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Abstract 
Glucose oxidase paper strips for semiquantitive determination of glucose in urine are com­

mercially available but details of their preparation are not published. The purpose of this study 
was to produce such strips, using a coupled enzyme glucose oxidase-peroxidase reaction which 
would yield purple color with ortho-tolidine, and safranin upon dipping into urine containing 
glucose. In this present study, without any special equipment, special humidity and temperature 
control, the new reagent strip named R-strip could be successfully prepared in the atmospheric 
conditions of Thailand. R-strips were evaluated against random urine added with various amounts 
of glucose in comparison with a commercial strip (T-strip), Benedict's test, and a commercial 
tablet (C-tablet), routinely used in laboratories. The developed strips were found to be as specific 
as T-strip and more sensitive than other tests. 
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It has been known for decades that glucose 
in urine can be tested by its reducing ability in which 
Benedict's test based on this property was the most 
widely used. A practical commercial method is now 
generally available, in which copper sulfate and 
alkali are combined in a dry tablet, liberating heat 
when dissolved in the urine allowing the reaction 
to proceed. This tablet is called C-tablet. However, 

the test is not specific for glucose or even for re­
ducing sugars. The first glucose oxidase method for 
determination of glucose in blood and urine, des­
cribed by Froesh and Renold in 1956(1 l, gave cli­
nical biochemists the first specific method for 
determination of glucose. Later in the year, the use 
of a coupled enzyme system was suggested, in which 
hydrogen peroxide formed in the glucose oxidase 
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reaction, is catalyzed by peroxidase, forming color 
with a suitable chromogenic oxygen acceptor in 
direct proportion to glucose concentration. When 
glucose oxidase, peroxidase, chromogenic oxygen 
acceptor, were impregnated in the filter paper in 
proper concentrations, it offered semiquantitative 
determination of glucose in urine(2). The usefulness 
of glucose oxidase strips is also provided for cere­
brospinal fluid and pulmonary aspiration(3-5). In­
vestigations and comparison of variable test-strips 
from several companies have recently led to the 
avaibility of more accurate and convenient urinary 
glucose measurement(6-8). However the methods 
for preparation in detail have not been described. 
It was the aim of this study to assess the efficacy of 
the double enzymes impregnated filter paper strip 
(R-strip) for semiquantitative enzymatic determi­
nation of glucose in urine, which was developed in 
the clinical pathology laboratory, Ramathibodi Hos­
pital. Comparison of this new strip with a commer­
cial strip (T-strip) has been used for routine analysis 
of glycosuria, Benedict's test an original reduction 
test and C-tablet a convenient commercial test for 
mellituria or any non-sugar reducing substances in 
urine were performed. 

MATERIAL AND METHOD 
1. Preparation of glucose oxidase paper strip 

Optimal concentration of glucose oxidase, 
peroxidase, 0-tolidine were readily found by varying 
concentrations of one gradient in the presence of 
optimal or excess concentration of the other two. 
Final ingradients were recommended : glucose oxi­
dase type II with activity of 20,300 units per gram 
(Sigma Chemical Co.) 12,000 units, Horseradish 
peroxidase type II with activity of 14.5 purpuro­
gallin units per mg (Sigma Chemical Co.) 7,500 
units 0-tolidine 0.44 g, Safranin (saturated) 2.5 mi. 
The volume was made to 100 ml with 0.8 mol/1 
EDTA-Tris buffer pH 5.1. Whatman chromato­
graphy paper of 0.3 mm thickness was gradually 
soaked into the solution, after saturation, the paper 
was taken up and rapidly dried at room temperature 
in the dark. The dried paper was cut into strips of 6 
mm x 12 mm. The strips were kept in dark bottles in 
a desiccator when not in use. In the process of eva­
luation, test strips were dipped into the urine about 
half of their lengths. The intensity of the purple 
color read l 0 seconds to 30 seconds after dipping 
was graded as +, ++, +++, ++++. 

2. Evaluation of the developed strip in compari­
son with T -strip, C-tablet and Bendict's test 

Fresh random urine samples which were 
negative for glucose by T-strips were collected. All 
negative urine samples were subjected to Benedict's 
test. Urine samples that were negative with these 
two methods were judged to be free of a significant 
amount of reducing substance. Stock standard glu­
cose solutions were added to the negative urine 
making final concentrations of 0.05, 0.10, 0.25, 0.5, 
1.0 and 2.0 g/dl respectively. One hundred speci­
mens for each concentration of glucose, were used 
in the study. 

Urine samples with specified glucose con­
centrations were prepared each day then coded and 
given as unknown for testing of glucose using 
Benedict's test, C-tablets, T-strips, and developed 
glucose oxidase strips (R-strip). The procedure was 
carried out by two experienced laboratory techno­
logists. The analysis for glucose concentrations 
using T-strips and R-strips were also performed by 
two laboratory assistant students (who were consi­
dered to be inexperienced personnel.) Direction 
sheets and color charts were produced and given to 
all investigators. 

