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Abstract: This study reports the determination of 5-hydroxymethylfurfural (5-HMF) by HPTLC in fruit-based 

baby food products and compares the other techniques. The performance of QuEChERS method was evaluated for 

the measurement of 5-HMF. The mean recovery and RSD% at the two-fortification level of 25 and 250 ng/spot 

were 83.65% and 2.0%, and 96.02% and 3.0%, respectively. LOD and LOQ levels for 5-HMF were found 1.54 

ng/spot and 4.67 ng/spot in fruit-based baby foods, respectively. Fifty eight commercial products on the Istanbul 

market were evaluated by developed and validated HPTLC method and, 5-HMF were determined in 48 (82.76%) 

in the range of 13.12-28.90 mg/kg. Although the concentration of 82.76% of the 5-HMF detected products was 

found to be below the legal limit, the results revealed that a new regulation should be made in fruit-based food 

considering the baby exposure limit. The analytical performance of this method verifies its potential applicability 

with particularly low cost and simple sample pretreatment. 
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1. Introduction 

Foodborne contaminants in nutrition, whether microbiological or chemical, are a major concern 

for customers. Presence of this kind of contamination in baby products triggers concerns of food safety 

in the public. Serious efforts have been made to investigate sources of contamination, especially on 

marketed baby foods. 

It is known that a variety of factors during processing affect the quality of the final product. 

This process starts from receiving of the raw material until the product reaches the consumer. The most 

common occurrence of foodborne contaminants is the thermal step by combining the product with other 

components at high temperature [1]. Neo-formed contaminants (NFCs) are compounds forming during 

thermal or preservation processes and exhibiting possible harmful effects to humans. It is seen that 

acrylamide and 5-hydroxymethylfurfural (5-HMF) have attracted the attention of the scientific 

community to evaluate the average exposure in different populations in recent years [2]. It is known that 

5-HMF is a furanic compound that can be formed by Maillard reaction or hexose dehydration in acid 

media. It is reported that 5-HMF formation is depend on mostly temperature, sugar type, pH, water 

activity and divalent cations concentrated in media. It is also known that it has established genotoxic, 

mutagenic or carcinogenic activities [2-4], due to α, ß-unsaturated carbonyl groups and allylic hydroxyl 
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groups. Therefore, toxicity testing of 5-HMF is very important to ensure that the maximum levels are 

not exceeded in food products even in baby foods or expired baby cough syrups [5].  

Today, due to factors such as technological developments, rapid urbanization and intense work 

tempo, it is seen that ready-made foods replace natural nutrition [6]. Unfortunately, this situation affects 

parents, who work hard for a long time. Due to their size, physiology, and behavior, children are more 

sensitive than adults to toxins. Also, chronic exposure of contaminants in food can deleteriously 

influence both their physical and mental development.  

High Performance Thin Layer Chromatography (HPTLC) has become a modern analytical 

technique due to the minimization of conventional errors of Thin Layer Chromatography (TLC).  It is 

easy serving low quantitative analysis with specialized plates with reduced sample diffusion resulting in 

compact bands or spots. The new compartments continue to give the device new abilities such as 

scanning, full optimization, selective detection principle, minimum sample preparation, hyphenation [7-

9]. Combining densitometer and/or mass detectors besides plate variety offers outstanding throughput 

and applicability especially in forensic and food chemistry [9-14].   

Different analytical methods were used for the determination of 5-HMF in extensive range of 

foods and extraction techniques by using chromatographic methods such as TLC [15], HPTLC [16,17], 

high-performance liquid chromatography (HPLC) [18,19], liquid chromatography mass spectrometry 

(LC-MS) [20], capillary electrophoresis (CE) [21], micellar electrokinetic capillary chromatography 

(MECK) [22], gas chromatography-mass spectrometry (GC–MS/MS) [23], and nuclear magnetic 

resonance spectroscopy (NMR) [24].  

Legal limits for 5-HMF content in honey were determined by consulting the Codex Committee 

as 40 mg/kg. Also, the Turkish Standards Institute (TSE) has allowed 50 mg/kg and 75 mg/kg 

concentration levels for matrices such as pomegranate syrup and grape molasses, respectively [25,26]. 

