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DETERMINATION OF BENZOYL PEROXIDE 
IN WHEAT FLOUR BY ION 

CHROMATOGRAPHY WITH PRECOLUMN 
DERIVATIZATION 

Qing-Chuan Chen, Shi-Fen Mou,* Xiao-Ping Hou, Zhe-Ming Ni 

Research Center for Eco-Environmental Sciences 
Academia Sinica 
P. 0. Box 2871 

Beijing 100085, China 

ABSTRACT 

A novel method for the determination of benzoyl peroxide 
bleach in wheat flour by using high performance anion exchange 
chromatography (HPIC) after decomposition to benzoic acid was 
proposed. Benzoyl peroxide was effectively extracted from wheat 
flour with absolute ethanol by ultrasonication under neutral 
condition and converted to benzoic acid in the presence of 
potassium hydroxide solution. The chromatographic separation 
of benzoic acid was performed on a Dionex OmniPac PAX-100 
separation column and the determination by ultraviolet 
absorbance detection at 222 nm. Good linearity between the 
concentration of benzoyl peroxide and peak area response was 
achieved in the range of 0.12-20 pg/mL. The detection limit 
(signal-to-noise ratio 3:1) was 19 ng/mL for benzoyl peroxide. 
The method has been successfully applied for the analysis of real 
samples, and the average recoveries for various samples ranged 
from 81 to 92%. 
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Figure I The dntctiirt: of beivoll perovidc 

INTRODUCTION 

Beivoll pcroudc has bccn nidelj used as a flour bleacher in the food 
industn in many deheloped countries including the United States and the 
United Kingdoin (the molecular structure of benzoyl peroxide is illustrated in 
Figure 1 j ' It can give an effectile bleach when added to flour in an 
appropriate proportioil 

The Chinese regulations permit the use of benzoyl peroxide in the 
manufacture of flour below the ratio of 0.3 g/Kg2 and in practical application 
the usage is generally not more than 0 06 g/Kg 

The nicthods for the determination of benzoyl peroxide bleach in flour 
were rarely reported in the literature. The official final action AOAC method 
was based on the reduction of the bleach to beiizoic acid in an acidified ether 
solution and thc quantificatioii of benzoic acid was carried out by colorimetr~i.~ 

Gas chromatography was also used for the determination of bentoyl 
peroxide after decomposition to benzoic acid in cheese' and wheat flour.' 
Besides. benzoyl peroxide in wheat flour could be determined by reversed-phase 
thin-layer chromatography in combination with UV detection.' All these 
methods were tedious and time-consuming that contained multi-step extraction 
and clcan-up procedures, thus not suitable for the routine analysis. 

To our knowledge, no ion chromatographic method for the determination 
of benzoyl peroxide has been reported. In this paper. a relatively simple 
method was proposed for the determination of benzoyl peroxide bleach in 
wheat flour b) using high performance anion exchange chromatography 
(HPIC j in combinatioii with precolumn derivatization, and applied to the 
analysis of \ariotis real samples with satisfactory results. 
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BENZOYL PEROXIDE IN WHEAT FLOUR 707 

MATERIALS AND METHODS 

Apparatus 

A Dionex Model DX-500 ion chromatograph (Sunnyvale, CA, USA) 
equipped with a S O  pL sample loop was employed along with a Dionex 
PeakNet chromatography workstation for instrument control as well as data 
acquisition and processing. 

The chromatographic separation was performed by a Dionex OmniPac 
PAX-100 separation column, and the detection by a Dionex AD20 absorbance 
detector with detection wavelength set at 222 nm. The eluent was 3 mmolL 
sodium carbonate f 2% methanol with a flow rate of 1.0 mL/min. 

The spectrophotometric experiments were carried out by using a 
Shimadzu UV-120-02 spectrophotometer (Kyoto, Japan) with 1 cm quartz cells. 

