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Abstract. Al-Barhawee NIK, Qasim WS, Abdlla YA. 2023. Phytochemical analysis of Annona atemoya seed extract by HPLC and their 
ability to inhibit the growth of Agrobacterium tumefaciens. Biodiversitas 24: 603-608. The main objective of this study was to 
determine the effectiveness of Annona atemoya seeds crude alcoholic extract utilizing nine different concentrations (0.0020, 0.0039, 
0.0060, 0.0080, and 0.00100 mg/mL). Agrobacterium tumefaciens causes crown gall disease in numerous plant crops causing significant 
economic losses. Medicinal plants contain chemical compounds (a group of secondary metabolites) known to have antibacterial 
properties. The result showed that the minimum inhibitory concentration was (0.0313 mg/mL) using agar diffusion technique, while it 

ranged from (0.0156-0.0313 mg/mL) in the minimal microplate inhibitory concentration test. The crude alcoholic extract of A. atemoya 
seeds contains alkaloids, flavonoids, glycosides, tannins, phenols, and proteins, but not saponins, based on the results of qualitative 
analysis of chemical components. HPLC analysis revealed that the extract contained quercitin, rutin, valine, and camphor which were 
found in the amount of 33.09, 139.39, 0.061, and 7.43 ppm/mL, respectively. Therefore the present finding suggests that A. atemoya 
seed extract may be used as a biological control to inhibit crown gall formation in plants. This is the first study of the antimicrobial 
activity of A. atemoya seed alcoholic extract on the growth of plant pathogenic bacteria.  
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INTRODUCTION 

Agrobacterium is rod-shaped, motile, aerobic, gram-

negative, has a slow generation time (1.5 to several hours) 

under ideal laboratory conditions, and is resistant to 

drought. The genus Agrobacterium belongs to the family 

Rhizobiaceae, also includes the genera of atmospheric 

nitrogen-fixing symbiotic bacteria, three of which are: A. 

tumefaciens, capable of inducing crown gall disease on a 

wide spectrum of dicotyledonous plants, A.rhizogenes, 

which causes hairy root disease; and A. radiobacter, which 
is non-plant pathogenic (Lacroix and Citovsky 2013; Van 

Montagu and Zambryski 2013). It is well known that the 

non-pathogenic biocontrol bacterium A. radiobacter uses 

bioremediation to shield seeds from contamination with 

this harmful bacteria, and it has been considered an 

effective and relatively inexpensive way to prevent crown 

gall formation on sui generis plants (Gupta et al. 2017). 

Plants are considered the most important sources of 

biological activity (Gentile 2021). For the past two 

decades, researchers have been interested in the species of 

genus Annona, mainly due to their unique biological 

properties. It belongs to the family Annonaceae and 
includes more than 119 species (Anaya-Esparza et al. 

2017). The Annonaceae family includes the commercially 

significant fruiting plant Annona atemoya. Many tropical 

and subtropical continents, including southern and northern 

America, Asia, Africa, and Australia, as well as Spain, are 

home to A. atemoya cultivation. A. atemoya is a cross 

between the Cherimoya (Annona squamosa) (Li et al. 

2019; Kazman et al. 2020). A. atemoya is short-branched 

with low, drooping branches and grows to a height of 

around 7.5 to 10 m. The leaves of A. atemoya, which 

average 15 cm in length, are alternate, leathery, deciduous, 

and less hairy than those of the parent cheimola. The 

triangular, long-stalked, yellow flowers measure roughly 6 

cm long and 4-5 cm wide. The fruit has a rough texture and 

is juicy, light to bluish green, and varies in shape from 

heart-shaped to round (2-2.5 kg). Its surface is covered 

with raised, angular areoles. The fruits have a nice flavor, 
with white flesh and smooth, brown-to-black seeds. The 

pulp can be easily separated from the white flesh (Kazman 

et al. 2020; Kupe et al. 2021). There are known uses for 

several Annona species, including Annona muricata, in 

conventional and alternative medicine. Although there is 

some limited anecdotal evidence that the leaves of A. 