RESULTS 
On a series of 530 random urine specimens 

which were negative with T-strip, 72 samples pro­
duced trace positive with Benedict's test. None of 
these 72 samples were positive with R-strip. The 
remaining 458 specimens were judged to be nega­
tive in basal test, and they were used for further 
evaluation. The evaluation of R-strip, T-strip, Bene­
dict's test, and C-tablet by different investigators, 
in 700 samples with varying glucose levels are 
shown in Tables 1, 2, 3, 4 respectively. Comparison 
between per cent of correct results from these four 
tests at expected concentrations of glucose added 
are shown in Fig. 1, using average values from two 
experienced operators. To analyse by T-strip the 
most even distribution of correct reading was pro­
duced in all range of glucose level. 

Distribution of correct and incorrect results 
of R-strip and T-strip are shown in Fig. 2 and 3. 
Distribution of correct and incorrect readings of 
Benedict's test and C-tablet are demonstrated in 
Fig. 4 and 5. A correct reading means the reading 
that falls within the range of glucose level in the 
charts. One or more than one step errors are based 
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Table 3. Results with Benedict's test on urines with and without added glucose. 

Reading 

Expected glucose level 

%Glucose 
Added No. of test 

0 100 
0.05 100 
0.10 100 
0.25 100 
0.50 100 
1.00 100 
2.00 100 

100 

'iO . 
"' 80 c 
-5 . 7C 
~ 

c; 
GO . 

~ 
0 
u 50 

0 
• 40 
"' 
~ 

30 0 
~ • '- 20 

10 

Negative 

0% 

2 

100 100 
20 21 

Trace 

0.1-0.25% 

79 
73 
16 

2 

78 
70 
21 

+ ++ 

0.5% 1% 

Investigator 

2 2 

I I 
26 29 
71 67 13 12 
46 40 47 54 

7 2 63 65 
0 

R·strip 

·- ....... -. T-strip 

·----- Benedict • s test 

·-·- ·-· C-tablet 

... ···- .. .i\ ·- . ·· .. 
-- I ·.\ -. '. 

I \ '·\ 
I \ ., 

\ \ 
\ . I 

,t 
\ ~ 
\ \. ---~(1 

\ .,... . .... ,?·';/ 

o.os 
2 .8 

0.1 

5. 5 

\ ' •. • I'/ 
\ v'- I 
\ I 
\ / 
\ I 
-,,1 

0,25 

l3 .8 

Gt.UCOSE 

a.s 
2 7. 7 

1.0 

55.5 

+++ 

1.5% 

7 
18 
29 

2.0 g/dl 

lll rnmoll i 

2 

6 
24 
34 

Sl55 

++++ 

2% 

2 

12 9 
70 66 

Fig. 1. Comparison of correct reading obtained from four tests at various concentrations of glucose in 
urine. 

on the difference from expected reading in steps, 
as indicated in the charts. If more than one step error 
is justified to be a critical error, incorrect reading 
does not exceed 20 per cent in all tests at specified 
glucose added (Fig. 2, 3, 4, 5) except at 1 g per cent 
glucose level read by inexperienced investigators. 
Delaying the reading to 30 seconds when the results 

are +++ or more making more than one step error 
in reading decreased. The one step underreading at 
0.05 per cent glucose, meaning false negative, 
occurred in only I per cent with R-strip. When the 
results are read at 10 seconds after dipping in the 
urine following T-strip m~nufacturer's instruction 
its sensitivity at 0.05 g per cent of glucose is much 
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Table 4. Results with C-tablet on urines with and without added glucose. 

Reading Negative 

Expected glucose level 0% 

%Glucose 
Added No. of test 2 

0 100 100 100 
0.05 100 49 48 51 
0.10 100 10 10 86 
0.25 100 32 
0.50 100 5 
1.00 100 
2.00 100 

Percentage of rea,dings 

100 

90 

80 

70 

60 

50 

40 

30 

20 

lO 

90 

BO 

70 

60 

so 

40 

30 

20 

10 

o,os 0,1 

Trace I+ 

0.25% 0.5% 

Investigator 

2 

52 
84 
29 
6 

4 
64 
42 

I 

2 

6 
66 
39 

INEXPERIENCED INYESTIGl\TOR 

EXPERIENCED INVEST:tGl\TOa 

0,25 o,s 

GLUCOSE g/dl 

4 
47 
10 

2+ 

0.75% 

1.0 

2 

5 
49 
11 

5 
67 
10 

2.0 

3+ 

1% 

2 

6 
70 
14 

22 
90 

4+ 

2% 

2 

0 
18 
86 

Fig. 2. Demonstration of correct reading of R-strip in comparison with various incorrect readings. 
0 correct reading ~ one step error in reading [[J]] more than one step error in reading. 
Left hand side of correct reading = underreading 
Right hand side of correct reading = overreading 
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Percentage of readings 

100 

INEXPERIENCED :INVESTIGATOR 

eo -
7C r-

60 

r-
>o 

~ 
40 

JC :, xr-
~ 

.~§ ~ ~ !0 ~ mn ~ rm~ I1'TT 

10 

90 EXPERIENCED l:NVESTIGA'l'OR 

r-so 

70 

60 r-

50 

40 

30 

~ 

l ~ 
~ 

~ 
~ ~0 

~ ~ ~m1 ~ ITlT 

20 

o.os 0.1 0,25 o.s 1,0 2,0 

GLUCOSE g/ dl 

Fig. 3. Demonstration of correct reading of T -strip in comparison with various incorrect readings. 
D correct reading ~ one step error in reading 11ID more than one step error in reading. 
Left hand side of correct reading = underreading 
Right hand side of correct reading = overreading 

poorer than R-strip (Table 2). If the reading was 
delayed to 30 seconds, the purple color developed 
in 8 samples and its sensitivity is much closer to 
R-strip. 

