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 Abstract  
Weaning has been described as a period of vulnerability for the child to infection due to a high risk of 
exposure to food-borne pathogens. The aim of this study was to determine the proximate composition 
and the prevalence of Enterobacteriaceae in locally processed soyabean infant food supplements sold in 
Benin City, Edo State, Nigeria. One hundred and eighty samples were obtained, sorted based on 
formulation and assessed for evidence of product registration. The physicochemical and proximate 
characteristics of each sample was determined using standard methods. Routine bacteriological methods 
were employed for the enumeration and isolation of bacteria and isolates were identified using culture-
based as well as molecular techniques. Most, (70%) of the products evaluated were unbranded, while 
30% were branded. Total bacterial counts ranged from 5.38 ± 1.53 to 6.21 ± 0.42 log10 cfu/g (p>0.05), 
while, Enterobacteriaceae counts were 3.05 ± 0.94 to 3.68 ± 0.37 log10 cfu/g. The pH and total titratable 
acidity values ranged from 6.42 ± 0.20 to 6.72 ± 0.05 and 0.13 ± 0.01 to 0.24 ± 0.06 g/l respectively. 
The proximate composition of the samples, were in the range of 1.33 ± 0.50 to 4.71 ± 1.20% (moisture); 
19.92 ± 12.90 to 45.61 ± 10.20% (crude protein); 24.19 ± 17.44 to 49.70 ± 5.16% (carbohydrate); 12.67 
± 9.07 to 29.08 ± 11.20% (lipid); 2.14 ± 0.05 to 5.91 ± 2.30% (crude fibre) and 1.82 ± 1.14 to 6.38 ± 
0.10% (ash). Enterobacteriaceae isolates identified in this study, were Enterobactercloacae (10.0%), 
Proteus mirabilis (10.0%), Enterobacter hormaechei (6.67%), Salmonellaenterica (20.0%), Klebsiella 
pneumoniae (23.33%), Klebsiellaoxytoca (10.0%), Klebsiella aerogenes (13.33%), Raoultella 
ornithinolytica (3.33%) and Cronobacter sakazakii (3.33%).Although the products were of good 
nutritional quality, the prevalence of Enterobacteriaceae reported, further underscores the health 
hazards posed by these supplements especially to vulnerable infants.  
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INTRODUCTION 
The microbiological safety of infant foods is crucial as infants possess an underdeveloped 
immune system and lack a competitive gut flora (Townsend and Forsythe, 2008). Upon 
introduction of solid meals, during the weaning stage, infants may be exposed to a high risk 
of infection with food-borne pathogens. Historically, cereal-based supplementary foods have 
been the primary source of nutrients for children in Africa. Widely utilised cereals include 
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sorghum, maize, and millet (Tizazu et al., 2010). However, processing methods employed in 
making cereal gruels, have led to significant nutrient losses, including proteins, niacin, and 
tryptophan, which are essential for the child's growth (Kumari et al., 2017). Hence the use of 
dry milling during processing is considered to be more hygienic and helps to retain nutrients 
(Igah,2008). 
 
In recent years, there has been a rise in the frequency of incidents involving outbreaks caused 
by the presence of food-borne pathogens in low water activity (aw) foods. This indicates that 
while microbes may not multiply in these foods, they can remain present for long periods of 
time (Beuchat et al., 2013). Enterobacteriaceae, including Citrobacter freundii, Citrobacter koseri, 
Salmonella enteritidis, Escherichia coli, Cronobacter sakazakii, and Klebsiella oxytoca have been 
reported to persist in dry foods. Enterobacteriaceae are opportunistic pathogens, capable of 
producing illnesses in conditions favourable to their proliferation (Barron and Forsythe, 2007). 
Optimal growth and development of infants rely on receiving sufficient nourishment during 
infancy. Traditional weaning foods have been found to be of low nutritional quality, resulting 
in malnutrition which heightens vulnerability to infectious diseases. The recommended 
protein intake for supplemental foods is 15g per 100g, while the fat content should be 21% of 
the total calories. An inequity in the distribution of calories from various nutrients might 
impact the overall nutritional value of the diet (Lutter, 2000). The enhancement of traditional 
weaning foods has been achieved through the incorporation of locally sourced ingredients. 
Cost-effective protein sources such as sesame seeds, pigeon peas, soybeans, and cowpea 
supplemented products can be utilized to address the issue of undernourishment and 
malnutrition in children (Ijarotimi and Aroge, 2005). 
 
