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Fluorometric determination of urea in alcoholic beverages by
using an acid urease column-FIA system
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Abstract

An acid urease column was applied to a fluorometric flow-injection analysis (FIA) system as a recognition element for determination of
urea in rice wines.

The acid urease has specific properties of showing its catalytic activity in low pH range and tolerance to ethanol in comparison to those
of a urease from jack-beans. The enzymes were covalently immobilized onto porous glass beads with controlled pore size and then, packed
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nto a small polymer column. The flow-type of the biosensing system was assembled with a sample injection valve, the immobilize
olumn, and a flow-through quartz cell attached to a fluorescent spectrophotometer. Citrate buffer (50 mM, pH 5.0) as the carri
as continuously pumped through the system. Sample solutions were introduced into the system via a rotary injection valve.
rea solution was measured through monitoring variations in fluorescent intensity attributable to fluorescent isoindole derivatives
oupling with ammonia molecules released in the enzymatic hydrolysis of urea and orthophthalaldehyde reagents. The fluoresce
as measured under the conditions ofλex = 415 nm andλem = 485 nm. A wide, linear relationship was obtained between the concentra
rea (1.0–100�M) and the variation in fluorescent intensity. The monitoring did not suffer from ethanol and various amino acids c

n rice wines. Real samples pretreated with ion exchange resins for removal of endogenous ammonia were introduced into the
nd urea in the samples was determined. These results were compared with those obtained with use of an F-kit method. The p
ystem should present sensitive, selective and convenient analysis of urea in alcoholic beverages.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Since early times, alcoholic beverages have been tasted
round the world and many kinds of alcohol drinks such
s wine, whisky, brandy and so on have been commercially
vailable. In Japan, rice wine, in Japanese sake, is one of the
ost favorite alcoholic beverages. Alcohol drinks are manu-

actured in microbial fermentation process and many byprod-
cts are contained. Urea is one of the byproducts which is
ndesirable because urea is considered as a precursor of ethyl-
arbamate[1]. The ethylcarbamate has been known to be
arcinogenic, teratogenic, and mutagenic[2,3]. This reac-
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tion is promoted by heating under acidic condition, dist
tion and long-term storage[4]. Therefore, removal of ure
in rice wine is required[1]. In fact, application of acid ure
ase to remove urea[4,5] or use of a genetically engineer
sake-yeast producing no urea[6] has been tested. Thus
monitoring system for urea in rice wine is desired. Mos
these investigations on the determination of urea have
based on the measurement of changes in ammonia
matically released from urea. There are a great numb
reports on flow-injection analyses with electroche
cal methods such as amperometry[7,8], potentiometry
[9,10], conductometry[11,12] and optical methods su
as absorptiometry[13–15], fluorescence spectrophoto
etry [16–19], emission spectrophotometry[20–22] and
calorimetry [23,24]. In all of these reports for determin
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tion of urea, urease from jack-beans has been used. How-
ever, in the case of determination of urea in alcohol bever-
ages like rice wine, acid urease fromLactobacillus fermen-
tum is preferable against the urease from jack-beans. The
acid urease can exhibit its catalytic activity even in lower
pH region, and also have an alcohol tolerance and a sig-
nificant stability. In previous study, we reported a determi-
nation system based on photometry for urea in rice wine
by using an acid urease column as a recognition element
[25,26]. However, much more sensitive and selective deter-
mination system was required. Therefore, in this study, we
would like to demonstrate the sensitive and selective deter-
mination method for urea in rice wine by using a fluoro-
metric system with an acid urease column as a recognition
element.

2. Experimental

2.1. Materials and reagents

Acid urease (fromLactobacillus fermentum) containing
95% lactose, NAGAPSHIN, was kindly provided by Nagase
& Co., Ltd. (Osaka, Japan). The enzyme was purified from the
NAGAPSHIN by desalting after ultrafiltration. The acid ure-
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Fig. 1. Schematic diagram of a flow-injection system for the determination
of urea using an immobilized acid urease column. (A) FIA system used in
this study, (B) FIA system with gas-diffusion unit used in previous report.

303 K, a flow-type of fluorometer (821-FP, JASCO Corpora-
tion, Tokyo), and a pen recorder (Multi-Pen Recorder; type
R-62M3, Rikadenki Kogyo Co. Ltd., Tokyo).

