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ABSTRACT: Due to the side effects associated with the use of chemical preservatives and the outbreak of food-borne diseases in 
developing countries, there has recently been a greater interest in naturally occurring food preservatives. The purpose of this study is to 
assess the phytochemical constituents and antimicrobial activity of Curcuma longa and Zingiber officinale extracts against selected food-
borne disease-causing bacteria. Ethanolic extracts of Curcuma longa and Zingiber officinale were subjected to quantitative 
phytochemical screening using standard chemical tests. The antibacterial activity of the extracts and the minimum inhibitory 
concentration (MIC) was determined using the agar well diffusion method. Curcuma longa and Zingiber officinale quantitative 
phytochemical assays revealed higher levels of flavonoids (7.66±0.03 and 7.11±0.12) and lower levels of cardiac glycosides (0.96±0.01 
and 0.84±0.02), respectively. Others in this class include saponin, phenol, tannic acid, and alkaloid. In a dose-dependent manner, crude 
extracts from both plants' rhizomes demonstrated good antibacterial activity against Staphylococcus aureus, Bacillus cereus, Salmonella 
typhi, Pseudomonas aeruginosa, and Escherichia coli. At 1000 mg/ml, the diameter of the zone of inhibition ranged from 16.22 mm to 
22.67 mm for both plant extracts. The combined ethanolic extracts of both plants had the highest antibacterial activity (23mm), with 
MIC values ranging from 75mg/ml to 150 mg/ml. This research discovered that plant extracts are high in phytochemicals and have 
inhibitory activity against common food-borne disease-causing bacteria. The study's findings indicate that the plants could be used as 
natural food preservatives and for the treatment of foodborne diseases. 
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INTRODUCTION 
 
Food-borne disease is one of the major causes of 
morbidity and mortality in developing countries due to 
poor sanitation and inadequate healthcare facilities 
(Doughari et al., 2007; Sapkota et al. 2012). The disease 
is currently causing a significant public health concern 
and socioeconomic burden worldwide (Pires et al, 2021). 
The World Health Organization (WHO) report on the first 
estimates of global and regional disease burden as a 
result of food-borne diseases in 2015 showed that 1 out 
of 10 people suffers from food-borne diseases per year, 
resulting in 600 million illnesses and 420,000 deaths due 
to these illnesses (Havelaar et al., 2015).  

 
 
 
 
Food-borne diseases are caused by the ingestion of 

foods with microbial contaminants or hazardous 
chemicals such as heavy metals, mycotoxins, bacterial 
toxins, and fermentation by-products like biogenic amines 
and ethyl carbamate (Rane, 2011; Ayaz et al., 2014). 
However, most of the reported food-borne diseases are 
related to bacterial contamination especially members of 
Gram-negative bacteria such as Salmonella typhi, 
Escherichia coli, and Pseudomonas aeuroginosa 
(Solomakos et al., 2008; Pandey and Singh, 2011). Other 
Gram-positive bacteria including Staphylococcus aureus 
and Bacillus cereus have   also  been   identified   as  the  
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causative agents of food poisoning and/or food spoilage 
(Slutsker et al., 1988; Braga et al., 2005; Meng et al., 
2013).  

Some viruses and parasites have also been reported 
for food poisoning, the commonly reported viruses are 
Norovirus and Hepatitis H, while the parasites involved 
are Cryptosporidium spp, Giardia lamblia, Trichinella 
spiralis, Cyclospora spp, Toxocara canis, and Entamoeba 
histolytica (Xiao et al., 2015). As their names imply, these 
foodborne pathogens use food material as a carrier to get 
transferred from one host to another host and the toxins 
produced by some strains such as Staphylococcus 
aureus further complicate the disease situation. The most 
common symptoms associated with pathogens-induced 
foodborne diseases are vomiting, abdominal pain, 
diarrhea, fever, chills that may progress to severe 
complications such as life-threatening dehydration and 
hemolytic uremic syndrome (Buchanan et al., 2000) if left 
untreated. 