However, the toxicological relevance of 5-HMF in baby products besides regulation limit have not been 

clearly demonstrated nowadays. 

Despite the fact that there are some determination methods of 5-HMF in several food matrices 

(honey, jams, syrup, beverages, molasses etc) [11-24, 27, 28] and also in baby foods (milk formulas, 

cereals, jams and puree) [29-33], to the best of its knowledge, this is the first validated method of 5-

HMF in fruit-based baby food products conducted by HPTLC after an efficient extraction by acidified 

QUECHERS. 

The presented study is based on our group’s previous study, which was to investigate the amount of 

patulin in 58 fruit-based baby food products [10]. After realizing existence of 5-HMF in baby foods, a 

study designed to evaluate the amounts of this toxic food-born product. Thus the aim of this study was 

to develop and validate an HPTLC method for determination of 5-HMF in fruit-based baby foods.  

Method validation and uncertainty evaluation of developed method were discussed and measurement 

results of title contaminant in baby foods in Istanbul reported herein.  

2. Experimental 

2.1. Chemicals and Instrumentation  

Analytical standard of 5-HMF (99.0% purity – H40807-5 mg, CAS 67-47-0) was purchased 

from Sigma Aldrich (St. Louis, MO, USA). Caffeine (99.0% purity – C0750-5 mg, CAS 58-08-2) used 

as internal standard and ammonium acetate (A7262, 2.5 kg, CAS 631-61-8) were also purchased from 

Sigma-Aldrich (St. Louis, MO, USA). Toluene, methanol, dichloromethane, ethyl acetate, and formic 

acid solutions were purchased from Merck (Germany). All the solvents used were of HPLC grade.  

The HPTLC equipment used included Automatic TLC Sampler 4 (ATS4); Automatic 

Developing Chamber 2 (ADC-2); TLC Scanner 3 with winCATS software (version 1.4.2. 8121) 

(Camag, Muttenz, Switzerland); and pre-coated silica gel 60 F254 HPTLC glass plates with 200 μm 

thickness, 20 × 10 cm, Cat. no. 1.05649 (Merck, Darmstadt, Germany). A Direct-Q3TM water system 

(Millipore, Bedford, MA, USA) was used in the laboratory to produce deionized water. QuEChERS 

Extraction Kit (Restek SPE Q-sep Q150) was used for a better efficiency. Techne - DB100/3 was also 

used for sample concentrator to remove solvents after extractions by evaporating. 
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2.2. Sample Collection and Processing 

The study was carried out using 58 fruit-based baby food products obtained from market in 

İstanbul between 2016 Autumn – 2017 Spring seasons. When the fruit content of the products were 

evaluated, 15.5% had only apple and 84.5% had apple mixed fruits such as peach, banana, carrot and 

blueberry. The studied samples were selected from 7 different commercial brands (Table S1). 

The samples were kept at room temperature (25±2 °C) for 48 hours and the bottles were 

carefully shaken for 3 minutes before sample intake. Then, 10 grams of the samples were taken from 

each product, kept at same temperatures and diluted with 5 mL of distilled water before extraction. 

 

2.3. Preparation of Stock and Calibration Standards  

Stock solution of 5-HMF in methanol was prepared to contain 1000 μg/L and then stored at 

+4°C. Calibration solutions were prepared by diluting the stock solution for 7 points as 10, 25, 50, 100, 

250, 500 and 750 ng/L, independently from each other and used for HPTLC. Caffeine stock solution 

(250 μg/L) as internal standard (IS) was prepared by the same way and added to all samples with 25 

ng/spot final concentration.  

 

2.4. Method Validation Studies and Sample Preparation 

For linearity studies, aforementioned calibration points were analyzed 3 times for each points 

and calibration curve was obtained according to linear regression analysis. Limit of Detection (LOD) 

and Limit of Quantitation (LOQ) were estimated as 3.3 σ/slope and 10 σ/slope of the calibration curve 

of the analyte, respectively, according to the 135th Guideline of the US Food and Drug Administration 

(FDA) [34]. Recovery, precision and repeatability of the method were checked out for two 

concentrations (25 and 250 ng/spot) with 6 replicates. Ten grams of 5-HMF free fruit-based baby food 

(wet weight) was exactly weighed into a conical flask, and 1 mL of the reference standard solutions of 

5-HMF with an upper (250 ng/spot) and lower (25 ng/spot) concentration levels were added into 

separate samples. The flask was vigorously shaken for a few minutes to ensure homogeneity. The 

spiked samples were allowed to stand overnight at room temperature and then remixed prior to 

extraction. 