Citrate buffer (50 mM, pH 5.0) as the carrier solution
(0.4 ml min−1) was successively pumped through the system.
Sample solutions were introduced into the system via the ro-
tary injection valve. The carrier line which contained ammo-
nium ions formed in the enzymatic hydrolysis of urea was
joined with the line of strongly alkaline buffer (gas-diffusion
buffer: 100 mM sodium phosphate, pH 12.0), and the mixed
solution (0.8 ml min−1) was connected with a flow stream of
OPA reagent (OPA: 20 mM, thioglycorate: 30 mM, sodium
tetraborate: 4 mM, pH 11.6). The OPA reagent solution was
passed with a wet nitrogen gas stream (120 ml min−1) to keep
the reagent pH value stable.

A 100�l of standard urea solutions with various concen-
trations was separately prepared and injected into the flow
system. OPA reagent was reacted with ammonia molecules
released in the enzymatic hydrolysis of urea, and a fluores-
cent isoindole derivative was produced in the coupling re-
action. The fluorescent intensity of isoindol derivatives (λex
= 415 nm andλem = 485 nm) was successively monitored
through the flow-type of fluorometric spectrophotometer. A
relationship between concentrations of standard urea solu-
tions and fluorescent intensities was investigated and thus,
c fol-
l

se solution was lyophilized (FREEZE DRYER FDU-8
YELA) to obtain acid urease powder. The purified prep

ions were covalently immobilized onto CPG. Details of
ethods were described previously[26]. The immobilized
reparations were loaded in a small polymer column (To
orporation, Tokyo: 10 mm length, 7.0 mm diameter, pac
olume, 300�l). Controlled-pore glass (CPG, mean pore
meter 24.2 nm, particle size 120–200 mesh) was purch

rom Funakoshi Co., Ltd. (Tokyo). An F-kit (TC Ammoni
as purchased from Nippon Boehringer Ingelheim Co.,

Tokyo). Ion exchange resins (Amberlite MB-2, pore dia
ter; 300–850�m) were obtained from Organo Corporat
Tokyo). A filter for injection sample, Millex®-GV, was pur
hased from Millipore, Tokyo. Urea (biochemical grade)
-phthalaldehyde (OPA) were from Wako Pure Chemica
ustries, Ltd. (Osaka, Japan), and Sigma-Aldrich Japan
Tokyo), respectively. All other reagents were commerc
vailable and of analytical grade. Ultrapure water with a re
ivity of 18.2 M�−cm was obtained from an EQG-3S sys
Nippon Millipore K. K., Tokyo), and used in all procedur

.2. Flow system and procedure

A schematic diagram of the flow system is shown
ig. 1(A). The system was assembled with two dou
lunger pumps (Sanuki DM3M-2044 for carrier and a

ine reagent, DMX-2000 for OPA reagent, Sanuki Ind
ry Co., Ltd., Tokyo), a rotary injection valve with a 100�l
ample loop (Sample Injection Valve, Cat. No. 5020; Rh
yne Inc., California, USA), the immobilized acid urease
mn (300�l) surrounded by the water jacket maintaine
arribration was carried out. The reaction was shown in
owing formula.
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2.3. Determination of urea in rice wine with a
conventional method

An F-kit was used for the validation. Urea in a rice wine
was hydrolyzed to form ammonia and carbon dioxide in the
presence of urease contained in the kit. The liberated ammo-
nia reacted with 2-oxoglutarate to producel-glutamate in the
presence of glutamate dehydrogenase, which was also con-
tained in the kit and also reduced type of nicotinamideadenin
dinucleotide (NADH). The amount of NADH oxidized in the
above reaction was stoichiometrically equal to the amount of
ammonia. NADH is determined by means of its absorbance
changing at 340 nm. From above principle, concentrations of
urea in rice wines were determined. Practical method of the
F-kit was referred to the manual.

3. Results and discussion

3.1. Determination of urea

In order to evaluate detection limits of the system for urea
measurement, various concentrations of standard urea solu-
tions were injected into this system. Catalytic hydrolysis of
urea by acid urease under acidic conditions is as follows:
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Fig. 2. Response curves to 100�l injections of urea standard solutions with
various concentrations.

