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This study was conducted to investigate the potential factors effects on 

hydrogen peroxide bacterial spores killing severity. This study was 

achieved in Dairy Science and Technology Department , Food Sciences 

College, Al-Qasim Green University, Babylon, Iraq, during (2022-2023). 

Itincluded an experiment evaluation of the effect of 0.01, 0.05, and 0.1% 

concentrations of hydrogen peroxide at temperature of 35 degrees 

Celsius during an incubation time of 10, 20, 40, and 80 minutes. After 

that, the number of bacteria was measured by the plate counting method. 

The treatments were subjected to heat treatments at temperatures of 85, 

90, and 95 degrees Celsius with and without added Hydrogen Peroxide 

for 20 minutes. The results showed that 0.1% Hydrogen Peroxide 

concentration eliminated entirely vegetative Bacillus bacteria and its 

spores. The results also indicated the concentration of 0.05%.and Heat 

treatment 90 and 95 °C eliminated bacterial spores to the comparison to 

control treatment 4.5×410 Cfu.ml-1 raw milk. The results also show a 

concentration of 0.01%. with heat treatment at 85, 90, and 95°C reduced 

the number of bacteria, 45×102, 35×102 Cfu.ml-1 raw milk, and   25×102, 

respectively, compared to the control treatment 4.5 ×104 Cfu.ml-1 raw 

milk. 
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Introduction 

Raw milk has a high nutritional value and  a near-

neutral pH and high-water activity. So it is a good 

environment for the growth and reproduction of 

many microorganisms (Quigley et al., 2013). One 

of the main reasons for low pH in raw milk is the 

production of acids by microorganisms due to 

lactose fermentation and precipitation of calcium 

and phosphate minerals (Fox et al., 2015). 

Likewise, the pH of sterilized milk decreased in 

samples containing lactose that were treated with 

heat between (65-95) °C (Al-Saadi, 2014). Also, 

the high moisture content promotes the growth of 

microbes and reduces milk's shelf life (Ajai et al., 

2012). For the microbiological safety of milk, it's  

heated before use, as heat treatment is an essential 

step in the dairy industry, it aims to prolong the 

shelf life of milk and improve its quality by 

reducing the bacterial present in it, thus reducing 

the risk of food poisoning (Raikos, 2010). 

Many studies have confirmed the benefits of 

using some microbes for manufacturing purposes, 

for example in the field of manufacturing dairy 

products to improve sensory qualities or 

nutritional value or add more preferable flavors 

(Jassim et al., 2023; Sawasn & Abd Ali, 2022), or 

for economic commercial purposes such as 

extending shelf life or increasing productivity by 

using certain types of bacteria (AL-janabi & Al-

Bedrani, 2022) , as well as enhancing public 

health through the production of probiotic foods  ) 

Rasham et al., , 2023). On the other side, many 

microbes can lead to commercial catastrophe or 

health via food spoilage and birth -illness (Patil et 

al., 2023). Spore-forming bacteria are a source of 

concern to dairy product manufacturers due to 

their spores resistance to high temperatures and 

the nature of their spread, in addition to their 

resistance to freezing and ultraviolet radiation 

(Setlow et al., 2016). The structure of bacterial 

spores differs significantly from that of vegetative 

cells in several components that are unique to 

spores. These differences allow them to survive 

under environmental stresses that may be fatal to 

vegetative cells. The structure of bacterial spores 

consists of an Exosporium, a spore layer, an outer 

membrane, a cortex, an inner membrane, and a 

spore core (Leggett et al., 2012). 

Ultra-heat treatment up to 138°C - 140°C for 2 - 3 

seconds effectively eliminates spores, but the 

disadvantage of this method is changing the 

sensory properties of the milk. Also, this method 

is not suitable for the cheese manufacturing 

process, because the temperatures used in ultra-

heat treatment UHT alter the clotting properties 

of milk (Chapman & Boor, 2001; Chavan et al., 

2011). 

Some researchers have indicated the ability of 

some bacteria spores, such as Bacillus spore- 

thermograms, to withstand UHT (ultra-high 

temperature 138-140°C for 4 seconds) in milk 

processing (Scheldeman et al., 2006; Cattani et 

al., 2013; Esteban et al., 2013).  

