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Introduction

Plants have been of the utmost importance since antiq-
uity for a variety of reasons. It is common knowledge 

that plants are a significant source of natural compounds 
that can be used to develop cutting-edge drugs that can 
protect humans against a range of harmful infections (Sun-
tar et al., 2018; Ibrahim et al., 2020). Drinking fruit juice 
aids in the preservation of good health and the prevention 
of numerous diseases. Humans frequently consume citrus 
fruit juice because of its distinctive flavor and nutritional 
benefits. Juice’s favorable health effects have been attrib-
uted in part to its abundance of vitamin C (ascorbic acid) 
(Ibrahim & Muhammad, 2016; Klimek-Szczykutowicz et 

al., 2020). Citrus fruits contain a wide range of bioactive 
substances, such as phenolics, flavonoids, vitamins, and es-
sential oils. These bioactive substances have been used as 
anti-inflammatory, anticancer, anti-oxidative, and antibac-
terial effects (Ibrahim et al., 2015; Al-Ghareebawi et al., 
2021). In addition, lemon juice has a high ascorbic acid and 
citric concentration, which gives its acidic behavior (Eka-
wati & Darmanto, 2019; Singh et al., 2020). 

Plants can produce nitrogen compounds (amines, alka-
loids), terpenoids (as well as carotenoids), vitamins, and 
endogenous metabolites (Henderson, et.al. 2018) in ad-
dition to aromatic molecules including quinones, flavo-
noids, phenolic acids, coumarins, stilbenes, lignans, and 
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tannins ( Jumaa et al., 2021; Ecevit et al., 2022). These in-
gredients serve as exudates or resistance mechanisms for 
plants, shielding them from herbivores, bacteria, and oth-
er predators.  According to Appelhans et al., (2021) the 
Rutacea (Aurantioideae) family of citrus varieties has about 
140 genera and 1,300 species. Citrus limon (lemon), Citrus 
sinensis (sweet orange), Citrus reticulate (tangerine), Citrus 
aurantium (acrid orange), Citrus grandis (shaddock), Citrus 
Paradise (grape natural product), Citrus medica (citron), and 
Citrus aurantifolia are just a few of the notable products of 
the genus Citrus (Lime) (Chen et al., 2023).

Lemon (Citrus limon) juice includes a variety of bioactive 
substances, including terpenoids, flavonoids, carotenoids, 
limonoids, and tannins. The bioactive ingredients found in 
Citrus limon has an antibacterial effect (Berti, 2015). In ad-
dition to being an antibacterial, Citrus aurantifolia (lemon 
juice) serves as an antioxidant (Rao et al., 2018). Citric acid 
and Vitamin C are the two primary components of lemon 
(Citrus limon) juice (Berti, 2015). The pH of lemon juice 
(Citrus limon) increases due to the concentration of vita-
min C and citric acid (Berti, 2015; Ogundele & Bolade, 
2021). Citrus aurantium, a cross between Citrus maxima 
and Citrus reticulata, is referred to as the bitter (sour) or-
ange (Benayad et al., 2021). This plant is a native of South-
east Asia and is one of the sour citrus fruits which have a 
sugar to acid ratio of less than 1(Maksoud et al., 2021).

Traditional antibiotic therapy has several undesirable 
side effects. For instance, it may result in skin irritation, 
hyperpigmentation, dryness, and redness. In severe cases, 
negligence may also result in bacteria that are resistant to 
antibiotics. Therefore, this study aims, to determine the ef-
ficiency of citrus juice extracts of two citrus fruit Citrus 
limon and Citrus aurantium using different concentration 
against some Gram positive and Gram negative bacteria.

MATERIALS AND METHODS

Ethical Approval
This study doesn’t include any animal experiments that 
conducted the authors.