The aim of this study was to determine the proximate composition and the prevalence of 
Enterobacteriaceae in locally processed soyabean infant food supplements sold in Benin City, 
Edo State, Nigeria. 
 
MATERIALS AND METHODS 
Collection and formulation of food samples  
A total of one hundred and eighty (180) samples of plain and fortified soybean infant food 
powders were obtained from local retail stores and open markets in Benin metropolis for this 
study. The samples were sorted based on formulation as follows;Soyabean only (SO), 
Soyabean/fish/groundnut (SFG), Soyabean/tigernut/groundnut (STG), and 
Soyabean/mixed fruits (SMF). All sampled products were evaluated for their physical 
attributes, including packing quality, packaging details (product name, manufacturing and 
expiration dates) and proof of product registration (verified NAFDAC registration). Control 
samples were formulated using groundnut, crayfish, sesame and soyabean seeds, according 
to the method described by Omale (2019). The formulated blends were transferred intosterile 
containers and stored at 28 ± 2℃ till further analyses. 
 
Microbiological analyses 
The culture media utilized in this study comprised of Nutrient agar (NA), Violet red bile 
glucose agar (VRBGA), Sorbitol-MacConkey agar (SMAC), Salmonella-Shigella agar (SSA) and 
Tryptic-soy agar (TSA). All media were prepared according to manufacturer’s instructions. 
 
Enumeration and isolation of bacteria 
The procedure followed was in accordance with the method described by Druggan and 
Iversen, (2009) for the isolation of Cronobacter spp. and other Enterobacteriaceae from dry 
foods. Twenty-five (25) grams of each sample was aseptically combined with 225ml of 
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buffered peptone water (BPW). After10 minutes, 1mL portion of the homogenate was diluted 
with distilled water in a sequential manner. A volume of 0.1 mL was then plated on Nutrient 
agar (NA) platesand incubated at 37ºC for 24 hours. The remaining mixture of BPW and 
sample was also incubated at 37ºC for14-16 hours, serving as a pre-enrichment phase. 
Thereafter, 10ml of pre-enriched samples were combined with 90 ml of Enterobacteriaceae 
enrichment (EE) broth and incubated at 37ºC for18 to 24 hours. An aliquot (0.1ml) of the broth 
culture was introduced into Violet Red Bile Glucose Agar (VRBGA) plates for the enumeration 
of total Enterobacteriaceae. Furthermore, 0.1ml from the broth culture was introduced onto 
Sorbitol MacConkey agar (SMAC) and Salmonella and Shigella agar (SSA). The plates were 
placed in an incubator set at a temperature of 37ºC for a duration of 24 hours. Red colonies 
observed on VRBGA plates were streaked onto Tryptic Soy Agar (TSA) and then incubated at 
25ºC for a period of 24 to 72 hours. Positive growth of Cronobacter spp. was indicated by the 
presence of yellow colonies on TSA plates. Afterwards, separate colonies were purified and 
kept at a temperature of 4ºC for additional analyses (Iversen and Forsythe, 2004; Chap et al., 
2009). 
 
