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Background:  Antibiotic-resistant  bacteria  are  one  of  the  major  global  health  issues  that  can  affect  humans,
animals,  and  the environment.  Antibiotic-resistant  bacteria  have  emerged  as  opportunistic  pathogenic
bacteria  that  are frequently  isolated  from  both  clinical  patients  and  healthy  individuals.  The  aim  of
this  study  was  to characterize  the  antibiotic-resistant  bacteria  isolated  from  powdered  infant  formulas
marketed  in  Riyadh,  Saudi  Arabia.
Methods:  Infant  powdered  milk  formulas  were  purchased  from  different  pharmacies  located  within
Riyadh,  and  ten  products  of powdered  milk  formulas  designed  for children  of various  ages  were  then
transferred  to the  laboratory  in  the  Department  of Botany  and  Microbiology  at King  Saud  University,
Riyadh.  Isolation  and  purification  of  Bacillus  species  were  both  performed  according  to  standard  proto-
cols. The  identification  test  was performed  using  the automated  Vitek  2 system  (BioMerieux,  France),
and antibiotic  sensitivity  tests  were  performed  using  the  disk-diffusion  method  incorporating  standard
antibiotic  disks  foramikacin  (30  �g/disk),  gentamicin  (10  �g/disk),  imipenem  (10  �g/disk),  moxifloxacin
(5  �g/disk),  cefoperazone  (75  �g/disk),  cefpodoxime  (10  �g/disk),  ceftazidime  (30 �g/disk),  and  cefepime
(30  �g/disk).  Statistical  analysis  was  performed  using Ward’s  method  to  obtain  antibiotic  resistance  of
the  isolates.
Results:  The  results  obtained  from  the  milk  samples  indicated  that  all isolates  were  sensitive  to  amikacin,

gentamicin,  and  moxifloxacin.  A  group  of  isolates  obtained  from  milk  was  resistant  to  cefoperazone  by
6.49%,  cefpodoxime  by  25.9%,  ceftazidime  by 14.28%,  and  cefepime  by  19.48%.
Conclusions:  Based  on  these  findings,  we concluded  that  the powdered  infant  formula  marketed  in  Riyadh
City  may  act  as  a source  of bacterial  isolates  that  are  resistant  to  several  standard  antibiotics.

©  2019  Published  by  Elsevier  Ltd on  behalf  of  King  Saud  Bin  Abdulaziz  University  for  Health  Sciences.
This  is an open  access  article  under  the  CC BY-NC-ND  license  (http://creativecommons.org/licenses/by-
ntroduction

Infant formulas are the primary source of nutrition for many
nfants and are fed to them during a sensitive period of develop-

ent, likely inducing short- and long-term effects on infant health.
n terms of food safety, infants and children are considered as a
igh-risk group of individuals, as their immune systems may  not be

ully developed. Infants are at a high hazard of gain microbial infec-
ions caused by pathogenic antibiotic-resistant strains [1]. Thus, it

s reasonable that the safety of products used for infants should be
crutinized more than that of foods designed for adults, who have
eveloped several mechanisms to cope with nutrient inadequacies
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and excesses [2]. The fact that antimicrobial resistance presents a
significant and worldwide clinical problem attests to the success
and speed of bacteria to develop resistance to standard antibiotics
[3]. Mechanisms of antibiotic resistance in bacteria vary and include
target protection, target substitution, detoxification, and inhibition
of intracellular antibiotic accumulation [4]. Bacteria possess three
mechanisms by which DNA may  be transferred from one cell to
another, including transformation, transduction, and conjugation
[5,6]. The development of resistance to multiple antibiotics pro-
vides a particularly striking example of how bacterial strains are
able to resist different categories of standard antibiotics [7].