Collection, Identification And Extraction Of 
Plants 
Fruits of Citrus aurantium and Citrus limonum were fresh 
and collected from the local market in Baghdad City, Iraq 
during November 2022- February 2023 (25 for each fruit 
/ month) and then three times washed using distilled wa-
ter. The plant preparation was done in the Department of 
Physiology, Biochemistry and Pharmacology at the Col-
lege of Veterinary Medicine. A plastic juice extractor was 
used to squeeze the juice out of ten fruits from each after 
they had been peeled. The extracted fruit juice underwent 

a double filtration process using a 0.45 µm membrane fil-
ter and No. 1 Whatman filter paper, respectively. Also, the 
filtrate was weighed into a Petri dish made of sterile ma-
terials, where it was evaporated to a paste and allowed to 
cool. The weight of the residue was then calculated. The 
fruit juice extract underwent 20 hours of UV sterilization 
(Kijpatanasilp et al., 2023). By plating an aliquot of the 
reconstituted extract on nutrient agar plates, the sterility 
of the sample was examined. Within two days of prepara-
tion, the extract was used for phytochemical analysis and 
pharmacodynamic effects and stored in sterile containers 
at 4℃.

Phytochemical Analysis 
The phytochemical screening was done to characterize the 
chemical constituents present in extracts of Citrus auran-
tium and Citrus limonum by their color reactions with dif-
ferent reagents. Each extract was subjected for alkaloids, 
glycosides, tannins, diterpine, flavonoids, carbohydrates, 
protein, steroids, saponins using the standard procedure. 
This analysis revealed the presence or absence of the phy-
tochemicals constitution in the extract. Chemical solutions 
and reagents are all provided by BDH, England (Harbone, 
1973).

Bacterial Strains
The Department of Veterinary Microbiology at the Uni-
versity of Baghdad provided the bacterial strains, which 
included Staphylococcus aureus ATCC (12600), Streptococ-
cus pneumonia ATTCC (49619), and Klebsiella pneumonia 
ATCC (13883) due to more common for respiratory and 
urinary diseases. By using conventional biological tech-
niques, the authenticity and purity of the bacterial strains 
employed in this investigation were verified (Nimer et al., 
2016).

Pharmacodynamics Analysis
Sensitivity Test: To test the antibacterial activity, an ex-
tract of fruit juice was created using a modified version 
method of the agar well diffusion (Okeke et al., 2015; 
Al-Jumaili and Ibrahim, 2021). To obtain turbidity of 0.5 
McFarland units, bacterial strains were cultured at 37℃ 
for 12 hours. 500 ml of sterile Mueller Hinton agar (Ox-
oid, England) was carefully mixed with a standard bacte-
rial inoculum containing 1.5x108 CFU/ml (Quinn et al., 
2004). Each received 25 ml in the Mueller Hinton agar in 
sterilized Petri dishes. To allow the agar to solidify, it was 
allowed to set for 10 minutes. Then, 4 wells measuring 6 
mm in diameter were poured into the agar in each of these 
plates. After that, the wells were completed with 0.1 ml of 
each concentration of fruit juice extract (25, 50, 100 mg/ml 
and distal water as control), which was allowed to diffuse 
for two hours at room temperature. To preserve the fruit 
extract in the wells at 37°C for 24 hours, later, the plates 
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were incubated in the upright position. For each concen-
tration of extract, three replications were performed, and 
the activity was assessed by milli-metering the diameter of 
the inhibitory zone enclosing each well against the tested 
organism.   

Minimum Inhibitory Concentration (MIC): The mi-
crodilution tests, according to Veiga et al. (2019), were 
carried out in sterile 96-well microplates with a U-shaped 
bottom. All the wells on the plates received 100 µL of Mu-
eller Hinton broth. 100 µL of fruit extract solutions were 
poured into the first well of each column (The lines were 
passed 100 µL of wells from 1 to 10 to perform serial dilu-
tions (0.125-256 µg/ml)), Then 10 µL of the correspond-
ing standardized inoculum (1.5*108 cfu/ml of test stains) 
was added. Also, 200 µL of Mueller Hinton was added 
to the blank wells in the negative control (column 12), 
which was left without microorganisms. The plates were 
incubated at 35 °C for 22 hours. Following incubation, 20 
µL of tetrazolium chloride (TTC) solution 0.125% (w/v) 
was added to each well, and the plates underwent another 
2 hours of incubation. For each strain, this technique was 
repeated 3 times. 