atemoya are bought from growers to make tea, traditional 

uses of this hybrid plant are absent. In both in vivo and in 

vitro experiments, a number of phytochemical components 

fruit's were isolated from A. atemoya which was evaluated 

for their biological potential. The most extensively 

researched parts of A. atemoya which have chemical and 
pharmacological qualities are its leaves, fruits, and seeds 

(Errayes et al. 2020; Nolasco-González et al. 2022). 

Annona atemoya (Atemoya) is a tropical plant famous for 

its fruits which contain large amounts of phenolic 

compounds, flavonoids, and alkaloids. Fruits are also 

known for their biological activity due to some antioxidant 

properties (Mannino et al. 2020) which were used to treat 

various conditions in vitro and in vivo (Bhardwaj et al. 
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2020). Several studies have been conducted to reveal the 

biological activity of other species of the genus Annona, 

including using the chloroform extract of Annona 

squamosa seeds as an anti-infective (Biba et al. 2013). Its 

anti-inflammatory activity has also been recorded in the 

extract of the leaves, roots, and bark stem (Bitar et al. 

2019). Its leaves contain about 18 kinds of secondary 

metabolites of a phenolic or alkaline nature that have 

antioxidant activities (Mannino et al. 2020), in addition to 

their use as insecticides, bactericides (Hernández-Fuentes 
2016), antimicrobials, and antifungals (León-Fernández et 

al. 2019). The antibacterial activity of extracts A. squamosa 

leaves was evaluated using six species of human 

pathogenic bacteria of both gram-negative and gram-

positive types, and the results showed moderate 

antibacterial activity when compared with a standard 

antibacterial agent, and they confirmed that this activity is 

positively correlated with its phenolic content (Ali and 

Mohammed 2020).  

Due to the lack of research on how to treat plant 

pathogenic bacteria, the fact that antibiotics are the only 
way to treat them and most of them have become resistant 

to them, and it is now necessary to find natural alternatives. 

The objective of this study was to discover a natural plant 

extract that has the ability to inhibit the growth of 

Agrobacterium tumefaciens, which causes crown gall 

disease in plants. 

MATERIALS AND METHODS 

Seed collection 

 Seeds of Annona atemoya were purchased at a local 

market in Baghdad and then identified and confirmed by 

people from the Ministry of Agriculture in Baghdad, Iraq. 
All reagents (ethanol, Dragendorff's reagent, NaOH, HCl, 

acetic acid, FeCl3, Na2CO3, CuSO4 and NaOH) used for 

extraction, isolation, and analysis were of analytical grade 

and obtained from Sigma Aldrich (Baghdad, Iraq). All of 

the primary antibiotics used in this study were purchased 

from Biotechnology, USA.  

Microorganisms used  

 A culture of A. tumefaciens obtained by the researcher 

Sabah Mehdi Hadi /Central Environmental Laboratory/ 

Baghdad University. 

Activation of A. tumefaciens 

 A colony of the bacteria was transferred to 5 mL of 
liquid LB medium and incubated in a shaking incubator at 

a speed of 150 rpm and a temperature of 28°C for 24-48 h. 

Crown gall formation test on carrot discs 

 Carrot discs of 0.5 cm thickness were surface sterilized 

by immersing them in 3 mL of sodium hypochlorite: 1 mL 

of distilled water solution (volume: volume) for 10 

minutes, thereafter washed several times in sterile distilled 

water, infected with 1 mL of A. tumefaciens bacterial 

culture to an OD 600nm of 0.3, dispersed on a medium 

surface (1.5% water agar), and incubated for 3-4 weeks 

with alternating light and dark periods (Ferdous et al. 

2021).  

