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ABSTRACT  

It has recently been recognized that some commercial infant formulae 

have, due to spoilage and pathogen microorganisms, which are detected 

risks to health, been recalled and reported in the Rapid Alert System for 

Food and Feed on notification lists. The risk of microbial contamination 

from the environment or from the addition of ingredients to cereal-based 

follow-on formulae (FOF) and powdered infant foods (PIF) products could 

occur under poor hygienic conditions. This project was designed to 

evaluate the associated risks of Cronobacter sakazakii, Salmonella, Total 

Coliform, E. coli, E. coli O157:H7, Staphylococcus aureus, Listeria 

monocytogenes, Bacillus cereus and Ochratoxin-A in PIF, FOF and rice 

flour products marketed in Turkey. Seventy-four baby formulae and 

thirteen rice flour trademarks obtained in 2018 randomly from different 

markets in Samsun, Kars, and Adana in Turkey. Salmonella, C. sakazakii, 

Coliform, S. aureus, L. monocytogenes and Bacillus cereus were analyzed 

using the ISO 6579:2002, ISO/TS 22964:2006, MPN, FDA (2001), FDA 

(1998) and FDA (2012) methods, respectively. C. sakazakii was isolated 

from 7/74 FOF products and 4/13 rice flour products, yielding 12.64% 

prevalence. Salmonella, S. aureus and L. monocytogenes were not detected 

in any of the samples. The FOF products, including cereals of different 

origins and one rice flour sample (7.69%), were found to be contaminated 

with B. cereus (6.76%) and B. subtilis (5.41%). OTA values were found to 

be above the legal limits in 4.05% (3/74) FOF products. These results 

suggest that routine quality controls and hazard and risk analysis for 

infant foods have to be much more rigorous in terms of the potential risk of 

microbiological contamination.  
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I. INTRODUCTION 

The World Health Organization (WHO) and the United 

Nations Children’s Fund (UNICEF) suggest that 

complementary foods can be started at six months [1]. 

Powdered infant foods (PIF) and cereal-based follow-on 

formulae (FOF) include many nutrients, such as proteins, 

minerals, fats, vitamins and other ingredients. Therefore, all 

over the world, mothers use infant formulae and infant 

supplements to meet the requirements for normal growth 

and development [2]. Cereal-based baby foods are an 

important component of infant nutrition. Babies and young 

children have very weak immune systems, so food safety in 

baby food is very important, and it must be evaluated for 

biological, chemical and physical contamination [3]. The 

mycotoxins could have greater health implications for 

infants due to their vulnerability [4]. Since consumption of 

OTA-contaminated baby foods could result in serious toxic 

effects, tolerable levels of OTA limits arranged carefully for 

cereals and cereal-based products [5]. 

To ensure optimum standards and prevent nutrient 

deficiencies in the products used in nutrition for infants and 

young children, the production stages and their release into 

the market have been determined according to the Codex 

Alimentarius Standard (CXS). The CXS 74-1981 Standard 

for Processed Cereal-Based Foods for Infants and Young 

Children was a re-evaluation of certain essential 

composition and quality factors, food additives, and labeling 

mailto:ivar@cu.edu.tr
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by the Codex Alimentarius on September 21, 2017 and 

October 29, 2019 [6]- [7]. In section five of CXS 074-1981, 

Rev. 1-2006, it has been stated that these products must 

comply with the microbiological criteria in the 

Establishment and Application of Microbiological Criteria 

(2073/2005/EC) [8]. which was implemented in parallel 

with European Union Commission Regulation (Law of 

Authorization: 5996, Official Gazette of Publication: 

29.12.2011-28157) 2073/2005/EC on Microbiological 

Criteria for Foodstuffs in Turkey. According to law, 

Cronobacter sakazakii, Bacillus cereus, Staphylococcus 

aureus, Salmonella spp., Listeria monocytogenes, 

Clostridium perfringes, Enterobacteriaceae and E. coli 

O157:H7 [9]. must be absent in dried infant food and 

follow-on formulae, and for infants below six months of 

age, food and food enterprises have to obey these criteria. 