Despite their extreme resistance, bacterial spores 

can be killed by several mechanisms, such as 

DNA damage (dry heat, radiation, formaldehyde, 

or nitrous acid), damage to the inner membrane 

(oxidizing agents), damage to essential enzymes 

(moist heat, small oxidizing agents such as 

hydrogen peroxide), and damage to organ 

components. Spore germination (sodium 

hydroxide) and penetration of all the barriers of 

spores (strong acids) as well as mechanisms 

unknown so far (high pressure, gas dynamic 

heating, plasma, supercritical fluids (Setlow, 

2014). 

Hydrogen peroxide possesses a broad spectrum of 

antimicrobial activity in that it is effective against 

bacteria, yeasts, fungi, viruses, and spores 

(Tschernjawskaja and Belowa, 1990; Brudzynski, 

2006). As one of the reactive oxygen species, 

hydrogen peroxide causes oxidative damage 

(Jones and Joshi, 2021). This oxidative damage is 

mainly produced by reactive hydroxyl radicals 

(OH●) (Collin, 2019). Hydrogen peroxide 

(H2O2) produces hydroxyl (HO●) and (HOO●) 

radicals. Both components attack cell walls and 

often destroy cell walls by causing them to 

collapse. With most other disinfectants, spores’ 

bacteria require higher concentrations of 

hydrogen peroxide. A longer contact time than for 

vegetative bacteria to eliminate those (Boateng et 

al., 2011). 

In a study conducted by Abed Saleh et al . (2020) 

where they added hydrogen peroxide at a 

concentration of 0.1% to milk samples that 

showed coagulant when heated to 121°C for 15 

minutes with pH values of 6.2, 6.3, 6.4, and 6.6 

showed that hydrogen peroxide was not a good 

enhancer of the thermal stability of the milk, and 

it is not Heat resistant. A study conducted by (Al-

Bedrani et al., 2012) on extracting garlic juice and 

producing it commercially indicated that 

refrigerated preservation at room temperature of 

5°C was superior to preservation at 25°C with the 

use of some preservatives such as natamycin and 

hydrogen peroxide through sensory evaluation of 

the color and odor characteristics of the juice 

product. All treatments compared with the control 

treatment. 
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Research aims: 

A_ Detection of spore bacteria in raw milk for the 

purpose of obtaining evidence of bacterial species 

contamination of raw milk. 

B_ Study of the effects of hydrogen peroxide on 

spore-forming bacteria. 

Materials and Methods 

Experiment location   

A laboratory experiment was achieved in Food 

Sciences Collage - Al-Qasim Green University, 

collected 200 samples of raw milk from several 

areas of Babil Governorate and gave the 

following symbols (T1, T2, T3, T4, T5, T6, T7), 

samples were stored in sealed, refrigerated, and 

sterile containers then transported to the 

laboratory, Cultural the sample carried out on the 

media to detect the types and numbers of bacteria 

that form spores. Hydrogen peroxide was added 

to the treatments at 0.1, 0.05, and 0.01% 

concentrations  . After that, hydrogen peroxide 

was detected. The samples to which the 

concentrations of peroxide were added have been  

incubated at 4, 25, and 35 degrees Celsius for 10, 

20, 40, and 80 minutes . After that, several spore 

bacteria were detected. The added models with 

and without peroxide were subjected to heat 

sterilization at 85, 90, and 95 degrees Celsius for 

20 minutes. Then, the samples were cultured to 

detect the number of spore bacteria. 

Isolation of Bacillus Subtilis from Raw Milk. 

From different districts of Babil Governorate, 200 

samples of raw milk were randomly taken  to 

detect the bacteria that form spores were placed in 

a water bath at a temperature of 80°C for 10 

minutes to kill the vegetative cells and leave  only 

the spores (Rahimi et al., 2013). A decimal 

dilution process was conducted for each milk 

sample. Where 1 ml of each sample was taken 

and transferred to sterile, tightly closed tubes 

containing 9 ml of distilled water to obtain a 10-1 

dilution. Shake the tube, then take 1 ml of the 

previous dilution with another sterile pipette and 

add it to another tube to obtain a 10-2 dilution 

(10- 1 -10-2). They were cultured in a Petri dish 

containing the selective differentiation medium 

Bacillus Agar. The dishes were incubated at 30°C 

for 48 hours (Mansour et al., 2015). Three 

replicates were cultured for each sample. The 

initial diagnosis of the growing bacteria was 

made according to the morphological appearance. 

