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ABSTRACT  
 

In this study, the concentration of Bisphenol A (BPA), an epoxy resin component, in some 
selected preserved food products (jams and juice) available at the Egyptian market was investigated.  
A total of 26 samples comprising 13 jam (strawberry and fig jams) and 13 juice (cocktail/nectar, 
guava/nectar, fresh pomegranates and mango) were collected from local sources within the Greater 
Cairo Urban Region.  BPA concentrations in these samples were determined using (HPLC) supported 
with UV-Vis detector after extraction with acetonitrile (ACN): water (60:40, v/v).  The results 
indicated that the BPA levels in jam samples (plastic container) ranged between 8.6- 82.97 ng/g.  The 
levels of BPA in juice samples (tetrapak carton, aluminium retort pouch and plastic bottles) varied 
between 0.46 – 26.4 ng/mL.  The data also revealed that the total solid content % of the tested 
foodstuff significantly influenced its inherent BPA concentration as well as the type of container used 
and the pH of the sample.   
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Introduction 

 
Bisphenol A (BPA, 2,2-bis(4-hydroxyphenyl)propane) is a component of polycarbonate 

plastics and epoxy resins that is widely used in water bottles and pipes, the lining of food cans, printer 
ink and dental binding material (Staden et al, 2014).  Because they are highly stable at high 
temperatures, acid resistance, and have strong adhesion property, epoxy resins are preferably used as 
protective internal varnish for food and beverage metal cans and tetra packs, and as surface coating on 
metal lids for glass jars (Larroque et al., 1997; Yoshida et al., 2001; Geueke, 2014). Initial studies 
conducted on BPA focused upon the identification of some of its related health effects on rats and 
animals (Dodds and Lawson, 1938; Krishnan et al., 1993).  They concluded that BPA had estrogenic 
activity and was an endocrine disruptor which may pose a potential health hazards to humans.  In 
another study, the estrogenic activity of BPA was linked to genetic mutagenesis in humans that led to 
the imbalance and disruption of hormonal synthesis and activity as well it was linked to 
neurochemical changes in the brain that caused behavioral changes (Rykowska and Wasiak, 2006).  
However, more recent studies have indicated that BPA has the ability to leach into foodstuff due to 
prolonged contact and nature of the content (Yoshida et al., 2001).  As well, the BPA could leach 
from any container due to real use or during sterilization (Soliman et al., 2014).  This may lead to the 
migration of significant amounts of BPA into foods and its subsequent ingestion within the human 
food chain.  
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Recently, with the growing public concern about human exposure to BPA, regulatory 
agencies such as food and Drug Administration (FDA), National Center for Toxicological Research 
(NCTR) and the European Commission Scientific Committee on Food has set limits and regulations 
for BPA levels in food in order to evaluate its prevalence and potential risk.  With the multitude of 
routes of human exposure to BPA (Figure 1), it was reported that food production and packaging was 
a main source of exposure to BPA (Staden et al., 2014).  To assess the potential health risk associated 
with this human exposure to BPA, a number of surveys were conducted to determine its levels in 
canned foodstuff in a number of countries (Braunrath et al., 2005).  Researchers investigated BPA 
levels in various food products such as preserved foodstuffs and beverages (Yoshida et al., 2001; 
Thomson and Grounds, 2005, Braunrath et al., 2005; Grumetto et al., 2008; Feshin et al., 2012), 
canned soft drinks and coffee (Kawamura et al., 1999; Kang and Kondo, 2002; Cao et al., 2009), 
infant formulas (Biles et al., 1997; Ferrer et al., 2011), vegetable and juice (Varelis and Balafas, 2000; 
Wua et al., 2014), tomato sauces (Grumetto, et al, 2008), fatty foods (Bendito et al., 2009), and 
canned fish /meat products (Simoneau et al., 1999; Munguia-Lopez et al., 2005; Sajiki et al., 2007).   
 