Infections linked with C. sakazakii, total coliform 

bacteria, Salmonella spp., Coagulase Positive 

Staphylococcus, Esherichia coli, Bacillus spp. (B. cereus 

and B. subtilis), L. monocytogenes, and E. coli O157:H7 in 

follow-up formulas and small child supplementary foods 

have been increasing in many countries over recent decades 

[10]-[16]. 

Recalls due to bacterial contamination in baby food and 

formulae manufacturers were issued in 2017, 2018, 2019 

and 2020 in different countries by government health 

authorities [17]. Powdered infant formula recalled 

worldwide is likely due to contamination with Cronobacter 

spp. and Salmonella. The first report on deadly infection due 

to Cronobacter in dried milk and powdered formula was 

issued in December 2011 in Missouri for products 

purchased at Wal-Mart. After one baby died and another 

became seriously ill from the same bacterial infection, these 

products removed from shelves. It is also, in September 

2016, the FDA reported that one firm that produces 

powdered baby food was not found suitable in accordance 

with legal regulations, especially because the product was 

not tested for Cronobacter. In June 2016, in Michigan, 

USA, a baby less than one-month old died from meningitis 

and sepsis caused by Enterobacter sakazakii. A French firm 

in December 2017 recalled several of their baby formula 

products destined for markets including China, Greece, 

Pakistan and Peru after 26 infant cases were associated with 

Salmonella poisoning in France. In June 2018, the French 

firm withdrew the baby formula with powdered milk from 

83 countries in terms of because of Salmonella (CFIA) [17]-

[19]. The food recall in October 2019 by Canadian Foods 

Inspection Agency was reported which related to lactose 

milk-based powder infant formula contaminated with 

Cronobacter spp. 

Although many studies have reported the presence of 

foodborne pathogens in PIF products, the food safety 

problems in these products have been continued. On the 

other hand ıt was also seen that few studies are available in 

terms of the prevalence of Bacillus spp, Staphylococcus 

aureus, E coli O157, Listeria monocytogenes, and 

OchratoxinA in cereal-based infant foods [20]-[10]. The 

objective of this study was to investigate whether the levels 

of C. sakazakii, Salmonella, Coliform, E. coli O157: H7, S. 

aureus, L. monocytogenes, B. cereus and OTA were below 

the statuary limit in powdered infant formulae, and rice flour 

product. Thus, it contributes to the literature by once again 

evaluating the condition of baby food and its raw materials. 

In this research, the presence of foodborne pathogens was 

detected using classical isolation methods, and OTA 

analysis was performed using the HPLC-FLD method. 

 

II. MATERIAL AND METHODS 

A. Sample Collection  

For use as material, a total of 87 commercial samples 

were obtained in 2018 randomly from different markets in 

Samsun, Kars, and Adana in Turkey. The samples labeled 

were composed of 74 baby formulae (PIF= 23, FOF=51) 

and 13 rice flour products (DP1, DP2, DP3, MP1, MP2, 

MP3, K1, K1, K2, SP1, SP2, PM1, PP1). Information on the 

analyzed products is presented in Table 1. The codes of AP, 

GP and HB were domestic (n=45), while BG, AK and HP 

were imported (n=29) baby food products.  

 
TABLE I: THE CODES AND TYPES OF INFANT FORMULAE  

PIF FOF 

AP1-AP13 AP14-AP25 

HB1-HB6 HB7-HB18 

BG4-BG5, BG9 BG1-BG3, BG6-BG8, BG10-BG11 
GP1 GP2 

 
AK1-AK12 

HP1-HP6 

Total number of 

PIF samples= 23 

Total number of 

FOF samples= 51 

 

The samples were sealed and kept in their own packages 

in the laboratory until analysis. Aseptic conditions during 

sample collection, transportation to the laboratory and 

preparation of sample homogenate were applied. Each 

sample was examined for C. sakazakii, Salmonella, Total 

Coliform, S. aureus, L. monocytogenes, B. cereus and OTA. 

B. Isolation and Determination of Cronobacter sakazakii 

Samples were tested for the presence of Cronobacter spp. 

(previously referred to as Enterobacter sakazakii) according 

to the standard procedures described in the ISO/TS 

22964:2006 [21]. Samples of 25 g infant formulae and rice 

flour were weighed under aseptic conditions and added to 

225 mL Buffered Peptone Water (BPW) for pre-enrichment. 