Reagents 

The benzoyl peroxide stock solution (0.5 mg/mL) was prepared by 
dissolving accurately 0.1000 g of benzoyl peroxide (purity: >98%, obtained 
from Xuchang Pharmaceutical Factory, Henan Province, China) in absolute 
ethanol and diluted to 200 mL with the same solvent. The working solution 
(15 pLg/mL) was prepared by dilution of the stock solution with absolute ethanol 
weekly. The other reagents were of analytical reagent grade or higher purity. 
Distilled deionized water was used throughout. 

Preparation of Calibration Graphs 

Into 25 mL volumetric flasks 0.2, 0.4, 1, 5 mL of benzoyl peroxide 
working solution (15 pg/mL) as well as 0.6, 1 mL of benzoyl peroxide stock 
solution (0.5 mg/mL) were transferred and 2 mL of 0.1 mol/L KOH was added. 
All the solutions were mixed by ultrasonication for 2 min at room temperature, 
diluted to volume with water and set aside overnight. 

The solutions were injected into the HPIC system for calibrations. All 
these solutions were prepared freshly. In this study, the peak area 
measurements for all calculation were carried out. 
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Procedure 

All the samples including two ordinary wheat flours (Sample A and B), 
two dumpling flours (Sample C and D) and one special flour for stuffed buns 
(Sample E) were purchased from the local market. Approximately 1 g of flour 
sample was weighed accurately into a 100 mL dried stopper-attached conical 
flask, and 8.0 mL of absolute ethanol was added. After the stopper was capped, 
the solution was shaken vigorously by wrist action for 1 min and then extracted 
by ultrasonication for 15 min at room temperature. The suspension was 
transferred completely into a screw cap polyethylene plastic conical centrifuge 
tube with a disposable pipette, and centrifuged at 4000 rpm for 20 min. Four 
milliliters of supernatant was transferred accurately into a 25 mL volumetric 
flask, and 2 mL of 0.1 mom KOH was added. The solution was mixed in an 
ultrasonic water bath for 2 min at room temperature, diluted to volume with 
water and set aside overnight. The final sample solution was injected into the 
HPIC system after filtering through a 0.45 pm filter. 

RESULTS AND DISCUSSION 

Selection of Separation System 

From the theoretical point of view. it is very difficult to determine benzoyl 
peroxide directly by ion chromatography because of its strong hydrophobicity 
that was also confirmed by our experiments. The most commonly used method 
for the determination of benzoyl peroxide bleach in flour was based on its 
decomposition reaction to benzoic acid, and the latter could be detected by 
various  method^.^.^ As an organic weak acid which dissociation constant is 
6.46 x lO-',' benzoic acid can be determined by ion ~hrornatography.'-'~ Hence 
benzoyl peroxide can be determined indirectly through the quantification of 
benzoic acid after precolumn derivation reaction. Because benzoyl peroxide is 
a strong organic oxidant and liable to explode. in practical application it is 
always used as a mixture in which it has been diluted with some inorganic 
fillers,' such as carbonate or phosphate along with sulfate.' In order to avoid 
these potential interferences, firstly, a Dionex IonPac ICE-AS6 separation 
column on which the retention mechanism is ion exclusion was employ-ed. 
Because under this condition, these inorganic strong acid anions were all eluted 
out within void volume. Unfortunately, benzoic acid was retained so strongly 
on this column that it could not be eluted out by using commonly used eluents 
such as diluted sulfuric acid + methanol, which may be caused by its weak 
acidity together with its strong hydrophobicity. 
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Figure 2. The absorption curves of 20 p g / d  benzoic acid (A) against eluent blank 
and of eluent (0) against water. Eluent: 3 mmol/L sodium carbonate + 2% methanol. 
Spectrophotometric measurements were perfonned by using a Shiniadzu UV-120-02 
spectrophotometer with I cm quartz cells. 