Currently, the prevention of food spoilage and food 
safety is achieved by the use of chemical preservatives 
(Yamawuma et al., 2000; Shan et al., 2007). Despite the 
proven efficacy of these chemicals in the prevention and 
control of food-borne disease outbreak, their repeated 
applications have resulted in the accumulation of 
chemical residues in foodstuff, increase in microbial 
resistance (Walsh and Fanning, 2008), and unpleasant 
adverse effects of these chemicals on human health 
(Akinyemi et al., 2006; Bialonska et al., 2010) thereby 
raising the need for the use of natural preservatives such 
as medicinal plant extracts (especially those that are 
nutritionally safe and easily degradable) as antimicrobial 
agents. Medicinal plants offer a substantial alternative to 
chemical preservatives due to the presence of various 
bioactive chemical constituents (also known as 
phytochemicals) synthesized as secondary metabolites 
which include tannins, alkaloids, phenolic compound, and 
flavonoids that can act as antimicrobial agents (Uwiragiye 
and Anyiam, 2020; Nwuke, 2020).  

People living in many developing countries in Africa 
and Asia are dependent mostly on traditional medicines 
due to their limited access to modern medical facilities 
and poverty. Thus, the exploration of these natural 
antimicrobials in medicinal plants is a hope to curtail 
food-borne pathogens in such regions. The antimicrobial 
activity exhibited by different plant extracts against food 
spoilage bacteria has been demonstrated by several 
researchers (Adeniyi and Ayepola, 2006; Sapkota et al, 
2012; Verma et al., 2012; Akinpelu et al., 2015, Mostafa 
et al., 2017; Nwuke, 2020). For example, Sapkota et al 
(2012) studied the antibacterial effect of guava leaves, 
garlic, and ginger against some human microbial 
pathogens of food poisoning and they concluded that 
ginger was only effective against Staphylococcus aureus 
while guava and garlic were effective against all tested 
microorganisms. 

Cucuma    longa   (Turmeric)  and  Zingeriber  officinale 

 
 
 
 

(Ginger) belong to the same family known as 
Zingiberaceae (Table 1). Both are rhizomatous 
herbaceous perennial plants and have a very long history 
of use in various forms of folk medicine because of their 
many health benefits in various gastrointestinal-related 
diseases. The beneficial effects of these plants have 
been mainly attributed to their antioxidant and anti-
inflammatory properties (Akinmoladun et al., 2007). In 
Nigeria today; both plants are used in folklore medicine 
mainly for the relief or treatment of gastrointestinal 
disorders and also in food as spices. The wide use of 
Cucuma longa and Zingiber officinale in traditional 
medicine to treat diseases encourages our research 
studies to verify the claims, to develop an alternative 
therapeutic approach in the management of various 
foodborne diseases within the locality. Moreover, there 
has been a paucity of scientific data regarding the 
efficacy of C. longa and Z. officinale against most 
microbial bacteria causing food-borne diseases. This 
present study aimed to evaluate the phytochemical 
constituents and investigate the in-vitro inhibitory activity 
of ethanolic extracts of Cucuma longa and Zingiber 
officinale against the most microbial pathogens causing 
food-borne diseases. 
 
 
MATERIALS AND METHODS 
 
Sample collection 
 
Healthy fresh rhizomes of Curcuma longa and Zingiber 
officinale were collected during August from local market 
at Umuna local autonomous Community in Orlu, Imo 
State, Nigeria, and were authenticated at the Department 
of Plant Science and Biotechnology, Abia State 
University, Uturu, Nigeria. A voucher specimen 
(PSB2020-117A) was deposited at the department and 
the remaining samples were washed thoroughly with 
clean tap water and then rinsed with distilled water until 
no foreign material remained before been air-dried at 
room temperature for three weeks. The dried samples 
were subsequently ground to a fine powder to pass 
through a 100 mm sieve using a home blender. The 
weight of the ground powder was taken before being 
transferred into an airtight container and stored at room 
temperature until further use.  
 