Not all resistant bacteria cause diseases and, therefore, in many
cases they do not harm their carriers. Under suitable conditions,
however, such bacterial can either induce the onset of a disease or

transfer the gene that provides antibiotic resistance to another bac-
terial pathogen [8]. It has been reported that the infections caused
by resistant bacteria can be fatal to infants, and globally, more than
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00.000 newborns die annually of infections caused by antibiotic-
esistant bacteria [9]. In infants, antibiotic resistance of gut bacteria
an be natural or can be acquired by genetic alterations within
he microbial genome or by horizontal transfer of resistance genes
ocated on various types of mobile DNA elements [10,11].

The U.S. Food and Drug Administration (FDA, 2018) defined
nfant formula as “a food which purports to be or is represented
or special dietary use solely as a food for infants by reason of its
imulation of human milk or its suitability as a complete or partial
ubstitute for human milk” [12].

Although many studies discuss the microbial and chemical
afety of powdered infant formula milk, there are few investiga-
ions regarding antibiotic-resistant Bacillus spp. that may  be spread
hrough this very important product. For example, an opportunistic
athogenic Enterobacter sakazakii, Pantoea (Enterobacter) agglomer-
ns, and Bacillus cereus strains have all been detected in powdered
nfant formula milk where their antibiotic resistance patterns have
een studied [13,14,15,16]. The recent investigation reported that
. sakazakii strains are the most foodborne bacteria that could be

solated from powdered infant formula throughout the world [17].
A local research group in Iraq isolated and studied the suscepti-

ility patterns of Bacillus spp. and non-Bacillus spp. obtained from
owdered infant formula (PIF) and dried infant cereals [18]. Bacillus
pp. are widely applied as food microbial supplements. In gen-
ral, scientific information concerning antibiotic-resistant Bacillus
trains is limited, and concerns regarding the ability of these strains
o transfer antibiotic resistance genes are increasing [19].

The aim of our present study was, therefore, to evaluate the
revalence of antibiotic-resistant Bacillus spp. in powdered infant
ormula milk marketed in Riyadh city, Saudi Arabia.

aterial and methods

pecimens collection

Sample collection was performed over the course of two  aca-
emic semesters (2017–2018). Infant powder milk samples were
ollected from pharmacies in Riyadh City. Ten powdered milk prod-
cts were selected from the most consumed products based on
dvice from pharmacies. All products used in the study are pro-
uced by international companies, and all samples were taken
ased on the various age ranges of children. Milk samples for three
ifferent age ranges were tested, including range 1, which was  spe-
ific to the period of birth (from the first day of birth to six months
f the child’s age), range2, which included the end of the first six
onths until the child finishes the first year, and range3 that begins

t the end of the first year until the child reaches three years of age.
All samples were coded (C1 to C10) in an effort to not identify

he companies that manufactured the products used for this study,
s this study did not obtain permission from government agencies
o publish results that included the name of these companies. The
ommercial infant formula cans were transported to the Microbi-
logy Laboratory, Department Botany and Microbiology, College of
cience, King Saud University and stored at 4 ◦C.

solation of microorganisms

For the infant formula samples, 10 g of each were dissolved into
0 mL  of sterile normal saline solution (0.89% NaCl), and then ten-
old serial dilutions were performed to obtain 10−1, 10−2, 10−3,
0−4, 10−5, and 10−6 dilutions. Of these dilutions, 1 mL  of each was

ultivated on 20 mL  of sterile nutrient agar (Oxoid, UK) prepared in

 sterile plastic petri dish, and then incubation was performed at
7 ◦C for mesophilic bacteria and 50 ◦C for thermophilic and ther-
oduric bacteria. Bacterial growth was observed daily, and every
 Public Health 13 (2020) 1462–1468 1463

individual colony formed on the surface of the nutrient medium
was picked and sub-cultivated on new medium to obtain a sin-
gle culture. To obtain pure bacterial cultures, the sub-cultivation
on the nutrient medium was performed at least three times, and
the purification then was  investigated by examining macroscopic
and microscopic characteristics. The macroscopic and microscopic
characteristics were studied using mannitol salt agar (Oxoid, UK)
and light microscopy (Motic, Taiwan). The bacterial cultures that
possessed similar macroscopic and microscopic features were con-
sidered as the same bacterial isolates. Seventy-five single bacterial
cultures purified from the previous stage were preserved in a ster-
ile skim milk medium containing glycerol solution (30%) at −80 ◦C
until needed.

