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ABSTRACT 

This study investigates the antibacterial efficacy of methanolic extracts obtained from Iraqi orange peels and provides a comprehensive 
phytochemical screening of the extracts. Orange peel samples were carefully collected, washed, dried, and ground before undergoing 
cold maceration in methanol. The extracts were subsequently concentrated using a rotary evaporator under reduced pressure, yielding 
a dark green residue that was subjected to bioactivity assays. Preliminary phytochemical screening confirmed the presence of several 
classes of bioactive compounds within the orange peel extract, including terpenoids, tannins, flavonoids, saponins, and phenols. These 
phytochemicals are recognized for their broad pharmacological activities and are believed to contribute synergistically to the extract’s 
antibacterial properties. Standard protocols were used for testing, and specific color reactions indicated these compounds in the crude 

extracts. To evaluate antibacterial activity, the agar well diffusion technique was applied  .Mueller-Hinton agar plates were seeded with 
bacterial stock cultures, with extract doses applied in wells created on the agar surface. After 24 hours of incubation at 37°C, zones of 
bacterial growth inhibition were measured to quantify the extracts' effects. Results highlighted that the methanolic extracts exhibited 
notable antibacterial activity against Gram-positive and Gram-negative bacteria, supporting the traditional application of orange peel in 
treating bacterial infections. Both Staphylococcus aureus (Gram-positive) and Escherichia coli (Gram-negative) were found to be 
susceptible to the orange peel methanolic extract, contradicting some earlier reports of resistance and affirming the potential therapeutic 
value of these phytochemicals. The research suggests that orange peel extracts have promising applications in managing bacterial diseases. 
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Introduction   

Juice factories rely heavily on citrus fruit, however, much of the 

fruit is thrown away along with the peels. Since only around 40% 

of citrus fruit can be turned into juice. Waste products from 

oranges, such as peels, accumulate annually in enormous 

quantities [1]. Increased focus is continually being placed on 

bringing valuable goods from waste resources, and citrus wastes 

are no exception. The orange peel and pulp may be turned into 

useful items if the right  processes are use  [2, 3]. Pollution in the 

environment is also something that may be mitigated. Orange 

and lemon peels are packed with healthy elements and 

phytochemicals, making them useful as both dietary supplements 

and pharmaceuticals. More and more bacteria are becoming 

resistant to antibiotics, thus scientists are always looking for safe 

alternatives [4-7]. Vitamin C, found abundantly in orange juices, 

is often regarded as the most important water-soluble 

antioxidant. The primary function of vitamin C is to prevent 

scurvy, a condition characterized by the appearance of skin 

patches, gum swelling, and mucous membrane hemorrhage. 

Because of its instability, vitamin C may be broken down by 

either aerobic or anaerobic processes. Some goods, including 

citrus juice concentrates, may be particularly sensitive to vitamin 

C loss [8, 9]. The early phytochemical analysis of citrus fruit peels 
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and pulp confirmed the presence of several active compounds. 

The tabular presentation of the findings follows. One group of 

phytochemicals was revealed by one solvent, whereas another 

was shown by another. Tannins, saponins, etc., were detected; 

however, anthraquinones were nowhere to be found in the citrus 

peel or pulp. It is difficult to attribute the antibacterial activity to 

a particular phytochemical, although these components may be 

to blame.  Citrus sinensis, sometimes called sweet orange to 

distinguish it from the related species. When referring to citrus 

fruits, the term "orange" most often refers to Citrus aurantium 

or bitter orange. The sweet orange may reproduce asexually 

(through apomixis via nucellar embryogenesis), and its variants 

emerge by the process of natural selection [10-15]. The orange is 

the result of a hybridization between the pomelo (Citrus 

maxima) and the mandarin (Citrus reticulata) [16, 17]. Since it is 

the chloroplast genome in the pomelo that represents the 

maternal line, it is fitting that this fruit be the maternal ancestor. 