 
Preparation of plant extracts and sterility test 
 
Seventy grams (70g) of the fine powder was extracted by 
macerating in 200 ml of ethanol (1:10 w/v) with stirring for 
48 hours and filtered through Whatman filter paper No 
(41) to get a clear filtrate. The filtrates were evaporated 
and dried at 40ºC under reduced pressure using a 
rotatory vacuum evaporator to obtain the crude extract. 
The extract yields were weighted, stored in small   bottles  
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Table 1: The plants assayed for their antimicrobial activity and their use in folklore medicine. 
 
Scientific name Plant Family Common name Local name Part used Traditional use 

Cucuma longa Zingiberaceae Tumeric Boboch Rhizome/root Diarrhea, dysentery, abdominal pain, inflammation, 
digestives issues, liver problems, joint pains 
 
 

Zingiber officinale Zingiberaceae Ginger Jinja Rhizome/root Arthritis, cold, vomiting, abdominal & menstrual pain, 
digestive disturbances, coughs. 

 
 
 

 
in the fridge at 4ºC and their percentage yields were 
calculated using the equation below. After extraction, the 
extracts were tested for microbial contaminants by 
inoculating a few samples on solidified nutrient agar 
medium and incubated at 37 ºC for 24 hours. The plates 
were observed for microbial growth after incubation. The 
absence of growth indicated that the extracts were free 
from microbial contaminants.  
 
Extract yield (%) = (dry weight of extract/ dry weight of 
plant material) x 100 
 
 
Quantitative phytochemical screening 
 
The phytochemical screenings were conducted on the 
ethanolic extract. Flavonoid, alkaloids, tannins, and 
saponin were all determined according to methods 
reported by Harborne (1973). Cyanogenic glycoside and 
phenol were extracted and estimated according to the 
methods described by Trease and Evans, (1989). 
 
 
Collection of food samples 
 
A total of 10 ready-to-eat food samples comprising of two 
each of mixed salad, moimoi, African egg roll, jollof rice, 
and chicken, sold by street vendors operating from a food 
truck were collected aseptically at different locations in 
Umuna community Orlu.  Subsequently, all the food 
samples were immediately transferred to the laboratory 
and subjected to standard microbiological assay to 
screen for and isolate food-borne pathogens. 
 
 
Inoculums preparation 
 
Ten grams (10g) of each food sample were accurately 
weighed and homogenized with 90ml of sterile peptone 
water. The resulting mixture was used to prepare 
subsequent serial dilution of all samples to obtain 
different concentrations by pipetting 1ml of each sample 
in 9ml of peptone water in series. From the appropriate 
dilutions, 0.1ml was plated in replicate onto different 

media using pour plate technique. Nutrient agar, Eosin 
methylene blue, Mannitol salt agar and Salmonella-
shigella agar were inoculated for bacteria isolation. All 
inoculated plates were incubated at 37ºC for 24 hours. At 
the end of incubation, morphological attributes of the 
colonies on the media were observed and discrete 
colonies were isolated and purified by repeated sub-
culturing on nutrient agar. Pure cultures were stored on 
agar slants at 4ºC for further characterization. 
 
 
Identification of isolates 
 
The bacterial isolates were identified based on standard 
microbiological methods of Cowan (1985) and Speck 
(1976). Cultural characteristics such as shape, colour, 
size, and consistency were carried out. Isolates were 
Gram-stained and appropriate biochemical tastes were 
performed which include catalase activity, sugar 
utilization, indole test, oxidase test, motility test, urease 
test, and coagulase activity. The identified bacteria are 
three Gram-negative bacteria (Escherichia coli, 
Salmonella typhi, and Pseudomonas aeruginosa) and 
two Gram-positive bacteria (Staphylococcus aureus and 
Bacillus cereus). 
 