Identification

All bacterial isolates were Gram-positive aerobic endospore-
forming bacteria, and for that reason, the identification was
performed using the automated Vitek 2 system (BioMerieux,
Marcy-1’Eotile, France) incorporating a Vitek BCL card that can
reliably identify Bacillus spp. [20]. The optical density of bacterial
suspensions in sterile saline solution (0.89% NaCl) was adjusted to
a McFarland score of 2 ± 0.2 using Vitek 2 DensiChek (bioMerieux).
The BCL card was  filled automatically, sealed, and incubated at 35 ◦C
for 14 h with readings every 15 min.

Antibacterial drug susceptibility tests

The susceptibility testing for B. licheniformis, B. cereus, B.
thurinigiensis, B. mycoides, B. alicyclobacillus, B. acidotesreslris, B.
acidocadasius, B. subtilis, B. amyloliguefaciens,and B. megaterium
was performed using an assay determined by the National Com-
mittee for Clinical Laboratory Standards (NCCLS) [21]. The test
was performed using standard antibiotic disks (Himedia, India)
and Mueller–Hinton medium plates (Oxoid, UK). The standard
antibiotic disks used in this work consisted of amikacin (30 �g),
gentamicin (10 �g), imipenem (10 �g), moxifloxacin (5 �g), cef-
operazone (75 �g), cefpodoxime (10 �g), ceftazidime (30 �g), and
cefepime (30 �g). The bacterial isolates were sub-cultivated at 35 ◦C
for 24 h on nutrient broth at least three times prior to the sus-
ceptibility testing. The bacterial suspension was prepared from a
single colony to obtain an optical density (O.D) of 0.65 at 670 nm
using a sterile saline solution (0.89% NaCl). Mueller-Hinton agar
was prepared according to the manufacturer’s instructions and
poured onto sterile plastic plates. Bacterial suspensions (100 �L)
were spread onto the surface of Mueller-Hinton agar, and then the
standard antibiotic disks were gently placed onto the surface of the
medium. The plates were incubated at 8 ◦C for 30 minutes and then
incubated aerobically at 35 ◦C for 18 h.The diameter of inhibition
zone was then manually measured. E. coli ATCC 25922 and Staphy-
lococcus aureus ATCC 25923 were used as controls. Susceptibility
breakpoints for the standard antibiotics used in this assay are listed
in Table 1.

Statistical analysis

The Hierarchical cluster of data recorded during the course of
this investigation were statistically analyzed using Ward‘s method
in IBM® SPSS® statistical version 25 [22].

Results and discussion
Isolation and identification

In the present study, the macroscopic and microscopic char-
acteristics of bacterial isolates indicated that all isolates obtained
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Fig. 1. Macroscopic characteristics of the bacteria isolated from pow

Table 1
Susceptibility breakpoints (mm  diameter) for the standard antibiotics used in this
study.

Antibiotic (�g/disk) Susceptible Intermediate Resistant

Amikacin (30 �g) ≥17 15 to 16 ≤14
Gentamin (10 �g) ≥15 13 to 14 ≤12
Imipenem (10 �g) ≥16 14 to 15 ≤13
Moxifloxacin (5 �g) ≥24 21 to 23 ≤20
Cefoperazone (75 �g) ≥21 16 to 20 ≤15
Cefpodoxime (10 �g) ≥21 18 to 20 ≤17
Ceftazidime (30 �g) ≥18 15 to 17 ≤14
Cefepime (30 �g) ≥18 15to 17 ≤14

