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Quick Method for Determination of Fructose-Glucose Ratio in Agave Syrup
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Abstract

ration in agave syrup.

Fructose is 30% sweeter than sucrose, the sweetest natural sugar in the world and the main compound of agave syrup.
Although fructose can be got from different syrups through a chromatographic system, the methods to evaluate their purification
are expensive and too long time. In this work, using a polarimetric method was determinate the fructose-glucose ratio from agave
syrup before and after their process by a chromatography method. The polarimetric method was validated using a standard HPLC-
based method. With the results of this work was development a rapid and economic technique to determinate the fructose-glucose
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Introduction

The fructose is used as a dietary sugar in an increasing variety of
products of industrial relevance. Since fructose does not require insulin
in its metabolic pathway, fructose-based foods may be helpful in diabetic’s
diets and to control blood-sugar levels [1]. Fructose can be produced
by acid or enzymatic hydrolysis of sucrose or through their purification
from corn and agave syrups, due this sugar is their main compound. The
agave syrup which is a natural sweetener considered sweeter than honey,
is used as sugar substitutes, and it is produced when different agave species
pines are cooked [2]. The agave syrup with high quality fructose is clear in
color, without aroma agave plant, and had been reported with antioxidant
[3] and antibacterial properties [4]. Although fructose is found between
70% to 90% in agave syrup, a higher purity is necessary to have fructose
crystal, due the presence of glucose inhibited fructose crystallization. Even
though the fructose and glucose separation can be achieved by methods
as chromatography, cooling crystallization, and reverse osmosis [5]; the
evaluation of their separation by high performance liquid chromatography
(HPLC), gas chromatography-mass spectrometry (GC-MS), or nuclear
magnetic resonance (NMR) [6,7], is expensive and delaying. For the last,
the aim of this work was the development of an inexpensive and quick
method to measure fructose-glucose ratio from agave syrup before and
after a chromatography process.

Materials and Methods
Agave syrup

Were used three different agave syrups samples, classified as sample
a, band c. All the agave syrups used in the present work were blue agave
(Agave tequilana) derived.

Chemicals

Pure fructose and glucose were purchased from Sigma, México.
Standard solutions of the sugars to be used as external reference for the
HPLC method were prepared as described by Bogdanov et al. [8]. To
sugars solution filtration Whatman filters of 25 u pore size were used.

Chromatography process

At the chromatography process was submitted the agave syrup
sample 3. The chromatography equipment included four columns
connected in series, feed pump, and eluent water pump. The height of
each column was 1.0 m and each column had a diameter of 0.02 m. The
columns were packed with a strong acid gel type cation exchange resin
(manufactured by DOWEX) in Ca** form, with the commercial name

DOWEX MONOSPHERE 99 Ca?*/320 resin. The water flow rate used
was of 2.8 Lt/h.

Polarimetric lectures

Polarimetric standard curves were done using fructose-glucose
solutions of know concentration. The calibration curves were done with
75% to 100% of fructose, at 10, 25, 30 and 40°Brix. The polarimetric
lectures of the agave syrups samples and the fractions recollected after
submitted one agave syrup to a chromatography process were done with
the ADS420 Automatic Digital Saccharimeter. The Brix of the agave
syrup chromatography processed were adjusted before their lectures.

High performance liquid chromatography (HPLC) lectures

Fructose and glucose standard solutions were prepared as described
Bogdanov et al. [8]. These standard solutions were used as external
reference for the HPLC lectures. The sugar solutions were prepared at
0, 25, 50, and 100 °Brix. The sugars determination through HPLC is
described in detail by Bogdanov et al. [8]. The sugars concentrations
were analyzed with a Differential Refractometer Waters 410. Separation
was achieved on a Phenomenex RNM-Carbohydrate Na* column (300
mm x 7.8 mm). Column temperature was maintained at 80°C with a
heater (Eppendorf CH-30). The mobile phase consisted of deionized
water that was run at 0.20 mL/min.

Statistics

Each experiment and analyses were replicated thrice. To compare
reproducibility and accuracy of the results got from polarity and HPLC,
the Anova variancy (ANOVA) statistical tools was used.

Results

Polarimetric lectures of standard fructose-glucose solutions

Table 1 shows the results of polarimetric lectures (°Z) of standard
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% °Brix (g/Lt)

Fructose Glucose 10 25 30 40
90 10 -44.4 -146.68 @ -177.82 | -257.07
85 15 -39.33 | -125.05 -150.54 @ -219.45
80 20 -34.21 -113.74 | -137.67 | -196.9
75 25 -28.75 | -102.48 -123.67 -176.65

*The data are the results of three separate experiments.