 

Fig. 1: Sources of human exposure to BPA (Staden et al., 2014) 

In Egypt, some studies were conducted to investigate the presence of BPA in biological samples 
(Nahar et al., 2012; Mohamed and Arafa, 2013).  As well, El-Bassouny and Hindawy (2013) studied 
the effects of BPA on male rats organs.  Mostafa et al. (2012), on the other hand, investigated the 
BPA levels in baby feeding bottles However, more recently, as study by Soliman et al. (2014) 
investigated some methods to reduce BPA transfer or migration from polycarbonates surface using 
dielectric barrier discharge.  Nonetheless, till this date, there is limited information about the 
occurrence of BPA in contained foodstuff in Egypt.  As well, the problem of BPA presence in 
processed and canned foodstuff in Egypt has not been addressed.  Explicitly, no national regulations 
or standards have been set towards limiting BPA human health risk.  Thus, the aim of this work is to 
determine the concentration of BPA in some preserved foodstuff products collected randomly within 
the Greater Cairo Urban Region, Egypt.  The BPA concentration in selected jam and fruit juice 
samples was determined after extraction using high performance liquid chromatography (HPLC).  
During the process of analysis, a number of factors were taken into account such as the foodstuff 
characteristics (e.g. pH, product ingredients, food solid content and other additives) as well as shelf 
life, date of analysis and type of packing material. 

 

Materials and methods 

Food samples selection:  

13 jam samples and 13 juice samples (total of 26 samples) were purchased randomly from 
local supermarkets within the Greater Cairo Urban Region.  Prior to any analytical determination, 
information as to the content of these foods, the production date and the type of package were 
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recorded and the data was tabulated accordingly (Tables 1 and 2).  Analysis of BPA levels within 
each sample was undertaken either during the product shelf life or after expiration date.   
 
 
Table 1. Product Details of selected Jam samples. 

Jam Type 
Sample 

No. 

Package 

type 

Weight  

(g) 

Production 

date 
Analysis Date labelled ingredients 

Strawberry jam 1-5 

P
la

st
ic

 

po
rt

io
n

s 

30 11/2014 4/2015 

Sugar, strawberry 45%, 

citric acid, pectin, sodium 

benzoate (0.02%), TDS: 

(60-65%). 

Fig jam 

6-8 

P
la

st
ic

 p
or

ti
on

s 30 4/2016 3/2017 
Sugar, fig 45%, citric acid, 

pectin, sodium benzoate (0. 

2%), potassium sorbate (200 

ppm), TDS: (60-65%). 

9-10 30 8/2016 7/2017 

11-13 30 12/2016 5/2017 

 
Table 2. Product Details of selected Juice samples. 

Juice Type 
Sample 

No. 

Package 

type 

Volume 

(mL) 

Production 

Date 

Analysis 

Date 
Labelled ingredients 

Cocktail/Nectar 

juice 

1 
Tetrapak 

box 

200 2/2016 1/2017 Fruits concentrate 30%, sugar, 

citric acid, ascorbic acid and 

pectin. 2 200 4/2016 5/2017 

Guava//Nectar 

juice 
3-7 

Retort 

Aluminium 

Pouch 

125 5/2015 5/2016 

Guava pulp 30%, sucrose, 

citric acid, natural stabilizer, 

natural flavour, natural colour. 

Pomegranates 

(Fresh juice) 
8-9 Plastic 300 16/1/2017 22/1/2017 

Natural juice 100%, sugar, 

and water 

Mango juice 

drink 

10-11 Plastic 500 12/2016 5/2017 

Concentrated mango juice not 

less than 10%, sugar, citric 

acid, natural identical 

flavouring, guar gum, β-

carotene, ascorbic acid, 

sodium citrate and Cellulose 

Methyl Carboxylate (CMC). 

12-13 
Tetrapak 

box 
200 9/2016 2/2017 

Mango pulp 10%, sugar, citric 

acid, ascorbic acid and pectin. 

 

Sample Preparation and Extraction:  

The method employed for BPA extraction from samples prior to analysis was similar to that 
adopted by Braunrath et al. (2005).  Samples were homogenized before being used and the total 
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weight was either used fully for analysis as in the case of jam or aliquots were used as in the case of 
juice. The remainder of the sample was safeguarded and frozen for further extraction as required.  For 
the jam samples, the content was homogenized before analysis using an equal volume of purified 
deionized water (30 g: 30 mL). 1g of the resulting slurry was extracted with 2 mL of acetonitrile 
(ACN).  In case of nectar and juice, samples were first filtered twice through 45 µm filter before 
extraction and 1 mL of each sample was mixed with 2 mL of ACN using automatic shaker.  Samples 
were centrifuged for 5 minutes at 4000 rpm and the ACN phase was collected in separate glass vials.  
A second extraction step was applied for the remaining solid residue using 2 mL fresh ACN.  The two 
ACN extract solvents portions were combined and filtered using a 45 µm micro-filter.  This filtrate 
was used for HPLC analysis.  For each sample, two – three portions were used for analysis.   