To date, all the ion chromatographic methods for the determination of 
benzoic acid were HPIC,~-’~ and the Dionex OmniPac PAX-100 anion 
exchange separation column is designed to separate a variety of aromatic acids 
including benzoic acid.16 In order to wet the hydrophobic substrate on this 
column and maintain the maximum column performance, it is essential that the 
eluent always has, at a minimum, 1% organic solvent such as methanol.I6 

So, in this study. a Dionex OmniPac PAX-100 separation column was 
employed and 3 mmol/L Na2C03 + 2% methanol was used as eluent for 
separation of benzoic acid. 

Under the specified experimental conditions, benzoic acid can be eluted 
out within a very short time, and the carbonate anion in real samples within the 
void volume. In addition, phosphate as well as sulfate anions did not possess 
ultraviolet characteristic. So these anions did not interfere with the 
determination of benzoic acid. 

Selection of Detection Wavelength 

Ultraviolet absorbance detection is the first choice for the detection of 
benzoic acid in HPIC because its conductivity signal is very low. Figure 2 
shows the absorption curve of benzoic acid against eluent blank obtained by 
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710 CHEN ET AL. 

using a spectrophotometer. The absorbance of benzoic acid reaches a 
maximum at 222 nni at which the background absorbance of eluent is very low. 
Hence 222 nm was chosen for the further study. 

Study on Precolumn Derivation Reaction 

So far, the most conventional decomposition reaction of benzoyl peroxide 
to benzoic acid that can be used for practical application was the reaction with 
potassium iodide in an acidic matrix6,’ that was rapid, simple. and complete. 
But the complete elution of the excess iodide anion in the decomposition 
reaction required at least 35 min under the experimental conditions. though 
iodide anion did not interfere with the detection of benzoic acid. If potassium 
iodide + methanol solution was chosen as eluent, this problem could be 
avoided, and the excess iodide anion, as reductant, could be eluted within void 
volume resulting in an apparent system peak in chromatogram. 

On the other hand. because the ultraviolet absorption of iodide in ehient 
\vas v e q  strong in the range of 190-250 nm, the detection sensitivity of analyte 
of interest (benzoic acid) became very poor. Hence the decomposition reaction 
was not studied further. It was commonly considered that anionoid reagents 
such as trialkylammonium could react with benzoyl peroxide similar to 
iodide.” In addition. several basic (NaOH. KOH and Na2C03) and acidic 
solutions (H2S04 and acetic acid). along with reductant solution (FeSO,$). were 
eniployed to decompose benzoyl peroxide to benzoic acid.” Preliminaq 
experiments showed that a precipitation occurred in the benzoyl peroxide 
solution when ascorbic acid or oxammoilium hydrochloride reductant solution 
~ v a s  added. and the mechanism was not yet clear. 

In this stud!. the effects of I arious precolurnn den\ atioii reagents and 
reaction time on the decomposition ratio o f  benzoyl peroxide to benLoic acid 
were studied as follons 1 mL of 0 5 mg/mL benzoll peroxide stock solution 
\%as transferred into a 25 mL Irolumetric flask and 1 mL of0 I mol/L derivation 
rcagent mas added. the solution uas mixed in an ultrasonic nater bath for 2 
mtn at room temperature prior to dilution to \ohme with \Iater The 
decomposition ratios were calculated bj  comparing the peak area responses of 
bemoic acid. con\ erted from benzoyl peroxide, \$ ith the peak area responses of 
equivalent bcnjoic acid working solution (19 8 pg/mL) The detailed results 
ale surnmarixd in  Table 1 

We can hiid that the decomposition ratios increase b! increasing the 
reaction tiine for all reagents and after 0 5 d, the decomposition ratio remains 
approximately constant except for sodium carbonate The incomplete 
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Figure 3. 'The effect of' addition volume of 0.1 mol/L KOH on decomposition ratio of 
henzoyl peroxide. The experimental conditions as the text. 

conversion of bcnzo?l peroxide to benzoic acid can be explained by the small 
amounts of carbon dioxide, benzene. phenyl benzoate, and biphenyl which may 
also be formed in reaction.' These compounds were retained strongly on the 
separation column, except carbon dioxide. Therefore, the separation column 
should be washed by 50 mmol/L potassium hydroxide + 50% methanol for 30 
min when the analysis is completed per day to avoid the increase of column 
pressurc and the loss of column efficiency. 