Table 1: Polarimetric lectures(°Z) of fructose-glucose standard solutions at
different fructose-glucose proportions and Brix (g/L).

°Brix (g/L) Fructose Glucose
0 0 0
25 902.50 872.51
50 1784.33 1760.03
100 3559.90 3569.12

The data are the results of three separate experiments.

Table 2: Content of fructose and glucose standards solutions determined by HPLC.

i Polarimetric (%) HPLC (%)
Samples °Brix (g/Lt)
Fructose Glucose | Fructose Glucose
a 25 86.43 13.57 86.96 13.04
a 30 86.98 13.02 86.64 13.36
a 40 86.34 13.66 86.73 13.27
b 25 83.31 16.69 85.91 14.09
b 30 84.61 15.39 86.75 13.25
b 40 83.93 16.07 84.62 15.38
c 25 81.82 18.18 78.28 21.72
c 30 82.01 17.99 77.96 22.04
c 40 81.67 18.33 79.03 20.97
FAC1 10 87.98 12.02 81.11 18.89
FAC2 10 89.31 10.69 85.06 14.94
FAC3 10 87.55 12.45 86.86 13.14
FAC4 10 95.27 4.73 89.17 10.83
FAC5 10 95.92 4.08 89.86 10.14
FAC6 10 92.80 7.20 90.47 9.53

The % of fructose-glucose was calculated according to the polarimetric and HPLC
lectures of the standard fructose-glucose solutions. The °Brix of the agave syrup
fractions and their °Z values were interpolated into the reference curves. Data
obtained for a specific experimental condition are the results of three separate
batch experiments, and provided as mean.

Table 3: Percentage of fructose-glucose proportions of agave syrups samples
determined by a polarimetric and HPLC method.

. Degrees | Average Critical
Origin of Sum of of of F Probability value
variation squares

freedom | squares for F
Between groups | 130.12 1 130.12 1.4 0.23 4.13

Within the groups ' 3092.60 34 90.95 - - -
Total 3222.72 35 - - - -

Table 4: Anova variance analysis of the results of fructose-glucose proportions of
agave syrups samples determined by a polarimetric and HPLC method.

fructose-glucose solutions. The solutions were prepared with a higher
fructose proportion and with 10 to 40 °Brix, as mentioned in material
and methods. The °Z showed an inversely proportional relation with
the concentration of fructose and °Brix.

HPLC lectures of standard fructose-glucose solutions

In the Table 2 are show the results of the HPLC lectures of standard
fructose-glucose solutions. As is mentioned in material and methods,
every standard sugar was evaluated separately. The results show areas
under the curve got from the chromatography of every sugar. The areas

under the curve were determinate with the program Chromulan 2000-
2002. According with the conditions used in the HPLC, the fructose
and glucose were retained at 20 and 30 min, respectively.

Polarimetric and HPLC lectures of the agave syrups samples
before and after a chromatography process

In the Table 3 is shows the fructose-glucose ratio of three agave
syrups samples (a, b, and c), determinate through polarimetric and
HPLC method. The results of the fractions after a chromatography
(FAC) process are show in this table (Table 3). In the polarimetric
methods the fructose was found to range between 81.67% to 95.92%,
while in the HPLC lectures ranged between 77.96% to 90.47%. Most
of the differences in the fructose percentage of the samples evaluated
were less than 2. The FAC showed higher differences between the
polarimetric and HPCL lectures; the highest difference was of 6.87%
generated by the agave syrup fraction after chromatography (FAC).

Statistics analysis of the polarimetric and HPLC results

The Anova variance analysis performed to the results showed in the
Table 3, determined that there are no statistically significant differences
between the results got through polarimetric and HPLC method, since
the F test value does not exceed the critical F value (Table 4).

Discussion

The fructose is a saccharide with commercial potential owing this
is sweeter than glucose, and extensively used in food, pharmaceutical,
and chemical industries [9]. Fructose is found in natural sources but in
relatively low concentrations, therefore, their commercial quantities are
manufactured from sucrose or polysaccharides. Sucrose enzyme-based
inversion or acid method fructose production are more expensive than
their purification from syrups, due this sugar is the main compound
of syrups. A number of methods for fructose identification and their
quality evaluation have been established [10], however, these methods
are time-consuming and expensive. The fructose can be produced
hydrolyzing inulin, whereby, inulinases are used to produce agave syrups
from agave inulin [11]. The main sugars of agave syrup are fructose
(80%) and glucose (10%), with lower levels of sucrose, mannitol and
inositol, therefore, agave syrup is a fructose rich source with potential
to fructose purification [12]. Although many analyses of fructose corn
syrup have been conducted [13], relatively little information exists
about fructose agave syrup. For the last and due fructose-glucose
ratio could give indications of agave syrup factory process problems,
development of a rapid and economic fructose-glucose agave syrup
detection technique will be of practical significance. In this work is
proposed the use of an easy, quick, and low cost polarimetric technique
to evaluated fructose-glucose ratio from agave syrup.

