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Abstract

A new spectrophotometric method has been developed for the determination of fructose, glucose and sucrose in
fruit juices. The method is based on the oxidation of sugars with zero valent iron powder in acidic pH aqueous
solution and bubbled with air. Oxidized by-products were complexed with 2-thiobarbituric and monitored by
UV-Vis spectroscopy. The recorded spectra are specifically characteristic for fructose, glucose and sucrose
respectively. Calibration curves were studied for each compound and the quantitative determination of
carbohydrate concentrations was carried out using an internal standard addition method. The average relative
standard deviation is 4% and recovery rate range from 98% to 103% for spiked concentrations of 0.05 — 4 mM
carbohydrates. The detection limit are 13, 15 and 12 M for fructose, glucose and sucrose respectively. The
oxidation of carbohydrates gives rise to certain by-products, presents a new method of indirect measurement of
carbohydrates. This method is applied in the determination of carbohydrates in juices and other foods in a
precise, easy and inexpensive way.
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1. Introduction

The determination of individual sugar content in fresh fruits and vegetables and their juices is an important
chemical analysis carried out to evaluate quality and to detect adulteration or contaminants. Analytical
techniques such as high performance liquid chromatography (HPLC) using different separation mechanisms
(adsorption, size exclusion, or ion exchange) and various detectors (refractive index, UV absorption,
amperometric, etc.), thin-layer chromatography (TLC), and gas chromatography (GC) have been commonly used
for qualitative and quantitative analyses of fruit juices (Stober et al., 1998; Arias et al., 2003; Weif32017). While
chromatographic techniques are very accurate, they are time-consuming and require tedious sample preparations.
Sugar analyses carried out by enzymatic assays are specific, rapid and reproducible (Whitesides 1984;
Matsumoto et al., 1990). However, the analyses require single determinations for each compound, which results
in time-consuming procedures and high cost of analysis (Trifirdet al., 1997; Vodnar and Socaciu 2008). Lanza
and Li (Lanza Li,B.W. 1984), Li et al. (Li et al., 1996) and Lorimor et al. (Ye et al., 2005) reported the
application of Near Infrared (NIR) spectroscopy for the direct analysis of total sugar content in fruit juices
(Suhandy et al., 2012). However, they concluded that it was not possible to determine individual sugars with
acceptable accuracy or precision by using the transmission mode with a quartz cell path length of 2.2 mm.
Giangiacomo and Dull (Giangiacomo and Dull 1986) and Ze’ev Schmilovitch et al. (Schmilovitch et al., 2000)
developed NIR models based on transmittance measurements that predicted individual sugars (sucrose, glucose,
and fructose) in aqueous mixtures with a standard error of prediction of 0.35-0.69. Improved sensitivity and
accuracy for the quantitative analysis of individual sugars in juices have been accomplished by placing the liquid
sample on a fiberglass support, eliminating the water and measuring the dry extract by diffuse reflectance
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spectroscopy (Alfaro et al., 1990; Li et al., 1996). Advances in Fourier transform NIR (FT-NIR) spectroscopic
instrumentation and multivariate data analysis techniques have had significant impact in the determination of
changes in food composition. FT-NIR improves spectra reproducibility and wave number precision (McClure
1994; Schmutzler et al., 2015) which can minimize the effects of solvent interference. However, the analysis of
individual sugars by the techniques cited above are either very expensive or need extensive expertise or
sophisticated instrumentation.

A fluorimetric method has been used to analyze fructose, glucose and sucrose (Danielson et al., 1999). This
method is based on the reaction between zirconyl chloride and the carbohydrates to form a fluorescent derivative.
The LODs were below 1 pg. However, to our knowledge there is no spectrophotometric procedure based on the
oxidation between the carbohydrates and zero valent iron powder followed by the 2-thiobarbituric acid test. The
objective of this work was to develop a new, economical and simple procedure for the determination of fructose,
glucose and sucrose in the fruit juices.

We demonstrated scavenging of the hydroxyl free radicals derived from oxidation reaction between ZVIP and
sugars, which, giving rise to a specific by-product characterized by its reaction with thiobarbutiric acid. We used
such series of reactions to develop a new methodology for the rapid identification and quantification of
individual sugars in fruit juices.

2. Materials and Methods
2.1 Reagents

All reagents were of analytical grade 99.7% purities. Sucrose, glucose, fructose, glacial, acetic acid and sodium
acetate trihydrate, Butyl rubber stopper, were purchased from Sigma Chemical Co. (St. Louis, MO, USA).
2-Thiobarbituric acid (TBA) was obtained from Fluka AG (Buchs, Switzerland), and zero-valent iron
powder (ZVIP) (325 mesh) was obtained from Merck (Darmstadt, Germany). Double-distilled water was
deionized with Milli-Q water purification system (Millipore) and filtered by a Millipak 40 cartridge (0.22
lem) before use.

