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Misener, G. c., Gerber, W.A., Tai, G.C.c. and Embleton, EJ. 1996.
Measurement of glucose concentrations of potato extract using a
blood glucose test strip. Can. Agric. Eng. 38:059-062. A blood
glucose test strip integrated into a modified circuit with a user-de
signed converter was evaluated as an efficient means to measure the
amount of glucose in potato extract. The amount of glucose in potato
extract was established using the HPLC method and the experimental
monitor. The resulting output from the enzymatic reaction of the test
strip was observed to be linear for potato extract with glucose con
centrations from 5 to 50 mmol/L. A regression equation was
developed using data from four replications of ten varieties of pota
toes having different sugar levels. Determinations of glucose
concentration with the experimental monitor and YSI on potato
extract compared favourably (r = 0.87).

Afin de determiner la quantite de glucose dans un extrait de
pomme de terre, on a evalue l'efficacite d'une bandelette reactive
pour dosage du glucose sanguin qui est integree un circuit modifie
couple a un convertisseur defini par l'utilisateur. La quantite de
glucose presente dans I'extrait de pomme de terre a ete determinee a
I'aide de la chromatographie liquide a haute performance et de
I'appareil de mesure experimental. Les resultats obtenus ont montre
que la reaction enzymatique de la bandelette reactive etait lineaire
lorsque les concentrations en glucose variaient de 5 a 50 mmol/L. On
a calcule une equation de regression en se servant des donnees
provenant de quatre essais repetes de dix varietes de pomme de terre
ayant des teneurs en sucre differentes. La mesure des concentrations
en glucose faite sur des extraits de pomme de terre a I'aide de
I'appareil de mesure experimental se comparait favorablement a
celie faite au moyen d 'un analyseur YSI (r =0.87).

INTRODUCTION

Fructose and glucose are 6-carbon reducing sugars. The car
bonyl groups of both sugars can react with the free amino
groups of the amino acids and proteins in a Maillard reaction
that causes dark coloured products when the tubers are fried
in oil (Mazza et a1. 1983; Marquez and Anon 1986). Storage
of tubers at temperatures below 9-IOoC results in a substan
tial increase in sugar content due to the accumulation of
sucrose and the subsequent conversion of sucrose to reducing
sugars (Burton et a1. 1992). Potato chips and french fries are
the two major processing products. Chips are more suscepti
ble to the problem of high sugar concentration than are french
fries. The reducing sugars in the raw tissue of french fry strips
can be leached out with water at the blanching stage.

Methods used for the determination of sugars in tubers can
be categorized as chromatographic, colorimetric, or enzy
matic. They involve the use of complex chemical procedures

and/or instruments not normally available at processing
plants. Testing a single sample requires upwards of one half
hour and the test must be conducted in a laboratory; hence,
the tests are not convenient for on-site determinations in a
potato storage or processing plant. Other approaches have
been suggested for monitoring the glucose content in tubers.
For example, Otazu and Secor (1980) suggested the use of
what they called Clinitest® (Ames Co., Division of Miles
Laboratories, Inc., Elkhart, IN) and Louwes and Neele (1987)
used Reflocheck glucose test strips. These procedures are an
adaptation of the clinical test kits for monitoring diabetic
patients. Experience with glucose test strips indicate that they
can provide a semi-quantitative determination of tuber glu
cose content. The range of glucose content in potatoes,
however, is far beyond the low and high thresholds detected
by the str~s. Coleman et a1. (1993) found that the Accu
Check III (Boehringer Mannheim Canada, Laval, QC)
could measure glucose concentration up to 27.7 mmollL.

The purpose of this study was to evaluate the ExacTech®
test strip (MediSense Inc., Cambridge, MA) combined with
a custom designed monitor as a suitable method to measure
the amount of glucose in potato extract. A desirable charac
teristic is that the experimental monitor be able to measure
potato glucose levels from 5 to 50 mmollL. The (ange of
reducing sugars found in potatoes is within these limits (Bur
ton et al. 1992).

MATERIALS AND METHODS

Description of glucose determination method

The ExacTech Blood Glucose Monitoring System is de
signed for the self monitoring of blood glucose levels. It
consists of a test strip which is inserted into a pen or credit
card sized meter. The user places a drop of blood on the test
strip and pushes a button to begin the test. Thirty seconds
later, the blood glucose concentration in mmollL is displayed
on the LCD window of the pen sensor. The range for the
system is fro":l 2.2 to 25 mmollL glucose for whole blood
assay.