 

2.5. Extraction Optimization (Pure Acetonitrile and Acetic Acid 1% in Acetonitrile) 

Ten grams of sample (wet weight) were weighed; 10 mL of acetonitrile and 25 L of caffeine 

solution were added. One pack of QuAEChERS was added to each tube and vortexed for 1 minute. The 

tubes were then centrifuged for 5 minutes. After centrifugation, approximately 6 mL of supernatant was 

removed and transferred into a 15 mL flask. QuEChERS clean up powder was added to the tube and the 

mixture was vortexed for 3 minutes and centrifuged. The supernatant was removed and transferred to a 

new flask and gently evaporated to dryness under nitrogen. The residue was eluted by adding 1000 L 

of MeOH and analyzed by HPTLC system. 

The above-mentioned QuEChERS extraction procedure was similarly applied to all samples 

once only by adding 100 µL of 1% acetic acid solution.  

 

2.6. High Performance Thin Layer Chromatography (HPTLC) Conditions 

Prior to using, HPTLC plates (10 × 20 cm) were washed with methanol to the top and then dried 

at 120 °C by drying oven for 20 min. Sample extracts were applied on pretreated HPTLC plates with 8-

mm band-wide by ATS 4 (CAMAG, Switzerland) autosampler unit. According to automatically 

calculated layout of ATS, samples were applied 8-mm distance from the bottom and 12 mm from each 

side of plates (25-μL syringe volume). The plates were pre-conditioned for 3 min without soaking the 

plate into the mobile phase (toluene–ethyl acetate: formic acid (5:4:1, v/v)) in ADC-2 (CAMAG, 
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Switzerland) development unit. After 3 min they were developed with the same mobile phase to 80 mm 

with a good separation, the plate was sufficiently dried at 60 °C for 3 min by ADC2 unit automatically.  

The developed plates were scanned with the TLC Scanner 3 unit which is controlled by 

WinCATS software. Scanning parameters were as follows: 284 nm wavelengths with a deuterium lamp, 

20 nm monochromatic bandwidth, 4.0 mm × 0.10 mm slit dimension, 20 mm/s scan speed, and the data 

resolution 100 μm per step. Bands were quantified in single-wavelength reflectance mode and 

evaluation was carried out by measuring the peak areas with linear regression. Multi-wavelength 

scanning was performed in the range between 200-400 nm at 20 nm/s with data resolution of 1 nm per 

step. 

 

3. Results and Discussion 

3.1 Optimization of the Method 

Resolution of HMF and CAF were the best on pretreated HPTLC plates developed with a 

mixture of toluene–ethyl acetate: formic acid (5:4:1, v/v) to a migration distance of 80 mm (developing 

time ~19 min). The retardation factors (Rf value) of 5-HMF and CAF (IS) were recorded as (Rf) 0.46 

(±0.02) min. and 0.41 (±0.02) min., respectively.   

Our procedure for 5-HMF extraction from fruit-based baby food was optimized using 

acetonitrile as the solvent. Due to the fact that 5-HMF is more stable under acidic conditions [23], the 

effect of pure acetonitrile and acidified acetonitrile on extraction efficiency was studied. The study was 

performed by spiking of 25 and 250 ng/L 5-HMF in 10 g toxin free homogenized samples (n=6). After 

vortexed for 1 min, the homogenate was subjected to the acetonitrile extraction with or without acetic 

acid  solution. 

The mean recovery and RSD without acetic acid at two-fortification level for 25 and 250 

ng/spot were found 74.6 and 4.0%, and 87.3 and 3.0%, with acetic acid at the two fortification level for 

25 and 250 ng/spot were found 83.65% and 2.0%, and 96.02% and 3.0%, respectively. Based on the 

results, acidified QuEChERS (A-QuEChERS) method was chosen and the method validation was 

performed with this selected extraction method.  

