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Abstract

A reverse flow injection system is proposed for the spectrophotometric determination of
fructose in syrups based on the oxidation reaction of KIO4 with the sugar. The oxidant is in-
jected in the sample channel and its consumption reflects the fructose content. The excess
periodate reacted with a solution of KI introduced through a second stream. The iodine pro-
duced is measured spectrophotometrically at 350 nm or at 660 nm if starch is present. A linear
calibration was obtained for 10 to 80 pg/mL fructose and the relative standard deviation was
1.3% for 40 pg/mL (n=10). The detection limit found is 9 pg/mL. No significant interference was
found from glucose, commonly present in most fructose samples. The proposed reverse FIA
system was successfully applied to syrups with satisfactory precision. Sample throughput is
30h.
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Determinacion espectrofotométrica de fructosa
en siropes mediante inyeccion en flujo reverso

Resumen

Se propone un sistema de inyeccion en flujo reverso para la determinacién espectrofoto-
métrica de fructosa en siropes basado en la reaccién de oxidacién del KIO4 con el azticar. El oxi-
dante se inyecta en el canal de la muestra y su consumo es una medida del contenido de fructo-
sa. El exceso de periodato reacciona con una solucién de Kl que se introduce a través de un se-
gundo flujo. El iodo producido se mide espectrofotométricamente a 350 nm o a 660 nm, si hay
almidén presente. Se obtiene un intervalo dinamico lineal de 10 a 80 pg/mL de fructosay la
desviacion tipica relativa para 40 pg/mL (n=10) es 1.3%. EIl limite de deteccion encontrado es
9 pg/mL de fructosa. La glucosa, comunmente presente en muestras de fructosa, no produce
interferencia significativa. El sistema de FIA reverso propuesto se aplico a siropes con una recu-
peracion y precision satisfactoria. La velocidad de muestreo obtenida es de 30 hl.

Palabras clave: Espectrofotometria; FIA inverso; fructosa; inyeccién de flujo; siropes.
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Introduction

Fructose is abundant in fruit and
honey and it is widely used in foodstuffs due
to its sweetness. Several methods are em-
ployed for its determination in samples of
different matrices, especially in the pres-
ence of glucose. More recently, spectropho-
tometric and fluorimetric techniques em-
ploying different reagents (1-3), selective
electrodes (4-7), HPLC {8-9) and flow injec-
tion analysis (10-15)}, incorporating immobi-
lized enzymes, have been proposed.

Due to its speed, simplicity and repro-
ducibility, FIA has become one of the most
employed approaches for the analysis of
mono- and polysaccharides. The quantita-
tion is accomplished by spectrophotometry
or electrochemical detection (16 -20).

On the other hand, the oxidation of re-
ducing sugars with periodate has been stud-
ied since the forties (21) and applied in dif-
ferent analytical determinations (7,19,22).
This reaction [1] proceeds slowly with glu-
cose but rapidly with fructose and the con-
sumption of the oxidant is proportional to
the sugar content. Its excess is then made to
react with KI (according to reaction [2]) and
the I, produced, determined spectropho-
tometrically, is a measure of fructose con-
centration in the sample.

reducing sugar + IO , = products (1]
10, , +31 +2H =10, +1; + H,0 [2]

The purpose of this work was to update
a traditional spectrophotometric batch
method for fructose determination in which
glucose interferes and that has therefore
lost interest. For this purpose, a reverse flow
injection system, which is a modification of
the system used by Zagatto (19) in the deter-
mination of sucrose, was used to develop a
continuous method based on the above
mentioned standard procedure. The flow in-
jection system has two major advantages,
namely: great simplicity and selectivity, as

well as high throughput resulting from the
need for no volumetric manipulation. This
procedure is a good alternative to routine
fructose analysis in fruit juices, soft drinks

and syrups.

Materials and Methods

Reagents and solutions

All the solutions were prepared with
deionized water and analytical grade rea-
gents,

Potassium periodate (BDH) solution (5
x 10° M) was prepared immediately before
use and diluted according to necessary.

Potassium iodide (FLUKA) solution (0.5
M) was diluted appropriately before use.

Potassium iodide/starch solution was
prepared by adding 1.5 mL of a 2% starch
solution to 15 mLofa 5 x 102 M KI solution.

The starch solution was prepared by
making a paste with 2 g of the powder and
30 mL of cold water. Then 70 mL of boiling
water are added and heating continued dur-
ing 5 min; this solution is used for three or
four days.

Phosphate buffer solution employed
(0.5 M) was adjusted to pH 6.8.

Standard 1 mg/mL solutions of sugars
were prepared with D(-) Fructose and D(+)
Glucose (BDH).

Flow injection system

The FIA system employed is repre-
sented in Figure 1. The carrier, the sample
and potassium iodide were propelled by a
Gilson-Minipuls peristaltic pump at a total
flow rate of 3.7 mL/min. The oxidant (potas-
sium periodate), normally 200 pL, was intro-
duced through a four way injection valve
(Type 50, Rheodyne). The connecting tubes
were of Teflon (i.d. 0.8 mm). The detector, a
Visible Carl Zeiss Spectrophotometer (model
Spekol 210}, was equipped with a conven-
tional glass flow cell (Hellma 176,000).
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Figure 1. Diagram of the flow injection system. A simple and rapid spectrophotometric method for the

determination of fructose in syrups which employs a reverse FIA approach is presented. No
enzymes are necessary for the selective analysis of this sugar even in the presence of glucose.
The procedure also presents all the advantages of the flow injection technique.