The chemical processes taking place on the test strip are
enzymatic. The test strip is composed of an electrically con
ductive material coated with a combination of an enzyme
(glucose oxidase) and a mediator compound which transfers
electrons from the enzyme to the electrode when the enzyme
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where:
VO =output voltage (V), and
i =sensor current (A).

Equation I was solved for current which was integrated for
a time period of 20 s to determine the magnitude of the
charge. This value was then related to the known glucose
concentration.

Comparison with HPLC

Four tubers were selected from each of 10 varieties of pota
toes and prepared as follows. A 10 mm thick slice was cut
from the stem end of each tuber leaving a flat surface. A
potato chip slicer was then used to cut 20+ slices that were I
mm thick from each tuber. The slices were rinsed in cool
water to remove excess starch. The slices were then put one
at a time through a PolHihne roller press (Erich PolHihne,
Wennigsen, Germany). Fifty millilitres of juice were col
lected from each tuber. The juice was placed in sealed
containers and stored at room temperature.

A micropipette was used to take a sample of the potato
extract and place it on the test strip. The output voltage from
the amplifier was sampled at 0.5 s intervals over a 20 s period
with the data logger. A software program was used to convert
voltage to current and the information was stored in RAM.
The data were then integrated over a 20 s interval using

is catalytically active. When a solution containing glucose is
placed on the test strip, an enzymatic r~action occurs which
produces a current proportional to the concentration of glu
cose in the solution. Thus the measurement of the current
produced over a defined time period is in proportion to the
concentration of glucose. The integration of the current out
put from the test strip enables the charge produced by the
reaction to be determined. This value can then be related to
the amount of glucose in the sample.

To determine if the system was suitable for the measure
ment of the glucose found in potatoes, a preliminary study
was conducted in which the glucose level was measured in
six varieties of potatoes. Glucose levels were first determined
using the YSI 2700 (Yellow Springs Instrument Co., Inc., Yel
low Springs, OH). The YSI analyzer utilizes a silver/platinum
electrode fitted with a 3-layer membrane containing immobi
lized glucose oxidase enzyme in the middle layer. Glucose in the
sample is oxidized by the enzyme producing hydrogen peroxide
which in turn is oxidized at the platinum anode producing a flow
of electrons proportional to the concentration of glucose in the
sample. The range of the ExacTech system was found to be
limited and values above 15 mmol/L glucose concentration
were not accurately determined.

The ExacTech system is based on a current to voltage
conversion principle. A custom system was developed to
improve the processing of the output from the ExacTech
sensor. Figure 1 depicts the system used to enhance the
output from the sensor. It consists of a current to voltage
converter and a data logger (Tattle Tale Model 5, Onset
Computer Corporation, North Falmouth, MA). The response
of the current to voltage converter can be described by the
empirical equation:

Vref R2

CJ
CJ

Vo CJ
CJ

Electrode

R1 R5

Vref

R3 Data logger

Converter circuit

Fig. 1. Schematic diagram of the converter circuit.

R4

Simpson's Integration method (Hornbeck 1975) to give the
charge value in coulombs. The above procedure was per
formed on 10 varieties of potatoes: AC Novachip, Jemseg,
Atlantic, Sebago, Monona, Wischip, Kathdin, Chieften,
Warba, and Shepody.

High performance liquid chromatographic (HPLC) deter
minations ofglucose were carried out using a Perkin-Elmer Series
4 pump (Perkin-Elmer Instrument Division, Norwalk, CT), a
Waters 410 differential refractometer (Waters Chromatography
Division, Mississauga, ON), and a Rheodyne Model 7125 injec
tor (Supelco Canada Ltd., Oakville, ON) fitted with a 100 JlL
sample loop. A Supelcosil LC-NH2 analytical column (250 mm
x 4.6 mm) (Supelco Canada Ltd., Oakville, ON) was used to
effect separation. The mobile phase was acetonitrile-water,
75:25, at a flow rate of 1.8 mL/min. The detector signal was
integrated using a NEC Powermate 386/25C PC with Shimadzu
version 2.12 EZChrom software (Shimadzu Scientific Instru
ments, Inc., Columbia, MD).

Samples were prepared for HPLC analysis using the
method of Wilson et at. (1980). Potato juice was mixed with
an equal volume of methanol, centrifuged, and filtered
through a 0.45 mm membrane prior to injection at room
temperature. A calibration curve was prepared daily by the
injection of aqueous glucose standards mixed 1: 1 with
methanol.