*The breakpoints used for the above antibiotics were for Staphylococcus spp. accord-
ing  to zone diameters of antimicrobial agents in accordance with CLSI guidelines
2
c

f
l
n
i

011. It has been reported that breakpoints of antibiotics for Staphylococcus spp.
an  be used to test Bacillus spp (non-Bacillus anthracis) [34].
rom powdered infant formula were Bacillus spp. and Alicyclobacil-
us sp. Fig. 1 shows the bacterial isolates and their features on
utrient agar. Of the bacterial isolates obtained from powdered

nfant formula milk, 77 have been identified using automated VITEK
der infant formula on nutrient agar incubated at 35 ◦C for 24 h.

2 system. These isolates included B. subtilis, B. cereus, B. megaterium,
B. clausii, B. licheniformis, and Alicyclobacillus sp. The results indi-
cated that out of 77 bacterial isolates, 22.07% were isolated from
C6, followed by 20.77% from C2, 12.98% from C3, 11.68% from C7,
9.09% from C8 and C10, 5.19% from C5 and C9, 2.59% from C1, and
1.29% from C4 (Fig. 2).

In this study, thermophilic rod-shaped endospore forming bac-
teria have been isolated from all tested powdered infant formula
products. Standardized organization for the Cooperation Council
for the Arab States of the Gulf (GSO/FDA 1016/2014) acknowl-
edged the possibility of isolation of Bacillus spp. from powdered
infant formula. Given this, the isolation of related spore-forming
bacteria in this investigation is not surprising. The frequency of
isolation of Bacillus species from powdered infant formula varies
by product according to quality manufacturing practices. Sev-
eral studies have been performed that isolated and identified

Bacillus spp. from several infant foods, including powder milk
[23,24,25].

The vast majority of bacteria isolates (80.51%) were identified as
B. licheniformis, followed by B. subtilis (10.3%), B. cereus (5.19%), B.
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ig. 2. Percentage (%) of the bacterial isolates derived from the powder infant for-
ula marketed in Riyadh. (C1 to C10 are the products studied in this work). (N = 77).

egaterium (1.2 %), B. clausii (1.2%), and Alicayclobacillus sp. (1.2%),
ccording to the results obtained from this study.

B. lichenifromis is one of subtilis group bacteria that was identi-
ed as the major isolate in this work. B. lichenifromis is associated
ith numerous food spoilage cases and a number of food-borne

nfections. In general, B. licheniformis is one of the most common
acterial contaminants in dairy products [26,27].

The data in Table 2 indicate that B. licheniformis was isolated
rom all tested products, with the exception of product C4. Of the B.
icheniformis isolates, 24.1% were isolated from product C6, while
9.3% were isolated from product C2, 14.5% from product C7, 12.9%
rom product C3, 11.2% from product C8, 8.06% from product C10,
nd 3.2% from product C3. All isolates of B. subtilis were isolated
rom products C1, C2, C3 C6, and C10, and they were not all isolated
rom products C4, C5, C7, C8, and C9. For the B. cereus isolates, 50%
ere isolated from product C2, while no isolates were obtained

rom products C1, C3, C5, C6, C7, C8, and C10. Product C6 was the
nly source of B. megaterium and B. clausii,  and product C5 was
he only source of Alicayclobacillus sp. In this study, one isolate of
. cereus was isolated from product C4. This product was the only
ource of B. cereus,  and it completely was free of all other bacterial
solates.

The microbial biodiversity of the powdered infant formula prod-
cts was limited to few species of Bacillus and Alicayclobacillus sp.
his is due to the nature of the production processes for those prod-
cts where they are subjected to thermal treatments during spray
rying that allows only some thermophilic endospore-forming bac-
eria to survive. Isolation of mesophilic bacteria at 37 ◦C) from
he powdered infant formula milk products is indicative of post-
roduction contamination or bad manufacturing practices.