At the end of 18 h of incubation at 37 oC, a 0.1 mL sample 

was taken and inoculated into the pre-enrichment medium 

(10 mL LST/Vancomycin Medium) before being incubated 

at 44 oC for 24 h. After incubation, colonies changing from 

green to blue-green and between one and three mm on the 

agar were evaluated as suspicious colonies, and these were 

then inoculated on Tryptic Soy Agar. Biochemical 

verification tests were performed on the yellow colonies 

grown in Tryptic Soy Agar. 

C. Isolation and Determination of Staphylococcus aureus 

The determination of S. aureus in baby foods was 

conducted using the method offered by the Food and Drug 

Administration [22]. A 10 g sample was homogenized with 

90 mL sterile peptone water. After the serial dilutions were 

performed, Baird-Parker agar medium was used for the 

isolation of S. aureus. For this purpose, instead of standard 

petri dishes, a 1 mL sample was put directly into 14 cm 

diameter petri dishes. A coagulase test was performed to 
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verify that the isolates that were blackish in color and 

formed a clear zone around it after 48 h of incubation at 

37oC were S. aureus. For this purpose, clear zoned black 

colonies on Baird-Parker agar medium were inoculated in 

Brain-Heart Broth medium and incubated at 37oC for 24 h, 

the coagulase test was then applied to the culture. 

D. Isolation and Determination of Salmonella spp. 

Salmonella spp. isolation was carried out with the 

classical isolation method, i.e., the ISO 6579 method [23]. 

An aseptically weighed 25 g sample was transferred into 

225 mL of buffered peptone water and then homogenized. 

The mixture was incubated at 37 °C for 16–20 h. At the end 

of the incubation period, a 0.1 mL mixture was transferred 

into 10 mL of Rappaport-Vassiliadis Broth (RVS) incubated 

at 42 °C for 7 h. 1 mL of the same culture was taken and 

transferred to tubes containing 9 mL of Selenite-Cystine 

Medium and incubated at 37 °C for 7 h [24]. One loopful of 

enrichment culture from two different mediums was 

inoculated on both Xylose Lysine Desoxycholate (XLD) 

agar and Hektoen Enteric Agar and then incubated at 37 °C 

for 24 h. Central black colonies or all-black colonies 

growing on XLD agar medium and central black colonies or 

green to bluish-green colonies growing on Hektoen Enteric 

agar medium were accepted as suspicious Salmonella 

colonies. For further identification, the suspicious colonies 

were inoculated in nutrient agar (NA) and incubated at 37°C 

for 24±2 h. Suspect colonies isolated in pure culture were 

inoculated on Triple Sugar Iron agar (TSI), Lysine Iron 

Agar and Urea Broth (UB) media for biochemical 

confirmation [25]- [26]. 

E. Isolation and Determination of Coliform and E. coli 

O157:H7  

Coliform bacteria counts were performed according to the 

most probable number (MPN) method using a Fluorocult 

Lauryl Sulfate Broth (Merck) medium [27], [28]. After 

preparing and diluting the samples, one milliliter of each 

sample was inoculated into fermentation tubes containing 

Fluorocult® Lauryl Sulfate Broth and then incubated at 

37 °C for 24-48 h. After the incubation period, tubes that 

developed turbidity and formed gas were evaluated as 

coliform bacteria. A fluorescence test with UV light and an 

indole test with Kovac’s Indol reagent were applied to these 

tubes. Fluorescence and indole positive tubes were 

evaluated as Escherichia coli Type I, while fluorescence 

negative and indole positive tubes were evaluated as E. coli 

O157: H7. The results were evaluated according to the MPN 

table [27]. In addition, confirmation of E. coli O157:H7 was 

carried out. Since E. coli O157:H7 that cannot use sorbitol 

at the end of the incubation form colorlessly in Fluorocult E. 

coli O157:H7 Agar [29] confirmation was also performed 

for E. coli O157:H7. 

F. Isolation and Determination of Listeria spp.  

Isolation of Listeria spp. in baby formulae was carried out 

according to the method recommended by the FDA [30]. 