The genome of the sweet orange has been sequenced in its 

entirety [18]. The sweet orange tree is the most frequently 

planted fruit tree in the world, with its origins in  current-day 

Southen China, Northeast India, and Myanmar [19-22]. The juicy 

fruit of the orange tree is commonly cultivated in tropical and 

subtropical regions. Oranges are versatile trees that may be used 

for their fresh fruit, juice, and aromatic peel [23]. In 2012, sweet 

oranges made up around 70% of the world's citrus harvest [24-

27]. Numerous useful phytochemicals were found in orange 

peels, the most numerous of which were terpenoids, tannins, 

saponins, flavonoids, and phenols. There is evidence that the 

phytochemicals found in orange peels have anticancer, anti-

diabetic, antihypertensive, and proliferative properties, and 

these benefits have prompted much research [28-31]. the  study 

Aim To examine the terpenoids, flavonoids, saponins, tannins, 

and phenols present in C. Sinensis by phytochemical screening 

and assessing the antibacterial effects of Iraqi orange peel in Petri 

Dish. 

Materials and Methods 

Plant material 
Orange Peel leaves were collected from Tikrit Salah Aldin in 

November 2021. Peel from oranges was cleaned, dried in the 

shade, and then processed into a powder in a mechanical grinder. 

Extraction method (cold method) 
The 250 g of plant powder was steeped in 1500 ml of methanol 

at room temperature with intermittent shaking. When the three 

days were over, the methanol-soluble components were 

separated through filtration. A rotary evaporator was used to 

remove all of the moisture from the filtrate while operating at 

very low pressure. It produced a residue that looked dark green. 

All that was left after the liquid evaporated was taken to the lab 

and tested for antibacterial activity.  

Preliminary phytochemical examination of 

crude extracts  
Standard protocols for phytochemical analysis were applied to 

crude extracts, fractions, and powder specimens from the 

medicinal plants under investigation with the purpose of 

screening and identifying bioactive chemical ingredients.    

Saponins test 
Each plant extract and fraction was dissolved in 0.5 grams of 

boiling water in a test tube, allowed to cool, and then  agitated 

ferociously to produce froth.  

Using a boiling water bath, 2.0 g of the plant powder was cooked 

in a test tube containing distilled water before being filtered. By 

rapidly shaking together 10 ml of the filtrate and 5 ml Of distilled 

water, A stable long-lasting froth was produced. Because 

emulsion formation is a hallmark of saponins, the foam was 

combined with three drops of olive oil and aggressively agitated 

to ensure proper incorporation.  

Tannins test 
Filtered distilled water was used to dissolve 0.25 g of plant 

extract and fraction in 10 ml. The filtered liquid was mixed with 

a 1% ferric chloride (FeCl3) solution in water. When testing 

samples, a strong green, blue, or black hue indicates the presence 

of tannins. 

Terpenoids test  
The (Salkowski) Initially, 5 ml of each plant extract and fraction 

were combined in 2 ml of chloroform, and then 3 ml of 

concentrated (H2SO4). The presence of terpenoids was 

confirmed by the formation of a layer of the characteristic 

reddish-brown hue at the contact. 

Flavonoids test  
To remove the oils, 0.5 g of each plant extract and fraction was 

shaken in petroleum ether (to extract the lipid layer). After 

filtering, 20 ml of 80% ethanol was added to the defatted residue. 

Experiments were conducted using the filtrate:  

(a) The hue was seen after combining 3 ml of the filtrate with 4 

ml of aluminum chloride in methanol at a concentration of 1%. 

Flavonoids were present  because of their ability to have a 

yellowing effect.  

(b) In a test tube, 3 ml of the filtrate was combined with 4 ml of 

1% potassium hydroxide, and the resulting color was examined. 

Flavonoids were present when the liquid became a deep yellow. 