2.2 Instruments

A Shimadzu UV-VIS 1650 PC spectrophotometer was used to record the absorption spectra. The pH values
were measured with a WTW pH/mV Hand-Held meter 330/SET. The pH meter was calibrated with standard
buffer solutions.

2.3 Preparation of Acetate Buffer Solution

1.5 ml of glacial acetic acid is added to 100 ml with distilled water. 0.64 g of sodium acetate or 2.72 g of sodium
acetate trihydrate are dissolved in 100 ml of distilled water.

Pipette out exactly 36.2ml of sodium acetate solution into 200ml of standard flask and add 14.8ml of glacial
acetic acid, make the volume 100ml using distilled water using distilled water. This gives 0.2 M of acetic acid
and sodium acetate buffer solution with pH = 4.6

2.4 Standard Solution

All experiments were carried out at room temperature (22 £1<C) in acetate buffer (0.2 M pH 4.6). The ZVIP was
treated with 200 mL of 1 M HCI for 10 min, and then washed with deionized water four times to remove all
residual HCI and Fe. The carbohydrate stock solutions were 15 mM. The working solutions of carbohydrates
were made with appropriate dilution.10 ml of carbohydrate stock solution (15mM) were mixed with 20 mL of
acidified deionized water (pH = 4.6) and transferred into a flask of 100 mL. 0.5 g of zero valent iron powder
were also added into the flask and shaken for 10 minutes. For analysis, 3 ml of the solution, treated with ZVIP,
was added to 3 ml of TBA in 15% acetic acid (1% TBA, w/v). The mixture was heated in a water bath
maintained at 100 <C for 15 minutes. After the mixture was cooled, the absorption spectrum of the mixture
was measured. Table 1 summarizes the experimental data of samples of sugars in mixtures and the
preparation method of the internal standard addition procedure.
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Table 1. Experimental data of sugars in mixtures?®

Replicate Concentration (mM)
Fructose Glucose Sucrose Volume of water Level of Total volume of
added ( ml) fortification mM the sample mL

1 1 1 Qo 3 0 5
2 1 1 0.5 2.5 0.5 5
3 1 1 1 2 1 5
4 1 1 15 15 1.5 5
5 1 1 2 1 2 5

4 Concentration of sucrose to be found(Q,). "No sugar control.

2.5 Sample Preparations

Fruit samples were pressed with a blender to obtain the juices. An appropriate dilution of the juices or the
carbonated beverages was made with deionized water.

The juices or carbonated beverages were diluted in aqueous acetate buffer at pH 4.6. ZVIP (0.5 g) was added to
100 mL of the carbohydrate or juice solutions in a vial. After the vial was sealed with a butyl rubber stopper, it
was shaken continuously for the duration of the experiment. The mixture was shaken the same way as the
standard solutions, and analyzed in the same manner. The samples were diluted in the first step 150 times and
prepared according to the protocol presented in Table 2.

Table 2. Protocol of sample preparations for the measurement of fructose after 150-fold dilution. The time of
treatment with iron is 10 min

Sample Carbonated beverages
No. Sprite® Caffeine free Pepsi® Mountain Dew®
1 2 mL sample + 6 mL acetate 2 mL sample + 6 mL acetate 2 mL sample + 6 mL acetate

buffer + 0.1 g iron

buffer + 0.1 g iron

buffer + 0.1 g iron

2 2 mL sample + 0.3 mL 15-mM 2 mL sample + 0.3 mL 15-mM 2 mL sample + 0.3 mL 15-mM
fructose + 5.7 mL acetate buffer fructose + 5.7 mL acetate buffer fructose + 5.7 mL acetate buffer
+0.1giron +0.1giron +0.1giron

3 2 mL sample + 0.5 mL 15-mM 2 mL sample + 0.5 mL 15-mM 2 mL sample + 0.5 mL 15-mM
fructose + 5.5 mL acetate buffer fructose + 5.5 mL acetate buffer fructose + 5.5 mL acetate buffer
+0.1giron +0.1giron +0.1giron

4 2 mL sample + 1 mL 15-mM 2 mL sample + 1 mL 15-mM 2 mL sample + 1 mL

fructose + 5 mL acetate buffer +
0.1giron

fructose + 5 mL of acetate
buffer + 0.1 g iron

15-mM fructose + 5 mL
acetate buffer + 0.1 g iron

2.6 Validation of the Method

The proposed method has been validated according to International Conference on Harmonization guidelines
(Shabir 2003) and ICH (Conference on Harmonization guidelines) for validation of analytical procedures which
include limit of detection, limit of quantitation, linearity, repeatability and intermediate precision, recovery,
specificity, and accuracy.