The QuEChERS has become an important extraction technique in contaminant and residue 

analysis of food, feeding stuff and different matrices [35]. Currently, a study has been reported choosing 

acidic QuEChERS for optimum recovery efficiency of 5-HMF in milk based dairy products [23]. Thus 

applicability of QuEChERS was investigated for the extraction of 5-HMF from fruit-based matrix, 

because it allows short extraction times, low solvent use, better extraction yields.  

To check out the robustness of the method; different scanning speeds (20 and 5 mm/s) were 

tried and chromatograms were recorded. Also, development step was applied under two different 

relative humidity levels (36.2% and 38.4%). Robustness results were obtained and evaluated at two 

concentration levels of 25 and 250 ng/spot (n = 5). The results of the robustness study were represented 

in Table S2. The comparative chromatograms of the selected conditions for scan speed and relative 

humidity level were shown in Figure S1 and S2, respectively. 

According to results, proper conditions were set as 20 mm/s for scan speed and 36.2% for 

relative humidity. It was seen that lower scan speed (5 mm/s) caused background noises and relative 

humidity must be kept under 36.2% for optimum conditions for the determination of 5-HMF (Table 1 

and Table 2). 

 

3.2. Method Validation 

3.2.1. Linearity 

Calibration curve of 5-HMF were established with seven concentration levels of the standard 

solution and were constructed by plotting the peak areas against the corresponding amounts of the 5-

HMF (10, 25, 50, 100, 250, 500 and 750 ng/spot). The linear range of the method was found between 

10-750 ng/spot as shown in Figure S3. The calibration plot for the compound was defined by the 
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equation y = 7.084x + 209.826 with five replicates of each calibration point. The r value was found to 

be 0.997 (Figure S3) indicating a good linear relationship between peak areas.  

 

3.2.2. Recovery, Repeatability, and Intermediate Precision 

Detailed information about the recovery studies including two concentrations (25-250 ng/L) 

was shown in Table 1. The relative standard deviations (RSD%) of peak ratios were calculated to be 

less than 3. For each concentration, the standard deviation values of the reproducibility studies, which 

carried out 6 times, were found to be ≤3, while the RSD% values were found to be ≤3.59 for 25 ng/L 

and 2.08 for 250 ng/L.  

 

3.2.3. LOD and LOQ 

Linearity range was satisfactory for analyses of 5-HMF in baby food products. In this method, 

the LOD and LOQ levels were calculated by standard deviation of the calibration curve. Under the 

optimized conditions, the LOD and LOQ levels for 5-HMF were found 1.54 ng/spot and 4.67 ng/spot, 

respectively (Table S3). These values were suitable abundantly for the 5-HMF determination in fruit-

based baby food products to check out the regulated concentration.  

       Table 1. Recovery and RSD data of the extraction method with acidified QuEChERS* 

Replicate 

No. 

25 ng/μL 250 ng/μL 

 Recovery%  RSD% Recovery%  RSD% 

1 88.2 

 3.59 

96.2 

 2.08 

2 81.7 98.6 

3 82.6 92.7 

4 82.5 97.2 

5 80.0 95.1 

6 86.9 96.3 
n=6 for each concentration level 

Although the incidence of adverse response of the body in food is very low, some food products 

contain toxins formed naturally due to their handling, processing and storage conditions. As an 

important food-born contaminant, 5-HMF, which is formed during thermal treatments applied to foods 

such as caramelization. In order to investigate 5-HMF contamination levels in various fruit-based baby 

products, an accurate HPTLC method with broad applicability was developed and validated in this 

study.  

 
Figure 1. A 3D view of 5-HMF standard solutions in the linear range of the method 
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There are several studies conducted to determine 5-HMF contamination with progressive 

techniques for years [11-24, 27-33]. Some recent ones were listed for a comparison in Table 3.    

