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Cronobacter sakazakii is one of the main pathogens transmitted to infants through the consumption
of contaminated infant formula and baby food. The bacterium is a major cause of mortality, digestive
diseases, and meningitis in newborns. The present study was performed to determine the
microbiological effect of C. Sakazakii in the infant formula and baby food samples and to investigate
the effect of 3 plant essential oils on bacterial isolates. A total of 200 samples of baby food and infant
formula of different brands were collected, and the inhibitory effects of bacterial growth by essential
oils of Satureja bachtiarica, Carum carvi, and Thymus daenensis were evaluated by the disc
diffusion method. The most sensitive bacteria isolated at 1000 micrograms per milliliter were 70
daenensis, S. bachtiarica, and C. carvi, respectively. Inhibitory effects of growth were not observed
in the concentration of 31 micrograms per ml in any of the essential oils. Infection outbreaks caused
by bacteria can be reduced by careful inspection of the quality of infant formula and baby food, strict
supervision of the production process, adherence to hygiene rules, and the use of natural
antimicrobials.
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INTRODUCTION

Infant formula and baby food are widely available and often serve as
a supplement or substitute for breast milk. Although infant formula
is subjected to heat treatment during production, this process, unlike
that for liquid formulations, does not render the product sterile.
Consequently, this production necessitates stringent sanitary
measures and rigorous monitoring of environmental conditions.
These measures are crucial for reducing the microbial load in the final
infant formula product [1].

Cronobacter sakazakii is a Gram-negative, straight rod bacterium
belonging to the family Enterobacteriaceae. It is a motile, non-spore-
forming, facultatively anaerobic organism possessing a peripheral
flagellum. This organism has been isolated from a wide range of
clinical sources, including blood, sputum, urine, wounds, intestinal
contents, and purulent abscesses, as well as environmental sources
such as water, soil, sewage, animal droppings, and various food
products. Prior to 1980, this bacterium was known as Enterobacter
cloacae biogroup, recognized by its production of a yellow pigment.
Key distinguishing features from other Enterobacter species include
its inability to ferment D-sorbitol and the production of extracellular
ribonuclease. Enterobacter sakazakii comprises four categories and
fifty-seven strains; currently, the organism is classified as C.

sakazakii [2—6].

Since microbial infections are a serious threat to human health and
have endangered the lives of people, people are always looking for
medicines to cure the disease and reduce its effects. In this regard, the
use of herbs has long been considered and traditionally used among
different nations. Since the useful medicinal plants grow in Iran in
abundance, studying the effective combinations and medicinal
effects of these plants can be a positive step in the identification and
optimal use of this valuable national wealth [7-9].