Seeds extraction 

Annona atemoya seeds were air dried in the shade at a 

temperature of 25°C for 36 hours and crushed using pestle 

and mortar to about 70 mesh sizes and then stored in dry 

containers (Kubmarawa et al. 2012). Rotary evaporator at 

35°C was used to obtain concentrated alcoholic extract and 

soxhlet was used to obtain ethanol-soluble fractions (Vikas 

et al. 2013). The extract was divided into two parts and 
preserved at 4°C for further experiments. The first part was 

used for phytochemical examination, and the second part 

was used to study its biological effect on the growth of A. 

tumefaciens, which causes crown gall disease in plants. 

Determination of antibacterial activity 

Agar well diffusion technique 

 The antibacterial activity of ethanolic extract was 

determined using agar-well diffusion technique (agar cup 

method) as described by  Balouiri et al. (2016). For this, 

0.1 mL (equivalent to 1.5x 105 CFU mL /l adjusted to 0.5 

McFarland) suspension of Agrobacterium was swabbed on 
the plates of Mueller-Hinton agar media. After that 6 mm 

diameter wells were made with the help of sterile cork 

borer and poured 0.1 mL (100 µl) of different 

concentrations i.e. 0.5, 0.25, 0.125, 0.0625,0.0313, 0.0156, 

0.0078, 0.0039, 0.0020 mg/mL of alcoholic extract. The 

antibiotic cefotaxime at a concentration of 100 mg/mL, and 

distilled water were used as a positive and negative control, 

respectively. The plates were incubated at 28°C for 18-24 

h. The diameter of inhibition zones was measured in 

millimetres and compared to the negative and positive 

control inhibition zones.  

Microplate minimal inhibition concentration (MIC) assay 

The microplate minimum inhibitory concentration assay 

was conducted to detect A. tumefaciens isolates passed 

resistance ability to the crude solution of an alcoholic 

extract of A. squamosa seeds by using the microdilution 

method according to the Clinical and Laboratory Standards 

Institute (CLSI) protocol (Cockerill 2019). 

 Ten μL alcoholic extract was added to each well of the 

microplate with different concentrations i.e. 0.5, 0.25, 

0.125, 0.0625, 0.0313, 0.0156, 0.0078, 0.0039, and 0,0020 

mg/mL. After the absorption spectrum attained 0.15 at 600 

nm, 190 µl of Mueller-Hinton broth culture of bacteria was 
added to bring the volume in these wells to 200 µl. The 

experiment was performed in triplicates and MIC value 

was directly determined by the microplate reader 

(PARAMEDICAL PKL) at a wavelength of 600 nm. The 

results were analyzed by comparing wavelengths using 

Excel 2020. 

Conventional qualitative chemical testing 

 The alcoholic seed extract of A. atemoya was analyzed 

for various phytochemical compounds, such as alkaloids, 

flavonoids, glycosides, saponins, phenol, tannins, and 

protein. 

https://pubmed.ncbi.nlm.nih.gov/?term=Balouiri%20M%5BAuthor%5D
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 Alkaloids test: 1 mL of Dragendorff's reagent was 

added to 2 mL of extract and the formation of a red-orange 

precipitate indicates the presence of alkaloids. 

Flavonoid test: Two to three drops of 10% NaOH were 

added to 2 mL of the extract. Initially, dark yellow color 

appeared, but after adding a few drops of dilute HCl, it 

gradually became colorless, indicating the presence of 

flavonoids. 

Glycosides test: In the test tube a solution for this 0.5 

ml, of CH3COOH (Glacial acetic acid) and 2-3 drops of 
0.1% FeCl3, was mixed with 2 mL of the extract. Then add 

1 mL of concentrated H2SO4 along the walls of tube. The 

appearance of dark blue color indicates the presence of 

glycosides. 

Saponin test: A drop of Na2CO3 solution was added to 

5 mL of extract in a test tube. After mixing them 

vigorously, test tube was kept aside for five minutes. The 

absence of foam indicates the absence of saponins. 