High performance liquid chromatograpghy HPLC (YL9100 Series system) was used for 
analysis with acetonitrile:water (60:40, v/v) being the applied mobile phase.  The working analytical 
paramters for the HPLC system used is provided in Table (3).  
 

Table 3. HPLC analytical parameters for the determination of BPA in selected samples. 

Analytical 

Column 

Mobile Phase 

(ACN:H2O) 
Flow Rate 

Elution 

Mode 

Injection 

Volume 

Column 

Temperature. 
Detector 

Solvent Contact 

Materials 

C8 60:40, v/v 1 mL/min. Isocratic 20 µl 35℃ 
*UV/Vis 

detector 

TeflonAF and 

PEEK 

*All meausrements were carried out at 230 nm wavelenghth 

Chemicals and reagents:  

Acetonitrile (ACN) gradient grade for HPLC purchased from Scharlau Lab, and n-hexane 
purchased from S D Fine-CHEM Limited (SDFCL). Purified Deionized water purchased from 
SIEMENS. Bisphenol A (BPA) and other chemicals were purchased from Laboratory Reagents & 
fine Chemicals (LOBA CHEMI).   High performance liquid chromatograpghy HPLC (YL9100 Series 
system) was used for analysis with acetonitrile:water (60:40, v/v) mobile phase. All vials and 
centrifuge tubes were made of glass to prevent interfering as well as the caps of vials and centrifuge 
tubes were made of polyethylene (PE), low-density polyethylene (LDPE), or polypropylene (PP). 

 
External Calibration:  

Stock solution of BPA with 100 µg/mL concentration was prepared by dissolving 0.01 g BPA in 
100 mL of acetonitrile (CH3CN).  Standard solutions of 1, 5, 10, 20, 50, and 100 µg/mL were 
prepared by serial dilution of BPA stock solution.  A calibration curve was constructed by injecting 
the seven standard solutions with theses concentrations using acetonitrile:water (60:40, v/v) as mobile 
phase (Braunrath et al. 2005).  All solutions were kept in amber brown bottles at 4℃ for not more 
than three months.  Working solutions were freshly prepared prior to use.  

  
Statistical analysis of Data: 

Statistical analysis of data was carried out using 'StatistiXL 1.8’ incorporated within the Microsoft 
Excel 2007 (Microsoft ® Windows 2007) software program.  Cluster analysis was performed using 
Ward’s method for minimum variance and the similarity coefficient used was the Square Euclidean 
distance function.  Hierarchal clustering was performed using the details of the food products, major 
labelled ingredients, pH, date of analysis and package type for juice other variables.  The results 
produced included the distance matrix, clustering strategy report and dendograms and the data was 
interpreted accordingly. 
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Results and Discussion 

 

BPA (2,2-Bis(4-hydroxyphenyl)propane) chromatogram (Figure 2) shows a retention time at 
3.46 min which is indicative of standard BPA.  A linear calibration curve for BPA using this 
analytical procedure was obtained for the prepared standard solutions of BPA (µg/mL versus the 
instrument response) and obtained line had a correlation coefficient of 0.9984.  

 

Fig. 2: HPLC chromatogram of standard BPA (20 µg/mL) mobile phase: ACN: water (60:40, v/v). 

 

BPA Levels in Food Samples: 

Figures 3 and 4 show the typical chromatograms for BPA in jam and juice samples 
investigated.  For the jam samples, the BPA levels varied between 8.6 to 82.97 ng/g with an average 
concentration of 35.65 ng/g.  Juice samples had BPA concentrations between 0.46 and 26.4 ng/mL 
with average the concentration being 7.15 ng/mL (Table 4). 

 

 

Fig. 3: HPLC chromatogram of BPA extract of Jam sample (concentration: 36.63 ng/g; mobile phase: 
ACN: water (60:40, v/v). 
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Fig. 4: HPLC chromatogram of BPA extract of Fresh Juice sample (concentration of 0.86 ng/mL: 
mobile phase: ACN: water (60:40, v/v). 
 
