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1  |  INTRODUC TION

Anything that is not habitually considered or utilized as food and 
is added to or used in or on foods at any stage might be called an 
addition if it commits to changing food value, smoothness, stabil-
ity, flavor color, alkalinity, or sourness in a positive way. The term 
"processing aids" refers to anything utilized in or added to food at 

any point during the production process, including when the meal 
is being served (Food and Drug Administration (FDA), 2007, Hallas- 
Møller et al., 2020). Additionally, food additives may have a role in 
limiting the spread of bacteria or perhaps preventing it altogether. 
Only a limited number of chemical compounds can be used in food 
and pharmaceutical preservatives to protect against real or prospec-
tive toxicity to end users (Conner, 1993; Hugo & Russell, 1991).
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Abstract
Food additives have been shown to help regulate or prevent the spread of mi-
crobes during food manufacturing. Phloxine B, nisin, and sorbic acid were tested to 
see whether they had a synergistic impact on the inactivation of Bacillus cereus and 
Staphylococcus aureus, respectively. The combination of phloxine B and nisin had a 
synergistic interaction (FICI: 0.25– 0.50) against B. cereus, where it demonstrated an 
additive effect among the three combinations examined (FICI: 0.91). A time- kill test 
was used in both cases to verify that a food additive combination has synergistic an-
tibacterial action against B. cereus and S. aureus. B. cereus had a 50% reduction in 
bacterial colony count after 10 h, whereas S. aureus had a 60% reduction after 6 h of 
their independent impacts after 48 h. Phloxine B, nisin, and sorbic acid demonstrated 
synergistic antibacterial action and might be used as a source of safe and potent anti-
bacterial agents in the pharmaceutical and food industries.
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A bactericidal effect on S. aureus has been observed with the dye 
phloxine B, which is a 4,5,6,7- tetrachlorofluorescein disodium salt. 
However, phloxine B is only effective against gram- positive bacteria, 
and its antimicrobial activity is light- dependent. Phloxine B batches 
certified by the FDA are allowed in the USA for consumption in dye-
ing cosmetics and swallowed drugs with an adequate regular intake 
for humans set by the FDA at 1.25 mg/kg of body weight (European 
Commission Regulation, 2011; Federal Register, 1982). The growth 
of bacteria was completely halted when dye was added at concen-
trations of 50 or 100 µg/ml. However, the widespread use of phlox-
ine B as a color additive in foods, drugs, and cosmetics raises the 
possibility that bacteria will be exposed to small amounts of it over 
time, leading to the development of resistance to its antimicrobial 
activity (Rasooly & Weisz, 2002; Rasooly, 2005).

Food preservative nisin (E 234), a peptide antibiotic created by 
Lactococcus lactis, is widely used and has high antimicrobial activity 
against many different gram- positive bacteria. The FAO/WHO ap-
propriate nisin as a safe food additive in 1969. Since then, it has been 
widely accepted as a safe food additive. Nisin is a natural biopre-
servative approved for use in more than 50 countries and has had a 
significant impact on the food industry (de Arauz et al., 2009). In the 
United States, the Food and Drug Administration (FDA) (2007) ap-
proved nisin in Managing Food Safety, and designated and generally 
recognized it as harmless for consumption in administered cheeses 
(Cotter et al., 2005). Additionally, nisin is effective at preventing the 
spread of spores from the bacteria Clostridium and Bacillus (Rayman 
et al., 1981). In addition to nisin activity against gram- positive or-
ganisms, studies have shown that nisin is also active against gram- 
negative organisms, albeit at a lower concentration and usually 
in conjunction with chelating agents (Abee et al., 1994; Delves- 
Broughton et al., 1996). The nanomolar activity of nisin and its lack 
of human toxicity have made it a widely accepted food additive for 
controlling food spoilage around the world (Thomas et al., 2000). 
Nisin caused cytoplasmic leakage from treated samples, despite the 
fact that it had multiple abnormalities. Nisin inhibits cell wall for-
mation near the partition site, where peptidoglycan construction 
is expedited, as the primary site of cell division. Nisin also disrupts 
the regulation of cell envelope formation, resulting in atypical cell 
growth (Hyde et al., 2006).