The colonies were cultured once. Others were 

plated  , individually on a nutrient agar medium   

and the plates were coded and incubated at 37°C 

for 24 hours. Then microscopic examination, 

staining with gram stain, and the following 

biochemical tests were performed (catalase test, 

gelatin test, methyl red stain test, motility test, 

Voges–Proskuer test) to ensure the purity of the 

isolates. 

Count the number of colonies Cfu.ml-1 raw milk. 

Then the total number of colonies was calculated 

by multiplying the number by the reciprocal of 

the dilution (Clark, 1965), and then the rate of 

bacterial colonies present in one dish was 

extracted from the following equation. 

Number of bacteria in 1 ml = (number of growing 

colonies x reciprocal of dilution) 

Detection of hydrogen peroxide in raw milk. 

Use potassium iodide and starch indicator  

Reagents 

A. Potassium iodide solution: 20 g of 

potassium iodide was weighed and dissolved in 

distilled water to obtain a 100 ml solution. 

B. Starch solution: We take 1 gram of 

starch powder and dissolve it in distilled water by 

heating and bringing the volume to 100 ml. 

C. Potassium iodide reagent - starch: Mix 

equal amounts of 20% potassium iodide solution 

and 1% starch solution 

We take 1 ml of the milk sample, put it in a test 

tube, then add 1 ml of starch reagent Potassium 

iodide mix well, and monitor the color of the 

solution in the tube. The color will developing to 

blue if hydrogen peroxide is present, while the 

pure milk sample remains white (Sharma et al., 

2012). 

statistical analysis 

The statistical program Statistical Analysis 

System - SAS (2018) was used to analyze the 

data to study the effect of different parameters on 

the studied traits according to a complete random 

design (CRD), and the significant differences 

between the means were compared with the least 

significant difference test (LSD-Least Significant 

Difference). 

RESULTS AND DISCUSSION 

The Effect of adding Hydrogen peroxide at a 

concentration of 0.01% to milk at different 

incubation times and pasteurization temperatures. 

Table (1) shows the effect of hydrogen peroxide 

at a concentration of 0.01% on spore bacteria 

incubated at 35°C for 10 minutes. The numbers of 

bacteria decreased after adding hydrogen 

peroxide, which gave a rate of 70×102 Cfu.ml-1 

raw milk compared to the control treatment of 

4.5×104 Cfu.ml-1 raw milk. The results also 
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indicated that there are significant differences 

between the incubation times (10, 20, 40, 80) 

minutes, as the 35°C treatment and the 80-minute 

time recorded the lowest average number of spore 

bacteria, which amounted to 50 × 102 Cfu.ml-1 

raw milk, which indicates that it is the best 

treatment by reducing the number of spores 

bacteria. The results of the heat treatments to 

which the spore bacteria were exposed (85, 90, 

95°C) with and without hydrogen peroxide 

indicated that there were significant differences in 

the incubation times, which were (10, 20, 40, and 

80) minutes, as the lowest rate of bacterial 

numbers was recorded. Spores in the heat 

treatment at 95°C with hydrogen peroxide at an 

incubation time of 80 minutes gave number of 

25× 102 Cfu.ml-1 raw milk compared to the 

comparison treatment of 4.5×104 Cfu.ml-1 raw 

milk and a comparison with the peroxide 

treatment that gave a rate of 70×102 Cfu.ml-1 

raw milk Spore resistance is due to several factors 

related to the spore structure, such as the 

characteristics of the spore layer, the 

impermeability of the inner spore membrane, low 

core hydration, and high levels of DPA and 

SASPs. Both are common components of the 

DNA protection and repair mechanisms of spores. 

Spores from different strains, species, and genera 

can differ greatly . In their resistance, saturation 

of spore DNA with SASPs is the main 

mechanism that protects spores from dry heat. 

although DNA repair by spore enzymes during 

growth and mineralization of the core using DPA 

and divalent cations also play a role. (Setlow, 

2014).  Over time, exposure to hydrogen peroxide 

will damage the skin and organs due to its strong 

antioxidant capacity (Adly, 2010). A 

concentration range of 0.25-3% H2O2 can be 

utilized. The effectiveness of hydrogen peroxide 

depends on many factors, for example, 

concentration, pH, temperature, contact time, and 

use with physical agents (Feuerstein et al., 2006). 