Determination Of Mic Index: The MIC index was com-
puted using the macro-broth dilution MIC and MBC 
values and the well diffusion MIC values. The Fraction-
al Inhibitory Concentration Index (FICi) as updated by 
Sanders et al. (1993) served as the basis for the MIC and 
MBC indices The ratio MBC/MIC, we appreciated an-
tibacterial activity.  If the ratio MBC/MIC ≤4, the effect 
was considered as bactericidal but if the ratio MBC/MIC 
&gt; 4, the effect was defined as bacteriostatic (Mogana et 
al., 2020).

Bacterial Time Kill Curve: The time-kill curve assay of 
fruit extract against all bacterial strains was based on the 
National Committee for Clinical Laboratory Standards 
(NCCLS, 1999). Briefly, the suspension of bacteria equiv-
alent to 0.5 Mcfarland (1.5×108 CFU/ml) was prepared 
from overnight bacterial culture.0.1 ml of the prepared 
bacterial suspension was diluted in 14.9 ml of Muel-
ler-Hinton broth and incubated at 37ºC for 1 h. to obtain 
106 CFU/ml bacterial suspensions. Fruit extract had been 
dissolved in Mueller-Hinton broth to prepare 10 mg/ml 
stock solution, after that, fruit extract concentrations from 
8x MIC to 0.5x MIC had been prepared. Bacterial colonies 
were calculated at 0,1, 2, 4, 6 and 24 h through the incuba-
tion time by making serial dilutions and spreading of 20 μl 
of each dilution on Mueller-Hinton agar plate (triplicate); 
colonies range 30-300 CFU/plate was accepted (Miles et 
al., 1938; Zykov et al., 2018).

Statistics Analysis
The data was analyzed and performed using the Microsoft 
Program (SPSS). The data points were obtained using Mi-
crosoft Excel spreadsheets, and the results were analyzed 
using the SPSS application to assess statistical differences 
using the Chi-square and the P Values P ≥ 0.05 (Leech et 
al., 2005).

RESULTS

Analysis of Phytochemical
The harvest of the fruit juice extracts was 0.38% and 0.42% 
(w/v) for Citrus limonum and Citrus aurantium respectively. 
The results of phytochemical detection were itemized in 
(Table 1). The fruit juice extracts screening exhibited the 
existence of the following phytochemicals: phenol, alka-
loids, flavonoids, saponins, glycosides, tannins, and wa-
ter-soluble vitamins. While anthracene glycosides and ter-
penoids were absent

Table 1: Phytochemical analysis of fruit extract
Phytochemical substances Citrus 

limonum
Citrus 
aurantium

Alkaloids ++ +
Phenol + +
Saponins + +
Flavonoids ++ +
Tannins +++ ++
Cyanogenetic Glycosides ++ +
Anthracene glycosides - -
Carbohydrate ++ +
water-soluble vitamins ++ +
Terpenoids - -

+ = positive; ++ = good present; +++= strongly present; – = not 
detected

Antibacterial Activity of Fruit Juice Extracts
Different concentrations of Citrus aurantium and Citrus li-
monum extracts were used in an assay of agar well diffusion, 
producing different degrees of inhibition zones against S. 
aureus, S. pneumoniae and K. pneumoniae. The size of the 
inhibitory zones varied depending on the extracted con-
tent, and they proportionally grew larger as the concen-
tration of fruit juice extracts increased (Table 2 and Figure 
1). The results revealed that S. aureus, S. pneumoniae and  
K. pneumonia strains were more sensitive to Citrus limonum 
juice extract than Citrus aurantium in all the concentra-
tions used in this study. There was a substantial increase 
(P<0.05) in the diameter of the inhibiting zone S. aureus, 
S. pneumoniae, and K. pneumoniae growth at all concentra-
tions of Citrus aurantium extract when compared to the 
zone of inhibition of Citrus limonum extract.  
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Table 2: Fruit extract antibacterial activity at various doses against test organism 
Fruit juice extract Concentration

mg/ml
Zones of inhibition (mm)
S. aureus S. pneumoniae K. pneumoniae

Citrus limonum 25 12.0 14.0 12.5
50 20.6 21.5 18.8
100 23.8 24.5 21.6

Citrus aurantium 25 10.2 11.4 10.4
50 16.5 18.5 15.2
100 19.6 20.0 18.8

Table 3: Fruit juice extract’s Minimum Inhibitory Concentration (MIC) and Minimum Inhibitory Concentration 
(MIC) index as determined by the Agar well diffusion and Macro-broth dilution procedures
Test organism MIC (Agar-well) MIC (Macro-broth) MIC index Effect methods

