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Introduction
Folic acid is a compound belonging to the vitamin B complex. Its structural analogs, the folates, 

are the metabolically active compounds [1]. Folate deficiency is associated with problems in cell 
division and alterations of protein synthesis which play a very important role in Neural Tube 
Defects (NTD) as anencephaly, bifida spine, and encephalocele. These birth defects are public health 
problems of worldwide scope. In Nuevo León, México, these congenital malformations are the most 
common problem which contributes to mortality and morbidity in children [2]. Diverse strategies 
have been developed in several countries to reduce NTD defects, such as the oral administration 
of folic acid and by encouraging pregnant women to eat a balanced diet including vegetables and 
fortified cereals. These products are usually fortified with a very simple and stable form of the 
vitamin in order to achieve optimal nutritional levels [3]. Several reports confirm the beneficial 
effects of folic acid fortification to prevent the NTD [4,5].

Given the importance of folic acid in children and pregnant women, quality control of fortified 
products is necessary. The aim of this research was to determinate the levels of folic acid in fortified 
cereals consumed in the metropolitan area of Monterrey. Folic acid was determinate by a validated 
chromatographic method implemented in our laboratory. The results were compared with the 
product label information.

Material and Methods
Materials

Chemicals: Methanol and acetonitrile were HPLC grade from Fisher Scientific (Waltham, MA 
USA). Tetrabutylammonium phosphate (TBA) was Baker Analyzed HPLC grade (Fischer Scientific, 
Waltham, MA USA.). Trifluoroacetic acid, α-amylase 250,000 U and folic acid standard were 
purchased from Sigma Aldrich. (St. Louis, MO, USA). Potassium phosphate dibasic (K2HPO4) and 
phosphoric acid (H3PO4), were from J.T. Baker (Fischer Scientific, Waltham, MA USA). Nylon 
filters 0.45 µm (Waters, Milford MA, USA). 

Samples: Fortified cereals samples were purchased from local markets. In addition, a virgin cereal 
sample provided by the Kellogg’s Company was analyzed. This sample was stored in a hermetically 
sealed metal container to protect from moisture and light.

Methods

Pretreatment of the sample: Two g of finely ground samples were homogenized with 45ml of 
0.1 M K2HPO4, pH 8-9, and was stirred for 1 hour, then, the pH was adjusted to 7 and 2ml of 
α-amylase solution (25mg / ml) were added. The mixture was incubated at 65°C for 1 hour following 
by heating to 90°C for inactivates the enzyme. The whole digest was cooled to room temperature 
and transferred to volumetric flask to fill with phosphate buffer to 50ml. Before chromatographic 
analysis the solutions were filtered through a 0.45µm nylon membrane (Millipore).
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Cereal samples fortified with folic acid obtained in the metropolitan area of Monterrey were analyzed by 
a chromatographic method developed in our laboratory. The results were compared with the product´s label 
nutritional information. All tested cereal samples matched the folate labeled. The chromatographic method 
applied is quick, simple, low cost and suitable for cereal folic acid determination.
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Chromatographic analysis: Folic acid was analyzed in a Waters 2690 
High Performance Liquid Chromatography with 996 diode array 
detector. A Sentry Universal Guard Column Holder 50 x75 mm was 
used. An Atlantis dC18 column (150x4.6 mm with 5µm particle size 
(Waters) was used. The mobile phase was trifluoroacetic acid 0.1%: 
acetonitrile (85:15). The elution was isocratic with a flow rate of 1.4 
ml/min. The injection volume was 10 µL. Detection was at 280 nm.

Validation: Stock solution of folic acid (50 µg ml-1) was prepared by 
dissolving in phosphate buffer solution (pH 8-9). By diluting stock 
solution, standard solutions of folic acid were prepared in Milli-Q 
water over a range of 0.1 to 4 µg mL-1. The method was validated 
considering both FDA and ICH guidelines [6,7], taking into account 
peak area. Linearity was established by calculating the coefficient of 
variation of the response factors (FR = area/concentration). Limit 
of Detection (LOD) was calculated as the minimum concentration 
that produces a response that can differentiate from the noise 
(ratio signal/noise = 3). The LOQ was calculated as the minimum 
concentration with suitable precision and accuracy. Precision was 
evaluated by analysis of five virgin samples fortified at three levels 
of concentration. Accuracy was calculated as the recovery of spiked 
samples at three levels of concentration [8].