2.6.1 Limit of detection and limit of quantitation

The limit of detection (LOD) and limit of quantitation (LOQ) of the developed method were determined by
analyzing progressively low concentration of the carbohydrates working solutions 0.01 mM, 0.01mM and 0.008
mM for fructose glucose and sucrose respectively. The LOD is defined as the smallest concentration of the
analyte that gives a signal to noise ratio of 3. The LOQ is the smallest concentration of the analyte that gives a
signal to noise ratio of 10.

2.6.2 Linearity

Over the selected concentration range, a linear relationship was obtained between the absorbance intensity and
concentration. Linearity was established using five different concentrations: (0.05, 0.1, 1.5,2 and 2.3 mM) of
carbohydrates working standard solution.

Each concentration level was prepared in five replicates (n = 6). Results have shown that this method is linear
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over the range of 0.05 mM - 2.4 mM. The linear regression analysis demonstrates an excellent relationship
between the fluorescence intensity and concentration of melamine added with correlation coefficients (R?) of
0.99.

2.6.3 Precision

The precision of the method was determined by repeatability (intra-day) and intermediate precision (inter-day).
Repeatability was evaluated by analyzing five replicates of the standard solution of melamine (15 mM) on the
same day. The intermediate precision was determined by comparing the results on different days (4 days). The
mean values and standard deviations of absorption measurement are listed in Table 3.

Table 3. Summary of the parameters of the method

Carbohydrates  Auay * (NM) LDR (mM)  R* LOD?(mM)  RSD® %
Fructose 490, 630 0.05-2.3 0.9912 0.01 4
Glucose 451,520,632 0.05-2.5 0.9992 0.01 4
Sucrose 490,533,632  0.02-2.5 0.9964 0.008 5

#Maximum absorption. ° Linear dynamic range. ¢ Correlation coefficient( R%). ° Limit of detection.
®Relative standard deviations for Fructose, Glucose and Sucrose. Number of repetitions (7)

2.6.4 Recovery

The recovery of the method was determined by the standard addition method on selected Samples. A known
amount of carbohydrate was added to a solution with an initial concentration C, (0.42, 0.63 and 0.27 for sucrose,
glucose and fructose respectively), at three levels 50%, 100%, and 150% (n = 5). The percentage recovery was
calculated according to reference (Rima et al., 1982) and data are presented in Table 4. The recoveries were
found to be 95; 93 and 93 % respectively.

Table 4. Results for concentration determination of artificial mixture of three sugars

Sugars Concentration (mM) % Error
Measured (Q0) Known (Q)

Sucrose  0.42 0.40 5

Glucose 0.63 0.59 7

Fructose 0.27 0.29 7

2.6.5 Specificity

Each carbohydrate conducts, after its oxidation by the zero valent iron powder to a specific chromogen and then
has a complex with TBA, this can specify each carbohydrate and allows the monitoring according to its
concentrations and consequently to its qualitative and quantitative determination.

3. Results and Discussion
3.1 Reaction Nature and Specificity of Zero-valent Iron with Carbohydrates

According to the Lobry de Bruy and van Ekenstein transformation (Angyal 2001), fructose and glucose can each
form an enediol in either an acidic or basic solution (Figure 1). Sucrose upon hydrolysis to glucose and fructose
would be expected to give the same enediol structure. In aqueous solution at pH less than 7, ZVIP and the
enediol can undergo hydrogenation and/or hydroxylation reaction similar to those observed by Sweeny (Sweeny
et al., 1972; Rima et al., 2006; Corma Canos et al., 2007). Sweeny showed both hydroxylation and saturation in
the case of the iron-catalyzed reduction of chlorobenzene, where cyclohexanol is observed as a product. An
aldehyde also can be formed during the oxidation of sugar (Breton et al., 2007). The 2-thiobarbituric acid (TBA)
test was discovered 50 years ago for the measurement of lipid oxidation. Since then, it has been widely used for
the measurement of the oxidative state of biology and food materials. It had been proposed that the products
obtained by oxidation present reactive substances with TBA and form characteristic complex. In the case of
sucrose, glucose and fructose, the products of the reaction with hydroxyl free radicals derived from iron show
visible absorption spectra specific for each of the sugars as shown in Figure 2. The important analytical
parameters are presented in Table 3.
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Figure 1. Transformation between glucose, fructose, and their diol and enediol forms
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Figure 2. Absorption spectra of fructose, glucose, and sucrose after reaction with iron and formation of a
complex with TBA

