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Abstract 
 

Vitamin C, an important part of the human diet, was once difficult to quantify. This 
experiment follows the method developed by Fontannaz, Kilinç and Heudi for the 
extraction and quantification of vitamin C from fortified foods.  Vitamin C was extracted 
from broccoli, a red pepper, an orange, and a supplement and quantified using reversed-
phase ion-pairing HPLC.  Comparison with USDA standards showed that the ion-pairing 
method provided reproducible and accurate results when experiments were done in the 
same day using the same sample. 
 
Introduction 
 
 According to the U.S. Department of Health and Human Services, the average adult 
needs 90 mg of vitamin C as part of a well-balanced diet.1  The human body is not capable 
of manufacturing or storing vitamin C, so daily consumption is crucial.  Vitamin C is found 
naturally in many citrus fruits and vegetables and is essential for growth and repair of 
tissues in the body.  It is required for collagen formation, the repair of cartilage, bones, and 
teeth, and assists in healing wounds.2 Vitamin C is an antioxidant, blocking the action of 
free radical by-products from the transformation of food into energy.3  
 As part of the undergraduate general chemistry laboratory experience at Concordia 
College, students use Vitamin C to learn vital lab skills and techniques. Students extract 
vitamin C from a supplement and use UV-Vis spectroscopy and titrations to determine its 
concentration.  In more recent years, the experiment has expanded to the investigation of 
the degradation of vitamin C using HPLC.  This experiment builds on the knowledge gained 
during the first year in lab.   

Using HPLC, Fontannaz, Kilinç and Heudi developed a method to quantify vitamin C 
using ion-pair chromatography.4  In this technique decylamine (a surfactant) becomes 
lodged in the stationary phase.  The polar end of the surfactant becomes an ion exchanger, 
associating with charged analytes as they pass through the column.  This interaction allows 
for successful separation of vitamin C from other compounds found in foods.5 

Fontannaz, Kilinç and Heudi used HPLC to quantify vitamin C in a variety of fortified 
foods.4  Using a reducing agent to stabilize the vitamin C, they investigated several different 
quantification methods.  The first major problem experimenters faced was the vitamin C 
being in two different oxidation states, which made it hard to quantify.  The use of reducing 
agents solved this problem. The next step in the process was finding a way to quantify each 
of the different oxidation states (ascorbic acid and dehydroascorbic acid) in solution.4  The 
use of HPLC made this possible.  This experiment used both a reducing agent and the HPLC 
for quantification.  The simplicity and reproducibility of this method make it a great 
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experiment to be taken back into the general chemistry lab as another option for what is 
done already with vitamin C and the HPLC. 

 
Experimental 
 
Chemicals 

Ascorbic acid was purchased from Fisher Scientific.  Acetonitrile, trichloroacetic 
acid, sodium acetate, phosphoric acid, tris [2-carboxyethyl] phosphine hydrochloride, 
decylamine, and taka-diastase were purchased from Sigma Aldrich. 
 
Solution and mobile phase preparation 

 A 250 µg/mL tris (2-carboxyethyl)-phosphine hydrochloride (TCEP-HCl) solution 
was prepared by dissolving 125 mg of TCEP in 500 mL ultra pure water.  A 1 % 
trichloroacetic acid (TCA) solution was prepared by dissolving 5.0 g of TCA in 500 mL ultra 
pure water.  

The HPLC mobile phase was prepared by combining 1.6 g of decylamine, 80 mL of 
acetonitrile, and 100 mL of 0.25-M sodium acetate with 820 mL of ultrapure water in a 
1000-mL Erlenmeyer beaker.  The pH of the solution was adjusted to 5.4 using 
concentrated phosphoric acid, and 50 mg of TCEP-HCl solution was added. The solution 
was filtered and degassed prior to use.  
 
Sample Preparation 

 A 10-g sample of broccoli, red pepper, orange was weighed into a 100-mL 
volumetric flask after having been ground or crushed with a mortar and pestle. An entire 
supplement tablet was used. Quantification for this was based on the amount in each tablet.  
To the flask, 40 mL of the TCEP-HCl was added, and the solution was diluted to the mark 
with the TCA solution.  TCEP-HCl is added because it is a reducing agent that ensures the 
vitamin C is completely in one oxidation state and TCA is added to aid in the extraction of 
vitamin C. Solutions containing starches (broccoli and pepper) had 10 mg of taka-diastase 
(to break down starches within the foods) added and were incubated at 42oC for 30 
minutes prior to adding the TCA solution.  Solutions were then filtered using Whatman #1 
filter paper (11 cm).  If a dilution was necessary, portions of the sample were diluted using 
the mobile phase (pill and pepper).  Samples were filtered using Fisherbrand 45-µM 
syringe filters and loaded into HPLC vials.  
 Standards were prepared using ascorbic acid.  A 1250-ppm solution was made using 
0.125 g of ascorbic acid and diluted in a 100-mL flask with 40 mL of the TCEP-HCl solution.  
It was then filled to the mark with TCA solution.  All following dilutions were done using 
the mobile phase.  Here, 20 mL was diluted to 50 mL to create a 500-ppm stock solution.  
From the stock solution 10, 50, 100, 150, and 200 ppm standards were made.  
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Liquid Chromatography 