To include a range of fructose concentrations, three commercial
agave syrups were used (material and methods). One agave syrup
sample was submitted to a chromatography process, getting six
fractions that were evaluated as the original sample (Table 3). Although
fructose is the main compound in agave syrups, due glucose has similar
structure with fructose, their separation is a complicated process.
The chromatography is a technique used to separated and identify
fructose and glucose from corn syrup; especially cation exchange
chromatography is considered a good option for fructose-glucose
separation [14]. Previous work has used the cation exchange resins
Dowex Monosphere 99/Ca, Dowex 50WX8, Amberlite CR1320Ca, and
Diaion UBK 530, to separate fructose from glucose, and Ya-Jun et al.
[15] developed a chromatographic process for fructose separation from
high-fructose corn syrup using Ca*immobilized cation exchanger XA
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2004/22. In this work was used an acid gel type cation exchange resin
in Ca®* form, commercial named Dowex MONOSPHERE 99 Ca*"**,
The resin selection was conducted based on the adsorption capability
of fructose, due the gel-type cation exchange resin in Ca?* make strong
complexes with fructose rather than glucose. The amount of the agave
syrups samples with different Brix and the agave syrups samples after
the chromatography process, generated a total of 15 samples, which
were analyzed through HPLC and the polarimetric method here
proposed (Table 3). For agave syrups exist the Mexican Standard NMX-
FF-110-SCFI-2008 that gives the general compositional guidelines for
it. These standard lays parameters minimum value for soluble solids,
maximum levels for hydroxylmethylfurfural, and fructose, glucose, and
sucrose concentration. The syrup preferably should have a high fructose
concentration (>90%), with the remainder of the syrup comprising
glucose, other saccharides, and trace minerals. Ours results indicate
that all the agave syrups used satisfy the fructose concentration to be
syrup. Although the fructose content varied among the samples tested,
the methods here used (polarimetric and HPLC) showed similarity,
therefore, fructose-glucose ratio determination can be obtained
independent of the agave syrups brands (Table 3). The polarimetric
method was validated by standard HPLC method (Table 3). To realize
the HPCL analysis were used aqueous standards of glucose and
fructose (Table 2). In the analysis of the agave syrup samples we found
a mean fructose concentration of 83.93% and 85.91% by polarimetric
and HPLC methods, respectively. To us know, this is the first study to
determinate by a polarimetric method, the fructose-glucose ratio from
agave syrup. To compare the two methods reproducibility and accuracy,
the Anova statistical tools were used. In the measurements, the F test
value (1.4) does not exceed the critical F value (4.13) (Table 4). Thus,
the two methods (HPLC and polarimetric) are statistically equivalent in
terms of accuracy and reproducibility, therefore, the technical feasibility
of the method here proposed was demonstrated. Cabaiiero et al. [16]
developed a new procedure for the determination of 13C isotope ratios
of individual sugars using a combination of liquid chromatography
and isotope ratio mass spectrometry (HPLC-IRMS), while Ruiz-
Matute et al. [17] studied the sugar composition of high-fructose corn
syrup using gas chromatography coupled with mass spectrometry
(GC-MS), and Herpai et al. [18] made a sensitive and rapid liquid
chromatographic method for the determination of concentrations of
high-fructose corn syrup in honey; however, these methods required
specialty and cost equipment. As is show in Table 4, no exist statistic
difference between a HPLC method and the polarimetric method here
proposed, confirming that fructose-glucose ratio can be determined
using a polarimetric method instead of the commonly used HPLC.
Therefore, the method proposed in the present work reduced the time
and equipment necessary for fructose-glucose ratio determination,
making their quantitation faster and easier.

Conclusion

A fast and inexpensive analytical method to detect fructose-glucose
ratio in agave syrup was developed. The polarimetric evaluation

proposed to fructose-glucose ratio determination in agave syrup, could
improve agave syrup factory process, due it is a rapid and economic way
to fructose-glucose ratio detection.
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