
Similarly, the incidence of methanol poisoning by 
microbial contamination has been reported 
previously in Southern Nigeria where many lives 
were lost from the artisanal production of methanol 
[1]. Microbial contamination can occur during the 
production and storage of beverage drinks in 
Northern Nigeria [3]. Many microorganisms such as 
E. coli, Staphylococcus aureus, Bacillus spp., 
Streptococcus pyogenes, Candida albicans, 
Saccharomycetes, Aspergillus, Penicillium and 
Lactobacillus have been reported to contaminate 
locally (artisanal) processed tiger nut beverage in 
Northern Nigeria but E. coli was the most prevalence 
of these microbes [1]. Some of these mentioned 
microorganisms have been reported to be resistant 
towards antimicrobial drugs when they get into 
humans and are very difficult to eliminate from their 
hosts. 

 
The use of chitosan nanoparticles in various 

aspects of human endeavors is gaining much 
popularity. Chitosan nanoparticles are used as 
carriers of various drugs to deliver drugs specifically 
to target organs or tissues. They are today employed 
as carriers for anticancer, antimicrobial, anti-
inflammatory, analgesic and antidiabetic drugs [4]. 
Chitosan nanoparticles have also been employed in 
drug delivery as mediation for multi-resistant 
microorganisms such as Staphylococcus aureus, 
Shigella dysenteriae, and other resistant species as 
well as in pollution control and water purification. 
They are also used in food processing industries as 
adsorbents for various forms of contamination [5]. 
The small particle size (1-100 nm), bioavailability, 
controlled release, specificity, zero toxicity, and 

ability to overcome blood-barrier to deliver its 
content are some of the advantages chitosan 
nanoparticles have over other drug delivery tools and 
nanoparticles [6]. Many diseases have been 
successfully treated using nanoparticulate drug 
delivery. This aspect has been extended to food 
processing where it has drastically helped to remove 
contamination of processed and stored foods for a 
very long period [7]. 

 
The beverage drink ‘kanun-aya’ is popular in 

Northern Nigeria and made from the rhizomes of the 
tiger nut plant (Cyperus esculentus L.). The processed 
kunu-aya is usually packaged in used plastic bottles 
from cocoa cola products and bottled water. These 
used rubber bottles are mostly poorly washed before 
usage which serves as an agent of distribution of 
many microorganisms [1]. Cyperus esculentus is a 
herbaceous plant resembling grass belonging to the 
Family Cyperaceae. The plant is distributed in 
Northern Nigeria, South America, Asia and Europe as 
well as some African countries. It is cultivated on a 
large scale in the Northern Nigeria States like Jigawa, 
Bauchi, Kano, Borno, and Katsina, where it is grown 
for commercial purposes. The rhizomes can be eaten 
fresh, dried or processed into a ‘kunun-aya’ beverage 
drink. 

 
This present study was carried out to assess 

the chitosan nanoparticles treatment approach for 
locally processed tiger nut beverages sold in some 
markets in Northern Nigeria against resistant 
microorganisms found in the beverage. 
 

MATERIALS AND METHODS 
Collection, Identification, and Preparation of 
Plant Material 

Fresh rhizomes of Cyperus esculentus were 
harvested from the wild at a forest in Fori, Maiduguri, 
Nigeria. It was identified by Dr. C.A. Ukwubile of the 
Department of Pharmacognosy, Faculty of Pharmacy, 
University of Maiduguri, Nigeria. A voucher number 
of UMM/FPH/CYR/001 was deposited in the 
herbarium of the Department for the plant. The 
rhizomes weighing 1500 kg were air-dried under 
shade for two weeks and reduced into a coarse 
powder using a local pestle and mortar and then 
weighed. Exactly 400 g of the powdered rhizomes 
were extracted in 800 mL absolute methanol (Sigma 
Aldrich St. Louse Mo, USA) and concentrated in vacuo 
using a rotary evaporator (ThermoFisher, UK) to 
obtain a brown-coloured jelly-like tiger nu extract 
which was weighed and stored in clean sample bottle 
for further use. 
 
Phytochemical Analysis of the Extract 

The phytochemical contents of the tiger nut 
extract were determined for the presence of some 
metabolites such as alkaloids, saponins, flavonoids, 
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phenols, terpenoids/steroids, tannins, etc. using 
previously described methods [8]. 
 
Physicochemical Analysis of the Extract 

The physicochemical analysis of the tiger nut 
rhizomes was carried out to determine the moisture 
content, acid insoluble and total ash values as well as 
extractive values using standard methods [9]. 
 