For this purpose, 25 g sample put in Buffered Listeria 

Enrichment Broth (BLEB) medium and pre-enrichment was 

performed. It was incubated at 30 oC for 48 h. Four hours 

after the start of incubation, a selective additive (0.2 mg/ L 

acriflavine, 0.8 mg/L nalidixic acid for each tube) was 

added, and the incubation was completed in 48 h. At the 

24th and 48th h of incubation, a loopful of culture was 

streaked to the selective solid medium PALCAM Agar and 

left to incubate at 37oC for 48 h. Suspect colonies with a 

diameter of 1.5–2 mm-olive green-gray and black zones-

growing on selective solid media were evaluated [31].  After 

performing some biochemical tests (gram staining, catalase 

and oxidase) to identify suspicious colonies, they were 

inoculated on a TSA-YE (Tryptone Soy Agar-Yeast Extract) 

medium for purification. After 24 h of incubation, the 

colonies were identified on the basis of species using the 

Vitek 2 automated system. 

G. Isolation and Determination of Bacillus cereus  

B. cereus isolation from the examined food samples was 

performed using the "Bacillus cereus Isolation from Food" 

section published in section 14 of the BAM (Bacteriological 

Analytical Manual) according to January 2012 data on the 

official website of the FDA [32]. Samples (10 g) were 

placed in stomacher bags containing 90 mL of Peptone 

Water (Merck) and then homogenized. 1 mL of the 

enrichment culture was streak-plated on Mannitol Egg Yolk 

Polymyxin agar incubated at 30oC for 16 h. At the end of the 

incubation, typical pink (reddish) colonies with a 

precipitation zone were evaluated as B. cereus suspicious 

colonies and, with the other different colonies, were isolated 

and subjected to further identification tests [32]-[33]. 

 

H. Detection of Ochratoxin A (OTA)  

1) Sample Preparation 

The analysis was carried out according to the official 

AOAC (2014) [34]. method. A 25 g sample and 125 mL 

acetonitrile + water (70:30, v/v) were placed in a blender 

bowl and blended at high speed for 2 min in a Waring 

blender. The mix was filtered through Whatman No. 1 filter 

paper and the filtrate collected in a conical flask. 10 mL of 

this filtrate was diluted with approximately 40 mL PBS and 

passed through a microfiber glass filter.  

2) Affinity Chromatography 

25 mL of filtrate was passed by OchraTest 

immunoaffinity column. The column was washed twice with 

10 mL of ultra-pure water, and air was passed through to dry 

it. To get the OTA from the column to the vial, 1 mL of 

methanol+acetic acid (98:2, v/v) and 1 mL of water were 

passed through the column and injected into the HPLC-FLD 

(Agilent, USA) as 100 μL. 

3) HPLC Analysis of OTA 

HPLC-FLD was used to determine the OTA content of 

the standards and samples. The HPLC system used for this 

study consisted of a pump (1200 Series, Agilent, USA), a 

column oven (1200 Series, Agilent, USA) and a 

fluorescence detector (1200 Series, Agilent, USA). A 

reverse-phase C18 column (250 × 4.6 mm, 5 µm, Advanced 

Chromatography Technologies, Scotland) was used. The 

isocratic mobile phase was a solution of acetonitrile: ultra-

pure water: acetic acid: (48:51:1, v/v/v). Fluorescence 

detection was performed at an excitation wavelength of 333 

nm and an emission wavelength of 470 nm. 
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4) Calibration Curve 

For Ochratoxin A, the calibration curve was prepared by 

using six different working standard solutions. Six different 

concentrations of OTA—0.25, 0.50, 1, 2, 4 and 8 μg/kg—

were used in the calibration. The calibration curve was 

created to check the linearity (r2=0.999) of the pilot prior to 

analysis and used to quantify Ochratoxin A. The Limits of 

Detection (LOD) were found as 0.1 µg/kg for Ochratoxin A. 

The retention time with a 1 mL/min flow rate was 12.40 

min, and the total run time was 17 min. The spiked sample 

was injected 10 times. The total recovery of Ochratoxin A 

was 87%. 

 

III. RESULT AND DISCUSSION 

A. The prevalence of Cronobacter sakazakii  

A total of 87 powdered infant formulae (PIF) and cereal-

based follow-on formulae (FOF) with six different 

trademarks and rice flour products with seven different 

trademarks were analyzed for the presence of C. sakazakii. 