Sorbic acid or sorbitol (2,4- hexadienoic acid) is a paraben com-
monly used in the food and pharmaceutical industries. Sorbic acid, 
which was originally derived from rowanberry, can now be found 
in a wide range of plants (Kallscheuer, 2018), but it is still manufac-
tured synthetically for commercial use. It is possible to preserve 
pharmaceutical or food products that contain a lot of water by using 
these compounds because of the chemical or physical interactions 
between them and the water. Potassium sorbate and sorbic acid are 
now widely used in the pharmaceutical industry for antimicrobial 
preservation in concentrations between 0.1 and 0.2 percent (Nemes 
et al., 2020). There is general consensus that they are safe for human 
consumption, despite a paucity of toxicology and biocompatibil-
ity data. Sorbate's antimicrobial action is not fully understood, but 
it is thought to be primarily established on microbes' intracellular 

acidification (Bagar et al., 2009; Plumridge et al., 2004). The weak 
carboxylic acid penetrates the cell membrane and releases a pro-
ton, acidifying the cytosol and disrupting catabolic pathways as a 
result (Mira et al., 2010). Antimicrobial action of sorbates declines 
as extracellular pH rises because only the nonionized form can enter 
cells, according to the research (Wang et al., 2018). Because of this, 
the formation of bacterial biofilms can be reduced with the use of 
sorbates (Sullivan et al., 2020). These prior studies prompted us to 
investigate the antimicrobial synergistic properties of some food 
additives (phloxine B, nisin, and sorbic acid) against two common 
pathogens, B. cereus and S. aureus. In addition, cytotoxic activity on 
B. cereus and S. aureus uses the time- kill method. These previous re-
searches compelled us to study the antibacterial synergistic capabil-
ities of food additives (phloxine B, nisin, and sorbic acid) against two 
prevalent pathogens, B. cereus and S. aureus. Additionally, the time- 
kill approach was used to test for cytotoxic activity against B. cereus 
and S. aureus.

2  |  MATERIAL S AND METHODS

2.1  |  Chemicals

All chemicals and solvents were achieved from Sigma- Aldrich Co. 
Ltd.

2.2  |  Antimicrobial tests

2.2.1  |  Microbial strains

The modified Kirby- Bauer disk diffusion process was used to con-
duct the agar diffusion assay (Selim et al., 2013). 0.9 percent NaCl 
solution contained one loop of each of the test organisms (10 isolates 
of B. cereus and 10 isolates of S. aureus). Microorganism strains from 
Microbiological Laboratory Collection Library, Clinical Laboratory 
Sciences, College of Applied Medical Sciences, Jouf University, were 
utilized in this investigation. A sterile petri dish was filled with nutri-
ent agar for bacterial strains that had been inoculated with the cor-
responding organism's suspension.

2.2.2  |  Disk- diffusion assay

The food additives (phloxine B, nisin, and sorbic acid; Figure 1) were 
produced in dimethyl sulfoxide (DMSO) and sterilized with 0.45- m 
Millipore filters at a final concentration of 50 µg/ml. The disk diffusion 
technique was used to put 108 cfu/ml of bacteria on Mueller- Hinton 
agar (MHA) to test for antimicrobial susceptibility (Selim, 2011). Five 
micrograms/disk was applied to each of the 6- mm disks, which were 
then placed on top of the inoculated agar. DMSO was used to pre-
pare the negative controls. One strain/isolate of each microorgan-
ism tested was compared with positive reference standards such as 
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amoxicillin (30 micrograms/disk), gentamicin (30 micrograms/disk), 
and streptomycin (30 micrograms/disk). For clinical bacterial strains, 
the inoculated plates were incubated for 24 h at 37°C. The zone of 
inhibition against the test organisms was used to assess antimicro-
bial activity.