Preparation and Characterization of Chitosan 
Nanoparticles (CSNPs) 

Chitosan nanoparticles were prepared by 
nano spray drying techniques with modifications. 
Briefly, chitosan nanoparticles obtained from crab 
shells weighing 200 g were dissolved in 1000 mL of 
deionized water, stirred at 3000 rpm for 20 min, and 
freeze-dried into small-sized microspheres. They 
were then characterized in terms of percentage 
yields, particle size, in vitro release, swelling index 
and entrapment efficiency. The freeze-dried CSNPs 
were then stored in clean bottles for further use [10]. 
 
Preparation of Chitosan Nanoparticles-Mediated 
Artisanal ‘Kunun-Aya’ Beverages 

Powdered tiger nut rhizomes weighing 1000 
g were mixed with 2000 mL of water in a basin 
according to how it is being prepared locally in 
Northern Nigeria. After this, 40 g of prepared 
chitosan nanoparticles were dissolved in the basin to 
form chitosan-beverage complexes. The mixture was 
then stirred properly for 20 min to mix. The blended 
mixture was then poured into a clean sieve cloth with 
0.5 mm mesh size to separate the shaft from the 
filtrate, and further strained with a muslin cloth to get 
the final kunun-aya. To compare with the locally 
prepared ones, samples of already prepared kunun-
aya beverages were bought from selected markets in 
Zaria, Kano, Kaduna, Birni-Kebbi, Jalingo, Yola, 
Gombe, Maiduguri, Lafiya, Bauchi, Jos and Sokoto. In 
each town, five kunun-aya samples were bought from 
five markets. A total of 300 samples were bought. All 
the samples were stored with ice blocks at 4 oC for 
further analysis. 
 
Quality Analysis of CSNPs-Mediated Treated and 
Artisanal ‘Kunun-Aya’ Beverages 
Analysis of Microbial Density: 

To determine the presence of various 
microorganisms in both samples (chitosan-mediated 

treated and artisanal kunun-aya beverages), different 
media such as nutrient agar, Mueller-Hinton agar 
(MHA), mannitol salt agar, peptone water broth, 
eosin methylene blue (EMB), MacConkey agar, 
Salmonella-Shigella agar and Sabauroud dextrose 
agar were used for specific bacteria and fungi. The 
media were prepared following the instructions of 
the manufacturers. The emerged microbial colonies 
were then isolated, identified by biochemical tests 
and preserved for onward analysis of various 
parameters such as total viable bacteria, fungi, 
coliforms, Salmonella-Shigella and counts [1]. 
 
Metallic Analysis of Samples: 

The kunun-aya samples were analyzed for 
the presence of some metallic elements such as lead, 
chromium, iron, cadmium, arsenic, zinc, potassium, 
nickel, manganese, magnesium, copper, and 
aluminum. using the Agilent technologies atomic 
absorption spectrophotometry (AAS). 
 
Antimicrobial Susceptibility Testing of Isolated 
Microbes from ‘Kunun-Aya’ 

The isolated microorganisms from the 
artisanal kunun-aya beverages were subjected to 
antimicrobial susceptibility testing against various 
antibiotics and antibiotic-loaded chitosan 
nanoparticles. This was carried out using the Kirby-
Bauer disk diffusion method on Mueller-Hinton agar 
medium [11]. 
 
Statistical Analysis 

Data obtained for microbial counts was 
subjected to one-way ANOVA followed by Dunnett’s 
post hoc test analyzed using GraphPad Prism 
statistical software version 9. Results were expressed 
as mean ± SD (n = 3) while p < 0.05 was considered 
statistically significant. 
 

RESULTS 
The qualitative phytochemical screening of 

the tiger nut methanol extract revealed the presence 
of alkaloids, flavonoids, tannins, fats/oils, phenols, 
and cardiac glycosides while anthraquinones, 
triterpenes/steroids and saponins were absent 
(Table 1). 
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Table 1: Phytochemical contents of avocado seed methanol extract 

 
Note: + present, and – absent 

 
The result also showed that moisture 

content was 7.01 ± 0.01 % w/w, water extractive 
value of 6.56 ± 0.01 % w/w, ash value of 5.88 ± 0.01 

% w/w and total ash value of 12.02 ± 2.02 % w/w. All 
the parameters fall within the normal ranges (Table 
2).  

 
Table 2: Physicochemical parameters of tiger nut rhizome 

 
Data are expressed as mean ± SD (n = 3). 

 
The prepared chitosan nanoparticles 

showed the following characteristics such as minimal 
particle size of 202.08 ± 2.01 nm, zeta potential of 

25.01 ±1.12 V, cumulative drug release of 92.32 %, 
and swelling index of 68.22 ± 0.01 % (Table 3). 