F1
mg/ml

F2
mg/ml

F1
mg/ml

F2
mg/ml

F1 F2 F1 F2

S. aureus 12. 5 25.0 6.25 6.25 2 4 NS NS
S. pneumoniae 6.25 12.5 1.56 6.25 4 2 NS NS
K pneumoniae 12.5 25.0 3.125 12.5 4 2.0 NS NS

Mean of triplicate experiments, MIC index “Agar well MIC\Macro-broth MIC”;  S “significant (MIC index>4.0 or ≤0.125)”; NS 
“Non-significant (MIC index of >0.125 to 4.0)”.

Table 4: Area under the time-kill curve of juice extract against bacterial Spp. (h*log CFU/ml). 
Bacterial spp. Extract Control 0.5xMICs 1.0xMICs 2.0xMICs 4.0xMICs 8.0xMICs
S. aureus C.limonum 142.5±0.23 118 ± 0.43 98.7±0.12 62.5±0.22 35.8±0.11 22.6±0.02

C.aurantium 142.8±0.14 122.5 ±0.23 109.5±0.09 88.7±0.15 57.5±0.08 29.7±0.06 
S. pneumoniae C.limonum 142.2±0.23 120.5±0.23 100.1±0.23 78.5±0.23 42.5±0.23 30.5±0.23

C.aurantium 142.3±0.14 128.3±0.14 112.8±0.14 82.8±0.14 62.8±0.14 44.8±0.14
K pneumoniae C.limonum 142.2±0.21 135.4±0.23 110.3±0.23 85.3±0.23 52.5±0.23 28.5±0.23

C.aurantium 142.3±0.12 132.3±0.14 115.2±0.14 91.9±0.14 59.8±0.14 34.8±0.14
Values represent mean ± S.E:
Means with significantly different (P≤0.05).

Figure 1: Proportional relationship between different 
concentration of fruit juice extract and the mean of 
inhibition zone (mm) against bacterial strain

Minimum Inhibitory Concentration (Mic) And 
Mic Index
According to the results of the microdilution method, the 
MIC results showed that the concentration of 1.56, and 
6.25 mg/ml of Citrus limonum and Citrus aurantium re-

spectively was the minimal concentration that inhibited 
the growth of S. aureus. The concentration of 6.25, and 12.5
 

Figure 2: Sensitivity test of S. aureus (A), S. pneumoniae 
(B) and K. pneumoniae (C) to different concentrations of 
Citrus limonum and Citrus aurantium extracts
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mg/ml of Citrus limonum and Citrus aurantium respec-
tively was the minimal amount that inhibits the growth 
of S. pneumoniae. The concentration of 12.5, and 25.0 mg/
ml of Citrus limonum and Citrus aurantium respective-
ly was the minimal amount that inhibits the growth of  
K. pneumoniae,  and that used in the test while other lower 
concentrations failed to inhibit the growth of the bacteria 
as shown in Table 3 and Figure 2. The fruit juice extract’s 
macro-broth dilution MIC values were often lower than 
equivalent the values of agar well diffusion MIC 6.25-
12.5mg/ml and 12.5-25.0 mg/ml for Citrus limonum and 
Citrus aurantium respectively. The MIC values produced by 
the two approaches differed, but not significantly.