Identification of bacterial isolates 
Pure cultures of isolates were subjected to Gram-staining and oxidase reaction assays as 
described by Cappuccino and Welsh (2020). The genomic DNA of isolates was extracted using 
the CTAB (cetyl trimethyl ammonium bromide) method, which involves lysis with 10% CTAB 
solution, DNA precipitation with isopropanol (1:0.6) and washing with 70% ethanol. The PCR 
amplification of the 16S rRNA and gluA genes of isolates was performed according to the 
protocol described by Nakano et al. (2003) and Lehner et al. (2006), using specific PCR primers. 
The Enterobacteriaceae-specific primer set ENTF 
(5’GTTGTAAAGCACTTTGAGTGGTGAGGAAGG-3’) and ENTR 
(5’GCCTCAAGGGCACAACCTCCAAG-3’) were used for amplifying the 16S rRNA gene, 
while the Cronobacter species-specific primer pair EsAGf (5’-
TGAAAGCAATCGACAAGAAG-3’) and EsAGr (5’-ACTCATTACCCCTCCTGATG-3’) were 
used for amplifying the gluA gene. The resulting amplicon sizes were 425bp and 952bp, 
respectively. Thereafter, the amplified fragments were purified and sequenced using a 
Genetic Analyzer 3130xl sequencer from Applied Biosystems. The cycle sequencing kit for Big 
Dye terminators v3.1 was utilized. Sequence editing and cluster alignment were done with 
the Bio Edit program; genetic analysis was done with MEGA 6. 
 
Determination of physicochemical parameters 
The pH of samples was determined with the aid of a pH meter. Ten (10) grams of sample was 
homogenized in 50ml distilled water. The pH meter was standardized with a buffer solution 
of pH 7 and then placed in the sample mixture. While the total titratable acidity (tta) was 
determined by adding 10g of sample in 90ml of sterile distilled water. Ten (10) ml of the 
mixture was titrated against 0.1M sodium hydroxide using 3 drops of phenolphthalein 
indicator. Percentage titrated acidity was determined by calculation (Aboagye-Nuamah et al., 
2018). 
 
Determination of Proximate Composition of Samples 
The proximate composition of each sample, which include; crude protein, lipid, crude fibre, 
ash, carbohydrate and moisture content was assessed using the methods of the Association of 
Analytical Chemists' (AOAC) (2016). 
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Statistical Analysis 
Both the bacteriological counts and the proximate values were analyzed using Microsoft 
Excel,2013. The measured data were subjected to one way analysis of variance at 95% 
probability level using SPSS version 26. Separation of the grouped mean values was achieved 
using a post hoc test; Duncan’s multiple range test at 0.05 level of confidence. 
 
RESULTS AND DISCUSSION 
The physical assessment of the sampled products revealed that only 30% (54/180) had verified 
NAFDAC registration numbers (branded), while 70% (126/180) of the products either lacked 
or had unverified product registration numbers(unbranded). It was also observed that 50% of 
the products had proper packaging details (product name, manufacturing/ expiration dates). 
While, 50% lacked proper packaging information. The results of the total heterotrophic 
bacterial counts are presented in table 1. The lowest mean bacterial count was recorded in the 
control sample (5.38 ± 1.53 log10 cfu/g), while the highest count was recorded in the STG 
samples (6.21 ± 0.42 log10 cfu/g). There were significant differences in bacterial cell counts 
between the STG group and the other sample groups (p< 0.05). 
 
The total Enterobacteriaceae counts ranged from 3.05 ± 0.94 (SMF) to 3.68 ± 0.37 log10 cfu/g 
(SO). However, no total Enterobacteriaceae counts were observed in the control samples. 
There were no significant differences in Enterobacteriaceae counts among the different 
groups, based on formulation (p>0.05). The control sample group recorded the lowest mean 
pH value of 6.42 ± 0.20 while the plain soyabean (SO) sample group had the highest mean pH 
of 6.66 ± 0.04. The total titratable acidity (TTA) of the samples ranged from 0.13 ± 0.01 (STG 
and SMF groups) to 0.24 ± 0.05g/l (SO) as shown in table 1.  
 