Activity of antibacterial  
Extracts of orange peel were tested for their antibacterial effects 

on both Gram-negative and Gram-positive bacteria in an agar 

well diffusion experiment [32-35]. Aseptically, around  20 

millilitres of Muller-Hinton (MH) agar was put onto sterile Petri 

plates. Using a sterile wire loop, we were able to extract the 
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bacteria from their respective stock cultures [36]. After the 

organisms were cultured, wells were drilled with a sterile point 

into the agar plates using a sterile pipette tip at a diameter of 6 

mm. The extracted Indigofera suffruticosa was injected at 

varying doses into the drilled wells. The extract and test 

organisms were placed on culture plates, and after incubation at 

37°C for day, the average diameter of the zones of inhibition was 

measured and recorded [37, 38].  

Statistical analysis  
Data analysis was done statistically using GraphPad Prism [39]. 

The results of three independent tests are  shown as the mean and 

standard deviation, indicating a statistically significant differences 

p 0.05 [40-43]. 

Results and Discussion  

Extraction methods  
 Separating the final products from the basic components begins 

with  extraction. To successfully isolate a material, the method 

of extraction must be tailored to that substance. Two separate 

extraction procedures were performed, each at a different 

temperature, to get a sample of the plants contents, the optimal 

solvent for extraction was chosen after taking into account the 

percentage yield from each method and the TLC examination of 

the crude extract for its  constituents. According to the rule of 

similarity and impermissibility, when selecting a solvent for 

solvent extraction, selectivity, solubility, cost, and safety should 

all be taken into consideration (like dissolves). In general, the 

performance of a solvent improves when its polarity value is 

closer to that of the solute, and vice versa.  

Extraction method (cold methods)  
This is a relatively basic extraction technique; however, it has the 

drawbacks of being time-consuming and inefficient. 

Thermolabile substances might be extracted using this method. 

aprocess that takes two days and includes macerating leaves. In 

the event of pharmacological action, this approach was opted for. 

Antibacterial activity 
Extracts and physiologically active chemicals derived from 

common plant species have received considerable study and 

media interest in recent years. Medicinal plants  have an 

important role in meeting the fundamental health requirements 

of people in underdeveloped nations, and they may provide a 

new supply of medicines with substantial action against bacterial, 

fungal, and viral infections. The findings of our maceration-

derived methanolic extract of orange peel show that it has potent 

antibacterial activity against both Gram-positive and Gram-

negative bacteria. Both Gram-negative bacterium E. coli 

(Figure 1) and Gram-positive bacterium S. aureus (Figure 2) 

are susceptible to the antibacterial effects of orange peel 

methanolic extracts. The findings of this research provide 

credence to the traditional usage of this plant in the treatment of 

infectious disorders, particularly those caused by bacteria. To 

further understand the potential antibacterial and antifungal 

actions, the extracts are now undergoing purification of the 

bioactive component(s). 

 

 
a) 

 
b) 

Figure 1. Antibacterial activity of C. Sinensis against E. coli. 

(A) Control, (B) 62.5 microgram/ml, (C) 125 microgram/ml, 

(D) 250 microgram/ml, (E) 500 microgram/ml. 

 

 
a) 

 
b) 

Figure 2. Antibacterial activity of C. Sinensis against S. 

aureus. (A) Control, (B) 62.5 microgram/ml, (C) 125 

microgram/ml, (D) 250 microgram/ml, (E) 500 

microgram/ml. 
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Conclusion   

The results show that methanolic extracts of Iraqi Citrus sinensis 
peels possess significant antibacterial activity against both Gram-
positive and Gram-negative pathogens. Phytochemical screening 
confirmed the presence of diverse bioactive compounds—
including terpenoids, flavonoids, tannins, saponins, and 
phenols—which likely act synergistically to inhibit bacterial 
growth. The clear zones of inhibition observed against 
Staphylococcus aureus and Escherichia coli validate the traditional use 
of orange peel in managing infectious diseases and highlight its 
potential as a natural source of antimicrobial agents. Further 
purification and characterization of the active constituents are 
recommended to better understand their mechanisms of action 
and to support the development of novel therapeutic alternatives 
derived from citrus waste. 
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