The effects of hydrogen peroxide, which is 

considered to have a low molecular weight, can 

be due to it being able to pass through the pores 

of bacterial cell wall and the membranes of 

microorganisms, thus damaging the cell wall and 

its contents, and this is consistent with what was 

mentioned (Feng et al., 2020). 

 

Table 1. The effects of hydrogen peroxide at a concentration of 0.01%, at incubation temperature of 35°C, different incubation times, and 

different pasteurization temperatures on the numbers of spore bacteria 

.Numbers 

of spores  

bacteria  

Cfu.ml-1 

raw milk 

Peroxide 

treatment 
Bacteria 

numbers 

after 

treatment 

with H202 

Cfu.ml-1 

raw milk 

Heat treatments for 20 minutes 

LSD 

85°C 90°C 95°C 

Incubat

ion 

temper

ature 

°C 

Incubat

ion  

timeMi

nut 

Without 

hydrogen 

peroxide 

Cfu.ml-1 

raw milk 

With 

hydrogen 

peroxide 

Cfu.ml-1 

raw milk 

Without 

hydrogen 

peroxide 

Cfu.ml-1 

raw milk 

With 

hydrogen 

peroxide 

Cfu.ml-1 

raw milk 

Without 

hydrogen 

peroxide 

Cfu.ml-1 

raw milk 

With 

hydrogen 

peroxide 

Cfu.ml-1 

raw milk 

4.5×410 35 10 70×102 95×102 60×102 90×102 50×102 90×102 45×102 10.18 * 

4.5×410 35 20 65×102 85×102 55×102 86×102 45×102 85×102 30×102 8.96 * 

4.5×410 35 40 35×102 80×102 50×102 80×102 40×102 80×102 28×102 8.41 * 

4.5×410 35 80 50×102 75×102 45×102 70×102 35×102 70×102 25×102 9.84 * 

LSD 9.02 * 8.75 * 8.12 * 8.69 * 7.16 * 8.66 * 7.01 * --- 

* (0.05≥ P) 

 

The Effect of adding Hydrogen peroxide at a 

concentration of 0.05% to milk at different 

incubation times and pasteurization temperatures . 

Table (2) shows the effect of 0.05% hydrogen 

peroxide on spore bacteria incubated at 35°C for 

10 minutes. The number of bacteria decreased 

after adding hydrogen peroxide , which gave 

55×102 Cfu.ml-1 raw milk compared to the control 

treatment of 4.5×410 Cfu.ml-1 raw milk.  

The results also observed Significant differences 

between the incubation times (10, 20, 40, 80) 

minutes, where the 35°C treatment and the 80-

minute treatment recorded the lowest rate of spore 

bacteria numbers, which amounted to 40×102 

Cfu.ml-1 raw milk Without hydrogen peroxide, 

there are significant differences in all incubation 

times, which are (10, 20, 40, 80) minutes. The 

reason for this is that the concentration of 0.05% 

hydrogen peroxide is low at a temperature of 85 

°C, so it cannot  kill spores of bacteria 

permanently. The results of the heat treatments to 

which the spore bacteria were exposed (90, 95°C) 

with hydrogen peroxide also indicated that there 

were no significant differences in all incubation 

times, which were (10, 20, 40, 80) minutes, while 

the heat treatments were recorded without 

hydrogen peroxide. Significant differences, as the 

95°C treatment at an incubation time of 80 

minutes recorded the lowest rate in the number of 

spore bacteria, which gave a rate of 40×102 
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Cfu.ml-1 raw milk compared to the comparison 

treatment 4.5×410 Cfu.ml-1 raw milk. The reason 

for the elimination of spore bacteria and their 

failure to grow under high temperatures and 

concentrations of hydrogen peroxide is due to the 

presence of free hydroxyl radicals (OH●), which 

can oxidize and destroy cell components such as 

enzymes, proteins, fats, and DNA. Block (1991) 

stated that it works to target exposed sulfhydryl 

groups and double bonds specifically. 