Bacterial Time Kill Curve Kinetics
All concentrations from 8x (MICs) through 4x (MICs) 
achieved the bactericidal effect by reducing ≥3 log10 of the 
total number of CFU/ml of bacterial strains in comparison 
to control, 0.5x MIC and 1x MIC. While 2x MIC showed 
a drop in the growth curve at 1st six hours, then, there 
was continued inhibition of growth as reported at the 24th 
hour. The area under the time of killing curve of Citrus li-
monum and Citrus aurantium was calculated and compared 
to the control inoculum growth rate (Table 4). The results 
showed that all 4x (MICs) and 8x (MICs) achieved the 
highest significant bactericidal effect (P≥ 0.05) in com-
parison to other treatments. The 2x MIC concentration 
achieved a purely bacteriostatic effect (P≥ 0.05) in compar-
ison to 1x MIC and 0.5x MIC concentrations and control 
groups. Both 1x MIC and 0.5x MIC failed to achieve a 
significant bacteriostatic or bactericidal effect (P≤ 0.05) in 
comparison to 2xMIC, 4xMIC and 8xMIC.  

DISCUSSION

Citrus aurantium and C. limonum generally was an impor-
tant medicinal plant and have several therapeutic poten-
tials in folklore medicine (Falcinelli et al., 2020). In this 
study, the aqueous extracts of the fruits of C. aurantium and 
C. limonum revealed the presence of alkaloids, flavonoids, 
steroids, saponins, Cyanogenetic glycosides except anthra-
cene glycosides and terpenoids which was absent. The re-
sults of this study corroborates the study of Dandekar et 
al. (2008) who reported the presence of tannins, flavonoids 
and saponins the absence of terpenoids, and phlobatannins 
in the aqueous and ethanol extracts of C. auratium. The 
study is also in agreement with the study of Babajide et al., 
(2023) who reported the presence of flavonoids, saponins 
and tannins in the aqueous extract of C. auratium. Further-
more, the presence of flavonoids in the study is in agree-
ment with the report of He et al. (1997) who reported the 
presence of flavonoids and the types of flavonoids present. 
Maksoud et al. (2021) revealed presence of phytochem-
ical in the current study when he found the presence of 

flavonoids, alkaloids, and tannins in Citrus aurantium and 
Citrus limonum. The research supports a study by Khudhair 
et al. (2017) that found tannins, flavonoids, and saponins 
in the watery extract of C. auratium. 

The most suitable group of secondary metabolites in citrus 
products is flavonoids, which may naturally could improve 
human health by acting as anti-inflammatory, antimicro-
bial, anti-cholesterolemic, anti-diabetic, anti-carcinogenic, 
and anti-inflammatory (Chanet et al., 2010; Park et al., 
2014). Therefore, Citrus aurantium and Citrus limonum 
extracts have effective antibacterial action against many 
bacterial strains, including S. aureus, S. pneumonia, and K 
pneumoniae, due to the presence of various phytochemical 
components. More and more reports of medicinal plants’ 
antimicrobial qualities are coming in from all over the 
world (Hindi and Chabuck, 2013).

In the conducted research, each concentration of fruit 
juice extracts that are rich in vitamin C prevented bacterial 
growth (Okeke et al., 2015). In the present study, at the 
maximum concentration (100 mg/ml) of juice extracts, the 
biggest inhibitory zones against both Gram-negative and 
Gram- positive bacteria. Verghese et al. (2017a) reported 
similar results of higher ascorbic acid doses were reported 
to provide the biggest zones of inhibition in both Gram 
positive (S. aureus) and Gram negative (E. coli) in earlier 
research. According to Al-Talib et al. (2013) revealed the 
zone average of inhibition for S. aureus was greater than 
E. coli.

The MIC values of Citrus aurantium and Citrus limonum 
fruit juice extract as well as they could act as control pos-
itives for the antimicrobial activity in therapeutic plant 
extracts due to their wide-ranging antibacterial activity. 
The effectiveness of lemon juice extract against clinical 
and several strains of S. aureus, S. pneumonia, and K. pneu-
moniae, an organism infamous for its antibiotic resistance, 
is particularly intriguing (Van Eldere, 2003). As a result, 
compared to the Gram negative test organisms, the Gram 
positive test organism was more inhibited. The results of 
this study also showed that all bacterial strains were sensi-
tive to orange extract. According to a review by Oikeh et 
al. (2020), Citrus sinensis L. is well known throughout the 
world due to its high Vitamin C content, which is linked 
to several important health benefits. Pepe et al. (2017) also 
revealed an antimicrobial effect in addition to these health 
benefits that found in plant extract.