As for the variation of BPA levels according to container type, jam samples were packed in 

plastic portions sealed with flexible lid sealing coated with an epoxy resin layer.  However, BPA 
concentration in juice samples contained in plastic bottles and in tetrapak boxes had an average of 
1.16 ng/mL and 3.34 ng/mL respectively, while that sold in aluminium retort pouches had an average 
of 12.30 ng/mL.  Table (4) shows that BPA levels in jam samples was significantly higher (P ≤ 0.05) 
than the levels in some juice samples, whilst among juice samples BPA levels detected in juice 
packed in retort pouch samples were higher than those in plastic or in tetrapak samples. 
 
Table 4. Detected BPA levels in food samples. 

Food product 
   BPA concentration 

                ng/g 
Food product 

BPA concentration 
ng/mL 

Jam1/Strawberry 71.03 Juice1/Nectar 2.58 
Jam2/Strawberry 55.63 Juice2/Nectar 8.5 
Jam3/Strawberry 36.63 Juice3/Nectar 2.23 
Jam4/Strawberry 24.1 Juice4/Nectar 18.4 
Jam5/Strawberry 25.73 Juice5/Nectar 26.4 
Jam6/Fig 82.97 Juice6/Nectar 15.2 
Jam7/Fig 53.33 Juice7/Nectar 12.8 
Jam8/Fig 14.67 Juice8/Fresh Juice 0.71 
Jam9/Fig 32.3 Juice9/Fresh Juice 0.86 
Jam10/Fig 8.6 Juice10/Juice drink 2.03 
Jam11/Fig 13.33 Juice11/Juice drink 1.02 
Jam12/Fig 26.33 Juice12/Juice drink 1.8 
Jam13/Fig 18.8 Juice13/Juice drink 0.46 
Total 463.45 Total 92.99 
Average ± SD 35.65 ± 23.25 Average ± SD 7.15 ± 8.46 

 
The effect of Ingredients and Packing Materials: 
  

Recent studies have indicated the migration of BPA traces from both polycarbonate-based 
packaging (Biles et al., 1997; Brede et al., 2003; Nerin et al., 2003) and epoxy resins (Munguia-
Lopez et al., 2001) into food-simulating liquids, with the amount of BPA leached depending on liquid 
composition and pH. A number of factors besides pH including, salt, oil and glucose have been shown 
to influence the migration of BPA from the lacquer to the can contents (Rastakari et al., 2011). Food 
packed in non-canned containers rarely investigated for the presence of BPA because there is no 
current Specific Migration Limit (SML) set for BPA in the non-canned foods (Cao et al., 2011).  
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BPA levels in juice samples that were packed in retort aluminium pouches were significantly 
higher (P ≤ 0.05) than those in juice samples in plastic bottles and tetrapak (Figure 5). At a pH lower 
than 5 and higher than 10, it was reported that epoxy rings undergoes nucleophilic substitution 
reaction and is hydrolysed into phenolic products including BPA (Oca et al., 2014; Lane et al., 2015).  
However, BPA levels in jam samples (pH= 3) were significantly higher (P ≤ 0.05) than that in juice 
(pH=4) packed in plastic bottles although it is reported in several studies that polycarbonate plastics 
are more resistant to acidic pHs while the case is not so in alkaline pH medium.  At alkaline pH and 
elevated temperatures, the carbonate linkages are subject to hydrolytic attack yielding linkage 
hydrolysis and so BPA released is a degradation product (Krishnan et al., 1993; Brotons et al., 1995; 
Pedersen et al., 2015).  

 

Fig. 5: BPA levels in juice samples in relation to their packing materials. 

Some studies showed that it could be a relation between some ingredients in food samples and 
the migration of BPA (Sungur et al. 2014). In jam samples preserving process, citric acid used as 
acidity regulator that regulates the pH between 2.5 and 4.5. Other preservatives used such as benzoic 
and sorbic acids or their salts to prevent bacterial and mold growth. Strawberry jam samples were 
found to contain 0.02% sodium benzoate (6000 ppm) only while fig samples were found to contain 
0.2% (6⨯104 ppm) sodium benzoate combined with 200 ppm potassium sorbate. BPA levels ranged 
between 24.1 – 71.03 ng/g in strawberry jams and 8.6 – 82.97 ng/g in fig jams (Figure 6). 