Antimicrobial activity of plant extracts on bacterial 
isolates 
 
The antimicrobial activity of the crude plant extracts was 
determined by agar well diffusion method (Perez et al., 
1990). A 0.1 ml of the diluted broth culture was seeded to 
sterile molten Mueller Hinton agar and was poured into 
plates and allowed to set. The surface of the agar was 
dried in a freshly disinfected incubator at 37oC for 30 
minutes. A standard cork borer (6 mm in diameter) was 
used to bore equidistant holes on the agar surface. 100 
μL of different concentrations of the extract dissolved in 
normal saline was placed in each of the holes (Idowu et 
al., 2020). The inoculated plate was allowed to stand on 
the bench for a 1 hour pre-diffusion period after which the 
plates were then incubated for 24 hours at 37ºC. The 
presence of zones of inhibition confirmed the 
susceptibility of the test organisms to the plant extract. 
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Table 2: Percentage yield of the plant extracts. 
 

Agent  Weight of  sample (g) Weight of extract  g Extract yield (%) 
Cucuma longa 70 6.40 9.20 
Zingiber Officinale 70 3.85 5.50 
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Figure1: Quantitative determination of phytochemical constituents of plants extracts.  

 
 
 
Normal saline (used for reconstitution of the extracts) was 
used as negative control while a chemotherapeutic agent 
(Chloramphenicol at 25μg/ml) was used as a positive 
control. 
 
 
Determination of minimum inhibitory concentration 
(MIC) of the plant extracts 
 
The minimum inhibitory concentration (MIC) was done by 
agar well diffusion method as described by Perez et 
al.(1990). A 0.1 ml of diluted broth culture was seeded to 
sterile molten Mueller Hinton agar. The seeded agar was 
poured into plates and allowed to set. A standard cork 
borer (6 mm in diameter) was used to bore equidistant 
holes on the agar surface and 100 μL of different 
concentrations (50-250 mg/ml) of the extracts dissolved 
in normal saline was placed in each of the holes and 
incubated for 24 hours at 37oC. The minimum inhibitory 
concentration was regarded as the lowest concentration 
that inhibited visible growth of the test organisms after 
incubation at appropriate temperature and time. 
 
Statistical analysis 
 
All the experiments were done in triplicate and the data 
presented as the mean ± SD of three replicates. Data 

related to the zone of inhibition (ZOI) were subjected to 
analysis of variance (one-way ANOVA) in Duncan 
multiple range test using SPSS (version 20) statistical 
software. The differences with p< 0.05 were considered 
significant. Results are presented in figures and tables. 
 
 
RESULTS 
 
Plants extraction yield 
 
The percentage yield of plant extract residue is shown in 
(Table 2). The ethanolic extracts of Cucuma longa 
rhizome have a higher yield more than Zingiber officinale 
at the same condition and solvent. 
 
 
Phytochemical constituents of Cucuma longa and 
Zingiber officinale 
 
The quantitative phytochemical screening carried out on 
Curcuma longa and Zingiber officinale is shown in 
(Figure1).  

Both plants showed similar phytochemical constituents 
but in various quantities. Curcuma longa and Z. officinale 
rhizomes are rich in flavonoids and Saponins with an 
appreciable amount of tannin and glycosides.  
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Table 3: Antibacterial activity of the extracts-Inhibitory screening. 
 

Extract Conc 
(mg/ml) 

B.cereus 
(mm) 

S. aureus 
(mm) 

Salmonella 
Typhi (mm) 

P.aeroginosa 
(mm) 

Escherichia 
coli (mm) 

Control - 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
Cucuma 
longa (CL) 

1000 
750 

18.33±1.22 
12.33±0.58 

22.0±1.00 
17.33±0.58 

14.67±0.6 
12.33±0.55 

16.33±0.56 
12.33±0.52 

14.33±0.11 
10.00±1.00 

500 8.33±1.51 8.67±1.16 7.67±0.5 8.33±0.58 6.33±1.53 
Zingiber officinale 
(ZO) 