Concentration with respect to the peak area in the range of 10–750 ng/spotwhich has a little bit 

higher LOD but larger linear range than Hošťálková’s study with a range of 4–60 ng/spot [16]. A 3D 

view of all chromatograms of calibration solutions of 5-HMF was shown in Figure 1. Additionally, 

matrix effect was shown in Figure 2.  

 

 
 

Figure 3. HPTLC chromatogram obtained by spiking 5-HMF (5) and IS (4) solutions to toxin free baby 

food. 

 

Although there was no research that studies 5-HMF using HPTLC in fruit-based baby foods, 

only limited studies were conducted by HPTLC for determination of 5-HMF in carbohydrate-rich food 

[11-13, 16,17]. A report published consist of 17 honey samples of different botanical origin from 12 

countries [16]. The developed HPTLC method was modified to achieve higher sensitivity and to avoid 

matrix interference in dense matrices such as honey. The quantification limit was found as 4 mg/kg 

which allowed for rapid quantification of 5-HMF in honey in consistent with the present study [16]. 

An HPTLC study was designed for analysis of 5-HMF in seven types of fruit wine and three 

types of vinegar in Istanbul market. The recovery values for this developed method were found in the 

range 95–112%. The limits of detection and quantification of the method were found 0.045 ng/mL and 

0.125 ng/mL, respectively. The tested samples were found to contain 5-HMF in the ranges 0.5 to 13.2 

ng/μL for wines and 1.0 to 33.1 ng/μL for vinegar. According to study results the literature, detection 

limit values was lower than presented study, it should be remembered that the vinegar and wine 

matrices were softer than a complex matrix such as fruit-based baby food [17]. 

The similar method development with improved separation and sensitivity limit were achieved 

for 5-HMF by modified plate size and thickness as well as changing the detectors (UV, MS – SIM/TIC) 

[11-13].  
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Various studies with less or more sensitive analytical methods for 5-HMF were presented in 

Table 3 and similar ones were discussed above. Recovery values of this study were found lower than 

some studies represented in Table 3, but it was assumed within acceptable limits compared to guideline 

[34]. 

 

3.2. 5-HMF Concentrations of Authentic Food Samples 

The validated HPTLC method was applied to 58 marketed products and the 5-HMF 

concentrations were found in 48 (82.76%) products in the range between 13.12-28.90 mg/kg with a 

mean value of 20.23 mg/kg. As a main subject of this study, current (Table 2) and previous studies 

(Table 3) related to 5-HMF contamination in baby food were summarized. The obtained values here 

were consistent with those for different formulas in the literature. Besides 5-HMF determined products 

did show any correlation neither with the fruit type nor brand name of the baby food specified in the 

“2.2. Sample Collection and Processing” section. However, 5-HMF level was found to be 21.45-28.90 

mg/kg in products containing only apple (15.5%). 

Certain undesirable chemical reactions take place and some compounds are formed during the 

thermal process such as heating, baking, roasting, grilling, canning, hydrolysis or fermentation. Among 

these compounds, some of them are carcinogenic, such as acrylamide and furans [2].  

Ready-made baby foods consist of milk, fruit, and cereal. Fruit-based products are highly 

sensitive to Maillard reactions due to their acidity, so commercial samples present a wide range of 5-

HMF contents [20, 30]. Moreover, the presence of 5-HMF formation was investigated in expired baby 

cough syrups under deteriorated storage conditions [5].  

There were limited studies on 5-HMF contaminated baby food in literature [29-33]. One of 

them was a HPLC study conducted for evolution of 5-HMF and furosine content in jams and fruit-based 

baby foods.  It was conducted under the controlled storage duration in order to assess the reliability of 

these parameters as quality indicators. 5-HMF content was found in the range between 1 to 65 mg/kg 

[30].  

Another study from the same region in 2006 evaluated 5-HMF level in baby food and,  this was 

expressed a comparison of developed LC-MS and HPLC-UV methods in order to use in the 

investigation on a wide variety of processed baby foods including breads, biscuits, and adopted and 

follow-on formulas, as well as fruited fresh cheeses and yogurts [20]. According to the results, 5-HMF 

content of 16 commercial baby products were found in the range of 0.17-57.18 mg/kg with Solid Phase 

Extraction (SPE) after acetic acid treatment. It was concluded that more sensitive methods were needed 

to determine toxic compounds into various food matrices. The determined lower limit concentrations 

were in consistent but determined upper limit concentration were higher than the presented study.  