Results and Discussion
Chromatographic analysis

A C18 reverse phase column as a stationary phase and phosphate 
buffer and methanol as a mobile phase, with tetrabutylammonium 
phosphate (ionic-pair reagent), was used as a first chromatographic 
system. However, the use of ion pair reagent requires longer times 
for the column conditioning, therefore longer analysis times and a 
rapid saturation of the column. For these reasons this system was 

discarded. A Waters Atlantis dC18 column was used, since its ability to 
separate non-polar compounds as well as polar compounds, allowing 
the use of very aqueous mobile phases without ionic pair reagent [9]. 
Trifluoroacetic acid and acetonitrile were used as a mobile phase. 
Figure 1a shows a chromatogram of the folic acid standard at 1 µg 
mL-1. The retention time was 2.99 minutes. 

Method validation

The CV of the RF (response factor = concentration/area) was 
9.82%. The detection limit and the quantification limit were 0.031 µg 
mL-1 and 0.098 µg mL-1 respectively. The linear range was 0.1 to 4.0 
µg mL-1, which allowed quantify folic acid levels in cereal samples. 
The results of precision and accuracy are shown in table 1 and table 2 
respectively. The stability was tested in the standard as well as in the 
fortified samples. It was verified that the folic acid standard at 1 µg 
mL-1, once prepared and stored in the dark at 4°C, was stable up to 74 
days after preparation, however, the treated sample must be analyzed 
the same day as is processed. 

Sample analysis

The virgin sample, free of folic acid, was provided by the Kellogg’s 
Company. The analysis of the virgin sample confirmed the natural 
presence of folic acid. Therefore, to obtain the real amount of folic 
acid in the enriched samples it was necessary to subtract the amount 
of folic acid in the virgin sample.

In order to find the best sample preparation, we tried Ossey 
method [10,11]. However, the folic acid recoveries obtained were 
very low (29.81%). The Ossey method recommends cleaning the 
extracts with SAX cartridges [Waters Accell Plus QMA], though we 
filter the extracts performing a single filtration, the extracts were free 
of impurities and recovery was increased. In addition to the increase 
in the percentage of recovery and higher reproducibility, filtration 
has the advantage of reducing both time and cost. Even though the 
percentage of recovery was low, the method was precise, so it is 
acceptable. A correction factor was applied in the quantification of 
folic acid in the samples studied.

Analysis of commercial samples

Ten fortified cereal samples obtained from the metropolitan area 
of Monterrey were analyzed (Figure 1b). Results were compared with 
labeled values of the product (Table 3). Most cereal samples analyzed 
by our method reported higher concentration of folic acid than the 

Figure 1:  HPLC chromatograms. (A) Folic acid standard at 1µg/mL. 
Retention time 2.99 minutes. (B) Folic acid in cereal sample.  Separation 
conditions are described in text.

Table 1: Precision of the method (n=15).

Concentration tR
CV

Area
CV

Height
CV

Low (0.2 µg mL-1) 0.06 1.50 4.77

Medium (1.0 µg mL-1) 0.03 0.67 2.03

High (3.2 µg mL-1) 0.03 2.03 4.83

Table 2: Accuracy of the method (n=15).

Concentration Recovery (%) CV

Low (0.2 µg mL-1) 62 1.9

Medium (1.2 µg mL-1) 60 1.0

High (3.2 µg mL-1) 62 3.0
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level marked in nutritional information. A possible explanation is 
that during the fortification larger amount of folic acid were added 
to ensure that the product met the label specification before product 
expiration date. Also, it must be considered that folic acid was 
detected naturally in the product. 

Conclusion
Most cereal samples analyzed by our method met the 

concentration of folic acid marked in nutritional information. The 
stability test of the fortified samples indicates that the samples must 
be processed and analyzed the same day. The chromatographic 
method applied is simple, quick, precise, low cost and suitable for the 
determination of folic acid in different cereals.
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Table 3: Folic acid levels in enriched cereal.

Product Batch Folic acid
µg/100g

Folic acid in Nutrimental 
Information

µg/100g

Kellogg’s Corn Flakes B8 642.3 666.6

Kellogg’s Corn Flakes C8 764.1 666.6

Kellogg’s Corn Flakes A10 1174.6 666.6

Kellogg’s Corn Flakes C10 795.8 666.6

Kellogg’s Corn Flakes C12 975.0 666.6

Kellogg’s Corn Flakes B1 1040.0 666.6

Kellogg’s Corn Flakes C3 599.2 333.3
Hill Country Corn 

Flakes JI 305.9 400.0

Nestlé Corn Flakes 3B 670.8 400.0

Quaker Corn Flakes 7MA 293.0 320.0
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