One such alternative is vitamin C, which has been shown 
to have antimicrobial properties in numerous studies. It 
has a potent growth-inhibitory effect on the bacteria My-
cobacterium tuberculosis, Staphylococcus aureus, Campylobacter 
jejuni, and Enterococcus faecalis, Helicobacter pylori (Vilchèze 
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et al., 2013). Initially, it was thought that vitamin C’s abil-
ity to reduce pH was what caused it to have an antibacte-
rial impact. This significant suppression may be due to the 
acidic pH of lemon extract, which can alter the charges 
of the amino acids that make up the peptidoglycan cell 
wall and disturb the active sites of enzymes. Additionally, 
vitamin C protects against free radicals and reactive oxygen 
species as a potent antioxidant (Mumtaz et al., 2023).

A low MBC/MIC ratio for the fruit juice extract suggests 
that the juice extract has a bacteriostatic concentration that 
is comparable to its bactericidal concentration. According 
to Sader et al. (2006) showed strong antibacterial capabil-
ities are indicated by a low MBC/MIC ratio. The MIC 
values obtained using the agar diffusion approach were 
greater than those obtained using the macro-broth dilu-
tion method for the identical bacterial strains. 

Although variations in the antimicrobial agent’s diffusion 
rate in the agar have been put forth as an explanation for 
such discrepancies, this phenomenon still requires further 
research to reach acceptable standards for both techniques. 
Lemon fruit juice’s antibacterial properties may be linked 
to its secondary metabolites, vitamins, organic acids, and 
their interactions with one another. Malic acid is absent 
from citric acid (Okeke  et al., 2015).

Vitamin C is a crucial antioxidant that considerably lessens 
the harmful effects of reactive oxygen species (ROS). A 
startling finding was made about the pro-oxidant activity 
of vitamin C (Carr and Frei, 1999). According to Kallio 
et al. (2012), vitamin C functions as an antibacterial agent 
against a variety of bacterial infections, including S. aureus, 
E. coli (Verghese et al., 2017a), and Klebsiella pneumonia 
(Verghese et al., 2017b). It has been suggested that bacte-
rial strain and concentration may both affect the antibac-
terial properties of vitamin C. 

The most likely method by which vitamin C fights bacte-
ria is based on oxidative stress brought on by the produc-
tion of ROS. A fairly study by Ghosh et al. (2019) found 
that the Fenton reaction was triggered when vitamin C, 
an essential oil, and copper were combined. When com-
bined with vitamin C, honey, especially honey, which was 
rich in polyphenols and transition metal ions (Fe and Cu), 
may cause bacterial cells to produce ROS within their own 
cells. Vitamin C in a honey solution quickly neutralizes the 
produced H2O2, which was a significant antibacterial com-
ponent of honey, at sub-MIC levels. Due to variations in 
the metabolism or protective enzymes (ROS),  the struc-
ture of bacterial cell wall,  also the antibacterial activity of 
the vitamin C and honey combination was less efficient or 
ineffective when applied to specific Gram-positive bacteria 
in planktonic cultures (Majtan et al., 2020).

CONCLUSIONS AND 
RECOMMENDATIONS

Citrus fruit juice extracts are an efficient and secure an-
tibacterial agent, according to this in-vitro investigation. 
Citrus fruit juice effectively suppressed the growth of bac-
terial strains include (Gram positive and Gram negative). 
Acidic pH was reported to have the highest zone of inhibi-
tion against all bacterial strains at concentration of 50 mg/ 
ml for Citrus limonum and 100 mg/ ml for Citrus aurantium 
. Therefore, citrus fruit juice can be employed in the future 
as an assistant therapy option to treat infections in humans 
- brought on by bacteria that are resistant to multidrug 
after conducting safety and cytotoxicity evaluation. Lem-
on extracts have an important role as antimicrobial agents 
against microorganisms. They are natural, cheap, safe, and 
due to increase antibiotic resistance among bacteria.
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