In many instances, medicinal plants exhibit a favorable biological
profile wherein the synergistic action of active ingredients, associated
with other co-occurring compounds, often results in fewer adverse
side effects during disease treatment. In recent years, synthetic drug
side effects and a growing human inclination toward natural health
maintenance have significantly increased attention directed toward
medicinal plants. Although the use of plant-derived therapeutics has
a long history, the perception that they are entirely free from side
effects must be tempered; nevertheless, they remain a valuable
cultural heritage for many nations. Furthermore, the secondary
metabolites produced by plants are crucial for their protective role
against pathogens such as fungi, bacteria, and viruses. Compounds
exhibiting antibacterial, antifungal, and antiviral effects in certain
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plant species are termed phytoalexins, and their presence is
considered a key factor in the curative efficacy of herbal medicines.
Upon pathogen attack or contamination, the plant initiates the
regulation (coding) of biosynthesis enzyme genes, leading to the
transcription and translation mediated by messenger RNA.
Consequently, these protective compounds are synthesized in
specific cells and tissues, gradually increasing in concentration to
ultimately prevent the invasion by pathogens, pests, or germs [7—10].
The plants studied belong to the families Lamiaceae and Apiaceae. 7.
Celak. is an aromatic species belonging to the family
Lamiaceae. All aerial parts, especially the branches, are utilized in
traditional medicine [11]. S. bachtiarica Bunge. is a species
belonging to the family Lamiaceae, which contains high levels of
essential oils. S. bachtiarica has tannins, fats, and different sugars as
well as terpene and a kind of phenol. Carvacrol is one of the main
constituents of the essential oil of S. bachtiarica [12]. C. carviL.is a
species belonging to the family Apiaceae, which contains tannins,
waxes, resinous materials, fixed green oil, mucilage, sugars, nitrogen
compounds, and essential oils containing dihydrocarvone, carvone,
and two types of setan derivatives. The fruit of C. carvi is the
harvestable part, collected in July of the second year by cutting the
plant and allowing it to ripen [13]. Several studies have investigated
the antimicrobial activity of secondary plant compounds, particularly
those from medicinal plants, using various extraction technologies
and methods of evaluating their effects both in vitro and in vivo. The
results of most studies confirm the antimicrobial or phytoalexin
properties of certain secondary compounds found in medicinal herbs
and aromatic plants. This study aims to investigate the effects of the
essential oils of T. daenensis, S. bachtiarica, and C. carvi on C.
sakazakii isolated from various baby foods produced in Iran.

daenensis

MATERIALS AND METHODS

This was a cross-sectional study examining infant formula and baby
food samples collected from pharmacies during the winter and spring
of 2020.

Samples and Separating C. sakazakii
In this cross-sectional study, 100 samples of 8 commercial infant
formula brands and 100 samples of 4 different baby food brands

Table 1 Profile of plants used in this study

marketed in drugstores were purchased. For each sample, 25 g of the
contents of three packs from one production series were mixed and
then poured into a sterile glass vessel under sterile conditions. All
testing phases were done under a laminar hood with a HEPA filter.
The identification tests for C. sakazakii were done according to the
Iversen and Forsythe method [14].

Valuating the Medicinal Plant Effects

The medicinal plants listed in Table 1 were used to evaluate the
antimicrobial effects of native Iranian medicinal plants. These plants
were collected from the mountainous areas of the Zagros Mountains,
in the Chaharmahal va Bakhtiari district (altitude: 2000-2500 m asl,
latitude: 30°-31°, longitude: 50°-51°), during May—Sep, 2020. The
plants were collected and dried after ensuring accurate identification.
Dried plants were chopped into pieces of 0.5 to 1 cm using a
laboratory mill (Moulinex Model, Spain), and 50 grams of each plant
were weighed with an accuracy of 0.001g for distillation using a
digital scale (Sartorius, Germany) and transferred into a flask. To
extract the volatile oil, the dried aerial parts powder was mixed with
water and placed in a flask connected to the condenser of a Clevenger
apparatus (made by Glass Fabricating of Ashk-e-Shishe Co., Tehran,
Iran). The extraction continued for 150 min, and the volatile oil and
water mixture was finally separated by decantation. The volatile oils
were dried over Na2SO4, stored in a dark glass bottle, and kept at a
low temperature (5 °C) until analysis.

Making Different Concentrations of Essential Oils

To determine the effective concentration of essential oils with
antibacterial activity, different concentrations were prepared. For this
purpose, 0.01 g of each essential oil was added to a test tube, followed
by the addition of 10 mL of 70% ethanol. This resulted in Solution 1,
with a concentration of 1000 pg/mL. To produce a 500 pg/mL
concentration, 5 mL of Solution 1 was mixed with 5 mL of ethanol.
Similarly, to obtain a 250 pg/mL concentration, 5 mL of the 500
pg/mL solution was mixed with 5 mL of ethanol. Concentrations of
125 and 62 pg/mL were prepared using the same serial dilution
method. Thus, five different concentrations of each extract were
prepared and used in the subsequent experiments.