 

         Table 2. 5-HMF amount found  in selected  baby  products 

Food commodities HMF content 

(mg/kg) 

Reference 

Baby syrup (expired drug) 2.24 – 18.24 [5] 

Baby food (milk based) 0.18 – 0.43 [20] 

Baby food (cereal based) 0.17 – 57.18 [20] 

Baby food (milk-based)  0.039-0.366 [23] 

Baby food (fruit-based) 1.0 – 65.0 [30] 

Baby food (formula based) 6.7 – 13.3 [33] 

Baby food (fruit-based) 13.12 – 28.90 Present study 
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            Table 3. Comparison of recent studies for 5-HMF determination by progressive techniques 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
           *DAD: Diode Array Detector; Ext.: Extraction 

 

 

 

 

 

Method Ext. Method 
Food 

commodities 
LODs LOQs Linear range R2 Recovery Reference 

MECK-UV Direct application Honey 0.09 μg/mL 0.31 mg/kg 10-80 mg/kg 0.99 96.37–99.56% [22] 

CE-DAD* Direct application Honey 0.09 μg/mL 0.31 mg/kg 10-800 mg/L 0.995 90.44-110.37% [21] 

NMR Direct application Caffee 0.30 mg/g - - - - [24] 

LC-MS 
Carrez addition 

SPE 
Baby food 0.005 μg/mL - 0.05-2 mg/kg  0.99 91.8-94.7% [20] 

HPLC-UV Carrez addition Baby food - - - 0.99 - [30] 

HPLC-UV Total Dry Extract Beer 0.012 μg/mL 0.036 mg/L 1.0-128.0 g/L 0.999 93-102% [19] 

HPLC-DAD Direct application 
Syrup /  

Expired drug 
0.011 μg/mL 0.036 μg/mL 1.0-50.0 μg/mL 0.999 - [5] 

HPTLC-UV 

and MS 
Direct application Honey 0.58 mg/kg 2.0 mg/kg 0.8-80 ng/spot 0.9998 - [11] 

HPTLC-UV LL Vinegar, Wine 0.045 ng/mL 0.125 µg/kg 0.5-20.0 µg/L 0.9968 95-112% [17] 

HPTLC SPE Fruit juices 4.0 ng/spot - - 0.99 - [12] 

HPTLC-UV LL Honey 2.0 ng/mL 4.0 µg/kg 4.0-60.0 µg/kg 0.9994 100.2-115.2% [16] 

HPTLC 

UTLC 

LL Honey 34-65 ng/spot 

14-27 ng/spot 

- - 0.9997 

0.9994 

- [13] 

HPTLC-UV QUECHERS Baby food 1.54 ng/g 4.67 ng/g 10-750 µg/kg 0.9973 83.65-96.02% 
Present 

method 
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4. Conclusions 

It should be noted that this developed method offers a parallel separation of ~25 products on the 

same plate and simultaneous evaluation of all the samples within a short time and a less organic solvent 

use. QuEChERS method after acidified treatment offers a good stability for 5-HMF compound, potent 

extract and easy applicability.  

It is easily understandable that storage conditions were also affect the formation 5-HMF in 

addition to processing [5]. Despite 5-HMF has been known one of the unavoidable compounds due to 

thermal process, we believe that transportation of baby formula in appropriate circumstances should be 

given more priority in hot climate conditions. 

This was the first study that 5-HMF was determined by HPTLC with A-QuEChERS extraction 

in fruit-based baby food products in Istanbul. Although the concentration of 82.76% of the 5-HMF detected 

products was found to be below the legal limit, the results revealed that a new regulation should be made in fruit-

based food considering the baby exposure limit. Satisfactory results in relation to linearity, selectivity, 

precision and accuracy were obtained, which confirmed that the proposed method was suitable for 

regulatory requirements. As a general conclusion, the analytical performance of the method, particularly 

low cost and simple sample pretreatment, verifies its potential applicability for routine and automated 

analysis of 5-HMF in the quality control of food products.  
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