3.2 Linearity and Detection Limit

Absorption linearity and LODs for the three sugars were determined. Fructose was determined from 0.05 to 2.3
mM (n = 6) with a linear least-squares slope of 0.016, a y-axis intercept of -1.8, and a correlation coefficient R
=0.9912. Sucrose was determined from 0.05 to 2.3 mM (n = 7) with a linear least-squares slope of 0.022 a y-axis
intercept of -1.74, and a correlation coefficient (R?) of 0.9964, glucose was determined from 0.02 to 3.5 mM (n =
8) with a linear least-squares slope of 0.0954, a y-axis intercept of -0.41, and a correlation coefficient of (R?)
=0.9992. For the three linearity plots, at least points run in triplicate. The relative standard deviations (RSD) for
fructose, glucose and sucrose, ranged from 4% to 5%. LODs were 0.01, 0.01, and 0.008 M respectively.

3.3 Quantitative Analysis of Sugars in Mixtures

The samples that were fortified with sucrose, fructose and glucose were used to determine quantitative analysis
when sucrose was considered the internal standard and glucose was the target analyte. The use of an internal
standard increase measurement accuracy. In the case of measurements other than glucose, we proceeded to
change the internal standard and the unknown compound to be measured. Figure 2 shows the absorption spectra
of sucrose, fructose, and glucose. Figure 3 presents the absorption spectra of a mixture of sucrose, glucose and
fructose after treatment with iron and TBA. The extrapolation (Figure 4) was performed from the regression
curve A* = CQ* + D representing the function A* = (A*,/ Q,) Q + A*, where A* is the normalized absorption
intensity equal to the ratio of the solute absorption signal over the internal standard absorption signal. Qo is the
solute concentration to be measured. A*, is the normalized absorption intensity of the start solution. Q is the
known concentration added and Q, is determined by the negative intercept of the curve with abscissa axis (Rima
et al., 1982). Experimental data were found to be less than 10% error (Table 4) as compared with the actual
concentrations of sugars.
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Figure 3. Absorption spectrum of a mixture of fructose, glucose and sucrose (1:1:1 in weight) after reaction
with iron and formation of a complex with TBA
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Figure 4. Calibration curve of sucrose in a mixture of fructose, glucose and sucrose. Internal standard method

3.4 Determination of Fructose in Carbonated Beverages

The interest was to determine the concentrations of fructose in real samples such as carbonated beverages that
contain high-fructose corn syrup. The composition of high-fructose corn syrup is about 55% fructose, 41%
glucose, and 4% of other saccharides. The presence of ascorbic acid (vitamin C) and caffeine do not interfere
with the measurements because their absorption spectra are completely separated. Fructose, glucose, and sucrose
can be determined selectively using the characteristic absorption maximum of each sugar when complexed with
TBA. After the analysis by the standard addition method, the average recoveries of measured values of fructose
in comparison with the labeled value were 100% for Sprite (n = 5), 99% for caffeine-free Pepsi (n=5), and 98%
for Mountain Dew (n =5).

4. Conclusion

Carbohydrates such as fructose, glucose and sucrose do not have adequate chromogen or fluorophore, which
eliminates direct detection by standard UV / VIS spectrometry or fluorescence. Most carbohydrates absorb light
in the near-UV range (180 - 200 nm), but interference from other components in the sample prevents direct
measurement of absorbance. The reaction between iron and carbohydrates leads to the fragmentation of sugars
followed by complexation with absorbent chromophore in the visible, offers the possibility of determination of
three sugars separately or in mixture. The results of this study demonstrate a simple and rapid concept for the
identification and analysis of fructose, glucose and sucrose. However, further work is needed to extend the
method of analysis to other oligosaccharides, currently underway in our laboratory.

This new method can provide quick, simple, economical and accurate determinations of carbohydrate type and
concentration for a number of applications, but not limited to:

-ldentity standards: food must be of a composition that complies with government regulations;
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- Nutrition Labeling: inform consumers of the nutritional content of foods;
-Failure detection: each type of food has a carbohydrate "fingerprint";

- Food quality: the physicochemical properties of foods, such as smoothness, appearance, stability and texture,
depend on the type and concentration of carbohydrates present.

-Control of the quality of products containing sugar: Food manufacturers must control the quality of their
products for the content of their ingredients;

-Food processing: The effectiveness of many food processing operations depends on the type and concentration
of carbohydrates present.

In summary, this new method is fast, simple and economical for measuring carbohydrates in foods, fruit juices,
etc. It meets the needs of producers, consumers, regulators, official authorities, research laboratories and
industries.
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