Scientific name Plant families

Used parts

Used extracts

T. daenensis Lamiaceae
S. bachtiarica Lamiaceae
C. carvi Apiaceae

Arial parts (stem, leaves, flowers)
Arial parts (stem, leaves, flowers)
Arial parts (stem, leaves, flowers)

Essential oil
Essential oil
Essential oil

Determining the Antibiotic Resistance Model

To determine the antibiotic resistance profile of separated isolates in
this study, a simple disk diffusion method was used. For this purpose,
the separated isolates were cultured into Tryptic Soy Broth liquid
medium at 37 © C overnight and after preparing the thinness of 0.5
McFarland, they were continuously cultured into the solid medium of
agar Mueller-Hinton and were cultured in the presence of antibiotics
discs (ampicillin (10 pg/disk) amoxicillin (20 pg/disk), aztreonam
(30 pg/disk), cefotaxime (30 pg/disk), amikacin (30 pg/disk),
streptomycin (10 pg/disk), meropenem (10 pg/disk), mezlocillin (30
pg/disk), nalidixic acid (30 pg/disk), tigecycline (15 pg/disk),
tetracycline (30 pg/disk), ticarcillin (30 pg/disk), chloramphenicol
(30 pg/disk), ceftazidime (30 pg/disk), ciprofloxacin (5 pg/disk),
cefepime (30 pg/disk), imipenem (10 pg/disk), levofloxacin (5
pg/disk), minocycline (30 pg/disk), piperacillin (30 pg/disk),

piperacillin-tazobactam, carbenicillin (100 pg/disk), tobramycin (10
ng/disk), cotrimoxazole (30 pg/disk), moxifloxacin (5 pg/disk),
gentamicin (10 pg/disk), colistin (10 pg/disk) at 37 °C for 24 hours.
The susceptibility or resistance of the isolates to each antibiotic was
determined and reported according to the CLSI guidelines [15].

Statistical Analysis

All test results were transferred to a Microsoft Excel spreadsheet for
data compilation and analysis. Statistical analysis was performed
using SPSS version 18.0 software, employing a completely
randomized design (CRD). Significant differences between treatment
groups were determined at a probability level of P<0.05.
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RESULTS

Comparing Growth Inhibition Zone Diameter by Different
Concentrations of the T. daenensis Essential oil on C.
sakazakii

The effect of different concentrations of I. daenensis essential oil on
the growth inhibition zone diameter of C. sakazakii isolates separated
from milk powder has been shown in Figure 1. As can be seen, by
increasing the concentrations of 7. daenensis essential oil, the growth
inhibition zone diameter of C. sakazakii significantly increases (at
5%). The largest diameter of the growth inhibition zone was related
to the T daenensis sample with a concentration of 1,000 micrograms
per milliliter. However, no halo was observed at concentrations of 31
and 62.5 mg/ml, which indicated that C. sakazakii has not shown any
sensitivity to this concentration of given essential oil, and its growth
has not decreased.

Growth inhibition zone diameter of baby food of C. sakazakii isolates
when using the different concentrations of 7. daenensis essential oil
has been shown in Figure 2. As can be seen, the essential oil
concentration causes a significant difference in the microbe growth
so that by increasing the essential oil concentration, the growth
inhibition zone diameter increases and the largest diameter of growth
inhibition zone was related to 1000 mg/ml concentration of T.
daenensis, while the lowest diameter of growth inhibition zone was
related to 7. daenensis samples with 31 mg/ml and 62.5 mg/ml
concentration. The growth of bacteria did not decrease in these
concentrations.
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Fig. 1 Comparing the growth inhibition zone diameter by different
concentrations of the T. daenensis essential oil on C. sakazakii in milk powder.
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Fig. 2 Comparing the growth inhibition zone diameter by different
concentrations of 7. daenensis essential oil on C. sakazakii in the baby food.
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Comparing the Growth Inhibition Zone Diameter by
Different Concentrations of S. bachtiarica Essential Oil on
C. sakazakii

Our study results showed that the C. sakazakii isolates separated from
infant formula (Fig. 3) and baby food (Fig. 4) had the most sensitivity
to high concentrations of S. bachtiarica essential oil. Among the S.
bachtiarica concentrations studied, the concentration of 1000 mg/ml
of S. bachtiarica had the most bacterial isolate sensitivity. However,
the lowest diameter of the growth inhibition zone was related to a
concentration of 31 mg/ml of S. bachtiarica essential oil.