2.2.3  |  Micro- well dilution assay of MIC

Minimal inhibitory concentration (MIC) values were determined 
using 12- h broth cultures, the bacterial strains' inocula were made, 
and the suspensions were adjusted to 0.5 McFarland turbidity 
standard. The additives were first dissolved in 10% DMSO and 
then diluted to the highest concentration (5 µg/ml) to be tested, 
and then, serial twofold dilutions were made in a concentration 
range from 0.1 to 5 µg/ml in 10- ml sterile test tubes containing 
nutrient broth. The additives' MIC values against microbial strain 
isolates were determined using a micro- well dilution method. As 
an overview, 95 microliters of the growth medium (nutrient broth) 
was added to each well, along with 5 microliters of the inocula. In 
the first wells, 100 L aliquot of the initial 50 µg/ml of stock solu-
tions of the compounds was added to start things off. Next, 100 µl 
of each of their serial dilutions was added to six different wells in 
the plate. This well served as a negative control and contained 195 
microliters of nutrient broth without compound and 5 microliters 
of inocula on each test strip. Each well had a total volume of 200 µl 
at the end of the experiment. A sterile plate sealer was used to 
protect the plate from contamination. Each well's contents were 
mixed for 20 s on a plate shaker at 300 rpm before being incu-
bated for 24 h at the appropriate temperature. Samples from clear 
wells were plated on nutrient agar medium in order to determine 
microbial growth.

2.2.4  |  Time- kill studies

For time- kill studies, an inoculum of 5 × 108 cfu/ml−1 was prepared 
for each isolate by dilution of an actively growing culture in nutrient 

broth with the inoculum used for each isolate verified by a total vi-
able count, as previously described for each isolate. One milliliter 
samples of the initial inoculum were mixed with either additive so-
lution and Tween 80 (for testing purposes) or Tween 80 alone (for 
the control). Samples (100 µl) were taken in triplicate at different 
times, and serial tenfold dilutions were made and plated on nutrient 
agar in McCartney bottles for all isolates that were shaken (100 rpm) 
at 37°C (Oxoid). After an overnight incubation at 37- degree Celsius, 
the total number of viable cells was calculated.

2.3  |  Determination of fractional inhibitory 
concentration index

Through the use of the checkerboard titration method, the inhibitory 
concentration index fraction was calculated. To do this, the com-
bined MICs of active additives were estimated using the microbroth 
dilution method (Clinical & Laboratory Standards Institute, 2005) 
after their separate MICs were obtained. Selective broth media 
supplied to the micro- titer plates, along with 10 μl of the working 
inoculum (5 × 105 cfu/ml). 100 μl of various concentrations of test 
food additives (1:1 v/v) ranging from 1/32 MIC to 4 MIC was ap-
plied to the wells. The growing parameters used to determine the 
individual MIC remained the same. Then, the fractional inhibitory 
concentration (FIC) index was intended for each mixture of food 
additive to estimate synergistic activities (Karthikeyan et al., 2015; 
Meyer et al., 1982; Xia et al., 2010). MICs of the individual food ad-
ditive in each arrangement were converted into FICs as monitored 
by Xia et al. (2010):

Fractional inhibitory concentration index (∑FIC) was calcu-
lated using the standard plan as designated by Xia et al. (2010) and 
Karthikeyan et al. (2015):

FICFoodadditive =
MICFoodadditives inmixtures

MICFoodadditivealone

n
∑

k=1

(FIC)

F I G U R E  1  Chemical structure of selected studied food additives

dicAcibroSnisiNBenixolhP
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Synergistic actions were distinct as ∑FIC ≤0.5, additive was de-
fined as ∑FIC >0.5 to <2, and antagonism was defined as ∑FIC ≥2 
(Leclercq et al., 1991; Xia et al., 2010). The formula used to deter-
mine fractional inhibitory concentration index (FICIs) is as follows:

where AD1 and AD2 are tested two different food additives. All the 
trials were repeated thrice.

2.4  |  Statistical analysis

The data were exposed to one- way analysis of variance for means of 
comparison and significant differences according to Duncan's multi-
ple range test. SPSS (version 11.0) was used to achieve the statistical 
investigation.

3  |  RESULTS AND DISCUSSION

Antimicrobial characteristics have long been identified in food addi-
tives, which can include an extensive range of different ingredients. 
When used alone in vitro, they demonstrate potential antibacterial 
efficacy against a wide range of microorganisms, including food- 
borne pathogens and degeneration. However, the combined anti-
bacterial actions of these drugs appear to be rare. For the most part, 
antimicrobial medication combinations have shown to be a critical 
characteristic since they improve efficacy- using compounds with 
synergistic or additive action, prevent drug resistance, and reduce 
necessary dosages while also decreasing cost and adverse/toxic side 
effects (Bag & Chattopadhyay, 2015).