A total of five C. sakazakii isolates from 51 FOF, two 

isolates from 23 PIF and four isolates from 13 rice flour 

products were obtained. C. sakazakii colonies were 

confirmed in 7 of 51 cereal-based FOF products (AP6, AP9, 

AP14, AP20, AP22, AP24 and HB3) and in 4 of 13 rice 

flour samples (30.77%). The prevalence of C. sakazakii was 

found to be 12.64% (11 out of 87). C. sakazakii was 

detected in 51 FOF samples, six of which were domestic 

(22.22%, 6/27) and one imported (2.13%, 1/47). 

Seven isolates that had a positive reaction to indole but 

were not identified as C. sakazakii were found (Table II). 

Although there were only Escherichia coli showed indole-

positive feature among the microorganisms found in the 

competitive flora of C. sakazakii in Tryptic Soy Agar that it 

could not be evaluated as E. coli because other biochemical 

features of E. coli were incompatible. At the same time, 

these seven isolates were evaluated for other species of 

Cronobacter, and all other biochemical properties were 

found to be parallel to the biochemical properties of 

Cronobacter, except for the positive results for Indole. 

When we looked at the information in the literature, it was 

concluded that these colonies could be the species C. 

muytjensii, C. dublinensis subsp. dublinensis, or C. 

dublinensis subsp. lactaridi. 

Using the ISO/TS 22964:2006 method [21], 55% of the 

isolates obtained from 20 samples that yielded suspicious C. 

sakazakii colonies were identified as C. sakazakii and 10% 

as Enterobacter cloacae, while 35 percent of the isolates 

were thought to be Proteus mirabilis, Escherichia coli or 

Enterococcus faecalis. [35] investigated the presence of C. 

sakazakii in 160 samples, including 60 milk powder and 50 

white cheese samples, using the ISO/TS 22964:2006 

method. They found C. sakazakii in 5% of milk powders 

and in 3% of white cheeses. [20] found C. sakazakii in two 

of the infant milk powders and five of the dry infant 

formulas in their study in which they investigated 82 infant 

milk powders and 49 dry infant formulas using the Druggan-

Forsythe-Iversen agar (DFI agar) developed by them. 

In our study, it was found that the PIF and FOF samples 

(9.46%, 7/74) were contaminated with C. sakazakii. Similar 

to our data, reports by some researchers [36]-[37]-[38] 

found a contamination risk of E. cloacea, E. agglomerans, 

C. sakazakii and C. muytjensii isolates in baby foods. 

Interestingly, the prevalence of C. sakazakii was highest in 

cereal-based (mostly rice flour, 4/7) FOF products. Infants, 

who are more susceptible to infections caused by C. 

sakazakii than adults, are in a high risk group. These results 

once again demonstrate that cereal-based infant formulae are 

not adequately safe as food. Therefore, it has been seen that 

there is still a need to advance the food safety level of infant 

formulae products. 

The test for Cronobacter spp., which threatens the health 

of the infant and young child age group, is mandatory for all 

countries to provide a protective effect against danger. 

Moreover, when it comes to infant formulas, it is believed 

that the same food safety standards must be followed for all 

countries. It is known that infants (up to 12 months, 

especially the first two months) and advanced age groups 

(up to two years of age) are significantly affected by 

Cronobacter infection, and severe symptoms, such as 

Cronobacter-related meningitis and high fever, have been 

observed. According to the Codex Alimantarius 

(EC/2072/2005) [8], legal limitations exist on C. sakazakii 

for infant and follow-up formulas only. However, our 

research findings showed that the prevalence of C. sakazakii 

for FOF was 13.72% and for PIF products was 8.69% in 

grain-based processed supplementary foods. Therefore, it 

can be argued that the search for C. sakazakii should be a 

criteria of food safety not only in follow-up formulas but 

also in complementary foods. 
 