Phenol and tannins test: 2 mL of a 5% FeCl3 solution 

was added to 1 mL of extract. Appearance of a dark blue 

color showed the presence of phenols and tannins. 
Protein test: Two drops of 3% CuSO4 and a few drops 

of 10% NaOH were added to 1 mL of extract, indicating 

the presence of violet or red color showed the positive test 

for proteins. 

High Performance Liquid Chromatography (HPLC) 

The HPLC Shimadzu LaSolutions apparatus was used 

based on the following conditions: Mobile phase, 

Methanol; Water =70:30(v/v); Detector, at wavelength 

=280 nm; Flow rate= 1mL/min; Injection volum= 20µl; 

Column, C18. 

Separation was performed using elution duration (0-10 
min), the flow rate of 1.0 mL/min, and a column 

temperature of 20°C. The injection volume was 20 μL, and 

UV light at wavelength 280 nm was used. The solvents 

used were obtained from Merck Chemicals ltd. For the 

detection of phytochemicals content in ethanolic extracts, 

10 μg/mL sample was loaded in the HPLC column and the 

retention time values of the extract were calculated. The 

compounds were identified by comparison of their 

retention times with those of the standards. 

RESULTS AND DISCUSSION 

Formation of crown gall on the carrot disc 

It was observed that crown galls formed on carrot disc 
after one month of infection, and this result confirmed that 

A. tumefaciens (Figure 1) has the ability to cause infection.  

Most pathogenic strains of A. tumefaciens on Ti-plasmid 

are responsible for stimulating infected cells to form crown 

galls disease (Ganjeh et al. 2021). 

Agar well diffusion technique 

 The alcoholic extract of A. atemoya seeds at different 

concentrations showed inhibition against bacteria 

compared to the antibiotic cefotaxime, and the diameter of 

the inhibition zone ranged from 2-15 mm (Table 1). This 

result is not the same as the results of (Al-Deen 2017), who 

reported no inhibitory effect of Annona alcoholic seed 
extract against any of the pathogens Staphylococcus 

aureus, Klebsiella pneuomoniae and Escherichia coli using 

the agar diffusion technique. The agar diffusion method is 

widely used to evaluate the antimicrobial activity of plants 

or microbial extracts (Meshaal et al. 2021).  

The results also showed that the minimum inhibitory 

concentration (MIC) was (0.0313) mg/mL, considering that 

the MIC is the lowest concentration of an antimicrobial that 

inhibits the visible growth of microorganisms after the 

incubation period (Kowalska-Krochmal and Dudek-Wicher 

2021). This antibacterial effect can be attributed to several 
reasons, including the mode of action of antimicrobial 

plants associated with the presence of phenolic compounds 

and their effect on cellular membranes. It has been 

observed that these phytochemicals attack cell walls and 

membranes, affecting their permeability and release of 

intracellular components, and they also interfere with 

membrane functions such as electron transfer, enzyme 

function, and nutrient absorption, which can thus lead to 

inhibition of bacterial growth (Othman et al. 2019). 

Moreover, the inhibitory effect may be due to the alteration 

of the structure of proteases by some hydrogen bonds that 
ultimately impede or denature the protein synthesis 

(Álvarez-Martínez et al. 2021).  
 

 

 
 
Figure 1. Crown gall formed on carrot disc 

 

 
Table 1. Antimicrobial activity of Annona atemoya seeds alcoholic extract, cefotaxime and distilled water on the growth of plant 
pathogenic Agrobacterium tumefaciens 
 

 
Treatment 

Cefotaxime 

(mg/mL) 

Distilled 

water 

Alcoholic extract (mg/ mL)  0.0020 0.0039 0.0078 0.0156 0.0313 0.0625 0.125 0.25 0.5 100 - 
Inhibition zones (mm) 0 0 0 0 2 5 7 10 13 15 0 

Note: Cefotaxime: positive control; Distilled water: negative control  
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Microplate MIC assay 

 Microplate assay showed that bacteria were sensitive to 

the alcoholic extract of seeds at different concentrations. 