The food additives (phloxine B, nisin, and sorbic acid) investi-
gated for their inhibitory (antibacterial) effects on two bacterial spe-
cies (B. cereus and S. aureus). To test for antibacterial activity against 
food spoilage bacteria B. cereus and S. aureus, the concentration of 
50 µg/ml produced encouraging results (inhibition zone diameter 
11 mm) (Table 1). The synergistic antibacterial activity of these three 

active food additives was then investigated using an antimicrobial 
combination study. In an antibacterial combination research, only 
the phloxine B and nisin combination exhibited synergistic inter-
action (FICI: 0.25– 0.50) against B. cereus where it showed additive 
impact among the three studied combinations (FICI: 0.91). Various 
other combinations (FICI: 0.55– 1.37) were shown to have an additive 
impact on all of the microorganisms that were examined. There was 
no negative outcome (Table 2). A time- kill test was used to verify 
the synergistic antibacterial activity of a food additive combination. 
When compared to the original bacterial colony count (B. cereus in 
10 h and S. aureus in 6 h) of their separate effects after 48 h, the 
combination of phloxine B + nisin + sorbic acid reduced the bacte-
rial colony count by >2 log10 (Figure 2). These findings corroborated 
the prior experiment's discovery of synergistic antibacterial action 
of phloxine B + nisin + sorbic acid.

Several studies have shown that chemical growth control of 
food deterioration and food- borne pathogens is effective. In order 
to compare the known effects of antimicrobial with the unknown 
effects of food additives, a database based on antibiotic suscepti-
bility on the investigated bacterial species is used. Microorganism 
multiplication can be slowed or stopped using food additives. There 
are a finite number of chemical substances that can be employed 
as preservatives in food and pharmaceuticals (Branen, 1983). The 
usage of food additives has exploded in the last 30 years, reaching a 
total annual volume of over 200,000 tons. For the most part, chem-
ical preservatives have been employed to resist certain bacteria and 
can also improve or contribute to the flavor of acidified or fermented 
foods.

As a food preservative, phloxine B was shown to be the most 
efficient addition against the tested bacterial species. Phloxine B 
had an antibacterial activity against both gram- positive and gram- 
negative bacteria, which was in agreement with that of Rasooly 
(2005) and Federal Register (1982). After adding 50– 100 µg/ml of 
phloxine B to the growing medium, the bacterial growth ceased 
completely (Rasooly & Weisz, 2002). Against gram- positive and 
gram- negative bacteria, nisin has antibacterial action (Abee 
et al., 1994; Delves- Broughton, 1996). Nisin has been shown to 
help reduce spoilage microorganisms in dairy, seafood, juice, and 

FICI =
MICofAD1 incombinationwithAD2

MICofAD1alone
+

MICofAD2 incombinationwithAD1

MICofAD2alone

TA B L E  1  Inhibition zone diameter and MIC of food additives against Bacillus cereus and Staphylococcus aureus using agar well diffusion 
assay

Food additives

B. cereus S. aureus

Inhibition zone 
diametera

MIC (µg/ml)
Inhibition zone 
diametera

MIC (µg/ml)

MIC MIC50 MIC90 MIC MIC50 MIC90

Phloxine B 17 ± 1.20 20 100 200 19 ± 1.05 10 10 50

Nisin 11 ± 1.31 320 160 320 14 ± 1.00 200 250 300

Sorbic acid 13 ± 1.09 20 100 160 15 ± 1.09 320 350 1000

DMSO (negative control) — — — — — — — — 

Note: Concentration of 50 µg/ml of the additives was prepared in dimethyl sulfoxide (DMSO). Results are mean ± SD of triplicate experiments.
aSensitive (inhibition zone diameter ≥11 mm: Bauer et al., 1966).
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vegetables. Foods such as meat, liquids, and baked goods can 
benefit from the use of organic acid to help limit the growth of 
germs and molds. Organic acids are often used throughout a wide 
range of industries, including food production, processing, and 
manufacturing.