 

TABLE II: BIOCHEMICAL PROPERTIES OF MICROORGANISMS FOUND IN THE COMPETITIVE FLORA OF  

C. SAKAZAKII THAT CAN GROW ON TRYPTIC SOY AGAR 
 Gram (+/-) Indole MR VP Citrat. Catalase Oxidase Flagella 

E.cloacea - - - + + + - + 
P.mirabilis - - -   + - + 

E. coli - + + - - + - + 

E. faecalis + - - + - - - - 

 

B. The prevalence of S. aureus, Salmonella spp. and L. 

monocytogenes 

S. aureus, Salmonella spp. and L. monocytogenes are the 

most common foodborne pathogenic bacteria worldwide.  

Since the contamination of other foodborne pathogens in 

infant formulae has been studied less than C. sakazakii [21]. 

There is little information on whether infant formulae can be 

a source of S. aureus, Salmonella spp. and L. 

monocytogenes infection in infants [40]-[42], [10]. 

Consequently, the possibility of S. aureus, Salmonella 

spp. and L. monocytogenes contamination in PIF and FOF 

products was evaluated in this study. It is gratifying that not 

all cereal-based follow-on formulae, potent infant formulae 

and rice flour samples were found to be contaminated by 

these food-borne pathogens. PIF products could be 
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contaminated with various bacteria, including certain 

pathogens, under insufficient hygienic conditions. S. aureus, 

a significant cause of foodborne disease, is commonly 

isolated in foods of animal origin [40], [12]. Neonatal 

infections by coagulase-negative staphylococci and S. 

aureus have been reported by [43], the FAO and WHO [44], 

[40], and [10]. Staphylococci produce enterotoxins, which 

are a common cause of bacterial food poisoning. The 

presence of S. aureus strains in infant foods leads to 

microbiological hazards to infant health.  

Although foodborne Listeriosis, caused by the bacterium 

L. monocytogenes in category C (less likely for infant 

foods), has not been identified in PIF products, it should be 

taken into account, and Codex limits should be considered 

Food Safety Criteria [8], [44]. The meeting of the 37th 

Session of the Codex Committee on Food Hygiene 

concluded that the risk of E. sakazakii and Salmonella in 

PIF products could be eliminated with a food safety 

management system [40]. Good hygiene practices have vital 

importance in effective food safety management, as does 

monitoring all food safety hazards. Contamination and/or re-

contamination in the food production lines for infants and 

young children could perpetuate fatal infections [20], [45], 

[46]. EC Regulation 2073/2005/EC for PIF products has 

been applied in Turkey. Bacillus cereus, C. sakazakii, 

Salmonella and L. monocytogenes for infant formulae and 

follow-on formulae (including dietary foodstuffs for special 

medical purposes) and B. cereus, Enterobacteriaceae, 

Salmonella and L. monocytogenes in food supplements for 

infants and children (including dietary foodstuffs for special 

medical purposes) are accepted as Food Safety Criteria by 

Commission Regulation (EC) No 2073/2005 [8]. These 

results highlight that the risk of contamination by the other 

most common foodborne pathogens should be taken into 

account in international legal microbiological criteria.  

C. The Prevalence of Coliform and E.coli O157:H7  

The presence of coliform bacteria in the samples which 

were absent of fecal coliforms suggests that in rice flour 

production conditions was available that it is mostly plant-

derived coliform. That show ıt may mean that there was a 

problem with good hygiene practices and cross-

contamination in the rice flour mill [47]-[49]. 

 
TABLE III: PREVALENCE OF COLIFORMS IN FOF AND RICE FLOUR 

PRODUCTS (N=87) 

Sample type 
Code of the 

sample 

Coliform 

(MPN/g) 

Cereal-based follow-on 

formulae 
 (FOF) 

AP20 210 

AP21 230 
AP22 240 

Rice flour 

K1 9.2 

KP1 28 
MP1 >1100 

 

There have been many reports about the presence of the 

Enterobacteriaceae family in PIF and FOF products up to 

now [15], [20], [41], [50]-[55]. Thus, further official food 

controls on infant food manufacturers may be needed in 

terms of food safety criteria. In addition, it should be 

ensured that good manufacturing practice principles and risk 

assessments are carried out throughout the production stages 

in factories [56]. 