It should be noted powdered infant formula is not considered a
terile product. There are many scientific reports that confirm that
hrough the use of current industrial techniques, it is not possi-
le to remove all microbes from powdered infant formula. In some

nvestigations, certain microbes were identified in powdered infant
ormula in unopened and opened containers of powdered infant
ormula [27,28,29].

ntibiotic susceptibility pattern of bacterial isolates

In the present study, the susceptibility testing of 77 bacterial
trains of B. subtilis, B. cereus, B. megaterium, B. clausii, B. licheni-
ormis, and Alicyclobacillus isolated from powdered infant formula
as performed using eight of the standard antibiotics. The results
rranged in Table 3 indicate that 8.1%, 21%, 14.5%, and 19.4% of
. licheniformis strains were resistant to cefoperazon cefpodoxim,
eftazidime, and cefepime, respectively. Of the isolates of B. sub-
 Public Health 13 (2020) 1462–1468 1465

tilis, 12.5%were resistant to cefpodoxim and to cefepime, and 50%,
25%, and 12.5% of B. cereus isolateswere resistant to cefpodoxim,
ceftazidime, and cefepime, respectively. The only isolate of B. mega-
terium was  resistant to cefpodoxime and cefepime, and the only
isolate of B. clausii was  resistant to ceftazidime. The Alicyclobacillus
sp. Isolate was  resistant to ceftazidime and cefepime.

In general, all the bacterial isolates evaluated in the present work
were susceptible to amikacin, gentamicin, imipenem, and moxi-
floxacin, while 6.5%, 22.1 %, 5.6%, and 19.5% of the isolates were
resistant to cefoperazon, cefpodoxime, ceftazidime, and cefepime,
respectively.

Our data indicate that there are six categories of antibiotic-
resistant bacteria that can be isolated from powdered infant
formula. Specifically, the first is the cefpodoxime-resistant strains,
the second is the ceftazidime-resistant strains, the third is the
cefepime-resistant strains, the fourth is the cefoperazon-resistant
strains, the fifth is the cefpodoxim- and cefepime-resistant strains,
and the sixth is the cefpodoxim-, ceftazidime-, and cefepime-
resistant strains.

The National Committee for Clinical Laboratory Standards rec-
ommended using cefpodoxime to detect for extended-spectrum
�-lactamase (ESBL) production [30]. Given this, the present
results confirm that extended-spectrum beta-lactamase (ESBL)-
producing strains are prevalent in powdered infant formula. Of
note, �-Lactamase gene expression has been determined in some
Bacillusstrains [31], and this finding is in agreement with our
present study. Cefepime-resistant Bacillus spp. isolated in the
present study (cefepime is one of �-lactam antibiotics) have been
isolated from humans [32] and dairy products [33]. In the present
investigation, several strains that possess resistance to multi-
antibiotic treatments have been isolated, and these results are in
agreement with numerous studies that reported the occurrence
of Bacillus spp. that are resistant to multi-antibiotic treatments in
several sources, including food [34,35]. These data indicated an
incidence of Bacillus strains resistance to the third and fourth gen-
eration of cephalosporins (ceftazidime and cefepime, respectively).

Our results show that 17 of the 54 cefoperazone-susceptible
bacterial isolates were isolated from product C6, and 15 of these
isolates were identified as B. licheniformis strains. Additionally,
10 of the 54 cefoperazone- susceptible bacterial isolates were
isolated from product C2, and six of these were identified as
B. licheniformis strains. In product C3, eight isolates were iden-
tified as cefoperazone- susceptible, and seven of these were
identified as cefoperazone- susceptible B. licheniformis strains.
From all products, seven of the 77 isolates were identified as
cefoperazone-resistant bacteria, and four of these were identified
as B. licheniformis that were isolated from product C2.