4  |  CONCLUSION

Thus, a combination of phloxine B, nisin, and sorbic acid showed 
synergistic antibacterial action and might be utilized as a source of 
nontoxic and powerful antibacterial agents in the pharmaceutical 
and food sectors. By working together, they may be more effec-
tive against bacteria at low concentrations, reducing their unwanted 
side effects and making them more readily used in food preserva-
tion systems. More research on their use in food components and 
mechanisms of action is required to improve their practical applica-
tion in the food system. It is possible that this research will serve as a 
springboard for more in- depth investigations in the future. Food ad-
ditive synergy with antibacterial activity is a relatively new concept, 
and this study is the first to examine it.
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F I G U R E  2  Time kill curves of (a) Bacillus cereus and (b) Staphylococcus aureus by selected additive mixtures

0

500

1000

1500

2000

2500

3000

3500

0 2 6 10 12 24 48

cf
u 

X1
0 

2
m

L

Time (h)

Control
Phloxine B + Nisin + Sorbic Acid
Phloxine B + Sorbic Acid
Nisin + Sorbic Acid
Phloxine B + Nisin

0

500

1000

1500

2000

2500

3000

3500

0 2 6 10 12 24 48

cf
u 

X 
10

2 
m

L

Time (h)

Control
Phloxine B + Nisin + Sorbic Acid
Phloxine B + Sorbic Acid
Nisin + Sorbic Acid
Phloxine B + Nisin

(a) (b) 



    |  475SELIM Et aL.

Data curation (equal); Formal analysis (equal); Funding acquisition 
(equal); Investigation (equal); Methodology (equal); Project admin-
istration (equal). Shadi Ahmed Zakai: Conceptualization (equal); 
Data curation (equal); Formal analysis (equal); Writing –  review & 
editing (equal). Mona Warrad: Conceptualization (equal); Data cu-
ration (equal); Formal analysis (equal); Funding acquisition (equal); 
Investigation (equal); Methodology (equal); Project administra-
tion (equal); Supervision (equal); Validation (equal); Visualization 
(equal); Writing –  original draft (equal); Writing –  review & editing 
(equal).

E THIC AL APPROVAL
This article does not contain any studies with participants or animals 
requiring ethics approval.

DATA AVAIL ABILIT Y S TATEMENT
The datasets used or analyzed during the current study are available 
from the corresponding author on reasonable request.

ORCID
Samy Selim  https://orcid.org/0000-0003-4025-8586 
Mohammed S. Almuhayawi  https://orcid.
org/0000-0002-4792-066X 
Mohammed H. Alruhaili  https://orcid.org/0000-0001-8114-7212 
Shadi A. Zakai  https://orcid.org/0000-0003-3261-304X 
Mona Warrad  https://orcid.org/0000-0001-6145-0169 

R E FE R E N C E S
Abee, T., Rombouts, F. M., Hugenholtz, J., Guihard, G., & Letellier, L. 

(1994). Mode of action of nisin z against Listeria monocytogenes 
Scott a grown at high and low temperatures. Applied Environmental 
Microbiology, 60, 1962– 1968.

Bag, A., & Chattopadhyay, R. R. (2015). Evaluation of synergistic antibac-
terial and antioxidant efficacy of essential oils of spices and herbs in 
combination. PLoS One, 10(7), 1– 17. https://doi.org/10.1371/journ 
al.pone.0131321

Bagar, T., Altenbach, K., Read, N. D., & Benčina, M. (2009). Live- cell imag-
ing and measurement of intracellular pH in filamentous fungi using 
a genetically encoded ratiometric probe. Eukaryotic Cell, 8, 703– 
712. https://doi.org/10.1128/EC.00333 - 08

Bauer, A. W., Kirby, W. M., Sherris, J. C., & Turck, M. (1966). Antibiotic 
susceptibility testing by a standard single disc method. American 
Journal Clinical Pathology, 45, 493– 496.

Branen, A. L. (1983). Introduction to use of antimicrobials. In A. Branen, 
& P. M. Davidson (Eds.), Antimicrobials in foods (pp. 1– 9). Academic 
Press.

Clinical and Laboratory Standards Institute. (2005). Performance stan-
dards for antimicrobial susceptibility testing. Fifteenth informational 
supplement M100- S15. CLSI.

Conner, D. E. (1993). Naturally occurring compounds. In P. Davidson, & L. 
Branen (Eds.), Antimicrobials in foods (pp. 441– 468). Marcel Dekker 
Inc.