25
a
20
b
15 °
d
10 [
5
£
0

Satureja Satureja Satureja Satureja Satureja Satureja
bachtiarica bachtiarica bachtiarica bachtiarica bachtiarica bachtiarica
31 62.5 125 250 500 1000

Growth inhibition zone diameter (cm)

Fig. 3 Comparing the growth inhibition zone diameter by different
concentrations of S. bachtiarica essential oil on C. sakazakii in the milk
powder.
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Fig. 4 Comparing the growth inhibition zone diameter by different
concentrations of S. bachtiarica essential oil on C. sakazakii in the baby food.

Comparing the Growth Inhibition Zone Diameter by
Different Concentrations of C. carvi Essential oil on C.
sakazakii

The growth inhibition zone diameter of C. sakazakii isolates
separated from milk powder (Fig. 5) and baby food (Fig. 6) when
using different concentrations of the C. carvi essential oil has been
shown in Figures 5 and 6. As can be seen, the essential oil
concentration causes a significant difference (at 5%) in the above-
mentioned microbe growth, so that the growth inhibition zone
diameter increases with increasing essential oil concentration. The
largest diameter of the growth inhibition zone was related to the
concentration of 1000 mg/ml of C. carvi, while the lowest diameter
of the growth inhibition zone was related to C. carvi samples with
concentrations of 31, 62.5, and 125 mg/ml, in which no bacterial
growth inhibition zone was observed. Thus, the bacterium does not
show any sensitivity to 3 concentrations of 31, 62.5, and 125 mg/ml
and completely resists three concentrations.
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Fig. 5 Comparing the growth inhibition zone diameter by different
concentrations of C. carvi essential oil on C. sakazakii in milk powder
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Fig. 6 Comparing the growth inhibition zone diameter by different
concentrations of C. carvi essential oil on C. sakazakii in baby food
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Fig. 7 Comparing the growth inhibition zone of C. sakazakii by plant essential oils with different concentrations of a variety of available antibiotics
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Fig. 9 Diameter of the growth inhibition zone of C. sakazakii strains when

using the plants and antibiotics.

Comparing the Growth Inhibition Zone Diameter by
Different Essential Oil Concentrations and Comparing it
with Antibiotics on C. sakazakii

The effect of different essential oil concentrations and comparing
them with a variety of antibiotics in the growth inhibition zone
diameter of bacteria isolates of baby food and infant formula have
been shown in Figure 7. As can be seen, the highest diameter of
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growth inhibition zone was related to 7. daenensis with
concentrations of 1000 micrograms per milliliter, S. bachtiarica with
concentration of 1000 mg/ml, ciprofloxacin, meropenem and
imipenem, respectively. However, the lowest diameter was related to
low essential oil concentrations, in which no growth inhibition zone
was observed. Also, according to the essential oil comparison, T.
daenensis showed the highest antimicrobial properties among the 3
essential oils, and then S. bachtiarica, with the growth inhibition zone
diameter of 20.5 mm in the concentration of 1000 mg/ml had the
highest diameter of growth inhibition zone. C. sakazakii was the most
resistant to C. carvi essential oil, in particular in low concentrations.