 HPLC analysis was performed using a Varian Prostar HPLC equipped with a Varian 
Prostar 325 LCD detector. Separations were carried out using an Exsil ODS 5 micron 
250mm column (SGE) with a mobile phase flow rate of 1 mL/min and detection at 265 nm.  
 
Results and Discussion 
 

Using the calibration curves from known standards shown in Figure 1, the 
concentration of vitamin C was determined in each sample. To calculate the mass of 
vitamin C for each sample, the solution concentration after dilutions was multiplied by 0.1 
L, divided by the mass of the sample used, and multiplied by the mass of the whole food.  
Table 1 lists the solution concentrations, calculated vitamin C content, and anticipated 
vitamin C levels in the samples.1 The calculated vitamin C mass could then be compared to 
anticipated values.   

 

 
 

The results obtained for each sample were comparable to the anticipated values 
from the USDA. The difficulty in comparing actual calculated values to the anticipated value 
is due to the USDA listing values by serving size.  In an orange for example, the USDA says 
there should be 70 mg of vitamin C.  However, the serving size of an orange can be 
described as one medium orange.  Medium size has been described as roughly the size of a 
baseball.  It is hard to accurately compare one orange to another when there is no exact 
mass used.  The size of an orange may differ greatly and the actual vitamin content of each 
piece of fruit would be expected to vary.  
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The oranges used in this experiment were closer to softball sized, so a higher 
amount of vitamin C is expected to be present.  The variability between orange #3 and 
oranges #1 and #2 is likely due to that fact that the experiment was done on different days 
with different fruit from different stores.  Similar results are seen for the pepper.  The 
peppers used in this experiment were also much larger than the USDA sizes.  An increase in 
vitamin C was observed as expected.  Again, the pepper variability from experiment to 
experiment is likely due to using different vegetables with differing sizes from different 
stores.  The broccoli vitamin C concentration was calculated for a single serving, so it can be 
directly compared to the USDA values.  Again, different broccoli was used in the third 
experiment than in the first two, which could have contributed to this difference and 
variability is expected.   

One problem encountered during the experiment was the long equilibration period. 
During the equilibration period, retention time of standards was affected as retention time 
increased until it stabilized at 12 minutes.  Although retention time changed, peak area was 
not affected and data collected during the equilibration period was still valid. Typical 
chromatograms for each sample are shown below in Figure 2 with the equilibrated 
retention time.  
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Extraction of vitamin C from broccoli was difficult and may have been a source of 
error.  For the orange and pepper, extraction was done using juice from the sample.  
Broccoli extraction was done by grinding the florets with a mortar and pestle.  If stems 
were present, it was difficult to crush the florets evenly.  To increase accuracy and 
precision in determining the level of vitamin C in foods, a better extraction method is 
needed.  Rather than using a mortar and pestle, a possible option would be a blender or 
food processor to evenly grind the sample.  As long as using a blender does not damage the 
vitamin C sample, it should offer better, more consistent results. 
 One of the most frustrating problems with this experiment was the methanol rinse 
of the HPLC.  As soon as methanol came in contact with the mobile phase, solids 
precipitated out of solution clogging the HPLC.  In an effort to solve this problem, ultrapure, 
filtered, degassed H2O was run through the HPLC before and after the samples.  After 
slowly switching the column from water to methanol, clogging still occurred.  A method still 
needs to be found for cleaning the HPLC before this experiment would be ready for the 
general chemistry lab.   
 The final problem encountered was the preparation of standards.  The first week’s 
standards were made using ultrapure water and ascorbic acid.  Due to the different 
oxidation states and the rate at which vitamin C degrades, the calibration plot generated 
was non-linear.  This problem was fixed the subsequent week by preparing the standards 
following the same method as the samples using TCEP-HCl and TCA. 
 
Conclusions 
 

This experiment utilized a method for extracting vitamin C from various fruits, 
vegetables, and a vitamin supplement.  Extracted vitamin C was quantified using reversed-
phase liquid chromatography.  The method generated reproducible results and comparable 
values to USDA values.  The general chemistry lab could use this experiment if the problem 
of clogging the HPLC is fixed.  Future work should focus on ways to clean the HPLC after 
use, better extraction methods, and expanding the analysis to different fruits and 
vegetables. 
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