1000 
750 

16.67±1.38 
11.67±0.56 

18.00±1.33 
16.33±0.55 

16.00±1.00 
11.66±0.58 

15.00±1.58 
11.67±0.50 

13.00±1.00 
11.33±0.58 

500 7.55±0.55 7.67±1.55 7.33±0.55 6.56±0.18 10.33±0.56 
CL +ZO (1:1) 1000 

750 
19.67±0.56 
18.00±1.00 

22.67±0.18 
19.00±1.73 

16.43±1.51 
14.33±0.58 

17.00±1.00 
14.33±1.16 

16.33±0.58 
12.33±0.21 

500 11.33±1.16 12.00±2.15 9.33±0.28 8.33±0.58 11.67±0.33 
Chloramphenicol 25 µg/ml 22.67±1.53 25.67±0.51 23.00±1.00 24.03±1.30 20.33±0.58 

Control = Normal Saline 
 
 
Other phytochemicals dictated and quantified in both 
plant samples were alkaloids, terpenes, and phenols at 
different quantities (Figure 1). 
 
Antimicrobial studies 
 
Sensitivity screening 
 
The antimicrobial activity of Cucuma longa and Zingiber 
officinale measured in terms of zone of inhibition (ZOI) is 
shown in (Table 3). It was observed that the ZOI 
increased in a dose-dependent manner and followed the 
same trend concerning different bacterial isolates. The 
highest ZOI (22 mm) was observed in S. aureus with 
Cucuma longa extract at 1000mg/ml, whereas the lowest 
inhibitory zone (14.33mm) was found with Escherichia 
coli at the same concentration. Staphylococcus aureus 
was found to be more sensitive to both extracts at all 
concentrations used in this study. However, E. coli and 
P.aeroginosa were found to be less sensitive to Curcuma 
longa and Zingiber officinale extracts respectively. Based 
on the overall results obtained from the ZOI data, the 
pattern of sensitivity of the isolates to both extracts was 
observed in the order of S. aureus>B. cereus>P. 
aeruginosa>S. typhi>E. coli. The combined extracts 
exhibited higher sensitivity to the extracts also in a similar 
pattern. 
 
 
Minimum inhibition concentration 
 
Table 4 shows the minimum inhibition concentration 
(MIC) of the extracts of both plants. The results showed a 
similar pattern of antibacterial activity with the 
susceptibility screening. No activity was recorded at 
concentrations below 75mg/ml indicating the resistance 
of the extracts to the test organisms. S. aureus and B. 
cereus showed MIC of 150mg/ml, other isolates showed 
MIC of 250mg/ml for both extracts. This shows that 
Staphylococcus aureus and B. cereus are more sensitive 
to both extracts in this study whereas P. aeroginosa and 

 
 E. coli exhibited less sensitivity to the extracts. 
 
 
DISCUSSION 
 
The study evaluated the phytochemical constituents and 
inhibitory activity of Curcuma longa and Zingiber 
officinale extracts on foodborne pathogens isolated from 
ready-to-eat foods. The phytochemical screening of the 
extracts indicated that different quantities of several 
bioactive components are contained in the extracts. 
Curcuma longa contains higher quantities (P<0.05) of 
phenols, saponin, and terpenes but a similar amount 
(p>0.05) of tannins, alkaloids, and cardiac glycosides 
when compared to those of Zingiber officinale. This 
observation may suggest potential diverse compounds of 
phenolic and terpenoids origin from both plants 
(especially Curcuma longa) which could elicit various 
pharmacological properties including antibacterial 
activities. These phytochemicals may be responsible for 
the antibacterial activity exhibited by both plant extracts in 
this study. Recent reports have attributed the 
antibacterial activity of plant extracts to tannin, alkaloids, 
and phenol content (Uwiragiye and Anyiam, 2020;  Idowu 
et al., 2020; Nwuke, 2020; Ullah et al., 2020). Our 
findings are in agreement with the report of Taoheed et 
al. (2017) on phytochemical constituents of Cucuma 
longa. 