Enterobacteriaceae isolates identified in this study were Proteus mirabilis, Enterobacter cloacae, 
Enterobacter hormaechei, Salmonella enterica, Klebsiella oxytoca, Klebsiella pneumoniae, Raoutella 
ornithinolytica, Klebsiella aerogenes, and Cronobacter sakazakii (Table 2). The frequency of 
occurrence revealed that Cronobacter sakazakii and Raoutella ornithinolytica were the least 
occurring isolates (3.33%), while Klebsiella pneumoniae was the most occurring isolate (23.33%) 
as shown in Table 3. Results of the prevalence studies of Enterobacteriaceae isolates in the 
locally processed infant food supplement based on brands are presented in Fig 1. The least 
occurring isolates in the branded product samples were Raoutella ornithinolytica and Proteus 
mirabilis (5.88%), while the most occurring were Klebsiella pneumoniae and Klebsiella aerogenes. 
In the unbranded products, the least occurring isolate was Cronobacter sakazakii (2.38%) and 
the most occurring isolate was Klebsiella pneumonia (28.57%). However, it was observed that 
Enterobacter hormaechei and Cronobacter sakazakii were not present in the branded samples.The 
proximate composition analysis of the samples showed that the crude protein content varied 
from 19.19 ± 12.90% (SFG) to 45.61 ± 10.20% (SMF), while the carbohydrate, lipid and crude 
fibre contents varied from 24.19 ± 17.44% (control) to 49.70 ± 5.16% (SFG); 12.67 ± 9.07% (SMF) 
to 29.08 ± 11.20% (control) and 2.24 ± 0.00% (SMF) to 5.91 ± 2.30% (control) 
respectively.Whereas the ash and moisture contents varied between 1.82 ± 1.14% (STG) to 6.38 
± 0.10% (control) and 1.33 ± 0.50 (STG) to 4.71 ± 1.20 (control) respectively. However, there 
were no notable variations in the carbohydrate, lipid, crude fibre, and ash levels across the 
sample groups, except for moisture and crude protein as indicated in Table 3. 
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Table 1: Total bacterial counts and Physicochemical parameters of locally processed 
soybean infant food supplements 

Constituent/Formulation THBC (log10cfu/g) TEBC(log10cfu/g) pH TTA (g/l) 

Soyabean+Fish+Groundnut 5.90 ± 0.54 3.46 ± 0.71 6.58±0.13 0.17±0.06 

Soyabean+Tigernut+Groundnut *6.21± 0.42 3.19 ± 0.80 6.55±0.11 0.13±0.01 

Soyabean+Mixed fruits 6.04 ± 0.42 3.05 ± 0.94 6.59±0.15 0.13±0.01 

Soyabean only(plain) 5.42 ± 0.38 3.68 ± 0.37 6.66±0.04 *0.24±0.05 

Control 5.38 ± 1.53 0.00 ± 0.00 6.42±0.20 0.21±0.06 

THBC= total heterotrophic bacterial counts; TEBC= total Enterobacteriaceae counts; TTA= total titratable acidity.  
*= indicates samples with significant difference (p<0.05) 

 

Plate1: Agarose gel electrophoresis of 16srRNA gene(1500bp) 
 .

 
Plate 2: Agarose gel electrophoresis of PCR products using Cronobacter species specific primer set (ESAG) 
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Table 2: Enterobacteriaceae isolates obtained from locally processed soybean infant food 
supplements 

Sample 
ID 

Scientific Name Max 
Score 

Total 
Score 

Query 
Cover 

E 
value 

Per. Ident Accession 

AI2 Enterobacter cloacae 2634 2634 99% 0 99.93% PP515582 
AI3 Enterobacter hormaechei 2630 2630 99% 0 99.79% PP515583 
AI8 Enterobacter hormaechei 2619 2619 99% 0 99.72% PP515584 
AI1 Proteus mirabilis 2623 2623 99% 0 99.79% PP515585 
BI2 Salmonella enterica subsp. enterica 

serovar Typhimurium 
2636 18138 99% 0 99.93% 

PP515586 
BI4 Klebsiella quasipneumoniae subsp. 