With regard tocefopodoxime-susceptible bacterial strains iso-
lated from several products examined in this study, 34 bacterial
siolates were cefopodoxime-susceptible strains isolated from all
tested products; 9 of these 34 strains were isolated from prod-
uct C6, and 8 strains were isolated from product C2. In product
C6, all cefopodoxime-susceptible strains were identified as B.
licheniformis, while in product C2, six isolates were identified
as cefopodoxime-susceptible B. licheniformis strains. Additionally,
our data indicated that cefopodoxime-susceptible B. licheniformis
strains were isolated from product C7 and product C8. Of  these
Bacillus strains, 19 of 77 isolates were identified as cefopodoxime-
resistant.

Ceftazidime-susceptible isolates were identified in all tested
products, with the exception of product C4. Additionally,
ceftazidime-resistant isolates (11 out of 77 isolates) have been

isolated from all products, except products C1, C2, C7, and C9. B.
licheniformis strains accounted for 8 of the ceftazidime-resistant
isolates (11 total isolates). Cefepime-resistant bacterial isolates
were isolated from products C1, C2, C5, C6, C7, C8, and C10,
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Table  2
Total number of bacterial isolates derived from the powder infant formula products.

Bacterial
Isolates

Total no. of
isolates

(No.) % of bacterial isolates in each product

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

Bla 62 (1)
1.6%

(12)
19.3%

(8)
12.9%

(0) (2)
3.2%

(15)
24.1%

(9)
14.5%

(7)
11.2%

(3)
4.83%

(5)
8.06%

BS  8 (1)
12.5%

(2)
25%

(2)
25%

(0) (0) (1)
12.5%

(0) (0) (0) (2)
25%

BC  4 (0) (2)
50

(0) (1)
25%

(0) (0) (0) (0) (1)
25%

(0)

BM  1 (0) (0) (0) (0) (0) (1)
100%

(0) (0) (0) (0)

BI  1 (0) (0) (0) (0) (0) (1)
100%

(0) (0) (0) (0)

Al  1 (0) (0) (0) (0) (1)
100%

(0) (0) (0) (0) (0)

a B. licheniformis (BL), B. subtilis (BS), B. cereus (BC), Bacillus megaterium (BM), Bacillus clausii (BI), and Alicayclobacillus sp. (AL). C1-C10 are the products.

Table 3
Antibiotic susceptibility pattern of the different bacteria isolated from powder infant formula marketed in Riyadh.

B1(N = 62)a B2(N = 8) B3(N = 4) B4(N = 1) B5(N = 1) B6(N = 1) Total
(N = 77)

A1b S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)c

I (0%)
R (0%)

A2  S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)
I (0%)
R (0%)

A3  S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)
I (0%)
R (0%)

A4  S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)
I (0%)
R (0%)

A5  S (58.1%)
I  (33.8%)
R (8.1%)

S (87.5%)
I  (12.5%)
R (0%)

S (75%)
I  (25%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (100%)
I  (0%)
R (0%)

S (63.6%)
I (29.9%)
R (6.5%)

A6  S (51.6%)
I  (27.4%)
R(21 %)

S (62.5%)
I  (25%)
R(12.5%)

S (50%)
I  (0%)
R (50%)

S (0%)
I  (0%)
R (100%)

S (100%)
I  (0%)
R (0%)

S (0%)
I  (100%)
R (0%)

S (51.9%)
I (26%)
R (22.1)

A7  S (71%)
I  (17.7%)
R (14.5%)

S (100%)
I  (0%)
R (0%)

S (75%)
I  (0%)
R (25%)

S (100%)
I  (0%)
R (0%)

S (0%)
I  (0%)
R (100%)

S (0%)
I  (0%)
R (100%)

S (70.1%)
I (14.3%)
R (15.6%)

A8  S (61.3%)
I  (19.4%)
R(19.4%)

S (50%)
I  (37.5%)
R (12.5%)

S (75%)
I  (12.5%)
R (12.5%)

S (0%)
I  (0%)
R (100%)

S (100%)
I  (0%)
R (0%)

S (0%)
I  (0%)
R (100%)