 
Table 2. The effect of hydrogen peroxide at a concentration of 0.05%, an incubation temperature of 35°C, different incubation times, and 

different temperatures on the numbers of spore bacteria 

Numbers 

of spores  

bacteria  

Cfu.ml-1 

raw milk 

Peroxide 

treatment 
Bacteria 

numbers 

after 

treatment 

with H202 

Cfu.ml-1 

raw milk 

Heat treatments for 20 minutes 

LSD 

85°C 90°C 95°C 

Incubat

ion 

temper

ature 

°C 

Incubat

ion  

time 

Minute

s 

Without 

hydrogen 

peroxide 

Cfu.ml-1 

raw milk 

With 

hydrogen 

peroxide 

Cfu.ml-1 raw 

milk 

Without 

hydrogen 

peroxide 

Cfu.ml-1 

raw milk 

With 

hydrogen 

peroxide 

Cfu.ml-1 

raw milk 

Without 

hydrogen 

peroxide 

Cfu.ml-1 raw 

milk 

With 

hydrogen 

peroxide 

Cfu.ml-1 

raw milk 

4.5×410 35 10 55×102 75×102 40×102 70×102 Nil 65×102 Nil 9.82 * 

4.5×410 35 20 50×102 70×102 25×102 65×102 Nil 60×102 Nil 9.05 * 

4.5×410 35 40 45×102 65×102 20×102 60×102 Nil 55×102 Nil 8.66 * 

4.5×410 35 80 40×102 55×102 15×102 50×102 Nil 4×102 Nil 8.59 * 

LSD 7.42 * 8.68 * 7.95 * 9.02 * NS 0.00 8.56 * NS 0.00 --- 

* (0.05≥ P) 
 

The Effect of adding Hydrogen peroxide at a 

concentration of 0. 1% to milk at different 

incubation times and pasteurization temperatures . 

Table (3) shows the effects of 0.1% hydrogen 

peroxide on spores of bacteria incubated at 35°C 

for 10 minutes. The number of bacteria decreased 

after added H2O2, which gave 0 Cfu.ml-1 raw 

milk,  compared to the control treatment 4.5×410 

Cfu.ml-1 raw milk. The results also no significant 

differences in the incubation times (10, 20, 40, 80) 

minutes, indicating the role of peroxide 

concentration in reducing the number of spore 

bacteria. The results of the heat treatments to 

which the spores of bacteria were exposed, (85, 

90, and 95°C) without hydrogen peroxide, 

indicated that there were significant differences in 

all incubation times, which were (10, 20, 40, and 

80) minutes, as the 95°C treatment was recorded 

at the incubation time. 80 minutes the lowest rate 

in the number of bacteria spores, , which gave a 

rate of 50×102 Cfu.ml-1 raw milk. compared to 

the control treatment of 4.5×410 Cfu.ml-1 raw 

milk.  

 

Table 3: The effect of hydrogen peroxide at a concentration of 0.1%, an incubation temperature of 35°C, different incubation times, and 

different temperatures on the numbers of spore bacteria 

Numbers 

of spores  

bacteria  

Cfu.ml-1 

raw milk 

Peroxide 

treatment Bacteria 

numbers 

after 

treatment 

with H202 

Heat treatments for 20 minutes 

LSD 

85°C 90°C 95°C 

Incubat

ion 

temper

ature 

°C 

Incubat

ion  

time 

minute

s 

Without 

hydrogen 

peroxide 

Cfu.ml-1 

raw milk 

With 

hydrogen 

peroxide 

Without 

hydrogen 

peroxide 

Cfu.ml-1 

raw milk 

With 

hydrogen 

peroxide 

Without 

hydrogen 

peroxide 

Cfu.ml-1 raw 

milk 

With 

hydrogen 

peroxide 

4.5×410 35 10 Nil 75×102 Nil 70×102 Nil 65×102 Nil 12.35 * 

4.5×410 35 20 Nil 70×102 Nil 65×102 Nil 60×102 Nil 10.82 * 

4.5×410 35 40 Nil 65×102 Nil 60×102 Nil 55×102 Nil 10.07 * 

4.5×410 35 80 Nil 60×102 Nil 55×102 Nil 50×102 Nil 9.58 * 

LSD NS 0.00 8.71 NS 0.00 9.37 * NS 0.00 7.62 * NS 0.00 --- 

* (0.05≥ P) 
 

Conclusion: 
This study shows the factors that affects the 

severity of hydrogen peroxide on the killing of 

bacterial spores (hydrogen peroxide concentration, 

incubation time, and degree Celsius of heat 

treatment). The number of spores is inversely 

proportional to the concentration of peroxide, 

degree of heat treatment and incubation time, in 

addition, pasteurization treatment has a synergetic 

effect with peroxide to kill bacterial spores. Also, 

the heat treatment was utilized for facilitating the 

hydrogen peroxide degradation in order to 

eliminate it in the final product . 