Similipneumoniae 
2652 2652 99% 0 100.00% 

PP515587 
BI6 Proteus mirabilis 2636 2636 100% 0 99.86% PP515588 
CI3 Klebsiella aerogenes 2617 2617 100% 0 99.72% PP515589 
CI4 Klebsiella oxytoca 2590 20576 99% 0 99.79% PP515590 
CI7 Klebsiella pneumoniae 2630 2630 99% 0 99.86% PP515591 
DI2 Salmonella enterica 2632 2632 99% 0 99.93% PP515592 
DI4 Klebsiella pneumoniae 2630 2630 99% 0 99.86% PP515593 
DI5 Salmonella enterica 2632 2632 99% 0 99.93% PP515594 
DI7 Klebsiella pneumoniae 2625 2625 100% 0 99.79% PP515595 
EI1 Salmonella enterica subsp. enterica 

serovar Typhimurium 
2641 18177 99% 0 99.93% 

PP515596 
EI4 Klebsiella pneumoniae 2627 2627 99% 0 99.79% PP515597 
EI5 Salmonella enterica subsp. enterica 

serovar Typhimurium 
2632 18112 99% 0 99.86% 

PP515598 
EI7 Proteus mirabilis 2551 2551 99% 0 99.86% PP515599 
FI5 Salmonella enterica subsp. enterica 

serovar Typhimurium 
2638 18151 99% 0 99.86% 

PP515600 
FI6 Enterobacter cloacae 2621 2621 99% 0 99.65% PP515601 
FI8 Klebsiella aerogenes 2617 2617 100% 0 99.65% PP515602 
GI1 Raoultella ornithinolytica 2621 2621 99% 0 99.86% PP515603 
GI4 Klebsiella aerogenes 2621 2621 100% 0 99.72% PP515604 
GI5 Klebsiella aerogenes 2625 2625 99% 0 99.86% PP515605 
HI4 Klebsiella oxytoca 2606 20709 100% 0 100.00% PP515606 
HI6 Enterobacter cloacae 2649 2649 100% 0 100.00% PP515607 
II5 Klebsiella pneumoniae 2645 2645 100% 0 100.00% PP515608 
II6 Klebsiella oxytoca 2599 20650 99% 0 100.00% PP515609 
II7 Klebsiella pneumoniae 2645 2645 100% 0 100.00% PP515610 
JI2 Cronobacter sakazakii 2647 18448 100% 0 100.00% PP515611 

 
Table 3: Frequency of Occurrence of Enterobacteriaceae Isolates 

Organism Frequency of occurrence (%) 

Proteus mirabilis 10.0 
Enterobacter cloacae 10.0 
Enterobacter hormaechei 6.67 
Salmonella enterica 20.0 
Klebsiella oxytoca 10.0 
Klebsiella pneumoniae 23.33 
Raoutella ornithinolytica 3.33 
Klebsiella aerogenes 13.33 
Cronobacter sakazakii 3.33 
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Table 4: Proximate Composition of Locally Processed Soybean Infant Food Supplements 
based on Formulation (%) 

Proximate 
composition 

SFG STG SMF SO Control 

Moisture content 2.33 ± 1.10a 1.33 ± 0.50a 1.67 ± 1.10a 3.33 ± 2.00a 4.71 ± 1.20b 

Lipid 22.33 ± 7.23a 19.11 ± 5.17a 12.67 ± 9.07a 22.11 ± 1.07a 29.08 ± 11.20a 

Carbohydrate 49.70 ± 5.16a 30.75 ± 18.61a 29.04 ± 16.44a 40.09 ± 9.35a 24.19 ± 17.44a 

Crude protein 19.92 ± 12.90a 44.71 ± 11.90b 45.61 ± 10.20b 28.48 ± 6.74a 29.73 ± 4.91a 