15%) were injected into an FIA system illustrated inFig. 1(B)
(the column-free). And the effect of ethanol on the responses
of the FIA system was compared with the effect of ethanol
on those of FIA system using gas-diffusion unit (GDU) de-
scribed in previous report[26]. As shown inFig. 3, the fluo-
rescent intensity was increased as the ethanol contents were
increased by using the FIA system with GDU. We suspected
that these results should be due to the change in permeability
of the PTFE membrane against ethanol. On the other hand,
no effect of ethanol on the fluorescent intensity could be ob-
served by using the proposed FIA system, which was free
from the GDU. Moreover, when a solution at same concen-
tration of ammonium chloride was injected, the fluorescent
intensity obtained with use of the proposed FIA system was
considerably higher than that in the FIA system with GDF
(previously used system).

F s
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rea+ 2H2O + H+ Acid urease−→ 2NH4
+ + HCO3

−

The ammonium ions formed were detected by the FIA
em. Twenty millimolar urea solution was prepared in 50
itrate buffer (pH 5.0) and then diluted (from 100 to 1.0�M)
ith the same buffer. Each of 100�l of these urea standar
as injected into the sensing system and ammonium ion

eased in the enzymatic hydrolysis were measured. As s
n Fig. 2, a good linear relationship between the conce
ions of urea solutions and the peak height (variation in
rescent intensity) was obtained. Therefore, various con

rations of urea solutions were further injected and meas
ith this system. The relative standard deviation for urea

ermination with each concentration was about 3%(n = 5),
nd one assay of a sample injection took 7 min or sho
he dynamic range for urea with this FIA system was

ween 1.0 and 100�M. On the other hand, the lower lim
f a quantitative analysis of urea with an F-kit for ammo
nd urea as a conventional method is about 340�M. Thus,

his system enabled to determine significantly trace urea
ood precision.

.2. Influence of ethanol on the response of the FIA
ystem

Tolerance of the immobilized acid urease per se to eth
as reported previously[26].
In order to investigate an effect of ethanol on the

ponse, 100�l of 30�M ammonium chloride solution co
aining several concentrations of ethanol (1, 3, 5, 10,
ig. 3. Effect of ethanol on the OPA reagent.©: various concentration
f ethanol solutions containing 30�M NH4Cl were injected into the FIA
ystem (without a gas diffusion unit)� . Various concentrations of ethan
olutions containing 30�M NH4Cl were injected into an FIA system wi
gas diffusion unit.
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3.3. Selectivity of OPA reagent and substrate specificity
of the acid urease

It is well known that there are many kinds of amino acids in
rice wines. If the OPA reagent would react with those amino
acids, the FIA system without the gas diffusion unit could not
be used for determination of urea in real samples. Therefore,
we tested the selectivity of the OPA reagent by introducing
various amino acids into the proposed FIA system without
acid urease column. In addition, if the acid urease reacts with
the amino acids and thereby releases ammonia, it may be
difficult to determine urea in real samples. So, we tested the
selectivity of OPA reagent and the substrate specificity of the
acid urease by injecting various types of amino acids into the
FIA system.

As seen inTable 1, the selectivity of the OPA reagent
against various kinds of amino acids was very high and only
three kinds of amino acid, threonine, leucine, and glutamine,
exhibited a slight response to the OPA reagent.

In contrast, the relative activities of the acid urease for var-
ious amino acids were listed inTable 1and compared with
that of urease from jack bean. Several amino acids were hy-
drolyzed by acid urease, which were arginine, asparagine, as-
partic acid, glutamine, and histidine. These amino acids will
hardly effect the determination except for argentine, which
h ease
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for a determination of urea in such amino acids contained in
samples.

3.4. Removal of endogenous ammonia

This FIA system for urea is based on measurement of am-
monia formed in the enzyme-catalyzed reaction. Therefore,
endogenous ammonia molecules in the sample result in in-
terfering with the determination of correct concentration of
urea. In fact, it is known that rice wine includes about 6–10-
fold concentration of ammonia in comparison to that of urea.
So, ion exchange resins were applied to remove endogenous
ammonia. Two-milliliter sample solution of urea (0.3 mM) in-
cluding ammonium chloride (3.0 mM) was diluted with 2 ml
citrate buffer (50 mM, pH 5.0) and then, added to the ion
exchange resins (3.0 g) and shaken softly for 3 min. The su-
pernatant of the solution shaken with the resins was injected
into the sensing system followed by five-fold dilution with
citrate buffer. As seen inTable 2, there was no noticeable
difference between 30�M urea standard (sample A) and the
pre-treated samples (Sample B, C), of which difference was
below 3%. Since the urea concentration in sample B was same
as those in sample A and sample C also including 30�M urea
and 300�M ammonium chloride at the final concentration,
about 10-fold ammonium ions against urea was thus removed
s
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as an amidine structure. It is indicated that the acid ur
lso has a weak arginase or arginine deaminase activit

he other hand, in the case of urease from jack bean,
f amino acids inTable 1were not or slightly catalyzed b

he urease. We consider that acid urease was more su

able 1
electivity of OPA reagent and substrate specificity of the acid ureas
rease