             Mortja Hamza Olaiwi /NTU Journal of Agricultural and Veterinary Sciences (2024) 4 (1) : 31-37 

 

36 

 

 

REFERENCES 

 
[1] Abed Saleh, N. AL-Huda Muhammed., & Al-

Tai,  A. A.  Alwan,(2020). Study the Effect of 

Some Chemical and Food Additives on the 

Stability of Milk Towards Different Heat 

Treatments, Doctoral dissertation College of 

Food Sciences, Al-Qasim Green University, 

Babylon, Iraq. 

[2] Adly, A. A. (2010). Oxidative stress and 

disease: an updated review. Res J Immunol, 

3(2), 129-45. 

[3] Ajai, A. I., Ochigbo, S. S., & Ndamitso, M. M. 

(2012). Proximate and mineral compositions of 

different raw cow’s milks in Minna. 

[4] Al-Bedrani, D. Ibrahim., Al-Tai, A.A.  Alwan., 

& ALKaisy, Q. Hamed, (2012).Effect of 

Temperature, Light and Preservatives on the 

Preservation and organoleptic properties of the 

Locally Produced Garlic Juice." journal of 

kerbala university.  

[5] AL-janabi, Z. R. H., & Al-Bedrani, D. I. (2022). 

Studying The Effect Of Adding Different 

Starter Cultures To The Milk On Chemical, 

Sensory Properties And Yield Of Soft Cheese. 

NVEO-NATURAL VOLATILES & 

ESSENTIAL OILS Journal| NVEO, 572–586. 

[6] Al-Saadi, J. M. (2014). Effect of Heat 

Treatment on Whey Proteins Denaturation in 

the Presence and Absence of Lactose. Journal 

of Zankoy Sulaimani-Part A, Special Issue, 16, 

271-279.  

[7] Block, S. S. (Ed.). (2001). Disinfection, 

sterilization, and preservation. Lippincott 

Williams & Wilkins. 

[8] Boateng, M. K., Price, S. L., Huddersman, K. 

D., & Walsh, S. E. (2011). Antimicrobial 

activities of hydrogen peroxide and its 

activation by a novel heterogeneous Fenton’s‐

like modified PAN catalyst. Journal of applied 

microbiology, 111(6), 1533-1543. 

[9] Brudzynski, K. (2006). Effect of hydrogen 

peroxide on antibacterial activities of Canadian 

honeys. Canadian journal of microbiology, 

52(12), 1228-1237. 

[10] Cattani, F., Ferreira, C. A. S., & Oliveira, S. D. 

(2013). The detection of viable vegetative cells 

of Bacillus sporothermodurans using propidium 

monoazide with semi-nested PCR. Food 

microbiology, 34(1), 196-201. 

[11] Chapman, K. W., & Boor, K. J. (2001). 

Acceptance of 2% ultra-pasteurized milk by 

consumers, 6 to 11 years old. Journal of dairy 

science, 84(4), 951-954. 

[12] Chavan, R. S., Chavan, S. R., Khedkar, C. D., 

& Jana, A. H. (2011). UHT milk processing and 

effect of plasmin activity on shelf life: A 

review. Comprehensive Reviews in Food 

Science and Food Safety, 10(5), 251-268. 

[13] Clark, F.E. (1965) Rhizobia. Methods of Soil 

analysis.chemical and Microbioloical 

properties. Methods of soil and .1, part 2:1487-

1492. 

[14] Collin, F. (2019). Chemical basis of reactive 

oxygen species reactivity and involvement in 

neurodegenerative diseases. International 

journal of molecular sciences, 20(10), 2407. 

[15] Esteban, M. D., Huertas, J. P., Fernández, P. S., 

& Palop, A. (2013). Effect of the medium 

characteristics and the heating and cooling rates 

on the nonisothermal heat resistance of Bacillus 

sporothermodurans IC4 spores. Food 

microbiology, 34(1), 158-163. 

[16] Feng, L., Peillex-Delphe, C., Lü, C., Wang, D., 

Giannakis, S., & Pulgarin, C. (2020). 

Employing bacterial mutations for the 

elucidation of photo-Fenton disinfection: focus 

on the intracellular and extracellular 

inactivation mechanisms induced by UVA and 

H2O2. Water Research, 182, 116049. 

[17] Feuerstein, O., Moreinos, D., & Steinberg, D. 