Crude Fibre 3.05 ± 0.60a 2.28 ± 0.00a 2.24 ± 0.00a 2.32 ± 0.30a 5.91 ± 2.30a 

Ash content 2.67 ± 1.30a 1.82 ± 1.10a 2.45 ± 1.10a 3.77 ± 1.10a 6.38 ± 0.10a 

*Different superscript shows that values are significantly different from each other, while similar alphabets show 
values are not significantly different. SFG= Soyabean + Fish+Groundnut; STG= Soyabean + Tigernut+ 
Groundnut;SMF= Soyabean + Mixed fruits;SO= Soyabean only and Control= Soyabean prepared in the Lab 

 
DISCUSSION 
It was observed that the experimental samples had significantly higher heterotrophic bacterial 
counts, compared to the control samples. The samples supplemented with tigernut and mixed 
fruits exhibited notably higher numbers. Furthermore, all samples recorded total bacterial 
counts exceeding the maximum limit of 104 cfu/g established by the Codex Alimentarius 
commission for dried and infant foods (Buchanan and Oni,2012). The elevated aerobic plate 
counts reported, suggest that there were inadequate sanitary procedures used during the 
processing and packing of these products. Microorganisms can contaminate processed food 
products either through environmental exposure or by the inclusion of ingredients during 
formulation (Shaker et al., 2006). The findings align with studies conducted by Ikeh et al. 
(2001), which documented elevated aerobic plate counts (5.4-6.8 x106) in locally produced 
infant weaning foods in Jos, Nigeria. Chap et al. (2009), found that cereal-based infant foods 
had high aerobic plate counts, exceeding 105 cfu/g. Nevertheless, the findings contradicted 
observations of Sadek et al. (2018), who observed lower counts of viable bacteria (1.89-3.45 
log10 cfu/g) in ready-to-use infant foods containing mixed fruits, and Shadlia-Matung et al. 
(2008), who found that the total bacterial counts in infant foods with banana ranged from less 
than 1.00 to 3.54 log10 cfu/g. 
 
The Enterobacteriaceae countsexceeded the microbiological limit of m<10 cfu/g for 
Enterobacteriaceae count in infant foods (Buchanan and Oni, 2012). Nevertheless, the control 
samples did not show any reported numbers of Enterobacteriaceae. This could be attributed 
to the implementation of conventional aseptic procedures during the formulation of the 
control products. The presence of Enterobacteriaceaein infant foods serves as a valuable 
indicator of production hygiene.The diversity of microorganisms found in these food items 
may indicate the level of cleanliness in the production surroundings (Sadek et al.,2018). The 
presence of E.cloacae, Salmonella species, K. pneumonia, K. oxytoca and Cronobacter sakazakii in 
these low moisture food products aligns with the findings of Chap et al., (2009) who identified 
Enterobacteriaceae species, including Enterobacter cloacae, Enterobacter hormaechei, Klebsiella 
pneumonia, and Cronobacter sakazakii, in dried infant meals and follow-up formulae intended 
for infants aged 6 months and older. Globally, there is a strict policy, completely prohibiting 
the presence of Salmonella spp and Cronobacter spp. In infant meals because, they have been 
documented to cause illnesses in infants through contaminated powdered infant formula and 
follow-up foods (FAO/WHO 2004). Enterobacter spp, have been linked to neonatal illnesses 
such as necrotizing enterocolitis (a prevalent gastrointestinal ailment in newborns), neonatal 
meningitis and sepsis, while Klebsiella pneumoniae is linked to diseases such as pneumonia, 
bacteremia, and meningitis (Fakruddin et al., 2014).  
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The prevalence studies, showed that Cronobacter sakazakiiand R. ornithinolytica had the lowest 
occurrence rate (3.33%), while Klebsiella pneumonia had the highest occurrence rate. Previous 
studies have revealed similar low cell numbers of Cronobacter spp. In a study conducted by 
Khandai et al. (2010), Cronobacter spp was found in 1 out of 40 powdered newborn formula 
samples. According to Iversen & Forsythe (2003), the occurrence of Cronobacter spp is 
influenced by the specific conditions of the manufacturing process and the characteristics of 
the food product. The reduced cell counts of Cronobacter spp may be due to potential cellular 
damage which occur during the desiccation process in the production of these food items. 
Nevertheless, the scientists reported a greater occurrence of this bacterium in herbs and spices. 
Turkovsky et al. (2010) found Cronobacter spp. in 31.3% of plant-based samples (including 
spices, teas, nuts, and vegetables) and in 6.2% of animal-based samples.The authors 
highlighted that the majority of Cronobacter spp isolates originate from plant sources, 
regardless of the geographical region under study. These findings suggest that Cronobacter 
spp most likely thrive in plant-based substances such as grains, wheat, soy, herbs, and spices. 
Nevertheless, because of its ability to tolerate high temperatures and high osmotic pressure, 
the organism is able to thrive in dry diets (Jaradat et al., 2009). The high frequency of 
occurrence of K. pneumonia isolates in this study are consistent with previous findings (Ikeh et 
al., 2001; Iversen and Forsythe, 2004; Chap et al., 2009 and Fakruddin et al., 2014), which have 
shown that this organism is frequently found in dried infant foods and milk powder. In 
addition, the high frequency of other Enterobacteriaceae isolates, such as Salmonella enterica, 
Enterobacter cloacae, and K. oxytoca, in this study can be explained by their ability to survive for 
long periods in a dried state, as previously reported by Barron and Forsythe (2007). 
 