Each sample solution taken from the 10 varieties of pota
toes was tested on the HPLC to determine its glucose
concentration. Samples were tested simultaneously with the
HPLC and the test strip. The HPLC result was considered as
the reference for glucose concentrations in the test solutions.

Comparison with chipping colour

Four replications of 10 varieties of potatoes were evaluated
for chipping colour using the Agriculture and Agri-Food
Canada colour charts. Five slices, I-mm thick, were cut
radially from the centre of each tuber. The slices were placed
in a colander and washed with cold water to remove excess
starch. They were then placed on paper towels to remove
surplus water. The slices were put into a fry basket and fried
in an electric fryer. A processed vegetable oil was used for

(I)VO =2.255 - 0.008 i
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frying at 177°C and the chips were removed when bubbling
ceased. The chips were rated according to the Agriculture and
Agri-Food Canada colour charts (0-100). A reading of 50 or
greater is considered acceptable for processing (Davies and
Franklin 1969). The glucose concentration of corresponding
tubers was detennined using the experimental monitor. The
glucose level was then compared to the rating obtained from
the colour charts.

Comparison with YSI

A final evaluation was perfonned at the Western Region
Potato Centre at Wicklow, NB. Potatoes that had been stored
in commercial storages were sampled to detennine their
suitability for chipping. Two methods of glucose analysis
were used: the experimental monitor and the YSI biochemi
cal analyzer. The YSI is used by the industry to detennine the
suitability of potatoes for chipping and frying.

The potatoes were prepared by standard methods for the
YSI 2700 as outlined by Sowokinos and Preston (1988). Ten
potatoes we~e randomly selected from storage and each po
tato was cut Into a cube and liquified in a Waring commercial
juicer (Waring Products Division, Dynamics Inc., New Har
~ord, C!)' Forty microlitres of juice were taken with a syringe
ImmedIately after the juicing process. This extract was used
for glucose tests with the experimental monitor and the YSI.
The test involved 76 samples of 10 potatoes selected from 30
commercial storages. A comparison of the glucose readings
made by the experimental monitor and YS I was completed.

(R2 = 0.97) (2)Y =4.018 + 0.024X
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RESULTS AND DISCUSSION

Based on the laboratory tests which measured the response of
the test unit to glucose concentration, a linear relationship
was developed between the output from the enzymatic reac
tion of the test strip and the glucose concentration.
Regression coefficients were derived from the regression
analysis which yielded an equation:

where:
Y = glucose concentration (mmoljL) and

X =test strip charge (IlC).

Figure 2 also depicts the linear relationship between the
potato extract glucose concentration and the test strip charge
output over the tested range.

Using the standard colour chart from commercial storages,
the relative chipping quality rating of the 10 varieties of
potatoes corresponded with glucose concentration as deter
mined by the experimental monitor (r = -0.96). As the
glucose concentration measured by the experimental monitor
increased, the colour classification index decreased (Fig. 3).
The results are similar to those found by Coleman et al.
(1993). They found the correlation to be -0.86 when colour
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Fig. 3. Relationship of colour classification and the
glucose concentration of potato tubers as
measured by the experimental monitor.
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Fig. 2. Glucose concentration of potato tubers as
measured by the HPLC compared to the charge
output from the modified ExacTech unit.
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Fig. 4. Comparison of the glucose concentration of potato
tubers determined by the experimental monitor
and the YSI.

was compared to the output of the Accu-Chek blood glucose
monitoring system, although their unit had an upper range of
only 27.7 mmol/L.

Figure 4 illustrates the results of the tests comparing the
glucose readings determined by the experimental monitor
and the YSI. The correlation coefficient between the two sets
of readings was 0.87. This value suggests that the experimen
tal monitor is capable of determining the glucose content of
potatoes from commercial storages.

CONCLUSIONS

The addition of the converter circuits successfully extended
the range of the ExacTech test strip to measure the high
concentration of the glucose of the potato. The output from
the experimental monitor using the test strip was found to be
linearly related to the glucose concentration of the potato
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extract. Glucose determinations made by the experimental
monitor corresponded well with results obtained using the
standard colour chart method. Readings obtained from the
experimental monitor and the YSI were positively correlated
(0.87) when glucose measurements were made of potato
extract from commercial storage using both systems.
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