(2006). Synergic antibacterial effect between 

visible light and hydrogen peroxide on 

Streptococcus mutans. Journal of Antimicrobial 

Chemotherapy, 57(5), 872-876. 

[18] Fox, P., Uniacke-lowe, T., Mcsweeney, P. & 

O’mahony, J. (2015b). Milk proteins, Dairy 

Chemistry and Biochemistry. Springer. 

[19] Jassim, F. H., Mulakhudair, A. R., & Shati, Z. 

R. K. (2023). Improving Nutritional and 

Microbiological Properties of Monterey Cheese 

Using Lactobacillus acidophilus. IOP 

Conference Series: Earth and Environmental 

Science, 1158(11), 112023. IOP Publishing. 

[20] Jones, I. A., & Joshi, L. T. (2021). Biocide use 

in the antimicrobial era: a 

review. Molecules, 26(8), 2276. 

[21] Leggett, M. J., McDonnell, G., Denyer, S. P., 

Setlow, P., & Maillard, J. Y. (2012). Bacterial 

spore structures and their protective role in 

biocide resistance. Journal of applied 

microbiology, 113(3), 485-498. 

[22] Mansour  , M., Rakhisi, Z., & Ahmady, A. Z. 

(2015). Isolation and identification of Bacillus 

species from soil and evaluation of their 

antibacterial properties. Avicenna Journal of 

Clinical Microbiology and Infection, 2(1). 

[23] Patil, S. M., Ramu, R., Shirahatti, P. S., Prasad, 

M. N. N., Kumari, V. B. C., Sujay, S., & 

Tejaswini, M. (2023). Global Food Safety and 

Quality: A Worldwide Scenario. In Food 



             Mortja Hamza Olaiwi /NTU Journal of Agricultural and Veterinary Sciences (2024) 4 (1) : 31-37 

 

37 

 

Microbial and Molecular Biology (pp. 3–34). 

Apple Academic Press. 

[24] Quigley, L., O'Sullivan, O., Stanton, C., 

Beresford, T. P., Ross, R. P., Fitzgerald, G. F., 

& Cotter, P. D. (2013). The complex microbiota 

of raw milk. FEMS microbiology 

reviews, 37(5), 664-698. 

[25] Rahimi, E., Abdos, F., Momtaz, H., Torki 

Baghbadorani, Z., & Jalali, M. (2013). Bacillus 

cereus in infant foods: prevalence study and 

distribution of enterotoxigenic virulence factors 

in Isfahan Province, Iran. The Scientific World 

Journal, 2013. 

[26] Raikos, V. (2010). Effect of heat treatment on 

milk protein functionality at emulsion 

interfaces. A review. Food Hydrocolloids, 

24(4):259-265. 

[27] Rasham, H. D., Mulakhudair, A. R., & Al-

Saadi, J. M. S. (2023). Applying of 

Microcapsulated Probiotics via Calcium and 

Zinc Salts into Yoghurt and Study its Chemical, 

Microbiological and Sensory Properties. IOP 

Conference Series: Earth and Environmental 

Science, 1225(1), 12050. IOP Publishing. 

[28] Sawasn, K. H., & Abd Ali, A. A.-T. (2022). 

The Study Of The Manufacture Of Braided 

Cheese From Skim Buffalo Milk By Using 

Different Soils, And Its Chemical, Rheological 

And Sensory Evaluation. Annals Of Forest 

Research, 65(1), 8574–8583. 

[29] Scheldeman, P., Herman, L., Foster, S., & 

Heyndrickx, M. (2006). Bacillus 

sporothermodurans and other highly heat‐

resistant spore formers in milk. Journal of 

applied microbiology, 101(3), 542-555. 

[30] Setlow, P. (2014). Germination of spores of 

Bacillus species: what we know and do not 

know. Journal of bacteriology, 196(7), 1297-

1305. 

[31] Setlow, P. (2016). Spore resistance properties. 

The bacterial spore: from molecules to systems, 

201-215. 

[32] Sharma, R., Rajput, Y. S., & Barui, A. K. 

(2012). Detection of adulterants in milk: 

laboratory manual. India: NDRI. 

[33] Tschernjawskaja, M. A., & Belowa, A. S. 

(1990). Antibacterial mechanism of action of 

hydrogen peroxide preparations. Zeitschrift fur 

die Gesamte Hygiene und Ihre Grenzgebiete, 

36(2), 86-88. 

 


