
Archives of Razi Institute, Vol. 77, No. 5 (2022) 1601-1609                                                    Copyright © 2022 by 

      Razi Vaccine & Serum Research Institute 

            DOI: 10.22092/ARI.2022.356722.1902  

 

1. Introduction 

Salmonella species are gram-negative, facultatively 

anaerobic, flagellated, nonsporulating, straight-rod 

bacteria with O, H, and Vi antigens. The complex 

lipopolysaccharide (LPS) functions as an endotoxin. 

Furthermore, they can carry fimbria. Their fimbria 

enhances the adhesion of the bacteria to the intestine 

(1). 

Salmonella can cause zoonotic diseases in humans 

and many animal species. Species of Salmonella 

bacteria are well-known agents of food-borne illnesses 

such as typhoid, paratyphoid fevers, pneumonia, and 

bacteremia. Annually, high rates of enteric disease are 

reported worldwide. The bacteria spread through fecal-

oral transmission and consumption of raw 

contaminated animal products (2). Human infection by 

Salmonella occurs by consuming poultry eggs, 

undercooked meat, fresh fruits, vegetables, milk, dairy 

products, and nuts (3). Salmonella is mentioned as the 

second (30%) etiologic agent of food poisoning 

outbreaks in the United States (4); similar outbreaks 

rates were reported in other countries, especially by 

consumption of the polluted milk (5-7). The most 

common salmonellosis signs include diarrhea, fever, 

abdominal cramps, and vomiting after ingesting the 

contaminated products (8). More concerns have been 
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Abstract 

Salmonella causes zoonotic diseases in humans and many animal species. The bacteria could be spread through 

fecal-oral transmission and consumption of raw contaminated animal products. Despite the activities which are 

carried out for the prevention of salmonellosis, it causes economic losses. This study aimed to prepare 

immunomagnetic beads to separate the Salmonella bacteria from experimentally polluted milk samples. The 

antibodies were purified from the rabbit's hyperimmune sera and coupled to the Fe nanoparticles using 

diethylenetriaminepentaacetic acid (DTPA) as a linker. The synthesized particles were analyzed using electron 

microscopy. The limit of bacterial detection by using the immunomagnetic beads coupled with bacterial culture 

were tested in experimentally contaminated cow milk with Salmonella. The separated bacteria were identified 

by using bacterial culture and biochemical tests. Using immunomagnetic beads (IMB), the Salmonella bacteria 

were removed from milk samples, concentrated in sterilized PBS, and cultured in nutrient agar media. The 

conventional culture method detected the bacteria in samples polluted with at least 3×104 CFU/mL bacteria; 

however, isolated bacteria were separated from milk samples using IMB and defined on bacterial culture media. 

The 3 CFU/mL of S. Typhimurium were detected in experimentally polluted milk samples using the current 

immunomagnetic-culture method. The results suggested using the IMB-bacterial culture instead of the 

conventional culture method.  
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created due to antibiotic-resistant strains and significant 

economic defects (9). Early and fast identification of 

the carriers and the contaminated foods has priority in 

preventing salmonellosis. Although various activities 

have been carried out for the care, prevention, and 

treatment of salmonellosis, it causes significant 

economic losses in industrial and developing countries 

(10). 

Based on various Salmonella strains present in the 

environment, it is impossible to predict natural dose-

response, although an infectious dose of non-typhoid 

Salmonella ranges from100 to109 bacteria (11, 12). So, 

developing a sensitive diagnostic method is critical to 

detecting variants of Salmonella. In existing culture 

methods, nonselective pre-enrichment followed by 

selective enrichment is used to isolate the aimed 

bacteria. Verification of Salmonella colonies was 

performed biochemically and serologically. It takes 

almost four days to find and remove the negative 

samples and the other seven days to confirm the 

salmonella colonies (13). Fast diagnosis of pathogens 

with high specificity and sensitivity might be highly 

preferred for detecting Salmonella. The gold standard 

method used for Salmonella detection, the conventional 

culture method, has less sensitivity (14). Several 

methods have been developed to overcome these 

problems to detect Salmonella to increase the 

sensitivity and decrease the detection time. These 

methods include immunoassays and nucleic acid-based 

techniques. Invariably, the immunoassays are rapid and 

cost-benefit tests compared to genomic evaluation tests. 

Also, these methods did not require expensive 

equipment and skilled technicians. Among these 

strategies, immunomagnetic separation (IMS) could be 

useful for the rapid and reliable identification of 

Salmonella. 