DISCUSSION

Cronobacter species are opportunistic pathogens with a resulting
mortality rate estimated to be between 40 and 80 percent. These
pathogens can cause a wide range of deadly diseases, such as
meningitis, septicemia, neonatal enterocolitis, and brain abscess.
Although Cronobacter can cause illness in adults and children,
infections in infants, often caused by contaminated infant formula
and baby food, are more commonly observed. Since the first
Cronobacter infection outbreak was reported in 1958, and infant
formula was recognized as the main source, numerous infant formula
batches were collected from pharmacies and analyzed. The
contamination of infant formula has thus become a significant
problem, making the monitoring of infant formula and baby food for
the presence of these bacteria a necessity.

In a part of the study, the antibiotic resistance pattern of C. sakazakii
isolates separated from baby food and infant formula has been
assessed against commonly used antibiotics. The results showed that
the C. sakazakii isolates separated from baby food and infant formula
had the largest diameter of the growth inhibition zone when using
antibiotics of Ciprofloxacine (20.38), meropenem (19.83), and
imipenem (19.63). C. sakazaki shows more sensitivity to these
antibiotics and reduces the growth of bacteria. C. sakazakii isolates
had the lowest diameter of the growth inhibition zone when using
antibiotics of amoxicillin, ampicillin, Tyjsyklin, Tykarcillin,
aztreonam, and ceftazidime. These bacteria had the highest resistance
to these antibiotics. The growth inhibition zone diameter of C.
sakazakii isolates was moderate compared to other antibiotics.

The study conducted by Sharma and Prakash [16] showed that 300
C. sakazakii isolates were separated from the total 55 samples of milk
and dairy products, and 5 isolates were identified biochemically as C.
sakazakii. The sensitivity of C. sakazakii isolates to antibiotics of
ciprofloxacin, rifampin, gentamicin, spectinomycin, vancomycin,
tobramycin, amoxicillin, Mymosaykllin, seftirakson, and ceftazidime
was reported as 100, 0, 100, 100, 0, 80, 40, 40, 100, and 60 percent,
respectively. The above-named researchers also evaluated the effects
of plant essential oils on C. sakazakii isolates. Their study results
showed that the essential oils of cinnamon, orange, mango, tropical
plants, ginger, garlic, and clove had lethal and inhibitory effects on
the C. sakazakii isolates [16].

Our study results showed that C. sakazakii isolates separated from
baby food and infant formula had the most sensitivity to 7. daenensis,
S. bachtiarica and C. carvi at the concentration of 1000 mg per cl,
respectively. Lethal effects of 7. daenensis essential oil on C.
sakazakii have also been reported by Martins et al. [10]. Nabulsi et
al.[17] investigated the growth inhibitory effect of medicinal plants
essential oils on C. sakazakii isolates. Their study results showed that
the essential oil of fennel, cinnamon, chamomile, eucalyptus,
fenugreek and rosemary had significant growth inhibitory effect on
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the isolates [17].

Unfortunately, few studies have been conducted in this area. The
main reason for the higher antimicrobial effects of I. daenensis
essential oil than S. bachtiarica and C. carvi on C. sakazakii isolates
separated from baby food and infant formula is probably due to the
presence of higher levels of phenolic compounds, which have high
antimicrobial properties. 7. daenensis contains tannins, bitter primary
materials, saponins, and plant disinfectants. Phenols (20 to 80
percent) and monoterpenes hydrocarbons (e.g., p-cymene and y-
terpinen) form the bulk of 7. daenensis essential oil. Normally,
thymol is the main phenolic constituent of 7. daenensis, and carvacrol
is also its minor part, so all the materials have antimicrobial
properties [18, 19].

CONCLUSION

Overall results of the study are as follows: C. sakazakii isolates
separated from baby food and infant formula had the highest diameter
of the growth inhibition zone when using antibiotics of ciprofloxacin,
meropenem, and imipenem. C. sakazakii isolates separated from baby
food and infant formula had the highest sensitivity to T. daenensis, S.
bachtiarica, and C. carvi in a concentration of 1000 mg/ml,
respectively.
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