Wells that are still clear after incubation may have low 

levels of viable microorganisms, which are illegible to the 

naked eye. As a result, the growth of bacteria is measured 

in terms of the value displayed in the spectrophotometer 

(Giuliano et al. 2019). The MIC value for antibacterial 

activity ranged (0.0156-0.0313 mg/ ml) from alcoholic 

seed extract after 48 h of incubation (Table 2). This shows 
that the microplate minimum inhibitory concentration 

(MIC) assay was about two times more sensitive than agar-

well diffusion technique. Al-Hamdoni and Al-Rawi (2020) 

reported that MIC value of microplate method was more 

sensitive than agar-well diffusion technique. The 

antimicrobial properties often are attributed to the hydroxyl 

group present within the chemical structure of the phenolic 

secondary metabolites found in various types of fruit like 

the custard apple (A. squamosa) (Al Mamari 2021), this is 

due to the high affinity of phenolic hydroxyl groups to bind 

to proteins and thus inhibit the action of microbial enzymes 
as well as increase the affinity with cytoplasmic membranes, 

thus enhancing antibacterial activity (Miklasińska-Majdanik 

et al. 2018). Kumari et al. (2022) noted that the seed extract 

of A. squamosa has an antimicrobial effect on human 

pathogens and has a promising future in the development 

of its use as a medical plant in the treatment of pathological 

conditions caused by various types of pathogenic bacteria. 

Phytochemical constituents of the alcoholic extract of 

Annona seeds 

Qualitative analysis  

 The results of qualitative tests revealed that the 

alcoholic extract of A.atemoya seeds contained alkaloids, 

flavonoids, glycosides, tannins, phenol, and proteins, except 

for saponins (Table 3). Many studies have confirmed that 

plants are rich in a variety of secondary metabolites, such 

as tannins, terpenoids, alkaloids, and flavonoids (Mapfumari 

et al. 2022). Shami (2017) reported that alkaloids isolated 

from A. squamosa showed good antibacterial and antioxidant 
activity, so it could be a new source of antimicrobial agents 

against pathogenic bacteria. The presence of acetogenin, 

alkaloids, essential oils, phenolic compounds, cyclic 

peptides, amino acids, dyes, and vitamins has also been 

reported from the extract of different Annona plant parts 

(Bhardwaj et al. 2020). In addition, alkaloids and 

flavonoids are found in the seeds of A. atemoya and A. 

squamosa (Al Kazman et al. 2020; Kumar et al. 2021).  

HPLC assay  

The results of HPLC analysis at wavelength 280 nm 

showed that the extract contained the following four 

phytochemical compounds, namely 2.710 quercetin, 3.083 

rutin, 3.392 valine, and 3.992 camphor (Figure 2A), based 

on standard compounds (Figures 2B-E). On the other hand, 

concentrations of quercetin, rutin, valine, camfor in the 

crude alcoholic extract were 33.09, 139.39, 0.61, and 7.43 

ppm/mL, respectively (Table 4).  

Zhu et al. (2020) confirmed the presence of quercetin in 
A. squamosa seed extract. Quercetin is a natural substance 

from the flavonoid group that is found abundantly in 

vegetables and fruits. There is a lot of evidence indicating 

that quercetin has therapeutic potential to prevent and treat 

various diseases (Maurya 2022). The second chemical 

compound is rutin, also called vitamin B. It is a low 

molecular weight flavonoid found abundantly in various 

vegetables and fruits. Numerous studies have identified 

many of the pharmacological properties of rutin as well as 

its antibacterial properties (Pandey et al. 2021). In addition, 

quantitative analysis using high-performance liquid 
chromatography revealed that rutin is the most abundant 

compound in A. atemoya leaves generally. Quercetin and 

rutin are not detected in the fruit of Annona plant, but they 

are present in abundance in the leaves (de Moraes et al. 