Magnetic-based separation of pathogens may have 

practical applications in laboratories. The IMS method 

can isolate and concentrate the pathogens and eliminate 

the inhibitor elements (15). The immunomagnetic 

beads could enhance the sensitivity of the analytical 

and diagnostics methods; however, in addition to 

targeting bacteria, the IMBs may be trapped other 

microorganisms (16). Also, utilizing the serovar-

specific antibodies for preparing the IMB could cause 

false-negative results because of the pathogenicity of 

all of the Salmonella bacteria in humans; utilization of 

the aptamer instead of the antibodies was suggested 

previously (16). The immunomagnetic beads could 

separate the target bacteria from various samples such 

as fecal, milk, and water samples. The antigens could 

be isolated and washed appropriately using a robust 

magnet to eliminate interfering elements. This study 

aimed to prepare and evaluate the immunomagnetic 

beads to separate Salmonella from experimentally 

polluted milk samples. In addition, the limit of 

detection of bacterial culture and IMB-bacterial culture 

were calculated and compared in the current study.  

2. Materials and Methods 

2.1. Preparation of the Bacteria 

The Salmonella typhimurium (ATCC14028) was 

cultured in blood agar media and incubated at 37 °C for 

at least 24 hours. A bacterial suspension was prepared 

in sterile phosphate buffer saline (PBS), and its OD600 

was adjusted to 0.12 nm. The seven 10-fold serial 

dilutions of this suspension were prepared using sterile 

PBS. The bacterial counting of prepared suspensions 

was done using the standard colony counting method 

(17). Inactivation of the S. Typhimurium was achieved 

by adding 150µL formaldehyde 37% into into 10 mL 

bacterial suspensions. The prepared suspension was 

incubated at room temperature for 24 h; then washed 3 

times by 10 minutes of centrifugation at 10.000 rpm.  

2.2. Preparation of the Samples 

The samples were prepared using the induced 

contaminated milk samples following steps. The seven 

1:10 serial dilutions (10-1-10-7) of the Salmonella 

typhimurium and a negative control sample were 

prepared in sterilized phosphate-buffered saline (PBS). 

All prepared Salmonella concentrations were 

centrifuged, and the precipitated bacteria were 

suspended in two cattle milk samples; the milk samples 

were previously confirmed as salmonella negative.  
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2.3. Preparation of the Hyperimmune Sera 

The concentration of inactivated Salmonella was 

adjusted to 4 McFarland standard, and a volume of 0.5 

mL was mixed with an equivalent amount of the 

complete Freund's adjuvant. The prepared antigens 

were injected subcutaneously and intramuscularly into 

two rabbits. The booster antigens were prepared by 

mixing 0.5 mL of the inactivated bacteria at a 

concentration adjusted to 2 McFarland standard with an 

equal amount of the incomplete Freund's adjuvant; 

three sets of boosters were injected as before at 2-week 

intervals. The micro-agglutination test was used to 

assess the anti-Salmonella antibody titer for each 

immunized rabbit. The hyper-immune sera were 

harvested from the immunized rabbits and stored at -

20°C. 

2.4. Isolation and Purification of the Antibodies 

The IgG antibodies were purified by ion-exchange 

chromatography on the DEAE-C column (Sigma, 

Number: D3764) according to He, Ren (18) guidelines. 

Purifying the specific antibodies for Salmonella has 

been done by the following steps of affinity 

chromatography: Briefly, 5 mg sonicated Salmonella 

antigens were coupled to sepharose 4B (Sigma–

Aldrich, Product Number: 4B200) by cyanogens 

bromide linker. The extracted total IgG was incubated 

with an activated column; the specific antibodies were 

released from the column using glycine buffer pH 2.5 

and immediately neutralized using tris buffer pH 9.5. 

The Bradford protein assay and micro-agglutination 

test checked the quantity and titer of the purified 

antibody. The purified antibodies were evaluated using 

sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis (SDS-PAGE). The gels were prepared 

as 11% separating gel and 4% stacking gel, and 

electrophoresis was performed in running buffer (25 

mM Tris base pH 6.8, 192 mM glycine, 1% SDS) at 

100V for 90 minutes. Protein ladder molecular weight 

(Sinaclone, Iran) was run parallel to calculate the 

proteins' molecular weights. The polyacrylamide gels 

were stained for 30 minutes with Coomassie blue 

staining solution, followed by de-staining with 7% 

acetic acid solution overnight. 