The pH ranged from 6.55 to 6.72, indicating that the products are appropriate for feeding 
infants. The pH range may have been affected by the pH of soybean, which is the main 
ingredient in these foods. In their investigations, Park et al. (2012) and Mohajan et al. (2018) 
documented the pH levels of soybean flours (6.5) and soybean products (ranging from 6.13 to 
6.17). The notable disparity found in the pH levels between the control samples (which 
exhibited the lowest pH values and elevated titratable acidity) and the experimental samples 
can be traced to the inclusion of sesame seeds in the formulation of the control samples. 
Sesame seeds are known to contain significant quantities of unsaturated fatty acids, including 
linoleic, oleic, stearic, and linolenic acids (Pathak et al., 2014). 
 
Crude protein content ranged from 19.92% to 45.61%, this finding aligns with the research 
conducted by Kumari et al. (2017), who found a comparable crude protein level (19.94±0.13%) 
in supplemental diet consisting of sorghum, soybean, and banana flours. Omale (2019) 
documented a crude protein level of 24.10% in supplemental food produced from sorghum, 
soybean, and sesame flour blends.However, these results contradicted the findings of Oyetoro 
et al., 2012, who indicated that supplemental foods made from sorghum, walnut, and ginger 
had a crude protein of 7.80±0.01% to 10.21±0.01%. In their study on the nutritional 
composition of a composite meal made from sorghum, soybeans, and Benni seeds, Falmata et 
al. (2021) similarly found lower levels of crude protein, specifically 10.14±0.22%. All the 
products included in this study had a crude protein content that satisfied the recommended 
daily allowance (RDA) for protein content in complementary foods, which is equal to or 
greater than 15% (Omale, 2019). The notable disparity in the crude protein content between 
the soyabean/tigernut/groundnut (STG) and soyabean/mixed fruits (SMF) samples, in 
comparison to the other experimental samples, can be ascribed to the substantial enrichment 
of STG and SMF with additional protein sources like prawns, dried eggs, and beef powder. 
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The lipid content of the products ranged from 12.67% to 29.08%. These values were 
comparable to the lipid contents reported by Kumari et al., 2017 (16.05±0.5%) and Omale, 2019 
(21.5%) in their respective studies. Nevertheless, Falmata et al. (2021) documented lower levels 
of 4.83±0.15% for the crude fat content of composite flour blends. The fat level in the control 
samples was elevated due to the incorporation of sesame seeds into the flour blends. The 
presence of both sesame seeds and soybean seeds, both of which are oil seeds, resulted in the 
elevated lipid content observed in the control sample. The addition of soybean and sesame 
flours to the supplemental diet was likewise shown to result in similar lipid content values, 
as reported by Omale (2019). Soybean is essential in supplementary foods as it enhances the 
nutritional content by providing necessary lipids and proteins. All the products had an 
appropriate fat content for infants. Lipids/ Fats is a crucial macronutrient that fulfills 
important functions in the maturation and progress of newborns. The carbohydrate content 
ranged from 24.19% to 49.70%. Omale (2019) reported a comparable carbohydrate content of 
41.8%. Nevertheless, Kumari et al. (2017), Oyetoro et al. (2012), and Falmata et al. (2021), 
reported percentages carbohydrate values of 58.14±0.40%, 77.22±0.01% to 82.63±0.01%, and 
68.40±0.26% respectively. Only the carbohydrate content of the SFG and branded samples in 
this investigation met the carbohydrate content range (41.3-73.79g/100g) specified by the 
codex Alimentarius standard. 
 