Relative activity (%) Contents in rice
wine (mM)

ample OPA reagent Acid urease Urease

rea – 100 100 0.2–0.5
H4Cl 100 – – 1–5
la – – 3.1 3.5
rg – 10.6 1.9 2.2
sn – 1.4 2.0 n.d.
sp – 1.0 1.8 2.2
ln 0.27 1.1 1.5 n.d.
lu – – 2.2 2.9
ly – – 5.1 3.9
is – 1.2 5.4 0.5

le – – 1.8 1.6
eu 0.14 – 2.5 2.4
ys – – n.d. 1.2
he – – 4.8 1.4
er – – n.d. 1.9
hr 0.25 – n.d. 1.1
yr – – n.d. 1.3
al – – 4.7 2.7
ro – – n.d. 3.5
et – n.d. n.d. 0.27
rp – n.d. n.d. 0.049
, not detected; n.d., no data. l stem.
electively with use of this method.
From these results, it was confirmed that this treatm

ethod using the ion exchange resins might be pro
ng to remove endogenous ammonia selectively from u
ontaining solutions.

Moreover, this method was applied to the removal of a
ine and the other responsive amino acids to acid urease
M sample of those amino acids solutions were treated

he ion-exchange resins and then injected into the FIA
em. No responses were observed by injecting those a
cids solutions preliminary treated (data was not shown

.5. Determination of urea in rice wine

From these results, we considered this FIA system m
e applicable to determination of urea in real samples. S
pplied the FIA system to determine urea in 10 kinds of
ice wines by using standard addition method. After tr
ent with the ion exchange resins for removing endoge
mmonia, concentrations of urea in these real samples

able 2
emoval of ammonium ions using the ion exchange resigns (3.0 g)

ample F1

0.175± 0.017
0.171± 0.018
0.176± 0.038

, 30�M urea solution was injected into the FIA system. B, 30�M urea
olution was injected into the FIA system after treatment of ion exch
esins. C, 30�M urea solution containing 300�M ammonium chloride so
ution pretreated with ion exchange resins was injected into this FIA sy
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Fig. 4. A correlationship between concentrations of urea in rice wine by
using of FIA method and that of F-kit method;©: concentration of urea in
Junmai-shu,�: concentration of urea in rice wine with alcohol additives.

measured using the FIA system. Among these 10 samples,
six were Junmai-shu which was made of only rice, water and
koji mold, and the other samples were not Junmai-shu which
was made of rice, water, koji mold and a small amount of
pure distilled alcohol. The average of concentration of urea
in 6 kinds of Junmai-shu was 0.387 mM (Fig. 4, symbol:©).
On the other hand, the average of concentration of urea in
4 kinds of rice wines with alcohol additives was 0.29 mM
(Fig. 4, symbol:�). These results indicate that Junmai-shu
tends to contain a lot of urea in comparison with amount of
urea in rice wine with alcohol additive.

Concentrations of urea in real samples evaluated by this
method were compared with those evaluated by the F-kit
method and the correlation between proposed method and
standard F-kit method was shown inFig. 4. Correlation co-
efficient between concentrations evaluated by these methods
was 0.95. The recovery ratio calculated with the standard ad-
dition method was between 92.7 and 107.3% and the average
was 97.6%. These results show that a good correlation be-
tween concentrations of urea in rice wine by using the FIA
method and that of F-kit method was obtained.

4. Conclusion

eter-
m ase
c ine
u
s ine

followed by ion exchange pre-treatment. Furthermore, con-
sidering the results that endogeneous ammonia could be suc-
cessfully removed by treating with the ion-exchange resins,
this FIA system should be promising to provide an effective
determination of urea in alcoholic beverages. In fact, it was
demonstrated that this FIA method in combination with the
immobilized acid urease column should be a powerful tool
for analysis of urea in commercially available rice wines.
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