2.5. Preparation of the Fe Nanoparticles 

An in-house synthesis procedure was followed to 

prepare Fe3O4 nanoparticles. The matrix solution was 

prepared by mixing the Ethylene glycol (37.5 mL) and 

n-octylamine (25 mL); the prepared solution was 

heated to 150 °C into a three-neck round-bottom flask 

using an oil bath. Anhydrous FeCl3 (2.4 g) was 

dissolved in another solution which contained ethylene 

glycol (10 mL) and Milli-Q water (3.0 mL). The iron 

(III) solution was slowly added to the flask and further 

stirred up and heated at 180 °C for 24 h. The iron 

nanoparticles were absorbed using a robust magnet and 

washed three times with acetone (19). 

2.6. Synthesis of the Immunomagnetic Beads 

The Fe nanoparticles 1 mL (130 mg/mL) were mixed 

with Tris-HCl 0.1 M, pH 9.6, which contained DTPA 

200 mg, and incubated overnight at room temperature. 

After 3 sets of washing by PBS, the purified anti-

Salmonella antibody 1 mg was added to the activated 

Fe nanoparticles. Samples were shaken occasionally to 

prevent bead sedimentation for 2 hours at room 

temperature and incubated overnight at 4◦C. Un-reacted 

groups of the Fe nanoparticles were blocked by adding 

4 mg/mL of skimmed milk. The mixture was incubated 

for 2 hours at room temperature and washed 3 times 

with sterilized PBS. The prepared immunomagnetic 

beads were dispersed in a filtered storage buffer, 

including sterilized PBS containing BSA 1%. The 

produced conjugates were aliquoted and stored at 4°C. 

The antibody coupling to the Fe nanoparticles was 

confirmed using the Bradford protein assay (15). 

2.7. TEM Analysis of the Immunomagnetic Beads 

Fe nanoparticles, DTPA-activated Fe nanoparticles, 

and immunomagnetic beads were spread on aluminum 

folie and dried in an incubator 60◦C for 72 hours. 

Transmission Electron Microscopy (TEM) (LEO, 

E906) was used to determine the morphology and size 

of the synthesized particles. The particle size is 

reported as the average observed size, which is the 
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average particle size of approximately 100 individual 

particles from multiple TEM images. 

2.8. Separation of the Salmonella from Milk 

Samples 

Two sets of seven 1:10 serial dilutions (two 

replicates) of the Salmonella bacteria were prepared, as 

described, in 1 mL of milk samples. One group was 

cultured in nutrient agar media as control samples, and 

250 µL of IMB was added to the second set of samples. 

The prepared samples were shacked at 37◦C for 45 

minutes. The bead-bacterium complexes were collected 

using a robust magnet. The sample supernatant was 

carefully aspirated off with a sterile Pasteur pipette. 

Beads were washed three times with 1 mL PBS 

containing 0.05% Tween 20 (PBS-T) and were finally 

resuspended in 100 µL PBS. The sediment of the IMB 

was cultured in a nutrient agar medium. The plates 

were incubated for 48 hours at a 37◦C incubator; the 

growing colonies of Salmonella were confirmed by 

using biochemical tests, including production of H2S, 

dulcitol and glucose fermentation, negative urease, and 

indole reaction; the positive colonies were counted 

manually (Figure 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.9. Statistical Analysis 

The results were analyzed using descriptive statistics; 

the diagrams were drawn with Excel software version 

13. The statistical significance was evaluated using the 

one-way analysis of variance (ANOVA). A P value of 

less than 0.05 was considered significant in statistical 

analyses. 

3. Results 

3.1. Bacterial Counting 

Counting of the bacterial culture of OD=0.12 nm 

revealed the presence of approximately 3×108 CFU/mL 

in the initial concentration of the bacterial solution; this 

number was equal to McFarland 1. 

3.2. Antibody Purification 

The rabbits produced an appropriate antibody titer 

after three sets of immunization. The micro-

agglutination, SDS-PAGE, and Bradford analysis 

showed suitable antibody purification using ion-

exchange chromatography and affinity purification 

(Figure 2). The hyperimmune sera have an anti-

Salmonella titer equal to 1/1024; the purified antibody 

using diethylaminoethyl cellulose (DEAE-C) (600 

µg/mL) and affinity-purified antibodies (150 µg/mL) 

have 1/512 and 1 /512 titer, respectively.  