The crude fiber contents ranged from 2.24% to 5.91%. Kumari et al. (2017) also reported 
comparable level of 2.83±0.05% in their analysis. Nevertheless, Oyetoro et al. (2012) and Omale 
(2019) documented lower quantities of crude fiber, specifically 0.28±0.01% and 1.5% 
respectively. These findings contradicted the conclusions of Falmata et al. (2021) who found 
higher values of 16.50±0.29% in their study. Research has shown that consuming a diet high 
in dietary fiber can hinder the process of digesting and absorbing proteins and minerals in 
human nutrition. Therefore, foods with low fiber content are appropriate for achieving 
sufficient protein and mineral intake. All the experimental samples had a crude fiber content 
that complied with the FAO/WHO requirement of less than 5%. Nevertheless, the control 
samples had marginally elevated levels. The high crude fiber content of plain sesame flour 
(5.2%), as reported by Omale (2019), may explain this. The low crude fiber content of the 
supplemental foods is advantageous for infants as it will be easily digested and have increased 
nutrient availability. 
 
The presence of ash in food provides insight on the mineral composition of the diet and can 
be used as an indicator of the degree of processing of such foods. The ash contents (1.82% to 
3.77%) were comparable to the findings of Kumari et al. (2017) (2.98±0.01%) and Omale (2019) 
(2.00%). The low ash content of the samples is an indication that these supplements were 
processed from natural ingredients. Nevertheless, the control samples exhibited higher 
values, specifically 6.38%. The elevated ash content values of the control samples can be 
attributed to the high ash level found in ordinary sesame flour (6.8%) as stated by Omale 
(2019).  
 
The low moisture contents will improve the product's storage capacity and prolong its shelf 
life. In their investigation, Falmata et al. (2021) found that the moisture content of composite 
flour blends was similar, measuring at 2.70±0.06%. Nevertheless, Oyetoro et al. (2012) and 
Omale (2019) documented elevated moisture content values in flour blends, specifically 
7.70±0.01% and 8.80% respectively. The elevated moisture content seen in the control samples 
can be attributed to the high lipid content of the control samples, as well as the drying 
procedures used during processing. 
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CONCLUSION  
The comprehensive assessment of locally processed soyabean infant food supplements, sold 
in Benin City has revealed that the non-parametric distribution of bacterial counts indicates a 
lack of consistency and quality control in the production process, highlighting the need for 
strict regulations and enforcement of standards. Although the proximate analysis revealed 
that the nutritional composition of the supplements is adequate for infant feeding, the 
prevalence of Cronobacter spp. and other Enterobacteriaceae further underscores the health 
hazards posed by these supplements, especially to vulnerable infants. 
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