R-strip showed mini-ascending chromato­
graphy in the average of 40 samples from 700 sam­
ples overall. In these cases the stronger reaction 
occurred above the area where the strips were 
dipped. The reading at the upper area of 20-25 sam­
ples were correct, equal to the glucose concentra­
tion, which showed a stronger reaction than the 
reading from the dipping area. 

DISCUSSION 
This study demonstrated that glucoseoxi­

dase-peroxidase filter paper strip for semiquantita­
tive determination of glucose in urine, can be suc­
cessfully prepared in a laboratory with minimum 
equipment. EDTA-Tris buffer pH 5.0-5.5 is the 
buffer of choice because it has many desirable qua­
lities. It may be due to the ability of EDT A to che­
late metallic ions which can markedly inhibit the 
action of glucose oxidase(9). Tris is known to be 
bacteriostatic and this property may improve the 
stability of the strips. 
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Percentaqe of raadinqs 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

o.os 0.1 0,25 0,5 1.0 2.0 

GLUCOSE q/dl 

Fig. 4. Demonstration of correct reading of Benedict's test in comparison with various incorrect readings. 
D correct reading ts:l one step error in reading 1IITI more than one step error in reading. 
Left hand side of correct reading = underreading 
Right hand side of correct reading = overreading 

Percentaqe Of readinqs 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0.05 0.1 0.25 0.5 1.0 2.0 

GLUCOSE g/dl 

Fig. S. Demonstration of correct reading of C-tablet in comparison with various incorrect readings. 
D correct reading ISS one step error in reading IIITI more than one step error in reading. 
Left hand side of correct reading = underreading 
Right hand side of correct reading = overreading 
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The improved enzyme strip is very sensi­
tive for the detection of glucose as about 0.05 per 
cent (2.8 mmol/l) of glucose in urine will give a 
positive reaction. It can be seen in Table I that 99 
in 100 urine samples containing 0.05 per cent glu­
cose gave a positive reaction with R-strip while T­
strip was definitely less sensitive to detect glucose 
at the added concentration of 0.05 and 0.1 per cent. 
The manufacturer ofT-strip claimed the sensitivity 
of only 0.1 g per cent (5 mmol/l) of glucose. The 
apparent better sensitivity of R-strip could be either 
due to the freshness of this preparation or some 
significant improvement in methodology. As it is 
impossible either to test with a freshly prepared T­
strip or to know its exact composition, the reason 
for the better sensitivity of R-strip could only be 
speculated. Age, exposure to moisture, and light 
reduced the sensitivity of the strip while pH, tem­
perature, of urine were not significant(2, 10). Poorer 
sensitivity of the glucose in Benedict's and C-tablet 
reconfirmed other reports( 1l ,12). 

It could be seen that 13.58 per cent of the 
urine specimens which gave a negative reaction 
with the glucose oxidase test T-strip were positive 
with Benedict's test, while none of the 72 persons 
were positive by R-strip. All urine sepcimens which 
were negative for the basal test were also found to 
be negative by R-strip. This study demonstrated the 
influence of nonglucose-reducing substances to the 
Benedict's test, and ensured the specificity of this 
strip to be comparable to the commercial glucose 
oxidase strip. 

Uric acid, creatinine, protein, drugs and 
many unknown factors in urine which effect the 
copper reduction test may interfere with the glucose 
oxidase strip test but others found that there was 

no affect, except for ascorbic acid(7,8, 13, 14). Pos­
sible interference affecting the reaction are oxi­
dizing agents which can cause a false positive re­
action in the glucose oxidase test and low quanti­
tative determination with the copper reduction test 
(15). When half of R-strip was dipped into the urine, 
minichromatography developed. This approach was 
used in this present strip separating glucose from 
inhibitory substances, avoiding falsely negative 
results and making it more accurate than T-strips. 
It is not known whether all interference are sepa­
rable from glucose. 

It is clearly observable from this study that 
all four tests are useful for semi-quantitative deter­
mination of glucose in urine. All are definitely sui­
table for the diagnosis of diabetes mellitus and 
follow-up of the treatment or mellituria analysis, 
as long as their special qualities are realized. For 
evaluation inexperienced group tends to make a 
moderate reading if the color development is not 
extremely intense. Variation among an individual's 
judgement is responsible for a falsely low or falsely 
high reading with an unfamiliar strip like R-strip. 
However, R-strip is notable for excellent sensitivity 
especially at a lower glucose concentration. It is 
also specific and at least comparable to a commer­
cial product. 
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