3.3. Synthesis of the Immunomagnetic Beads 

The TEM image of the prepared Fe3O4 nanoparticles 

is shown in figure 3; the particles' diameters were 176 

nm. The immunomagnetic particles have a diameter 

equal to 260 nm (Figure 4). These prepared 

nanoparticles showed a suitable distribution in different 

matrixes, including water, phosphate-buffered saline, 

and milk samples. 

3.4. Detection of the Bacteria in Milk Samples 

Seven 1:10 serial dilution of the bacteria concentration 

was used to prepare the control and test samples. The 

growing colonies were observed in control samples 

which contained at least 3×104 CFU/mL of Salmonella 

bacteria; this level was documented as the detection limit 

of bacterial culture. Incubation of the milk samples with 

250 µL of the prepared immunomagnetic beads resulted 

in the collection of all of the Salmonella bacteria; in 

 

Figure 1. The schematic process of Salmonella separation 

and detection using immunomagnetic beads. The magnetic Fe 

nanoparticles were activated using DTPA; the purified anti-

salmonella antibodies were coupled to the activated Fe 

nanoparticles. The preparedimmunomagnetic beads were 

placed in polluted samples and removed using a magnet after 

45 minutes of incubation on a shaker. The removed 

immunomagnetic beads were transferred to bacterial culture 

media and incubated at 37 ºC for 48 hours. The growing 

colonies were identified based on biochemical tests. 
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other words, immunomagnetic beads removed all of the 

Salmonella bacteria from samples supernatant. Also, the 

bacterial colony was successfully observed in all 

concentrations of the polluted samples (Table 1). These  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

results showed a detection limit of immunomagnetic 

beads separation-bacterial culture method was 3 viable 

cells/mL of Salmonella in experimentally polluted milk 

samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 2. Sodium dodecyl sulphate–polyacrylamide gel 

electrophoresis (SDS-PAGE) of the purified antibody using 

affinity and ion exchange (I.E.) chromatography. 1, 2) IgG 

purified by I.E., 3, 4) purified antibody using affinity 

chromatography Ladder) marker protein including 245, 180, 

135, 100, 75, 63, 48, 35, 25, 20, 17 and 11 kDa, respectively 

Figure 3. Transmission Electron Microscopy (TEM) images 

of the prepared Fe nanoparticles using solvothermal method 

beads 

 

Figure 4. Transmission Electron Microscopy (TEM) images of the prepared immunomagnetic beads using DTPA as a linkerc 

Table 1. Detection of Salmonella typhimurium in milk samples using immunomagnetic beads and bacterial culture. The 

immunomagnetic beads were mixed with the contaminated milk samples; the separated bacteria were cultured and counted manually. 

Bacterial concentrations greater than 3×105 have too many growing colonies in both control and IMB plates. The uppercase and 

lowercase letters show a significant difference 

 

Bacterial concentration 3×105 3×104 3×103 3×102 3×101 3 

Control 341±57A 101±34A 0A 0A 0A 0A 

IMB 1148±120a 370±37a 134±18a 70±15a 59±8a 28±11a 

Supernatant of IMB 0 0 0 0 0 0 
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4. Discussion 

This research evaluated the immunomagnetic bead 

(IMB) separation method for separating Salmonella in 

milk samples. Experimentally polluted samples were 

prepared by making 1:10 serial dilution of S. 

Typhimurium in cow milk. Incubation of IMB samples 

for 45 minutes has relevant results. Using IMB, all 

diluted Salmonella bacteria were concentrated in 100 

µL of sterilized PBS and cultured in nutrient agar 

media. At least 3×104 CFU/mL bacteria were detected 

using the conventional culture method in polluted 

samples; however, using IMB, all concentrations of the 

bacteria were separated from milk samples and defined 

on a culture medium. This tested method enhanced the 

sensitivity compared to the usual method of culture. 

The used bead size in the current study was 260 nm; 

previously, Chen and Park evaluated the effects of the 

bead size on the selective and non-specific binding of 

the prepared IMB to separate the Salmonella. They 

suggested that the smaller beads (almost 100 

nanometers) could bind to the bacteria non-specifically. 

However, in 1000 nm beads, the available particles 

were still low, and the diffusion was slower than the 500 

nm IMBs. They found the highest recovery in the 500 

nm beads in comparison to 100 and 1000 nm (20). The 

used beads in the current study have an average size of 

176 nm; these medium particles let remove all of the 

targets in milk samples. The particles' aggregation was 

resolved by adding the triton compound to the beads in 

the preparation process. 