Cotter, P. D., Hill, C., & Ross, R. P. (2005). Bacteriocins: Developing innate 
immunity for food. Nature Reviews Microbiology, 3(10), 777– 788. 
https://doi.org/10.1038/nrmic ro1273

De Arauz, L. J., Jozala, A. F., Mazzola, P. G., & Penna, T. C. V. (2009). 
Nisin biotechnological production and application: A review. Trends 
Food Science Technology, 20, 146– 154. https://doi.org/10.1016/j.
tifs.2009.01.056

Delves- Broughton, J., Blackburn, P., Evans, R. J., & Hugenholtz, J. (1996). 
Applications of the bacteriocin, nisin. Antonie van Leeuwenhoek, 69, 
193– 202. https://doi.org/10.1007/BF003 99424

European Commission Regulation (EU) No 1129/2011. (2011). 
Amending Annex II to Regulation (EC) No 1333/2008 of the European 
Parliament and of the Council by establishing a Union list of food 
additives.

Federal Register. (1982). D&C Red no. 27 and D&C Red no. 28. 47, 
42566– 42569.

Food and Drug Administration (FDA). (2007). Managing Food Safety, 
Department of Health and Human Services Food and Drug 
Administration Center for Food Safety and Applied Nutrition.

Hallas- Møller, T., Hansen, M., & Knudsen, I. (2020). Food additives in 
Europe 2000 Nordic Council.

Hugo, W. B., & Russell, A. D. (1991). Types of antimicrobial agents. In A. 
D. Russell, W. B. Hugo, & G. A. J. Ayliffe (Eds.), Principles and prac-
tice of disinfection, preservation and sterilisation (2nd edn). Blackwell 
Scientific Publications.

Hyde, A. J., Parisot, J. I., McNichol, A., & Bonev, B. B. (2006). Nisin- 
induced changes in Bacillus morphology suggest a paradigm of 
antibiotic action. Proceedings of the National Academy of Sciences 
of the United States of America, 103(52), 19896– 21990. https://doi.
org/10.1073/pnas.06083 73104

Kallscheuer, N. (2018). Engineered microorganisms for the production 
of food additives approved by the European union— A systematic 
analysis. Frontiers in Microbiology, 9, 1746. https://doi.org/10.3389/
fmicb.2018.01746

Karthikeyan, R., Devadasu, C., & Srinivasa Babu, P. (2015). Isolation, 
characterization and RP- HPLC estimation of p- coumaric acid from 
methanolic extract of Durva grass (Cynodon dactylon Linn) (Pers). 
International Journal of Analytical Chemistry, 2015, 201386.

Leclercq, R., Bingen, E., Su, Q. H., Lambert- Zechovski, N., Courvalin, 
P., & Duval, J. (1991). Effects of combinations of β- lactams, dap-
tomycin, gentamicin and glycopeptides against glycopeptides- 
resistant enterococci. Antimicrobial Agents and Chemotherapy, 35, 
92– 98.

Meyer, B. N., Ferrigni, N. R., Putnam, J. E., Jacobsen, L. B., Nichols, D. 
E., & McLaughlin, J. L. (1982). Brine shrimp: A convenient general 
bioassay for active plant constituents. Planta Medica, 45, 31– 34. 
https://doi.org/10.1055/s- 2007- 971236

Mira, N. P., Teixeira, M. C., & Sá- Correia, I. (2010). Adaptive response and 
tolerance to weak acids in Saccharomyces cerevisiae: a genome- 
wide view. Omics, 14, 525– 540.

Nemes, D., Kovács, R., Nagy, F., Tóth, Z., Herczegh, P., Borbás, A., 
Kelemen, V., Pfliegler, W. P., Rebenku, I., Hajdu, P. B., Fehér, P., 
Ujhelyi, Z., Fenyvesi, F., Váradi, J., Vecsernyés, M., & Bácskay, I. 
(2020). Comparative biocompatibility and antimicrobial studies of 
sorbic acid derivatives. European Journal of Pharmaceutical Sciences, 
143, 105162.

Plumridge, A., Hesse, S. J. A., Watson, A. J., Lowe, K. C., Stratford, M., 
& Archer, D. B. (2004). The weak acid preservative sorbic acid 
inhibits conidial germination and mycelial growth of Aspergillus 
niger through intracellular acidification. Applied Environmental 
Microbiology, 70, 3506– 3511.

Rasooly, A., & Weisz, A. (2002). In vitro antibacterial activities of phlox-
ine B and other halogenated fluoresceins against methicillin-  resis-
tant Staphylococcus aureus. Antimicrobial Agents and Chemotherapy, 
46(11), 3650– 3653.

Rasooly, R. (2005). Expanding the bactericidal action of the food color 
additive phloxin B to gram negative bacteria. FEMS Immunology and 
Medical Microbiology, 45, 239– 244.