2020). Valine is one of the groups of essential-branched 

chain amino acids (Li et al. 2020). Phytochemical analysis 

of Annona extracts revealed the presence of several 

phytochemicals, including proteins, carbohydrates as well 

as others (Al Mamari 2021). A study showed the highest 

protein content was in A. squamosa leaves (ASLs) 

compared to its content in seeds and fruits, as was Proteins 
and amino acids are also present in high amounts in 

methanolic and aqueous extracts of ASLs (Kumar et al. 

2021). On the other hand, the biuret test revealed the 

presence of protein and amino acids in the aqueous ASLs 

extract, while the Millon test revealed their presence in 

methanolic ASLs extracts. The presence of camphor in the 

stem and root extracts of Annona plant has also been 

confirmed by Singh et al. (2019). It has many biological 

properties as anticancer, antimicrobial, antiviral, antipain, 

and insecticidal (Chen et al. 3013). 

Concentration of phytochemicals in alcoholic extract 

 The concentration of phytochemical compounds in the 
alcoholic extract of the seeds (Table 5) was calculated based 

on the concentration of 1000 ppm/mL for standard compounds 

and based on the following equation: C1:V1=C2:V2. 
 
 
Table 2. Antibacterial activity of alcoholic extract of Annona atemoya seeds on the growth of Agrobacterium tumefaciens 
 

Concentration (mg/mL) 0.0 0.0020 0.0039 0.0078 0.0156 0.0313 0.0625 0.125 0.25 0.5 

Crude alcoholic extract +++ +++ +++ ++ + + - - - - 
Note: +++: good growth ,++: intermediate growth, +: week growth 
 
 
Table 3. Phytochemical qualitative analysis of alcoholic extract of Annona atemoya seeds 
 

Sample Alkaloids Flavonoids Glycosides Saponins Tannins and phenol Protins 

Alcoholic extract of seeds + + + - + + 
Note: + : Present , - : absent 

https://pubmed.ncbi.nlm.nih.gov/?term=Kazman+BSMA&cauthor_id=32987818
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Table 4. Calibration curve parameters for standard phytochemicals 
 

Standards Rt Area Peak 

Quercetin 2.771  4781610 305.850 
Rutin 4.252 8474028 320.923 
Valine 3.096 47885893 4000.287 
Camphor 3.052 24857640 1744.652 

 

 

Table 5. The concentration of phytochemicals present in the seeds 
alcoholic extract 

 

Extract Phytochemicals ppm/mL 

Ethanol Quercetin 33.07 
Rutin 139.39 
Valine 0.61 

Camphor 7.43 

 

 

 

  
A B 

  
C D 

 

 

E  

 
Figure 2. The HPLC chromatogram: A. Phytochemicals present in ethanol extract at 280 nm, B. Quercetin standard, C. Rutin standard, 
D. Valin standard, E. Camphor standard 

 

 

 

In conclusion, the results of the present study revealed 

that secondary metabolites of A. atemoya (Atemoya) seeds 

play an important role in antibacterial activity against 

Agrobacterium tumefaciens. This may indicate the 

effectiveness of the solvent used (ethanol) in releasing the 

active chemical compounds and thus, its effect on 

inhibiting bacterial growth. Thus, the present research 

reveals the antibacterial nature of this plant and that it is 

likely to be a good source for the treatment of the diseases 

caused by plant-pathogenic bacteria, especially 
Agrobacterium. A. atemoya seeds extracts inhibited the 

growth of plant-pathogenic bacteria in-vitro. Therefore the 

present study recommends a future study to deal with its 

effect on bacteria in-vivo. This is the first study of the 

antimicrobial activity of A. atemoya seeds alcoholic extract 

on the growth of plant pathogenic bacteria.  
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