If milk powder and cereal-based ingredients, which are 

widely used in infant formulae formulation components, are 

of low microbiological quality and obtained under 

insufficient hygienic conditions, the final product will 

certainly become contaminated. Moreover, foodborne 

pathogen contamination of infant foods can occur during 

production or mixing preparation [57], [55]. Because babies 

and children are extremely susceptible to epidemic diseases, 

the presence of intestinal bacteria in the foods they consume 

can lead to serious health problems [2]. Therefore, food 

managers must obey food laws specifying the general 

principles and requirements of food safety. Although it is 

stated on the label information that production is made in 

accordance with Food Safety Management Systems, it has 

been seen that the data obtained in this study contradict the 

microbiological quality of both imported and domestic 

commercial baby and small child supplementary foods. 

Therefore, these enterprises need to be more strictly 

controlled. Furthermore, the number of microbiological 

analyses undertaken on baby foods and small children’s 

supplementary food products within the first year should be 

increased by the relevant authorities. 

D. The Prevalence of Bacillus spp. 

Two important pathogens that form spores and show 

resistance to the heat process are B. cereus and B. subtilis 

were observed some of the studied samples. Although they 

were not detected in a total of 23 PIF products, in 7 out of 

51 FOF (13.73%) and 1 out of 13 rice flour samples 

(7.69%), they were found to be positive (Table IV). 

 
TABLE IV: THE PREVALENCE OF B. CEREUS AND B. SUBTILIS IN FOF AND 

RICE FLOUR SAMPLES (N=87) 

Sample type 
Code of  

the sample 

B. cereus  B. subtilis 

Cereal-based 

follow-on 

formulae 
 (FOF) 

HB1 + - 

HB6 + - 

HB12 - + 
HB13 + + 

HB14 + + 

HB16 + - 
HP4 + + 

Rice flour SP2 - + 

 

Similarly, a study on the microbiological quality of baby 

food by [58] found that 36 samples from different brands 

were contaminated with Bacillus cereus. A researcher [59] 

reported that 3.3% of the samples they tested were 

contaminated with B. cereus, while another [50] found that 

over 64.3% of the tested samples contained high counts of 

Bacillus spp. (2 log10 CFU/g). A study [61] reported that 

Bacillus cereus was isolated from baby food in only two 

(1.25%) of 160 samples, and the number of Bacillus cereus 

was between 2x101 and 4x101 cfu/g. The prevalence of B. 

cereus in our study (9.19%) was found higher than in [59] 

and [61] but lower than in [60]. 

E. The Detection of Ochratoxin-A (OTA) 

OTA, which causes endemic nephropathy and is 

classified as a possible human carcinogen (Group 2B), was 

also investigated in this study. The maximum level of OTA 

in infant formulae and follow-on formulae was 0.5 μg/kg 

according to European Commission No. 1881/2006, which 

set maximum levels for certain contaminants in foodstuffs 

[62], [63]. 
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OTA contamination was detected in five cereal-based 

follow-on formulae (9.8%), and the OTA levels in three of 

these samples exceeded the permission level. Three of the 

samples in both domestic and imported brands had levels of 

mycotoxin (5.48, 0.82 and 0.75 µg g-1) above the maximum 

level for certain contaminants in infant formulae and follow-

on formulae currant products (Table 5). The frequency 

distribution of OTA was detected as 5.75% (5/87). Although 

there was no detection of OTA in PIF and rice flour 

products, the results yield very important ideas about the 

prevalence of OTA contamination in FOF product samples 

studied in this research in Turkey. 

 
TABLE V: OCCURRENCE OF OCHRATOXIN-A IN CEREAL-BASED FOLLOW-

ON FORMULAE 

Sample 
Ochratoxin A, µg/ kg 

Mean ±SD 

AP1, rice-based, (domestic) 0.35±0.01 

AP25, rice-based and banana, (domestic) 0.82±0.05 

AP16, milk with mixed vegetables, 
(domestic) 

0.46±0.01 

AK9, milk + cereal-based with currant, 

(imported) 
5.48±0.01 

AK11, milk + fruit, (imported) 0.75±0.02 

 