According to Suffredin et al. (2006),Gram-negative 
bacteria are hardly susceptible to plant extract in doses 
as low as 200mg/ml, thus, higher concentrations of the 
plant extracts (1000,750,500mg/ml) were used in testing 
the antibacterial sensitivity screening in this study.The 
results showed that all plant extracts were potentially 
effective in inhibiting microbial growth of food poisoning 
bacteria with variable potency in a dose-dependent 
manner, which validates the scientific evidence of the use 
of the plants for the treatment of related symptoms of 
food-borne disease. Curcuma longa was the most 
effective extract regarding microbial growth of all tested  
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Table 4: The minimum inhibitory concentration (MIC) of the various extracts on pathogens. 
 
Extract Conc.(mg/ml) B.cereus S. aureus S.typhi P.aeroginosa E. coli 
Control - 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

Cucuma 
 longa 

250 6.33±0.58 7.33±0.52 5.33±0.5 4.33±0.62 5.0±1.23 
150 4.33±1.51 5.67±1.16 0.00±0.00 0.00±0.00 0.00±0.00 
75 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
50 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

Zingiber officinale 

250 5.67±0.58 6.33±0.58 6.67±0.85 5.56±0.28 5.00±0.28 
150 0.00±0.00 4.00±1.55 3.56±0.55 0.00±0.00 0.00±0.00 
75 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
50 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

Control = Normal Saline 
 
 
 
pathogenic bacteria at all concentrations than the extract 
of Z. officinale. However, observed activities are 
significantly lower (P<0.05) than the activity of the 
antibiotics (chloramphenicol) used as positive control 
which recorded higher efficacy. Staphylococcus aureus 
and Bacillus cereus were the most sensitive bacteria to 
the Curcuma longa extract at all concentrations while 
Escherichia coli and Salmonella spp were the least 
sensitive for the same extract.  The combination of both 
extracts showed a greater synergistic inhibition to the 
isolates than individual extracts. It was also observed that 
the inhibition of the growth of bacteria was proportional to 
the increase in extract concentrations used.  

The results of the MIC trend have a similar (dose-
dependent) bacterial activity pattern indicating the 
presence of a common phytochemical principle for the 
consistent antibacterial activity of Curcuma longa and 
Zingiber officinale in all the tests organisms. Curcuma 
longa was found to be the most potent compound in this 
study having greater sensitivity to the test organisms. The 
mechanisms of effects might be by disrupting the cell wall 
of the bacterial with consequent releases of electrolytes 
and cellular constituents which induces cell death or may 
inhibit enzymes necessary for amino acids biosynthesis 
(Gill and Holley, 2006; Sadiq et al., 2017). Other 
researchers (Friedman et al., 2004; Tiwari et al., 2009) 
attributed the mechanisms of the inhibitory effect of plant 
extracts to hydrophobicity characters of extracts which 
enable them to react with the protein of microbial cell 
membrane and mitochondria disturbing their structures 
and changing their permeability. The sensitivity of some 
organisms to the extracts at low concentrations could be 
attributed to the resistance of the bacteria to the extracts, 
perhaps due to the permeability barrier offered by the 
bacterial outer membrane. 
 
 
Conclusion 
 
According to the findings of this study, plant extracts with 
inhibitory activity against the tested food-borne disease-
causing bacteria can be used as natural preservatives 

against food spoilage microorganisms as well as for the 
treatment of food-borne diseases. The health risks 
associated with the use of chemical preservatives could 
thus be avoided. The observed antimicrobial effects of 
the extracts could be attributed to the high concentrations 
of phytochemicals found in plant extracts, such as 
tannins, saponin, and alkaloids. The findings confirmed 
the potential action of Curcuma longa and Zingiber 
officinale extracts in traditional medicine for symptom 
relief of food-borne disease. More research is needed to 
investigate the efficacy and mechanisms of action of the 
observed antimicrobial activities of both plants. 
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