S (57.1%)
I (23.4%)
R (19.5%)

and B6
ne, A6

a
p
c
fi
c

i
v
o
l
p
s
t
a
m
t
o
T
b
a
m

a B1=B. licheniformis, B2=B. subtilis,  B3=B. cereus,  B4=B. megaterium, B5=B. clausii, 

b A1=Amikacin, A2=Gentamicin, A3=Imipenem, A4=Moxifloxacin, A5=Cefoperazo
c S = susceptible, I = intermediate and R = resistant.

nd these strains were not isolated from any of the other tested
roducts. Our results indicate that 11 of the77 isolates were
efepime-resistant strains, and nine of these strains were identi-
ed as B. licheniformis strains. B. licheniformis accounts for 4 of the
efepime-resistant strains isolated from product C2.

In the present study, we tested a number of different powdered
nfant formula milk products, and we found that they all contained
aried amounts of Bacillus strains that were resistant to antibi-
tics. Our data confirmed the presence of antibiotic-resistant B.

icheniformis strains as the predominant bacterial strain in all tested
roducts. The importance of this work is highlighted by previous
tudies that have confirmed that the Bacillus spp. possess the ability
o transfer of antibiotic resistance genes. Several strains of Bacillus
re widely applied in food science as probiotics for humans and ani-
als. Although the use using of Bacillus strains in food is increasing,

here is limited data concerning their resistance to standard antibi-
tics and their ability to transfer antibiotic resistance genes [19,36].

here are several bacterial strains such Acinetobacter strains have
een detected in milk powder, these strains have no ability to resist
lmost standard antibiotics such as ciprofloxacin, cefepime, and
eropenem, and tobramycin [37].
= Alicayclobacillus sp.
=Cefpodoxime, A7=Ceftazidime and A8=Cefepime.

A dendrogram (Fig. 3) derived from Ward Linkage and Euclidean
Distance analyses indicates that all bacterial isolates from this study
can be grouped into 5 clusters based on their susceptibility to the
eight standard antibiotics used in this study. The isolates in the
first group were sensitive to all of the antibiotics, with the excep-
tion of ceftazidime and cefepime. In the second group, the isolates
were sensitive to all of the antibiotics, while in the third group, the
isolates were sensitive to all the antibiotics, with the exception of
cefepime. The isolates of the fourth group were sensitive to all the
antibiotics, with the exception of cefpodoxime to which theywere
resistant. In the fifth group, the isolates were sensitive to imipenem,
gentamicin, amikacin, and cefoperazone, and they were resistant to
cefpodoxime, ceftazidime, and cefepime.

Conclusions

The data derived from this study indicated that the pow-

dered infant formula marketed in Riyadh may  serve as a source
of numerous Bacillus species; 80% of the isolates were identi-
fied as B. Licheniformis. These bacteria are considered as one of
the most important contaminants in powdered infant formula.
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Fig. 3. Dendrogram of bacterial isolates with Wa

f the isolated B. licheniformis strains, 24.1% and 19.3% were
ound in products C6 and C2, respectively. All tested powdered
nfant formula products contained Bacillus spp. with variations
n the frequency of isolation. Additionally, we  concluded that
owdered infant formula may  serve as an important source of
acillus spp. resistant to mono-antibiotics and multi-antibiotics.
he antibiotic-resistant strains from powdered infant formula were
dentified as cefpodoxime-resistant strains; ceftazidime-resistant
trains; cefepime-resistant strains; cefoperazon-resistant strains;
efpodoxim and cefepime-resistant strains; and cefpodoxim,
eftazidime, and cefepime-resistant strains. Extended-spectrum
eta-lactamase (ESBL)-producing strains and Bacillus strains that

ossess the ability to resist third and fourth generations of
ephalosporins (ceftazidime and cefepime, respectively) have also
een identified. The results of this study highlight the need to
pply susceptibility testing using standard antibiotics to routine
kage and Euclidean distance using SPSS. (N = 75).

microbiological analyses of powdered infant formulas in Saudi Ara-
bia.
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