 
Table 3: Characterization of chitosan nanoparticles 

 
CDR denotes cumulative drug release in 24 hours, n = 3 
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The kunun-aya prepared by mediating with 
chitosan nanoparticles (CS/KA) was not too turbid 
when to those purchased from the local markets 

(Plate I a). It also showed the highest diameter zones 
of inhibition against the microbes (Plate I b). 

 

 
Plate I: Artisanal kunun-aya beverages purchased from various markets in northern Nigeria (a), and 

cultured artisanal kunun-aya beverages (b). Note: CS/KA is a chitosan nanoparticle-mediated treatment 
for kunun-aya beverages 

 
The result further showed that 

Staphylococcus spp. had the highest density in all the 
kunun-aya surveyed from these markets (Figure 1 a-
l). However, other microbes especially fungi were 
also noticed in kunun-aya sold in these markets. The 

kunun-aya (KA) obtained from local markets in Jos 
showed the lowest distribution of these microbes 
(Figure 1 k) while those obtained from Kano and the 
Sokoto local markets were the highest in terms of 
microbial densities (Figure 1 b and l) 
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Fig. 1: Microbial distribution in kunun-aya beverages from major markets in Northern Nigeria. Results are 

expressed as mean ±SE (N = 300, n = 5). 
 

The chitosan nanoparticle-mediated 
treatment (CSNP-KA) does not show any significant 
growth of microorganisms after 48 hours of culturing 

(Figure 2). The result showed that Bacillus spp. and E. 
coli had the highest growth rate on the culture media. 
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Fig. 2: Microbial distribution in artisanal kunun-aya beverages obtained from various markets in 

Northern Nigeria 
 

The presence of some heavy metals has also 
been revealed in kunun-aya from all the zones as 
opposed to CSNP-KA (Figure 3 a and b). The highest 

microbial density was observed in kunun-aya 
obtained from markets in North-west (NW) Nigeria 
while North-central (NC) had the lowest (Figure 3 b). 

 

 
Fig. 3: Distribution of heavy metals in kunun-aya obtained from some northern Nigeria local markets 
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Finally, our result showed that chitosan 
nanoparticles treated kunun-aya when cultured did 
not show growth of any microorganism unlike those 

purchased from artisanal vendors from local markets 
in selected northern Nigeria states (Table 4). 

 
Table 4: Effects of various media on microbial growths of cultured kunun-aya drinks 

 
+: Moderate growth, ++: Dense growth, -: No growth, MO: microorganisms, ZA: Zaria markets, KN: Kano markets, 

KD: Kaduna markets, BK: Birnin kebbi markets, JG: Jalingo markets, YL: Yola markets, GB: Gombe markets, MG: 
Maiduguri markets, LF: Lafiya markets, BA: Bauchi markets, JS: Jos markets, CS-KA: Chitosan nanoparticles-

kunun-aya, Ba: Bacillus, Ec: E. coli, Lb: Lactobacillus, Sa: Staphylococcus, Sp: Streptococcus pyogenes, Cab: Candida 
albican, Sac: Saccharomyces’s, As: Aspergillus, Pe: Penicillium, S-S: Salmonella-Shigella. 

 

DISCUSSION 
In northern Nigeria, kunun-aya is a locally 

made non-alcoholic beverage with a sweet taste that 
consumed in all parts of the country [1]. The beverage 
is made by artisanal villagers from the rhizomes of 
tiger nut in most cases under unhygienic conditions 
[12]. In most cases, the production of this beverage is 
not regulated by agencies saddled with the 
responsibility of quality control. There has been 
several reports about contamination of kunun-aya by 
microorganisms such as Escherichia coli, 
Staphylococcus aureus, Bacillus spp., etc. and some 
fungi like Saccharomyces spp., Aspergillus spp., 
Penicillium spp. etc. [12]. 

 
From the current study, phytochemical 

screening of the rhizomes showed that they contain 
alkaloids, flavonoids, tannins, fats/oil, phenols, and 
cardiac glycosides. These secondary metabolites play 
crucial roles in the pharmacological activities of the 
plant. For instance, flavonoids and phenols have been 
reported to possess antioxidant, anti-inflammatory 
and antimicrobial properties [8]. The roles of these 
metabolites in this current study were not different 
from the aforementioned. Similarly, tannins have 
been shown to inhibit the synthesis of glycans by 
heterotrophic bacteria such as E. coli thereby 
preventing their general metabolism in their hosts 
[13]. The study also showed that moisture content of 
7.01 ± 0.01 % (w/w), total ash 12.02 ± 0.01 % w/w, 
and water extractive value of 6.56 ± 0.01 % w/v are 
within the normal range [14]. Too much water in 
crude drugs makes the drug susceptible to microbial 

contamination, as such the moisture level must not be 
above 10.0 % w/w [15]. 