Rayman, M. K., Aris, B., & Hurst, A. (1981). Nisin: A possible alterna-
tive or adjunct to nitrate in the preservation of meat. Applied and 
Environmental Microbiology, 41, 375– 380.

Selim, S. (2011). Chemical composition, antioxidant and antimicrobial 
activity of the essential oil and methanol extract of the Egyptian 

https://orcid.org/0000-0003-4025-8586
https://orcid.org/0000-0003-4025-8586
https://orcid.org/0000-0002-4792-066X
https://orcid.org/0000-0002-4792-066X
https://orcid.org/0000-0002-4792-066X
https://orcid.org/0000-0001-8114-7212
https://orcid.org/0000-0001-8114-7212
https://orcid.org/0000-0003-3261-304X
https://orcid.org/0000-0003-3261-304X
https://orcid.org/0000-0001-6145-0169
https://orcid.org/0000-0001-6145-0169
https://doi.org/10.1371/journal.pone.0131321
https://doi.org/10.1371/journal.pone.0131321
https://doi.org/10.1128/EC.00333-08
https://doi.org/10.1038/nrmicro1273
https://doi.org/10.1016/j.tifs.2009.01.056
https://doi.org/10.1016/j.tifs.2009.01.056
https://doi.org/10.1007/BF00399424
https://doi.org/10.1073/pnas.0608373104
https://doi.org/10.1073/pnas.0608373104
https://doi.org/10.3389/fmicb.2018.01746
https://doi.org/10.3389/fmicb.2018.01746
https://doi.org/10.1055/s-2007-971236


476  |    SELIM Et aL.

lemongrass Cymbopogon proximus Stapf. Grasas Y Aceites, 62(1), 
55– 61.

Selim, S. A., Abdel Aziz, M. H., Mashait, M. S., & Warrad, M. (2013). 
Antibacterial activities, chemical constitutes and acute toxicity of 
Egyptian Origanum majorana L., Peganum harmala L. and Salvia offic-
inalis L. essential oils. African Journal of Pharmacy and Pharmacology, 
7, 725– 735.

Sullivan, D. J., Azlin- Hasim, S., Cruz- Romero, M., Cummins, E., Kerry, 
J. P., & Morris, M. A. (2020). Antimicrobial effect of benzoic and 
sorbic acid salts and nano- solubilisates against Staphylococcus 
aureus, Pseudomonas fluorescens and chicken microbiota bio-
films. Food Control, 107, 106786. https://doi.org/10.1016/j.foodc 
ont.2019.106786

Thomas, L. V., Clarkson, M. R., & Delves- Broughton, J. (2000). Nisin. In 
A. S. Naidu (Ed.), Natural food antimicrobial systems (pp. 463– 524). 
CRC Press.

Wang, J., Ma, M., Yang, J., Chen, L., Yu, P., Wang, J., Gong, D., Deng, S., 
Wen, X., & Zeng, Z. (2018). In vitro antibacterial activity and mech-
anism of monocaprylin against Escherichia coli and Staphylococcus 

aureus. Journal of Food Protection, 81, 1988– 1996. https://doi.
org/10.4315/0362- 028X.JFP- 18- 248

Xia, E. Q., Song, Y., Ai, X., Guo, Y., Xu, X., & Li, H. (2010). A new high 
performance liquid chromatographic method for the determination 
and distribution of linalool in Michelia alba. Molecules, 15(7), 4890– 
4897. https://doi.org/10.3390/molec ules1 5074890

How to cite this article: Selim, S., Almuhayawi, M. S., Alruhaili, 
M. H., Zakai, S. A., & Warrad, M. (2022). Generating new 
mixtures of food additives with antimicrobial and cytotoxic 
potency against Bacillus cereus and Staphylococcus aureus. Food 
Science & Nutrition, 10, 470– 476. https://doi.org/10.1002/
fsn3.2691

https://doi.org/10.1016/j.foodcont.2019.106786
https://doi.org/10.1016/j.foodcont.2019.106786
https://doi.org/10.4315/0362-028X.JFP-18-248
https://doi.org/10.4315/0362-028X.JFP-18-248
https://doi.org/10.3390/molecules15074890
https://doi.org/10.1002/fsn3.2691
https://doi.org/10.1002/fsn3.2691