Geens et al. (2010) investigated the presence of BPA and detected in 16 solid food samples 
packaged in glass, plastic, paper and laminated paperboard/polyethylene carton (Tetrapak). BPA were 
detected and determined in all samples but could not be detected above 0.02 ng/mL in five beverages 
packaged in PET and Tetrapak. This result was lower than our result in both; tetrapak and retort 
pouch samples. Within these samples, juice samples packed in retort pouch were contained higher 
BPA levels than tetrapak samples. 

Yoshida et al. (2001) reported that the detected levels of BPA in the solid portion of food was 
higher than that in the aqueous portion due to the migration of BPA from the aqueous portion to the 
solid portion during storage. In our study, investigated jams have total solid content not less than 60% 
while all investigated juice have total solid content not more than 18%. By comparing BPA levels in 
samples of jam and in juice, it was notably that BPA levels were higher in jam samples than in juice 
samples.   

Furthermore, in juice samples, some samples had a fruit concentrate > 30% (juice nectar) 
while others the fruit concentrate was > 10% (juice drink).  As well, BPA levels in nectar samples 
(mean: 9.74 ng/mL) was significantly higher (P ≤ 0.05) than in juice drinks (mean: 1.33 ng /mL).  
This may be attributed to the addition of some ingredients like preservatives and the decrease or 
increase in food.   As well, the increase in total solids may influence the release of BPA from the food 
package into the foodstuff (Figure 6). 
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Fig. 6: BPA levels in jam and juice samples in relation to their ingredients and fruit content. 

The effect of Analysis date and Shelf life:  

Samples investigated in this study were analysed within their shelf life or at the last day of its 
expiration, which was 360 days (12 months) for all samples except two fresh juice samples had 7 days 
shelf life.   

Some studies reported that BPA concentrations in food was not affected by extended storage 
periods (Munguia-Lopez et al., 2001; Goodson et al., 2004).  Goodson et al. (2004) suggested that the 
BPA level is not changed by extended storage up to 9 months but results obtained in study by Sungur 
et al. (2014) showed that storage time can bonded to  the detected  BPA levels. However, Figure 7 
shows that some jam samples analysed in this study after 360 days of production date contained 
higher BPA levels (average concentration 40.09 ng/g) than those analysed after 180 days (average 
concentration 32.87 ng/g).  Similarly, the BPA content in all juice samples analysed after 360 days 
(average concentration12.34 ng/mL) of production date was higher than that for samples analysed 
after 180 days (average concentration 1.65 ng/mL).  

Statistical analysis:  

The dendrogram obtained for the Hierarchal Cluster analysis of the data obtained for both jam 
and juice samples tested during this study is shown in Figures 8 and 9, respectively.  For jam samples, 
it is apparent that the weight of the sample had a direct effect upon the measured BPA levels which 
was also directly related to the fruit content of the product.  On the other hand, the addition of sodium 
benzoate with or without potassium sorbate had a direct impact on the product pH.  Overall, the 
content of the measured jam was influenced by the date or period of analysis. 

With respect to the tested juice samples, the dendrogram in Figure 9 directly links the measured 
BPA levels to the pH and package type as well as to the fruit content %.  Moreover, the analysis 
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period and the volume of juice had a subsequent effect upon the analytical data as well as the BPA 
levels measured.   
 

 

Fig. 7: BPA levels in jam and juice samples in relation to their date of analysis and shelf life. 

 

Fig. 8. Dendogram depicting the relationship between jam measured variables and product details 

using Ward’s methods for minimum variance. 

 

K sobrate

NaBenzoate

pH

BPA (ng/g)

weight (g)

fruit %

analysis period

0 278209

M
e

as
u

re
d

 v
ar

ia
b

al
e

s

Square Euclidean Distance
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Fig. 9: Dendogram depicting the relationship between Juices measured variables and product details 

using Ward’s methods for minimum variance.   

Conclusion 

In conclusion, all BPA levels detected in selected jam and juice samples investigated in this 
study were below the current Specific Migration Limit (SML) of 0.6 mg/Kg set by European 
legalization under Regulation No. 10/2011/EU; “Plastic materials and articles intending to come into 
contact with foodstuffs” (European Commission, 2011).  However, BPA levels were significantly 
higher (P ≤ 0.05) in jams compared to those in juice samples. The influence of some factors such as 
the sample solid content and ingredients was indicated by the obtained results.  A recommendation of 
this study would be for the further investigation and assessment of BPA in other consumable 
processed food products in order to provide some guideline for a national regulation.  
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