 
Targeting of microorganisms by drug agents 

with the conventional drug delivery procedure has 
yielded little result. This is because, most drugs fail to 
reach the site of action or reduce efficacy or potency 
due to enzymatic action and the host’s immune 
systems [16]. To overcome this, drugs are now being 
delivered to organs and tissues using nanocarriers 
such as chitosan nanoparticles. In the current study 
chitosan nanoparticles (CSNPs) were used as 
mediation for the preparation of kunun-aya 
beverage. The prepared CSNPs were able to mediate 
in the preparation of kunun-aya due to their small 
particle size of 202.08 ± 2.01 nm, swelling index value 
of 68.22 ± 0.01 %, percentage yield value of 76.08 % 
and drug release value of 92.32 % (in 24 hour). These 
parameters are essential conditions for accurate 
delivery of drug or mediation using chitosan 
nanoparticles [6]. Chitosan nanoparticles have been 
reported to have shown antimicrobial activity against 
multi-drug resistance organisms such as E. coli, 
Staphylococcus aureus, Aspergillus niger and Shigella 
dysenteriae [17]. In this study, there were no 
microbial growths in kunun-aya prepared from 
CSNPs mediated treatment unlike the kunun-aya 
bought from selected local markets in northern 
Nigeria. 

 
The kunun-aya beverages obtained from 

Kano, Sokoto, and Kebbi markets recorded the 
highest prevalence of E. coli and Staphylococcus 
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species. The lowest microbial densities were 
witnessed in kunun-aya obtained from Jos markets. 
The presence of these microorganisms in artisanal 
kunun-aya beverages sold in these markets has 
resulted in various types of food-borne diseases 
previously witnessed among the people in these 
states. This is also because most of these 
microorganisms thrived in unhygienic environments, 
especially E. coli, Staphylococcus, Candida and 
Salmonella-Shigella. The study showed that markets 
within the northwest and northeast harbors kunun-
aya with the highest microbial densities. Similarly, 
atomic absorption spectroscopy (AAS) showed the 
presence of copper, iron and manganese in kunun-
aya obtained from these local markets, but no metal 
was detected in kunun-aya treated with CSNPs. This 
is because CSNPs can absorb metals due to their 
charges [6]. 

 
Currently, chitosan nanoparticles have been 

used as a mediator in various food and beverage 
processing industries. They have been employed 
mainly in waste recovery from discarded foods, food 
preservation from microbial contamination, water 
purification, wine purification and storage, as well as 
fruit juice deacidification [18]. In this study, we 
applied chitosan nanoparticles as treatment 
mediation for the production of artisanal kunun-aya 
beverages because of their incomparable 
characteristics some of which are small particle sizes, 
zeta potential, antimicrobial, non-toxic, 
anticoagulant, biodegradable, chelating, antioxidant 
and biocompatible. It has been reported that 
chitosan-made antimicrobial films for packaging 
foods are now been developed by food industries 
globally [19]. Also, nano-films entrapping chitosan 
nanoparticles are being produced because of 
chitosan's ability as a food preservative as well as 
coating materials from natural sources [20]. 

 
Therefore, the use of chitosan nanoparticles 

in this research was due to its numerous advantages 
highlighted above and shown by the results obtained 
from the study. Chitosan can be made from natural 
sources from the shells of crabs, chitin of insects (like 
grasshoppers, locusts, etc.), crayfish and shrimps. 
These sources are readily available in almost every 
part of northern Nigeria, and they can used during the 
production of kunun-aya, and other artisanal 
beverages sold in local markets. 
 

CONCLUSION 
The study has shown that the antimicrobial 

effects of chitosan nanoparticles against 
microorganisms such as E. coli, Staphylococcus spp., 
Bacillus spp., Aspergillus, Candida spp., etc. have made 
it a good preservative agent for kunun-aya beverages 
promoting the shelf-life. Its ability to remove heavy 
metals from the kunun-aya beverages also suggests 

that it has excellent chelating ability. Finally, chitosan 
nanoparticles should be used as bio-degradable 
antimicrobial processing and packaging materials to 
improve the preservation and storage of perishable 
beverages like kunun-aya and foods since it has been 
shown from the current study that it is antimicrobial 
against resistant and non-resistant microorganisms. 
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