Reports by [64], [65] and [66] on mycotoxins in cereal-

based infant foods show very low OTA concentrations 

found in these foods relative to our results. Cereal grains can 

be infected by mycotoxigenic fungi pre-harvest or post-

harvest [67]. The occurrence of mycotoxins in grains means 

that the toxicological hazard could come out in the last 

product [68]. Therefore, it is important to ensure food 

safety. Mycotoxins have attracted worldwide attention due 

to their capability of causing serious problems to human 

health, and cancer effects. The agents evaluated by the 

IARC Monographs programmer are classified into five 

groups (Group 1, 2A, 2B, 3 and 4) defined by the existing 

scientific evidence for their carcinogenicity. OTA is 

classified as a possible human carcinogen (Group 2B) by the 

International Agency for Research on Cancer (IARC) due to 

its nephrotoxic, immunotoxic, genotoxic and teratogenic 

effects [69]. According to the preparation instructions on the 

FOF sample labels, a baby takes in 25 g of formulae per 

portion. If a 6-month-old child with a body weight of 7.5 kg 

and infant formulae with the highest quantity of ochratoxin 

A found weekly (5.48 µg/kg) were considered, the 

maximum portion intake would be 0.966 µg OTA per body 

weight (kg). The provisional tolerable weekly intake 

(PTWI) is 0.1 µg/kg body weight for ochratoxin-A [70]. The 

total daily mycotoxin intake could be an important risk 

factor for infants and young children [66], [42].  

In this study, OTA was found in three of the samples, and 

both domestic and imported brands had levels of mycotoxin 

(5.48, 0.82 and 0.75 µg g-1) above the maximum level for 

certain contaminants in infant formulae and follow-on 

formulae currant products (Table V). The occurrence of 

OTA in cereals and cereal-based foods has been reported in 

different countries at different concentrations. OTA content 

due to fungal spoilage of organisms, especially during the 

postharvest process in cereal-based products, could exceed 

the permitted European levels [71]. Cereal-based infant 

products are potential sources of mycotoxins. It has been 

observed that there is a limited amount of literature on 

mycotoxins in rice and the other cereal-based infant and 

follow-on formulae products. A few searches for the 

presence of mycotoxins such as deoxinivalenol, zearalenone 

and OTA in cereal-based infant formulations have been 

reported [65], [66], [20], [5]. If the rice used in the 

production of infant food is exposed to OTA contamination, 

it is likely to be present in the final product [68]. Moreover, 

it is necessary to ensure that microbiological evaluations 

comply with the legislation not only in the final product but 

also in the components included in the formulation. If food 

safety risk could be detected from the beginning of 

production to the end of the distribution stage, imported and 

exported infant foods could have fewer potential health 

risks.  

 

IV. CONCLUSIONS 

The prevalence of pathogenic contamination (C. 

sakazakii, coliform, which is a member of the 

Enterobacteriaceae family, Bacillus cereus and B. substilis) 

and the detection of OTA in milk-based and cereal-based 

infant food and rice flour was found at considerable levels. 

The results showed that powdered infant formulae, 

especially cereal-based ones, need more frequent formal 

food control. It is necessary that new microbiological 

criteria, such as mycotoxigenic fungi, yeast and mold, B 

subtilis, etc. should be taken into account for food safety, 

while process hygiene criteria should be implemented for 

infant and follow-on formula.  

In cereal-based formulations used in the nutrition of 

infants and young children, the microbial status of raw 

cereal materials (such as wheat, rice and corn) as well as 

milk, fruits and vegetables changes the microbiological 

quality of the final product [66]-[72]. Since honey may 

contain C. botulinum spores that cause infant botulism, it is 

recommended not to be given to infants up to 12 months of 

age [73]. In some imported/domestic additional foods sold 

commercially on the market, honey could be included as an 

ingredient. In this study, it was seen that 8.11% (6/74) of the 

products examined contained honey in their composition. 

According to international/national legislation, there are no 

criteria regarding the risk of C. botulinum among the 

microbiological criteria of processed grain/non-processed 

cereal-based complementary foods in infants (up to 12 

months) and young children (12–36 months). Not only food 

business operators are required to ensure that infant foods 

meet the relevant microbiological criteria, but it should also 

be mandatory for all countries to use globally applicable 

legal limits for these imported and exported product groups. 

It has been shown that calling for the revision of legal 

criteria and limits in terms of food pathogens in cereal-based 

baby foods and supplementary foods for young children is 

mandatory in terms of protecting the health of infants and 

young children.  
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