Also, the mentioned authors suggested that the beads' 

particle size increased after the antibodies' coupling. 

Our research prepared nonmagnetic beads that directly 

interacted with the target bacteria; however, other 

research mainly used commercial immunomagnetic 

beads which interacted with the targets indirectly (21). 

In other research, samples were often incubated in 

enrichment media after preparing the experimentally 

polluted samples (22, 23). Appling enrichment media 

could enhance the test sensitivity from 104-105 

CFU/mL to 2 CFU/mL (23). The nonselective pre-

enrichment of experimentally polluted milk samples for 

12 hours reduced the detection limit of Salmonella by 

using the immunomagnetic beads-PCR method to 1-10 

CFU/mL (24). Our research evaluated the actual 

amount of bacteria in experimentally polluted milk 

samples. The obtained detection limit of 3 CFU/mL of 

whole milk without pre-enrichment suggested the 

success of the developed IMB-culture method.   

Detection of the Salmonella contamination in 

biological samples has been analyzed with different 

sensitive methods such as polymerase chain reaction, 

ELISA, and agglutination test. The obtained detection 

limits were 106 CFU/mL for indirect competitive 

ELISA (25), 2.5×105 CFU/mL for surface plasmon 

resonance (26), 1.25×106CFU/mL by using immune-

chromatography strip (27), 1 CFU/mL by using 

pulsed‐field gel electrophoresis (24), and 1 to 300 

CFU/mL by using Real-Time PCR (28, 29). Mansfield 

and Forsythe (23) used immunomagnetic beads to 

separate the 6 strains of Salmonella, which were 

incubated overnight in enrichment culture media; 

combining the IMB and ELISA detected at least 105-

106 cells/mL. However, immunomagnetic beads 

separation followed by qualitative PCR had a detection 

limit of 18 CFU/mL of Salmonella from pork and milk 

samples. Previously other researchers suggested that 

IMS culture was more sensitive than direct culture for 

the isolation of Salmonella (30, 31). Taha, Mohamed 

(24) used immunomagnetic separation followed by 

culturing in CHROMagar Plus media and Real-Time 

PCR to detect Salmonella in experimentally polluted 

chicken meat samples. After 4 hours of pre-enrichment, 

the assays showed a detection limit equal to1.6 

CFU/mL. A combination of IMS and Real-Time PCR 

detected 18 CFU/mL of Salmonella (32). Successful 

detection of Salmonella was reported by Brandao, 

Liebana (33); the researcher obtained a limit of 

detection equal to 1 CFU/25 mL of milk by using 8 

hours pre-enrichment period and a magneto 

immunosensor method. Also, colorimetric paper-based 

analytical devices were combined with 

immunomagnetic separation (IMS) for detecting 

Salmonella typhimurium by Srisa-Art, Boehle (34); the 
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method had a limit of detection equal to 103 CFU/mL of 

milk without any pre-enrichment. Bai, Cui (35) 

detected Salmonella in experimentally polluted milk 

using a method based on extraction of mRNA via 

magnetic capture probes and RT-qPCR; they reported 

sensitivity of the method was equal to 104 CFU/mL and 

10 CFU/mL after 12 hours of incubation in enrichment 

media (35). In recent years, various receptors have been 

developed for detecting Salmonella in milk and other 

food products using an antibody, aptamer, nucleic acid 

probe, bacteriophage, and lectin. Among all these, 

antibodies have various advantages, such as high 

affinity and specificity (36). The immune library 

produces a protein structure based on the antibody's 

binding region, called nanobody. He et al. confirmed 

the application of the nanobody library in the detection 

of Salmonella (18). The current study focused on 

detecting the biological samples infected with 

Salmonella, but we should keep care about the medical 

treatment of the infected humans and animals. 

According to the various climate region of Iran, natural 

remedies, mainly medicinal plants, should be in means 

for successful treatment because of their direct 

antibacterial effects and benefits in managing the 

clinical symptom (37). 

The 3 CFU/mL of S. Typhimurium in experimentally 

infected milk samples were detected in culture media 

without any pre-enrichment using the current 

immunomagnetic-culture method. The current method 

for producing IMB is more economical than other 

techniques, such as the EDC-NHS method. In 

conclusion, the results strongly suggested using the 

IMB-bacterial culture instead of the conventional 

culture method. Utilization of the illustrated method of 

IMB synthesizes for separation of the other Salmonella 

serotypes from clinical samples could be proposed in 

complementary research.  
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