Table 1
Operational characteristics of the FIA system

Manifold Dimensions
410 cm
Reaction coil B 60 cm

Reaction coil A

Pump Parametcrs and Injected Volumes

Buffer flow rate 0.95 mL/min

Sample flow rate 0.95 mL/min

KI flow rate 1.80 mL/min
M) _ 200 nl

Iodine formed was measured directly at
350 nm as the reaction zone passes through
the flow cell, or at 660 nm if the KI contained
starch. In the absence of the sample (water
flowing through the sample channel) a base-
line whose maximum absorbance served as
reference is obtained due to the reaction be-
tween the iodide and the periodate injected.

This system was initially employed in a
similar manner as was done by Zagatto in
the determination of sucrose (19). However,

sensitivity as well as reproducibility were
poor. Using a reverse FIA approach much
less reagent was spent, as sample was usu-
ally in surplus.

Results and Discussion

The physical conditions for the deter-
mination of fructose were optimized by
studying the effects of various parameters
such as the dimensions of the reaction coils,
the flow rates and the potassium periodate
injected volume. The optimum values of
these parameters are given in Table 1.

The influence of the concentration of KI
on the response of the reverse FIA method
was studied while keeping that of KIO , con-
stant. The concentration of Kl was varied
from 5x 10 to 5x 10" M. With a potassium
jodide concentration of 5 x 1072 M, maxi-
mum absorbance values were obtained.

In a similar way, the influence of the
potassium periodate concentration was
studied, keeping the KI concentration con-
stant. The KIO , concentration resulted to be
a very critical aspect, not only because of its
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reaction with the analyte but also because it
determines the background signal. If a con-
centration lower than 10° M was used, the
reaction loop should be lengthened in order
to increase the reaction time. On the other
hand, large concentrations resulted in un-
desirable background signals that affected
the sensitivity of the method. An optimum
concentration of 10° M KIO, was used
throughout this study as a compromise be-
tween the time of analysis and the necessary
sensitivity.

In the study of the pH dependence of
fructose oxidation a 0.5 M phosphate buffer
was used. A maximum and constant absor-
bance was observed in the pH range 6.5 -
7.5. In this interval fructose oxidation pro-
ceeded rapidly while glucose oxidation was
retarded. On the other hand, the use of this
pH zone avoids the possible reaction be-
tween the iodate produced in reaction (1)
and iodide, which occurs only at pH < 5
(19,22,23).

Analytical figures

By plotting peak height as a function of
fructose concentration from 10 to 80 pg/mL,
linear calibration graphs were obtained both
in the absence and presence of 40 pg/mL
glucose. The calibration equations were ob-
tained by least-square polynomial regres-
sion and for n=6 a typical regression coeffi-
cient was 0.9998. There was no significant
difference (t test) (24) in the slopes of both
linear graphs, passing through the origin,
indicating that the method is highly selec-
tive for fructose.

KIO, reacts rapidly with ketoses and
not so with aldoses (21). Therefore, in the
conditions of the FIA system established in
the present work, no other aldoses should
interfere. Since glucose is the only reducing
sugar that could be accompanying fructose
in the samples to be analyzed, no further in-
terference studies were considered to be
necessary.

The detection limit obtained for fruc-
tose was 9 pg/mL (signal three times the

standard deviation of the average blank
background signal). The relative standard
deviation for 40 pg/mL fructose was 1.3%
(n = 10). Analysis of 30 samples per hour
was possible.

The sensitivity of the present reverse
system, based on a chemical reaction, is ob-
viously superior to that of the direct classi-
cal FIA method. In fact, the very low back-
ground signal in the reverse approach of-
fered an improvement in the limit of deter-
mination by 10 - 15 times.

Analysis of syrup samples

The present FIA system was satisfacto-
rily applied to the determination of fructose
in samples of Cuban syrups which are usu-
ally employed in the preparation of soft
drinks and which are rich in this sugar.
Also, two syrup samples which contain su-
crose and glucose, along with fructose, were
analyzed. Syrups were diluted appropriately
and the analysis was made at 660 nm using
the standard addition method. Fructose
standards of 40 g/100 mL were added to
samples labeled as 1, 2 and 3 and a fructose
standard of 20 mg/ 100 mL to samples 4 and
5. The results {for n = 6) are shown in Ta-
ble 2.

In order to evaluate the accuracy of the
method the syrup samples were also ana-
lyzed by an alternative one based on the se-
lective reaction of resorcine (1,3-
dihydroxibenzene) with ketoses in acid me-
dium (25). As shown in Table 3 No significant
differences between the methods were found
for a = 0.05 when the samples were com-
pared according to Fisher criterium (26).

Conclusions

The periodate/iodine system can be
used successfully to provide a selective
spectrophotometric method with good sen-
sitivity for the determination of fructose in
syrups in a reverse FIA approach. The main
advantage of the present flow injection tech-
nique over the conventional chemical spec-
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Sample

Table 2
Results obtained in the analysis of syrups (n=6)

+AC

Conec. RSD Recovery
(g/mL) (g/100 mL) (%) (%)
1 50.2 3.8 7.1 95
2 64.0 4.9 6.2 103
3 52.5 2.3 4.1 101
42 8.5 0.7 5.4 96
I 2.8 061 74 98
? Syrup samples containing sucrose and glucose.
Table 3
Comparative results obtained in the analysis of syrups (n = 5).
Resorcine _ Periodate -
Sample Crructose *ACp ctose RSD CFructose *ACrrctose RSD
(/100 mL) (g/100 mL) % (g/100 mL) (g/100 mL) %
50.7 2.3 3.8 50.4 2.3 5.0
2 60.6 7.1 74m| 59.8 1.3 1.8
3 54.0 1.2 4.1 53.2 2.0 3.8
trophotometric method, besides its selectiv- 3. KIBA N., INOVE T., FURUSAWA M. Anal
ity, is that the analysis is achieved in a con- Chim Acta 243:183-186, 1991.
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afford a simpler, rapid and reproducible as OWS Lo RO
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