From the viewpoint of decomposition reaction, sodium sulfite seemed to 
be the most suitable derivation reagent because it could reach its constant 
within the shortest time. However. the excess of sulfite anion, which possesses 
ultraviolet characteristic, should be eluted out from the separation column 
though it did not interfere with the detection of benzoic acid, and it needed at 
least 10 min. Finally. 0.1 mol/L of potassium hydroxide was preferred and the 
reaction time was chosen as 0.5 d. Additionally, the effect of the addition 
volume of 0.1 molL potassium hydroxide on the decomposition ratio was also 
studied and the results are shown in Figure 3. Hence 2.0 mL of potassium 
hydroxide was used in all experimcnts. 

Selection of Extraction Solvent 

The extraction solvents which were used in the above-mentioned 
method'.' were ether solvents. The procedures were tedious and time- 
consuming because multi-step clean-up operations were necessary after solvent 
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Table 2 

Analysis of Real Samples 

Sample Content" (pg/g) Added (pg) Recovery (%)b 

A 16.28 f 0.62 60 81.81 f 2.53 
300 83.63 f 0.90 
500 85.65 f 1.28 

B 20.60 f 0.89 
C 29.69f 1.27 60 89.84 f 2.22 

300 86.24 f 1.46 
500 91.32 f 1.21 

D 6.13 f 0.38 
E 24.94 f 0.73 

a Average of four determinations f standard deviation. 
Average of six determinations f standard deviation. 

extraction to remove fat-soluble interfering materials in foods which could also 
dissolve in ethers. Because benzoyl peroxide can dissolve in absolute ethanol,I8 
in which fat solubility was poor, in this study, the absolute ethanol was used as 
extraction solvent for a trial. The operation of clean-up was not needed because 
the fat-soluble interfering materials were reduced and the recoveries for spiked 
real samples were satisfactory. Therefore, absolute ethanol was adopted as 
extraction solvent. 

Linearity, Precision and Detection Limits 

Under the optimized experimental conditions, linear relationship between 
the concentrations (0.12-20 pg/mL) of benzoyl peroxide and peak area 
responses gave a correlation coefficient of 0.9998. The detection limit for 
benzoyl peroxide was 19.0 ng/mL at a signal-to-noise ratio of 3. That is to say, 
0.00095 g of benzoyl peroxide in per kg of flour can be detected. which 
indicates that the proposed method is suitable for the routine analysis. The 
precision was evaluated by performing seven replicate analyses of benzoyl 
peroxide working solutions whch had been done as the solutions for calibration 
graphs. The relative standard deviations were 0.62% and 0.49% when the 
concentrations were 12 p g / d  and 20 pg/mL, respectively. 
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Figure 1. The cluomatogran ~ of .?. gg/mI. benzoyl peroxide standard solution which 
was used for calibrations (a) arid of Sample C final solution (b). Peaks: 1 = System 
peak: 2 = Berizoic acid: 3 = U h i o a n  peak. 

Analysis of Real Samples 

All the samples were analy Led. in accordance with the optiinum 
c\perimental conditions The results obtained are summariLed in Table 2 and 
the chromatogram of Sample C final solution shown in Figure 4 

We can find that the amounts of benzoyl peroxide added in all flours do 
not exceed the Chinese regulation Besides, spike recovery studies were carried 
out by using 1 g of Sample A and C, and the results also shown in Table 2 are 
sat i sfact o v  . 

CONCLUSIONS 

A novel ion chromatographic method for the determination of benzoyl 
peroxide bleach in flour, based on the precolumn derivatization reaction. with 
ultraviolet absorbance detcction has bccn developed. It has been applied to the 
analysis of real samples with satisfactory results. 
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